
The patogenesis of MDS is complex and remain elusive. Figure 3 shows a hypothetical model. The proposed models agree that a multistep
process occurs through which a hematopoietic stem cell is mutated and attains a growth advantage. This may occur as a result of environ-
mental damage or inherited predisposition. The mutated clone is associated with morphological dysplasia, impaired differentiation and ge-
nomic instability. Cytokine secretion and apoptotic pathways are altered and as well as may be impairment of immune responses. Presumably,
in the early stages, increased production of proapoptotic cytokines leads to excessive apoptosis, correlating clinically with cytopenias and a
cellular bone marrow. As the disease progresses, further genetic and epigenetic events occur, resulting in decreased apoptosis, clonal expan-
sion and progression to AML. Clinical testing of a number of molecules that affect these myriad molecular mechanisms is currently being
done, characterization of genomic expression patterns will inform both diagnosis and prognostication. Further insight into the molecular
mechanisms of MDS will provide an avenue for more tailored and effective therapy in the future.
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damage, or both. Although the etiology of most cases
of MDS is unknown, exposure to genotoxic agents
such as benzene, radiation, or prior treatment with
chemotherapeutic agents is known to increase the risk
of developing MDS (7). Other environmental agents
that may increase the risk include smoking, heavy met-
als, pesticides, fertilizers, petroleum products, and or-
ganic chemicals (8,9,10).
Another possible mechanism underlying genomic in-
stability involves telomere dynamics, and the enzyme
telomerase. Telomere erosion may result in chromo-
some end fusion and subsequent chromosome insta-
bility. Shortened telomere length has been reported to
be associated with poor prognosis in patients with
MDS (11,12).

EPIGENETIC MODIFICATIONS
While genetic alterations are critical in the pathogene-
sis of MDS, epigenetic changes also contribute signifi-
cantly to the disease phenotype. A modern definition
of epigenetics refers to “ modifications in gene expres-
sion that are brought about by heritable, but poten-
tially reversible changes in chromatin structure and/or
DNA methylation” (13). Epigenetic changes include
methylation of cytosine residues followed by a guanine
base (DNA methylation) and post-translational modi-
fications of histones that lead to alteration in chromatin
structure at specific gene loci, which in turn determine
the transcriptional output of gene.
Methylation of CpG dinucleotides concentrated in the
promoter regions of some genes (so-called ‘CpG is-
land’) results in the functional inactivation of those
genes without alteration in the primary sequence. Both
hypomethylation and hypermethylation of genome
have been observed in hematological malignancies.
Hypomethylation of Multi Drug Resistance 1 (MDR1)
gene has been described in AML samples and was
shown to correlate with increased expression as meas-
ured by reverse transcripion polymerase chain reaction
(RT-PCR), possibly contributing to multidrug resist-
ance in these patients (14,15). Hypomethylation of c-
myc and myeloperoxidase have also been described in
sample from patients with primary AML and AML
arising from MDS (16).
While mutations in cell cycle control genes such as p15,

INTRODUCTION
The myelodysplastic syndromes (MDS) comprise a
heterogeneous group of clonal hematopoietic stem cell
disorders characterized by ineffective hematopoiesis
and a variable risk of transformation to acute myeloid
leukemia (AML) (1). 
It has been suggested that MDS arise from a
hematopoietic stem cell that has suffered irreversible
DNA damage. In a early phase of disease, impaired dif-
ferentiation and increased apoptosis predominate, but
as disease progression occurs, increased proliferation
and accumulation of immature  cells result. 
Diagnosis and current classification systems (e.g. FAB
or WHO) are based on findings in peripheral blood and
expecially in the bone marrow as well as on cytoge-
netic abnormalities (2,3). In particular, diagnosis of
MDS should be suspected in any patient with unex-
plained cytopenia(s) or monocytosis. A careful exami-
nation of peripheral blood as well as bone marrow
smears show evident morphological abnormalities in
one or more lineages. Fig. 1 and 2 depict some of the
morphological patterns frequently seen in these dis-
eases. This chapter will summarize some of the obser-
vations on the numerous biologic mechanisms
implicated in the pathophysiology of MDS, including
intrinsic progenitor abnormalities, epigenetic changes,
abnormal apoptosis machinery, immunologic influ-
ences, abnormal signal transduction pathways and the
role of the bone marrow microenvironment. 

GENOMIC INSTABILITY
MDS is thought to derive from the somatic mutation of
hematopoietic progenitor cell. Confirmation of the
clonality in these patients has been demonstrated by
analysis of cytogenetic and X-chromosome inactivation
studies (4,5). However, scientific evidence has grown
in support of the concept that the cytogenetic abnor-
malities, seen so frequently in MDS, may be acquired
during disease progression rather than reflecting the
initial clonal event (5,6). Whether a primary or second-
ary event, genomic instability, as evidenced by kary-
otypic changes common in MDS, is thought to play an
important role in disease pathogenesis. 
Cytogenetic abnormalities in MDS result from the ac-
cumulation of genomic damage, failure to repair such
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p16, and p19 have rarely been described in MDS, hy-
permethylation of p15 is common. Hypermethylation
of the p15INK4B gene promoter has also been ob-
served in 30-50% of MDS cases and a correlation with
the percentage of bone marrow blasts has been shown
(17,18). p15INK4B is a cyclin-dependent kinase in-
hibitor that is critical in regulating the G1 phase of the
cell cycle. Its activation is downstream of the TGF-
�/SMAD pathway. This suggests that one mechanism
of proliferation of leukemic cells is escape of regulation
of G1 phase of cell cycle. Further evidence for the im-
portance of this event in MDS pathogenesis derives
from the observation that the degree of methylation
correlates with the risk of evolution to AML and clin-
ical prognosis (17). Other genes frequently methylated
and silenced in myeloid malignancies include E-Cade-
herin, RAR β, and SOCS-1 (19,20).

ABNORMALITIES IN SIGNALING PATHWAY

GROWTH FACTORS
The ineffective hematopoiesis that is characteristic of
MDS  has led to the investigation of pathways involved
in transducing signals from erythropoietin (EPO) and
other growth factors. When bone marrow cells from
MDS patients are cultured in colony forming assay in
the presence of EPO, erythroid colony formation is re-
duced in comparison to normal controls (21,22). EPO
signaling involves a complex cascade of events begin-
ning with the binding of EPO to the erythropoietin re-
ceptor (EPO -R). Upon binding EPO, the Janus Kinase,
JAK2, is activated (23,24). JAK2 activation leads to
downstream tyrosine phosphorylation of a number of
proteins. Activation of signal transducer and activator
of transcription 5 (STAT5), a downstream protein of
JAK2  that is thought to be important in EPO signal-
ing, is impaired in MDS (25). This observation, com-
bined with the other reports of normal presence of
EPO-R in MDS patients, indicates that alteration of
EPO signaling pathway may have an important role in
MDS (26).
Alterations in other growth factor pathways have also
been reported in MDS patients samples. GM-CSF and
G-CSF priming of reactive oxygen species (ROS ) pro-
duction in neutrophils of patients with MDS is im-
paired (27). Thrombopoietin signaling has been
investigated in the dysmegakaryocytopoiesis seen in
MDS, but its role in unclear (28,29).

VASCULAR ENDOTHELIAL GROWTH FACTOR
Vascular endothelial growth factor (VEGF) is a key reg-
ulator of angiogenesis. Angiogenesis is increasingly
thought to have an important role in MDS and is reg-
ulated by multiple signals, including hypoxia in-
ducible factor-1 (HIF-1) and Ras (30). Myelomonocytic
precursors of patients with MDS and AML overexpress
both VEGF and its high affinity receptor, Flt-1 (31). In-
hibition of VEGF reduces leukemia colony formation
in clinical samples from MDS patients (32). The im-
portance of VEGF has led to the clinical investigation
of VEGF receptor antibodies and VEGF tyrosine kinase
inhibitors for the treatment of MDS.

APOPTOSIS
Apoptosis is an ordered cellular process that regulates
cell population size in a variety of conditions. First de-
scribed by Wyllie and coll. (33), apoptosis is an energy-

dependent process characterized morphologically by
cytoplasmic and nuclear condensation, fragmentation
of nuclei into “apoptotic bodies”, preservation of
plasma membrane integrity and phagocytosis of cellu-
lar debris by macrophages in the absence of an inflam-
matory response (34,35,36). This death mechanism is
crucial in maintaining a precise number of cells in a
given organism. Alterations in apoptosis have been im-
plicated in a variety of medical disorders including
myelodysplasia. A variety of stimuli or insults serve as
initiators of the apoptotic pathway. These include
chemotherapy drugs, ultraviolet and gamma irradia-
tion, chemical exposure, viral infection, steroid hor-
mones, and various cytokines (e.g.,TNF-α, Fas ligand,
TGF-β) (34).
The process of apoptosis may be conceptually divided
into extrinsic and intrinsic pathways. Extrinsic triggers
include death ligands (e.g., Fas ligand, TNF-α, TNF-
related apoptosis-inducing ligand [TRAIL]) which
bind to cell surface receptors and activate downstream
signal trasduction pathway. Intrinsic signals that acti-
vate the apoptotic pathway result from cellular stress,
including exposure to radiation, chemicals or infec-
tious processes. Removal of cellular survival signals
(e.g., growth factors) may also trigger intrinsic activa-
tions of cell death. Both estrinsic and intrinsic activa-
tion of a family of cytosolic aspartate-specific cysteine
proteases (caspases). Caspases are the final effector
molecules of apoptosis, responsible for the cleavage of
both cytosolic and nuclear proteins that result in the
stereotypic destruction of the cell.
Evidence for alterations in intramedullary apoptosis in
early MDS was first suggested through morphological
examination of bone marrow hematopoietic cells. In-
creased apoptosis of bone marrow progenitors was
postulated to account for the clinical observation in
early MDS of peripheral blood cytopenias in the pres-
ence of a hypercellular bone marrow. It was further
postulated that decreased apoptosis may explain the
later clinical disease progression and accumulation of
immature progenitor cells. 
Increased apoptosis in MDS has been shown by mor-
phology, immunohistochemestry, flow cytometry and
molecular detection of activated apoptosis-related pro-
teins (37-39). Upregulation of Fas in MDS bone mar-
row samples has also been reported (40-42). Flow
cytometry studies have been utilized to better charac-
terized which specific MDS marrow cells are involved
in apoptosis. Using flow cytometric of annexin V on the
surface of apoptotic cells, Parker and coll. (43) demon-
strated increased apoptosis in CD34+ cells from early
MDS patients compared with late MDS patients. Li et
al. (44) showed that apoptosis occurred predominantly
(but not exclusively) in non-clonal cells as determined
by concurrent FISH in patients with a suitable clonal
marker. Rajapaksa and coll. (45) analysed CD34+ and
CD34- subfractions of bone marrow from MDS pa-
tients and evaluated the sub-diploid (sub-G1) DNA
peak after staining with propidium iodide. They ob-
served that the proportion of CD34+cells with sub-G1
DNA (apoptotic) was increased in comparison to nor-
mal bone marrow and bone marrow from AML pa-
tients. Bcl-2 and c-Myc oncoprotein levels were also
evaluated. C-Myc:Bcl-2 oncoprotein ratios were high-
est in early MDS sample and lower in late MDS and
AML samples. The ratio of the pro-apoptotic BAX to
anti-apoptotic BCL-2 was increased in early-stage
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MDS but decreased in more advanced disease (37,46).
This observation supports the hypothesis that the rel-
ative balance between cell-death and cell-survival sig-
nals is associated with the increased apoptosis in MDS
progenitors. The cause of abnormal apoptosis in MDS
is unknown.  Both intrinsic cellular defects and extrin-
sic factors are being investigated in ongoing research.
Alterations in the immune-mediated signals, citokine
release, and other aspects of bone marrow microenvi-
ronment have been implicated. 

IMMUNE DYSREGULATION

There is growing evidence that immune dysregulation
plays a role in MDS pathophysiology. The relationship
between MDS and autoimmunity stimulated the inves-
tigation into the immune system in MDS. The inci-
dence of autoimmune disorders appears to be increased
in patients with MDS (47). Autologus cytotoxic T lym-
phocytes have been observed to exert inhibitory effects
on MDS myelopoiesis in vitro. Moreover, the feactures
of MDS may overlap with aplastic anemia (AA) and
large granular lymphocyte (LGL) disease, two diseases
thought to be related to autoreactive T lymphocytes
(48,49). Clinical studies indicated activity of antithy-
mocyte globulin (ATG) and cyclosporine in the treat-
ment of select groups of patients with MDS (50-52).
Given the added observation that tumor necrosis factor
alpha (TNFα) mRNA and protein levels are elevated in
both bone marrow and plasma samples of patients
with MDS , recent clinical trials have evaluated the ef-
ficacy of treatment with immunosuppression and anti-
TNF therapy (53-57).
Single agent ATG has resulted in complete hematologic
responses in up to 10-15% of patients (51). Predictors
of response to immunosuppressive therapy include
younger age, presence of a paroxysmal nocturnal he-
moglobinuria (PNH) clone, human leukocyte antigen
(HLA) DR15, hypocellularity, and normal karyotype

(58). Responses to ATG have been associated with dis-
appearance of T-cell clones that demonstrate V beta
clonality and which suppress hematopoiesis ex vivo
(59). Deeg et al. (53) treated 14 tranfusion-requiring
patients with MDS with the combination of ATG and
the soluble TNF receptor etanercept. Forty-six percent
of patients responded, with five patients achieving pe-
riods of red blood cell and platelet independence that
exceeded 2 years. These impressive results lend further
evidence to the premise that immunomodulation may
be effective in select patients with MDS. 
Fundamental questions remain unanswered about the
precise mechanisms underlying  autoimmunity in
MDS. The hypothesis that T lymphocyes attack specific
antigens on MDS clonal progenitors remains un-
proven. Likewise, it is unclear why some patients re-
spond to immunosuppression and others do not.
Important future investigations will include confirma-
tion of the efficacy of immunosuppressive and anti-
TNF therapies in phase III clinical trials and in
identifying subsets of patients who will most benefit
from these therapies.

BONE MARROW MICROENVIRONMENT

CYTOKINE MILIEU
The observation of increased bone marrow apoptosis
in patients with early MDS stimulated the evaluation
of the bone marrow microenvironment as a mediator
of MDS pathophysiology. Relative deficiency or over-
production of numerous cytokines, including inter-
leukin 1β (IL-1β), IL-6, IL-8, stem cell factor,
erythropoietin, transforming growth factor beta (TGF-
β), GM-CSF and TNF-α have been measured in the
bone marrow and serum of patients with MDS with
unclear and sometimes conflicting results (60-63). Of
all of these cytokines, increased TNF-α has been con-
sistently associated with elevated Fas antigen expres-
sion on CD34+ cells. Fas is a membrane protein that
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type. 

CHROMOSOME 7 DELECTIONS
Partial or complete deletion of chromosome 7 is a com-
mon finding in MDS and AML. It is seen in a variety
of settings and is generally associated with poor prog-
nosis.  Approximately 10% of 7q-deletions are seen in
the setting of “de novo” MDS. The remainder of 7q-
delections are seen in cases of MDS arising after envi-
ronmental or chemotherapeutic exposure and in cases
related to familial genetic disorders (e.g. , Fanconi ane-
mia, neurofibromatosis 1 NF1, congenital neutropenia)
(75). Analysis from patients with juvenile myelomono-
cytic leukemia, which often have monosomy 7, has
shown that approximately 30% have NF1 gene muta-
tions (76). NF1 functions as a tumor suppressor gene,
encoding a GTPase activation protein acts as a negative
regulatior of Ras activity (77). RAS activation occurs in
a significant proportion of adult patients with MDS.
Gene mutations of RAS or inactivation of the NF1 gene
are thought to play an important role in the progression
of MDS with monosomy 7 (78).
The region at 7q22.1 has been suggested as a critical
breakpoint in myeloid malignancies (79). Genes of in-
terest that have been mapped to chromosome 7q in-
clude erythropoietin, plasmin activator inhibitor, T-cell
receptor β, aspargine synthase gene and PIK3CG.

CHROMOSOME 17
Clinically, deletion of the short arm of chromosome 17
(17p-) is seen primarily in treatment-related MDS and
is characterized by dysgranulopoiesis and pseudo-Pel-
ger-Huët anomaly (80). The p53 gene is located at
17p13.1. p53 is a critical tumor suppressor gene that
has significant roles in cell cycle control, DNA repair,
and apoptosis. Loss of p53 has been documented in a
variety of cancers, and it is likely that it plays a role in
a subset of MDS cases.

TRISOMY 8
Trisomy 8 occurs commonly in both acute and chronic
leukemias (Fig. 4). A curious observation has been the
disappearance of trisomy 8 clones in the course of the
disease. This phenomenon is independent of the per-
centage of blasts in the bone marrow or the clinical sta-
tus of disease (81,82). As such, it is unclear how
significant trisomy 8 is in the pathogenesis of MDS,
and therefore, it has not attracted as much attention as
some of other cytogenetic abnormalities.

OTHER CHOMOSOMAL DELETIONS
Loss of portions of chromosomes 3, 11, 12, 13, and the
Y chromosome have been described with varying fre-
quency in the literature. Likewise, trisomies involving
chromosomes 6,13 and 21 have been documented. Al-
though critical regions on each chromosome have been
identified and a number of candidate tumor suppressor
genes have been identified, the molecular pathogenesis
remains elusive.
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INTRODUCTION
Chronic Myeloid Leukemia (CML) is a myeloprolifer-
ative pluripotent stem cell disorder characterized by
the presence of a cytogenetic hallmark, the Philadel-
phia (Ph) chromosome, and accounts for 15% of adult
leukemias (1). The disease progresses from a chronic
phase through an accelerated phase to a blast phase
and its natural course accounts for a median 4 years
survival1. The Ph chromosome is derived by a recipro-
cal translocation termed t(9;22) in which the c-abl
oncogene has moved from chromosome 9 into the
breakpoint cluster region (bcr), within the bcr gene on
chromosome 22, resulting in a chimeric bcr-abl fusion
gene that encodes a 210 KD protein (p210) with con-
stitutive tyrosine kinase activity (2). Two major alter-
native chimeric p210 can result from this fusion gene:
p210-b2a2 where the junction occurs between bcr exon
2 (b2) and abl exon 2 (a2) and p210-b3a2 where the
the junction occurs between bcr exon 3 (b3) and abl
exon 2 (a2) (3) (Fig.1). About 40% of CML patients
harbor the p210-b2a2 and about 60% of them show the
p210-b3a2.

Fig.1: P210 b3a2 and b3a2 breakpoint in CML. In blue is the new
amino acid created by the fusion

At diagnosis CML is often clinically asymptomatic,
with patients showing a various degree leukocytosis
with myeloid precursors at the differential and often
normal/slightly altered hemoglobin and platelets val-
ues. Two third of the cases present also splenomegaly,
often as well asymptomatic. The natural course of the
disease usually includes 3 to 5 years a quite indolent
phase (chronic phase, CP) that inexorably exerts into a
highly chemoresistant and fatal acute leukemia (blastic
crisis, CB) through a various length accelerating phase
(AP). 
The identification of the Ph chromosome as well as the
underneath genetic BCR-ABL fusion, allowed re-
searcher to fine check the response to any given treat-
ment in CML. In fact, different “level” of response can
be observed ranging from a “complete hematologic re-
sponse” (HR: normalization of blood cells count, nor-
mal differential and disappearance of all signs and

symptoms of disease), to a “complete cytogenetic re-
sponse” (CCyR: disappearance of Ph+ methaphases in
the bone marrow as measured by standard cytogenetic
analysis ) up to what’s now the level of response clos-
est to a “cure” that is a “complete molecular response”
(CMolR: absence of BCR-ABL fusion transcript in pe-
ripheral blood and in bone marrow even after the most
sensitive “nested” RT-PCR analysis (Reverse transcrip-
tase-polymerase chain reaction) (Table 1). 

Table 1. Definition of Response to treatment of CML

CML CONVENTIONAL THERAPY
The treatment of Ph+ CML over the last 25 years has
included oral chemotherapy (Hydroxyurea, Busul-
phan), intensive chemotherapy followed by bone mar-
row transplantation (BMT), Interferon-alpha (IFN-α)
with or without cytarabine and more recently the
highly innovative tyrosin kinase inhibitor imatinib
mesylate (GLIVEC , Novartis Pharma) (4). The use of
Hydroxyurea permitted a relative good control of clin-
ical symptoms with nearly all patients achieving a HR
but this agent was unable to modify the natural course
of the disease (5). With the introduction of IFN-α about
10-20% of patients achieved CCyR and a statistically
significant longer overall survival over Hydroxyurea
was observed in several randomized trials (6,7). So far
BMT is thought to be the solely “curative” treatment
for CML but since the advent of imatinib it is not usu-
ally used as a front-line therapy, due to limited donor
availability and a relatively high toxicity of the proce-
dure (8).
Imatinib was approved in 2001 by the Food and Drug
Administration for the treatment of CML in chronic
phase and has been the most exciting breakthrough in
the treatment of hematologic malignancies in the last
7 years (9). Imatinib, originally designated signal
transduction inhibitor 571 (STI571), arose from a time-
consuming process of random screening of large num-
bers of compounds. Imatinib is a 2-phenyl-amino-
pyrimidine and it emerged as one of the most potent
substances inhibiting the ABL protein, the key protein
up-regulated by the oncogenic BCR-ABL fusion in
CML cells and thus the main actor in leukemic trans-
formation (10). Imatinib also inhibits other kinases,
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predominantly those related to platelet-derived growth
factor receptors and c-Kit (10).

Fig.2: Imatinib mesylate (formerly STI571) chemical structure

Early studies have shown that imatinib can induce HRs
in excess of 90% (9) and estimated CCyR in more than
80% at a median follow-up of 19 months. Imatinib has
soon shown superiority over IFN-α in combination
with cytarabine in a randomized trial in patients with
newly diagnosed CML (11). Recent data indicate that
the median time to achieving a CCyR after the start of
imatinib therapy is about 5.5 months and that more
than 90% of patients achieving a CCyR are able to
maintain it with imatinib for at least two years (12).
Very recently imatinib has finally showed statistically
significant superiority in term of 5 years overall sur-
vival over IFN- α (13). 
Overall, since the inception of imatinib mesylate ther-
apy many trials have yielded excellent cytogenetic re-
sults with most patients achieving a CCyR. Thus, it has
been suggested that quantitative RT-PCR is crucial in
determining an accurate response to treatment, moni-
toring minimal residual disease, and detecting relapse
(14). RT-PCR is a highly sensitive assay, which has the
ability to detect one leukemia cell in the background
of 105 –106 normal cells (15). It is undoubted that the
introduction of Imatinib mesylate in the scenario of
treatment options for CML has dramatically modified
the quality of life and life expectancy of CML patients.
Yet, a CMolR is achieved only in about 15-20% of pa-
tients and even in those the withdrawing of the drug
leads to a loss of the response suggesting that imatinib
mesylate usually cannot eliminate the malignant prim-
itive progenitors which cause the disease (16). Thus,
additional treatments to synergize with imatinib with
the intent to possibly cure minimal residual disease are
under investigation. 

AN IMMUNOTHERAPEUTIC APPROACH TO CONTROL

MINIMAL RESIDUAL DISEASE

There are consolidated evidences that in CML patients
the immune system plays an important role in elimi-
nating minimal residual disease and ultimately “cur-
ing” this disease as witnessed by results following
BMT, donor lymphocyte infusion and to some extents
also IFN-α as an immunomodulant agent (17-19). Thus
an alternative specific immunotherapeutic approach to
be added to imatinib could both increase the number
of patients reaching a CMolR and possibly overcome
the intrinsic resistance to imatinib of Ph+ stem cells. 
On this regard the p210 protein is unique to the CML
clone and in virtue of the unique sequence of amino
acids contained in the junctional region represents a
tumor specific determinant which can be used as a tar-
get for an immunological attack against the tumor cell

(20-21). In fact both b3a2 and b2a2 p210 junction se-
quences contain a series of amino acid that doesn’t be-
long either to normal bcr or abl protein and in addition
a new amino acid is created at the exact fusion point (a
lysine, K, for b3a2-p210 and a glutammic acid, E, for
b2a2-p210) (Fig.1). Based on this assumption, 5 pep-
tides, all derived from amino acid sequences crossing
the b3a2 breakpoint in p210, were identified by us
within 36 possible candidates and shown first to bind
to certain HLA class I and class II molecules (20). In
these initial studies no fusion peptides belonging to
the b2a2-p210 sequences were identified as potential
HLA molecules binders instead.
Subsequently, b3a2-p210 derived peptides were also
proved to elicit in vitro a specific T cell response both
in normal donors (21) and in CML patients (22). The
relevance of p210 peptides as immunogenic tumor as-
sociated antigens has been further confirmed by several
crucial observations:

1) peptide-specific HLA restricted cytotoxic T cells (CTL) and
CD4+ cells were able to mediate killing of b3a2-CML cells
and proliferation in the presence of b3a2 containing cell
lysates, respectively (23);

2)b3a2-CML-derived dendritic cells showed HLA class II-
restricted antigen presentation of endogenous bcr-abl fusion
protein by to CD4+ T lymphocytes (24);

3) KQSSKALQR, one of the peptides previously identified,
has been directly eluted from HLA A3-positive CML cells
(25). 

All these findings furnished powerful scientific sup-
port for a b3a2-breakpoint peptides vaccine approach. 

CMLVAX100 VACCINE FOR MINIMAL RESIDUAL DIS-
EASE IN CML
Based on these pre-clinical experimental data in the
Department of Hematology of Siena we developed a
vaccine (CMLVAX100) containing 5 peptides of differ-
ent length all encompassing the b3a2-p210 breakpoint
(Table 2). Four peptides are 8-11 aa long and are able
to bind to HLA class I molecules, while the 5th peptide
is 25 aa long and is able to bind to HLA class II mole-
cules. The peptides included in CMLVAX100 and the
relative HLA binding molecules are listed in Table 2.

Table 2. CMLVAX100 peptide’s composition

With the intent to increase the immunogenicity of
oncogenic peptides otherwise poorly immunogenic,
we added to the 5 p210 derived sequences two im-
munological adjuvants: QS-21 and GM-CSF. QS-21 is
an immune adjuvant designed to boost immune re-
sponses. It’s a carbohydrate extracted from the bark of
the South American tree Quillaja saponaria Molina
(26). The monosaccharide composition, molecular
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weight, adjuvant effect and toxicity for a series of
saponins has been described. QS-21 has been selected
due to its adjuvanticity and lack of toxicity (26). 
With regards to GM-CSF (granulocyte-monocytes
colony stimulating factor), it has been shown, in vitro,
to stimulate the growth of antigen presenting cells
(APCs) such as dendritic cells and macrophages and to
increase the immunogenicity of tumors in animal mod-
els (27). In particular the use of GM-CSF as adjuvant
for peptide vaccine is based on the evidence that sub-
cutaneously injection of this biologic modifier in-
creases the percentage of MHC class II positive cells
(potential APCs) in the injected area (27). In murine
animal models, injections of GM-CSF subcutaneously
for 5 days were shown to produce a recruitment of sub-
cutaneous APCs that peaked within 24 to 48 hours
after first injection and declined at 72 hours despite
continuing the injections. 
CMLVAX100 vaccine was given in a pivotal muticenter
phase II study to b3a2-CML patients presenting a sta-
ble minimal cytogenetic residual disease during ima-
tinib treatment. Each vaccination consisted of a
subcutaneous injection in the upper arm of a mixture
containing 100/μg each peptide together with 100μg of
QS-21 . In order to recruit APCs and possibly augment
the probability of peptide to be presented to effectors
T cells, on the day before and the day of vaccination,
50μg/m2 of GM-CSF were injected s.c. at the same in-
jection site. The “immunization” phase consisted of six
vaccinations, each at two weeks interval, with addi-
tional boosts of vaccine planned every 4 to 6 months
after last vaccination. During the study protocol, pa-
tients were evaluated for peptide-specific T cell re-
sponse as well for disease reduction induced by
vaccinations.

RESULTS OF PILOT PHASE II STUDY WITH CML-
VAX100
Immunological and clinical response of the first 10 pa-
tients included in our pilot study have been recently
published (28). All patients were receiving standard
dose of imatinib for a median of 15.5 months and they
showed a median duration of unchanged residual dis-
ease of 10 months. Imatinib was not discontinued dur-
ing or after vaccination treatment. Before starting the
vaccine protocol, 9/10 patients still showed some de-
gree of cytogenetic disease and 1/10 had molecular
residual disease only. After 6 vaccinations the majority
of them improved their residual cytogenetic disease
with 5/10 reaching a complete cytogenetic response
and 3/5 gaining even a complete molecular response.
The clinical response was associated also to a peptide-
specific immune response induced by the vaccine.
After 6 vaccinations, we could measure a peptide-spe-
cific CD4+ T cell proliferation in vitro in all patients
and a positive Delayed Type Hypersensitivity (DTH)
skin reactions in 8/10. Based on our findings the pre-
dominant immunological effect produced by the vac-
cine appeared to be mediated by the 25 amino acids
long peptide which contains several epitopes for dif-
ferent HLA class II molecules, some of which were
newly identified along the study. Much less evident
was the immunological effect mediated by the short
peptides included in the vaccine as only few peptide-
specific cytotoxic T cell lymphocytes were documented.
In this pilot study, the peptide-specific immune re-

sponse as well as the antitumor effect was supposed to
be maintained by boosts of vaccine performed every 4-
6 months. Along the study, it has been documented
that a shorter interval between boosts (maximum 3-4
months) was necessary to maintained an adequate im-
mune and tumor response. In addition the evidence
that CMLVAX100 induced mainly a peptide-specific T
cell proliferation suggested that the immunological ad-
juvant GM-CSF had a key role in the response while
the role of QS-21 (known to favor mainly a cytotoxic
response) was probably irrelevant.
With regards to vaccine related toxicity and compli-
ance, CMLVAX100 was well tolerated by all patients.
None of them experienced any toxicity other that local
mild pain, redness and itching at the site of vaccina-
tion. No systemic adverse events and no severe adverse
events have been recorded. 
At the present time a total of 21 b3a2-CML patients
have been vaccinated for a total of more than 200 vac-
cinations. We confirmed the previous clinical promis-
ing results also in this larger series of patients and the
results of the total 21 patients are summarized in Table
3.

Table 3. Disease response after vaccinations with CMLVAX100 plus
QS-21 and GM-CSF: results of the phase II clinical trial.

Beside experiencing an improvement in their residual
disease, b3a2-CML vaccinated patients showed an ev-
ident and effective immune response against the pep-
tides contained in CMLVAX100. In particular, after
immunization, 15/21 imatinib-patients developed a
p210 peptide-specific in vivo Delayed Type Hypersen-
sitivity skin reaction (DTH) and all of them demon-
strated p210 peptide-specific unprimed CD4-T cell
proliferation (29). These results demonstrated, for the
first time in vivo, that imatinib treatment doesn’t im-
pair the immune system of CML patients contrasting
with some earlier in vitro and in vivo in mice experi-
mental evidences indicating imatinib as an immuno-
suppressive agent (30-31). As a matter of fact our
immunological data confirmed the lack of infectious
episode observed in the clinical management of ima-
tinib treated CML patients. 

FUTURE DIRECTIONS
The Department of Hematology and Transplants of
Siena is currently coordinating a multicenter study on
behalf of the GIMEMA association, the Italian Study
Group for Adult Hematologic Diseases. The impact of
this active, CML specific, immune approach on the
minimal residual disease during imatinib treatment
will be evaluated in a larger scale. Meanwhile, studies
have been carried out to investigated if the alternative
b2a2 breakpoint of p210 for peptides suitable for a vac-
cine approach. A 25 amino acid long fusion spanning
peptide, named b2a2-25, showed binding properties
to several HLA class II molecules and it was able to
mediate a peptide specific T cell response in vitro. The
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use in b2a2-CML patients of b2a2-25 peptide have
been recently approved by the Italian Institute of
Health and a clinical phase II multicenter study, coor-
dinated by Siena is planned for the near future. How-
ever the only way to definitely measure the impact of
such immune approach in controlling and possibly
eradicating minimal residual disease will be to carry
out a phase III randomized study comparing imatinib
alone vs imatinib plus peptide vaccine (b3a2 or b2a2).
The preliminary results achieved in CML with a pep-
tide vaccine approach encouraged us to extend a simi-
lar approach to other hematological diseases. In
particular we are currently investigating immunogenic
peptides derived from WT-1 a Wilm’s Tumor derived
gene over-expressed in acute myeloid leukemias and
in myelodisplasia that may represent a tumor specific
target for a vaccine approach in these diseases.
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INTRODUCTION

Chronic myelogenous leukemia (CML) is characterized
by a clonal expansion of a hematopoietic stem cell pos-
sessing a reciprocal translocation between chromo-
somes 9 and 22, the Philadelphia chromosome, as
identified cytogenetically or molecularly (RT-PCR).
CML accounts for 15% of adult leukemias. The disease
progresses from a chronic phase through an accelerated
phase to a blast phase. In the past, the National Com-
prehensive Cancer Network had suggested that there
were three primary treatments available for CML
which included: allogeneic bone marrow transplanta-
tion (BMT), IFN-α with or without cytarabine, and
imatinib mesylate (Glivec®). It has been shown that
Glivec is superior to the combination of interferon plus
cytarabine (1,2). Although BMT can be a curative treat-
ment for CML it is not usually used as a front-line ther-
apy, due to limited donor availability and high toxicity
of the procedure. Five-year survival rates following
HLA-matched transplants are approximately 75% for
patients in chronic phase.
Glivec, the first developed inhibitor of the BCR-ABL
tyrosine kinase, was approved in 2001 by the Food and
Drug Administration for the treatment of CML in
chronic phase and it has proven highly effective (3-5).
In fact, studies have shown that imatinib mesylate can
induce hematologic responses in excess of 90% and es-
timated complete cytogenetic responses in more than
80% at a median follow-up of 19 months. 
Once Complete Cytogenetic Response (CCR) has been
obtained (median time 5.5 months after imatinib start),
RT-PCR is crucial in determining an accurate response
to treatment, monitoring minimal residual disease, and
detecting relapse. RT-PCR is a highly sensitive assay,
which has the ability to detect one leukemia cell in the
background of 105–106 normal cells. By RT-PCR the
majority of imatinib treated patients still show de-
tectable disease thus suggesting that imatinib mesylate
usually cannot completely cure this disease (6,7). The
most reasonable explanation is that Ph+ stem cells are
insensitive to imatinib (8,9). As a clinical consequence,
even in those patients in which BCR-ABL transcript is
undetectable by the most sensitive nested RT-PCR
method (complete molecular response), discontinua-
tion of the drug is followed by disease recurrence in
nearly all cases (10,11). On this regard Bathia et al.
(12), have shown that exposure to imatinib may not
completely eliminate leukemic progenitors and that
BCR-ABL–positive stem cells can be detected in pa-
tients in CCR after short term of imatinib treatment.
The most common marker for myeloid stem cell is

CD34 surface antigen and thus co-expression of CD34
and BCR-ABL is a proper combination to identify CML
precursors in the bone marrow. Through this analysis,
Bathia an colleagues found in 12/15 patients studied
after a median time of 10 months of imatinib a median
of 11% of residual CML CD34+ progenitors in the
bone marrow while only 3/15 had no measurable
residual CD34+ cells (12). Quiescent primitive CML
progenitors may be resistant to apoptosis following
imatinib exposure (13) or they may be resistant to the
drug through mechanisms such as increased drug ef-
flux activity (14) and altered transporter genes expres-
sion (15). Furthermore detection of BCR-ABL kinase
mutations in CD34+/Ph+ cells have been detected (16). 
While the mechanism underlying Ph+ progenitors re-
sistance to imatinib has been extensively studies in
vitro model, no data are currently available regarding
the real incidence of leukemic precursors persisting in
patients after prolonged treatment with this drug.
Thus, we evaluated the amount of bone marrow resid-
ual CD34+/Ph+ cells in 31 CML patients in stable long
lasting CCR during imatinib treatment. 

MATERIAL AND METHODS

CML patients with sustained CCR and at least 24
months of continuous imatinib treatment were evalu-
ated for residual CD34+/Ph+ cells. 20ml of bone mar-
row samples were obtained from each patient after
receiving informed consent. Part of the sample was not
manipulated and was evaluated for conventional cyto-
genetics, FISH analysis, molecular biology studies and
flow cytometry study. The rest of the sample was used
for CD34+ separation and subsequent FISH analysis of
CD34+ purified cells. Bone marrow mononuclear cells
(BMMCs) were isolated by density gradient separation
and CD34+ cells were selected from BMMCs using im-
munomagnetic column separation according to pub-
lished methods and manufacturer instructions
(Miltenyi Biotech, Auburn, CA) (17). Flow cytometry
analysis to confirm CD34+ cells purity after separation
was performed by incubating each cell sample with an
anti CD34 fluorescent antibody and subsequently by
analyzing the samples on a FACScan flow cytometer
(BD Biosciences, San Josè CA USA). FISH analysis of
whole bone marrow cells as well of sorted CD34+ cells
was performed on fixed cells according to conventional
published methods and manufacturer’s specifications.
LSI BCR/ABL Dual color extra signal (ES), single fu-
sion translocation was used as probe (Vysis, Downers
Grove,IL, USA). Slides were analyzed with a Nikon 2
fluorescence microscope and images captured with a
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CCD camera using image analysis system (Genikon).
When conventional bone marrow FISH analysis was
performed, at least 300 interphase cells were analyzed
independently by two different observers, while for
purified CD34+ cells a minimum of 100 interphase nu-
clei per each sample were evaluated. Each bone mar-
row sample has been aslso evaluated for molecular
biology studies through a standardized Taqman based
Q-RT-PCR technique for BCR-ABL transcripts. Results
were expressed as BCR-ABL/ABL ratio. In case of un-
detectable level of BCR-ABL by Q-RT-PCR a nested
qualitative RT-PCR was also evaluated (18).

RESULTS AND DISCUSSION

A total of 31 CML patients were evaluated in our study.
The median age was 46 (range 19-77) with 18 male and
13 female. At imatinib start all patients were in
Chronic Phase (CP), 15/31 were newly diagnosed
while 16/31 have been previously refractory (11 pa-
tients) or intolerant (6 patients) to Interferon-alpha. At
the time of residual CD34+/Ph+ evaluation all patients
were on 400mg/day of imatinib for a median time of
39 months (range 24-59). All of them had a previously
documented and sustained CCR for a median time of
35 months (range 15-53) that was again confirmed by
conventional bone marrow cytogenetic analysis of at
least 20 metaphases in all patients. Whole bone mar-
row FISH analysis identified Ph+ cells in 11/31 (35%)
(median of 2% nuclei, range 1-4%) while BCR-ABL
transcript was still measurable in 24/31 (77%) patients
by RT-PCR. After immunomagnetic sorting of about 10
ml of marrow aspirate an adequate number of CD34+
cells (average 9.6x105) for FISH analysis was collected
in all 31 patients and CD34+ enriched population was
confirmed to be more than 90% pure by flow cytometry
analysis. FISH analysis of CD34+ purified cells showed
the persistence of Ph+ cells in 14/31 (45%) patients
with a median number of 1% (range 1-7%). Fig.1
shows a FISH image of a leukemic CD34+ cell (BCR-
ABL positive) and a normal CD34+ bone marrow cell.

Fig.1 BCR/ABL CD34+ (A) and normal CD34+ (B) cells detected by FISH
with LSI BCR/ABL dual color extra signal single fusion translocation probe. 

Table 1 shows disease characteristics and follow-up of
14 CD34+/Ph+ positive patients and of 17 CD34+/Ph+
negative patients. 
At the time of evaluation a weak correlation was found
between the persistence of leukemic stem cells and the
amount of molecular residual disease. In fact bone mar-
row fusion transcript was still detectable in 12/14
(86%) CD34+/Ph+ positive patients and in 12/17
(70%) CD34+/Ph+ negative patients. All patients con-
tinued imatinib at 400mg/day and were monitored for
their residual disease. Interestingly, after a median fol-
low-up time of 20 months (range 7-36) since CD34+
evaluation, 4/14 (28%) patients with residual
CD34+/Ph+ positive cells showed a significant increase
of their molecular disease (considered as more than 1
log increase of BCR-ABL/ABL ratio in two consecutive
samples) (Table 1. pt # 1,3,8,9). In addition, one of
them lost CCR while 4/14 (28%) were in stable com-
plete molecular response (CMolR). On the contrary,
only 2/17(11%) patients without residual Ph+ stem
cells showed an increased level of detectable molecular
disease during follow up (Table 1. pt #20, 28). No pa-
tient in this group lost CCR and 9/17(53%) were in
CMolR. To our knowledge this is the first “in vivo”
evaluation confirming that CML precursors survive
during imatinib treatment even after prolonged and
stable CCR. Our findings assessed that at least 45% of
these patients harbor residual CD34+/Ph+ cells al-
though the role of these cells in the outcome of ima-
tinib treated CML patients is not clearly definable from
our study. Albeit the series of patients is small we
found a trend in a rise of molecular residual disease
over time in patients with CD34+/Ph+ cells, with po-
tentially a higher risk of cytogenetic relapse. On the
other hand at least 4 patients with documented resid-
ual CML precursors achieved a stable CMolR. The co-
existence of bone marrow CML precursors and
undetectable transcript may reinforce a recent hypoth-
esis indicating a very low level of expression of BCR-
ABL of quiescent CML cells (19).
In further studies, the evidence that CML stem cells
may be documented by FISH, even in the absence of
detectable level of BCR-ABL, may identify a new role
for molecular cytogenetics in the quantification but also
characterization of the cell compartment resistant to
imatinib, potential source of disease relapse. 
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Legend:
*CCR complete
cytogenetic re-
sponse;
**Month on
imatinib;
°Whole bone
marrow
Quantitative
RT-PCR
analysis meas-
ured as BCR-
ABL/ABL
ratio by stan-
dardized Taq-
man based
Q-RT-PCR
technique;
°°Absence of
BCR-ABL
transcript in
the bone mar-
row even after
qualitative
nested RT-
PCR;
#Whole bone
marrow FISH
analysis.

Table 1. Disease’s characteristics at time of evaluation and follow-up of patients with CD34+/Ph+ residual cells
(from pt#1 to #14) and patients without CD34+/Ph+ residual cells (from pt#15 to #31).



INTRODUCTION
Hairy cell leukemia (HCL) is a rare, chronic B-cell neo-
plasm characterized by leukemic hairy cells (HCs)
present in blood, bone marrow, and splenic red pulp,
with atrophy of white pulp. Lymph node involvement
is infrequent. HCL is typically associated with markers
of activation, that include expression of CD25, CD11c,
FMC7, and CD103 at high intensity (1). A distinctive
feature of HCL is expression of multiple surface im-
munoglobulin (sIg) isotypes, although its prevalence
in HCL is not fully mapped  (1,2).
B-cell tumors preserve the B-cell receptor (BCR) fea-
tures of the originally transformed cell (3). Conse-
quently, immunoglobulin (Ig) gene analysis delineates
the critical events of clonal development and defines
the Ig heavy (H) and light kappa (K) or lambda (L)
repertoire selected by specific tumor entities (3).
In some instances, Ig gene analysis may also have
prognostic value (3,4), and the selected IgH/IgL or
IgH/IgK pairs can associate with specific BCR structure
and clinical behaviour (4). Selective stimuli on the
tumor BCR may be of different types, including viral
or bacterial antigens, or, in germinal center (GC) de-
rived lymphomas, stromal elements acting on N-glyco-
sylated residues acquired by somatic mutation (SM)
(5,6). In HCL, analysis of the selective influences on
the tumor BCR has often been hampered by the rarity
of the disease, and only small series of cases have been
analysed to date (1).
In small HCL panels, we and others have observed that
most HCL carry mutated IgH variable region (V) genes,
with low levels of intraclonal heterogeneity. Only a
minor subset of HCL have unmutated IgHV genes (2,7-
9). Both mutated and unmutated HCL subsets express
multiple surface (s) IgH isotypes with no evidence of
subpopulations (2). Also, activation-induced-cytidine-
deaminase (AID) is expressed in HCL, and Ig sterile
transcripts are produced prior to class switch deletional
recombination (2). However, HCs fail to express the
GC markers CD38, CD10 and bcl6, as well as the mem-
ory B-cell marker CD27 (10-11). Most importantly,
studies of gene expression profiling of B-cells from dis-
crete normal subsets or HCL have shown that HCs are
related to memory cells, although with altered expres-

sion of genes controlling cell adhesion and chemokine-
receptors (10). This raises questions on incidence of the
BCR events and where they occur in HCL.
The observation that HCL biology may not be simply
recapitulated by normal B-cell physiology poses sev-
eral unresolved issues. These include the significance
of ongoing SM and class switch recombination (CSR)
in HCL, and the role of selective influences in shaping
the BCR repertoire of HCL. Here we addressed these
issues by investigating the IgH and Ig light chains ex-
pressed by the tumor cells of a large series of HCL.

MATERIALS AND METHODS

Patients. Peripheral blood samples were collected from
88 HCL. In all instances, the specimens were collected
at diagnosis before specific therapy. Diagnosis of typi-
cal HCL and variant HCL was based on peripheral
blood morphology, flow cytometry and bone marrow
immunohistochemistry according to the World Health
Organization Classification (12).

Phenotypic analysis. Peripheral blood mononuclear
cells (PBMC) were obtained by Lymphoprep (Ny-
comed Pharma, Oslo, Norway) gradient separation.
Immunophenotypic studies were carried out on PBMC
by direct immunofluorescence techniques with a large
panel of antibodies (7). Expression of CD27, CD38 and
sIgH isotypes on HCL was determined by 3-color stain-
ing with F(ab’)2 anti-sIgG, anti-sIgM, anti-sIgD, anti-
sIgA antibodies (7). Expression of sIgK/L was
determined by 3 color staining with fluorescein isoth-
iocyanate (FITC)–conjugated F(ab’)2 anti-sIgL, phyco-
erythrin (PE)-conjugated F(ab’)2 anti-sIgK and
peridinin-chlorophyll protein (PerCP)-conjugated anti-
CD20, using our previously described procedures (7).

PCR amplification of IgHVJ, IgKVJ and IGLVJ tran-
scripts and sequence analysis 
Total RNA isolation from PBMC, preparation of cDNA
and amplification of the full tumor IgHVJ, IgKVJ or
IgLVJ transcripts were performed by polymerase chain
reaction (PCR) with a mixture of Leader-VH-mix
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Figure 1.
Expressed IgHV, IgHK and IgLV region repertoire in HCL. The incidence of IgHV (1A), IgKV (1B) and IgLV (1C) region

transcripts expressed by HCL was compared to the repertoire of normal B-cells from published data.20,24,25

Dark grey columns: HCL; light grey columns: normal B-cell repertoire. Asterisks indicate V genes whose incidence showed
a significant difference between HCL and normal B-cell repertoire.
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primers and a constant-region primer (7,13). Amplified
products were run on agarose gel and purified with the
Jet Quick Gel extraction kit (Celbio, Milano, Italy).
Identification of the tumor IgHVJ, IgKVJ and IgLVJ se-
quences was performed by direct sequencing and/or
after cloning of the purified band. Ligation and cloning
was performed with pGEM®-T Easy Vector System II
and JM109 competent cells (Promega, Milano, Italy).
Sequencing was performed with the v1.1 Big Dye Ter-
minator Ready Reaction sequencing kit (AB Applied
Biosystems, Applera Italia, Monza, Italy), on an ABI
Prism 310 genetic analyser (PerkinElmer, Warrington,
UK).
Direct sequencing was performed with the 3’ primer
on the constant region and the identified sequence was
confirmed with the family specific leader 5’ primer, that
allowed identification of the full V-gene transcript.
When cloning was performed, M13 forward and re-
verse primers were used to sequence in both direc-
tions. The data were analyzed by means of Chromas
1.51 software and aligned to the 2005 updated V-BASE
and ImMunoGeneTics (IMGT) databases (14,15).
Analysis of IgHV, IgKV and IgLV gene usage and mu-
tation pattern was performed as previously described.7

IMGT nomenclature was used to assign Ig gene use,14

since it allowed comparison with data from previously
used nomenclatures for IgH, IgK and IgL genes (16,17).
Length in the IgH and IgK/L�CDR3 (HCDR3, KCDR3
and LCDR3, respectively) were calculated according to
IMGT criteria (14). For IgHD determination, IMGT cri-
teria and nomenclature were used that allowed com-
parison to segments with other designations from the
literature (14). N-addition of G and C at the joining
ends of V(D)J junction (Ngc) was performed to inves-
tigate TdT activity. Recurrent amino acid sequence mo-
tifs in HCDR3, KCDR3 and LCDR3 were sought using
the ClastalW tool (at http://www.ebi.ac.uk/clustalw
/#). Amino acid identity >60% in the HCR3 or >80%
in the K/LCDR3 was required for the inclusion of a IgH
or a IgK/L chain in the same subset, respectively (18).
Intraclonal heterogeneity was assessed in the cloned
products and was distinguished from Taq infidelity by
an increased frequency compared to Taq error rate and
by the finding of the same mutation in more than one
clone (7). If only direct sequencing was performed, the
tumor IgHV, IgKV and IgLV sequences were confirmed
by replicate RT-PCR and sequencing. The incidence of
potential novel N-glycosylation sites (NGS) in IgHVJ,
IgKVJ and IgLVJ transcript sequences was assessed as
previously described (6,19).
Statistical analyses were performed using Χ2 or
Fisher’s exact tests. P-values <0.05 were considered
significant.

RESULTS

Analysis of expressed IgHV region transcripts and sIgH
isotype proteins 
The expressed tumor IgHV sequences were identified

in 83/88 HCL. The distribution of IgHV families was
similar to that of normal B-cells, but use of individual
IgHV gene segments showed differences from the nor-
mal B-cell repertoire (figure 1A). The IgHV gene seg-
ments most frequently used by HCL were IgHV3-30
(13/83, 16%), IgHV3-33 (9/83, 11%), IgHV3-23 (7/83,
8.5%), IgHV 3-21 (7/83, 8.5%), IgHV4-30/4-31 (5/83,
6%) and IgHV4-34 (5/83, 6%). Among these segments,
usage of IgHV3-21, IgHV3-30 and IgHV3-33 was sig-
nificantly increased compared to the normal B-cell
repertoire (p=0.001, p=0.003 and p=0.001, respec-
tively) (20). Other IgHV segments were used less fre-
quently in HCL than in normal B-cells (figure 1A),
although none reached significant differences individ-
ually, likely due to the number of cases investigated.
In fact, by assembling results of this study with all
published HCL IgHV gene sequences (n=164), we
could confirm the overuse of IgHV3-21, IgHV3-30 and
IgHV3-33, and the significantly reduced use of IgHV1-
18 (p=0.02) and IgHV3-53 (p=0.02) could be demon-
strated (8,9,21,22).
Phenotype of surface IgM, IgD, IgG and IgA was avail-
able from 56 HCL. The majority (46/56, 82%) co-ex-
pressed multiple pre- (IgM+/-D) and post-switch
(IgG+/-A) isotypes, indicating that multiple isotype ex-
pression is a dominant feature in HCL (2). Of 63 HCL
tested, CD38 was negative in all cases, and the memory
B-cell marker CD27 was restricted to all 5/63 variant
HCL (cases HCL8, HCL17, HCL28, HCL72, HCL82,
HCL87). These data confirm that lack of surface CD27
and CD38 is a feature of typical HCL (11).

Analysis of HCDR3 junction
Sixty-nine HCL were evaluable for HCDR3 junction
(figure 2). IgHD gene segment analysis revealed signif-
icantly increased use of IgHD1 (11/69 cases, 16%) and
IgHD6 (12/69, 17%) families (p=0.001 and 0.02, re-
spectively). Analysis of specific segments revealed ad-
ditional notable biases. In fact, the IgHD1 family used
almost exclusively IgHD1-26 (10/11 cases) and the
IgHD6 family frequently utilized IgHD6-19 (5/12
cases). This observation is remarkable, since use of nei-
ther of these segments has been reported in normal B-
cells (20). In addition, significantly increased selection
of IgHD3-3 (8/69, p=0.00009), IgHD3-9 (4/69,
p=0.004), IgHD3-10 (7/69, p=0.00005) and IgHD4-17
(5/69, p=0.0009) was also documented. Again, IgHD3-
3, IgHD3-9, and IgHD4-17 are not reportedly selected
in the functional normal B-cell repertoire, and only
IgHD3-10 is represented in 0.5% of all D segments
(20). IgHJ gene segments used in the expressed HCL
repertoire distributed similarly to the normal B-cell
repertoire, HCDR3 length was variable (range 9-28
amino acids, median 16, mean 17) and analysis of re-
current amino acid sequence motifs could not identify
significant similitudes of HCDR3. However, the num-
ber of sequences investigated (n=69) here and the few
HCDR3 currently available from the literature (n=27)
have precluded any statistical clustering(8,22,23). Thus
significance of IgHD biases remains yet unresolved.



Analysis of sIgk and sIgλ protein expression and IgKV
and IgLV region  transcripts 
Seventy of 83 HCL were characterized for sIgK and
sIgL protein expression. Expression of sIgL was ob-
served in 41/70 (59%) HCL with a IgK:IgL ratio of
0.7:1, indicating preferential secondary rearrangement
of IgL.
The expressed IgK and IgL tumor transcript sequences
were investigated in 45/70 cases (23 HCL expressing
sIgK and 22 HCL expressing sIgL�� In two additional
samples (HCL30 and HCL33), IgL transcripts from the
non-functional allele were amplified and sequenced.
Four HCL (HCL4/163, HCL42, HCL70, HCL83) co-ex-
pressing double IgK or double IgL, or IgK/IgL, were
excluded from the analysis.
Among IgKV gene segments (figure 1B), IgKV1D-
39(012/02) was most frequently used (6/23, 26%), and
showed significant increase compared to normal B-
cells (p= 0,03) (24). The distal gene segments IgKV1D-
17 (case HCL63) and IgKV6D-21 (HCL11), that are not
reported in the normal B-cell repertoire, were both
used once. The other IgKV segments distributed simi-
larly to normal B-cells.
Among functional IgLV gene segments,  IgLV2-14 was
most frequently used (4/22, 18%), followed by IgLV1-
47 (3/22, 14%), IgLV1-40, IgLV1-44, IgLV1-51, IgLV2-
11 and IgLV3-21 (2/22, 9% each) (figure 1C), with an
overall distribution similar to the normal B-cell reper-
toire (205).

Analysis of KCDR3 and LCDR3 junctions
Twenty-one HCL were evaluable for the KCDR3 junc-

tion. IgKJ genes were used by HCL in a fashion similar
to the normal B-cell repertoire (24). KCDR3 length
ranged from 7 to 11 amino acids (median 9) and 11/21
KCDR3 had identical pI (range 6.5-13, median 13).
Overall analysis of KCDR3 amino acidic sequences re-
flected pI similarities and identified three subsets, all
with 88.8% sequence identity. Subset 1K (HCL28 and
HCL2) harbored IgKV1D-33-J1/4 rearrangements
(QQYDNLP[L/R]T), that associated with IgHV3-23
(HCL28) or IgHV1-02 (HCL2). Subset 2K (HCL7/330
and HCL67) harbored IgKV3-20-J1/2 rearrangements
(QQYGRSP[Q/Y]T), that associated with IgHV2-05
(HCL7/330) or IgHV4-34 (HCL67). Subset 3K (HCL19
and HCL63) harbored IgKV1-17/1D-17-J1/2 re-
arrangements (LQHNSYP[R/Y]T), that associated with
IgHV3-21 (HCL19) or IgHV4-34 (HCL63).
Twenty-two HCL were evaluable for the functional
LCDR3 junction. Remarkably, among IgLJ segments,
virtually all cases used IgLJ3 (21/22, 95.5%) (figure 3).
The universal use of IgLJ3 was higher than expected
by chance alone (50%), and significantly higher than
its frequency (34%) in normal B-cells (p=0.000000001)
(26). Remarkably, 2/2 HCL with non-functional
LCDR3 junctions (HCL30 and HCL33) failed to use
IgLJ3, further indicating strikingly selective influences
on the functional repertoire. In particular, HCL30 used
IgLJ1 with TAG stop at joining codon 115, whereas
HCL33 used IgLJ6 with out-of frame rearrangement in
codon 115. LCDR3 length ranged from 9 to 13 amino
acids (median 11) and pI from 4.4 to 13 (median 13),
with 13/22 LCDR3 having identical pI. Analysis of
LCDR3 amino acidic sequences identified 3 HCL sub-
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Figure 2.
Expressed IgHD families in HCL. Incidences of IgD families expressed by HCL were compared to the reper-

toire of normal B-cells from published data.20

Dark grey columns: HCL; light grey columns: normal B-cell repertoire. Asterisks indicate regions with identi-
fied significant difference between HCL and normal B-cell repertoire. The D1 family was represented by D1-

26 in 10/11 cases. The D6 family was represented by D6-19 in 5/12.  D1-26 and D6-19 are not reportedly
used by normal B-cells.20
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Figure 3.
IgLJ segment usage in IgL HCL. The incidence of IgLJ segment in the functional IgLVJ transcripts expressed

by HCL was compared to the functional repertoire of normal B-cells from published data.26

Dark grey columns: HCL; light grey columns: normal B-cell repertoire. (*) IgLJ3 segment use in HCL was
universal (>95% cases) and significantly superior to IgLJ3 use in normal B-cells.

Figure 4.
Subsets of highly similar LCDR3s in HCL. Amino acid sequences are shown for all HCL cases within a

LCDR3 subset. The rearranged IgLV and IgLJ and the associated IgHV gene segment are indicated together
with the amino acid sequence of each case. Amino acid homology to the first LCDR3 from each subset is indi-
cated by dots. HCL belonging to these subsets preferentially utilized the most frequent IgHV3-21, 3-30 or 3-

33 gene segments (*, **, ***): (*) selective distribution of IgHV3-21, 3-30 or 3-33 in HCL from subset 1L
compared to IgL+ HCL not belonging to subset 1L; (**) selective distribution of IgHV3-21, 3-30 or 3-33 in

HCL from subset 1L compared to HCL with light chain CDR3s not belonging to subset 1L; (***) selective dis-
tribution of IgHV3-21, 3-30 or 3-33 in HCL from subsets 1L, 2L and 3L compared to HCL with light chain
CDR3s not belonging to these subsets. ^Identical LCDR3 was reported in 2/368 normal or autoreactive B-
cells (0.5%), with no indication of antigen reactivity. °Identical LCDR3 in 5/368 normal or autoreactive B-

cells (1.3%), that identified anti-PLT alfa(IIb)beta(3) integrin (EBA11) or anti-La (SS-B)SLE autoAb.46



sets (figure 4). Subset 1L (HCL35, HCL22, HCL44,
HCL49 and HCL40) harbored IgLV1-44/47-J3 re-
arrangements with ≥85% homologous LCDR3 (figure
4). Of note, these HCL paired only with the highly
identical IgH3-30 or IgHV3-33 segments in 4/5 cases,
with the exception of case HCL22, that used IgHV3-21.
Remarkably, the selective clustering of IgHV3-
21/30/33 segments (5/5, 100%) within this subset was
significant, when compared to pairing of IgHV3-
21/30/33 segments with the remaining CDR3 investi-
gated from IgLV-J (8/17, 47%, p=0.03) or the total
IgL/KV-J (13/38, 34%, p=0.005) rearrangements. Sub-
set 2L (HCL27 and HCL32) harbored IgLV3-21-J3 re-
arrangements with 91% homologous LCDR3
(QVWDSSSDH[W/V]V), and associated with either
IgHV3-30 or IgHV3-23. Subset 3L (HCL64 and HCL23)
harbored IgLV1-40-J3 rearrangements with 81.8% ho-
mologous LCD3 (QSYD[S/N]SL[SG/TR]SGV), and as-
sociated with IgHV4-34 or IgHV3-21. Overall, the
overused IgHV3-30, IgHV3-33 and IgHV-3-21 genes
clustered within the identified LCDR3 sets (7/9 cases;
78%), and not with the CDR3 from the remaining
IgL/KV-J rearrangements investigated (9/34, 26%,
p=0.008). Together with IgL light chain preference and
universal IgLJ3 use, these data further suggest that se-
lection events are dominant in the IgL light chain of
HCL. 
Interestingly, TdT activity was absent in almost 50%
light chain rearrangements (20/41 light chain junc-
tions). Since TdT activity decreases during B-cell on-
togeny (27), lack of N-addition/deletion of G and C at
the ends of V-J junction (Ngc) is suggestive of re-
arrangements having occurred late (in the periphery)
as a result of receptor revision in the light chain, after
downregulation of TdT enzyme (14).

Somatic mutation analysis of IgHV, IgKV and IgLV
Mutation status of IgHV tumor transcripts was evalu-
ated in 83 HCL. Overall, IgHV genes carried variable
tiers of mutations (range 80.95%-100%; median
96.56%, mean 95.97%). Three of 83 HCL had com-
pletely unmutated IgHV genes (100% homology to
germline). However, by using the arbitrary 2% cut-off
that defines mutational status in other lymphoprolifer-
ative disorders and that is being used for clinical cor-
relates in ongoing clinical studies (28), the unmutated
HCL subgroup extended to 17/83 HCL (20.5%).
The distribution of individual IgHV genes varied
among mutated and unmutated HCL. In particular,
IgHV3-30, the segment most frequently used in HCL,
showed selective tendency to distribute in unmutated
rather than mutated HCL cases (6/17, 35%  unmutated
HCL vs 7/66, 10% mutated HCL, p=0.01). Also, IgHV4-
34 was more frequently used in unmutated (3/17,
18%) than in mutated HCL (2/66, 3%) (p=0.02).
IgKV mutation status (n=23) was variable (homology
range 93.61%-100%, median 97.26%, mean 97.31%),
and 2/23 cases had completely unmutated IgKV genes.
Using the arbitrary 2% cut-off value, 9/23 (39.1%)
IgKV were considered unmutated.
IgLV mutation status was evaluable in 22 cases with

functional IgLV rearrangements. IgLV homology to
germline ranged from 89.9% to 100% (median 97.12%,
mean 96.83%), and 1/22 HCL had completely unmu-
tated IgLV. Using the arbitrary 2% cut-off, 8/22 (36.4%)
IgLV were unmutated.
Parallel assessment of IgHV and IgKV/IgLV mutation
status was feasible in 40 HCL. The IgHV-IgKV/IgLV
mutation status was concordant in 22/40 HCL. Eight-
een cases were mutated in both IgHV and IgKV/IgLV.
Four were unmutated in both IgHV and IgKV/IgLV. Of
these, two cases displayed both IgHV and IgKV/IgLV
rearrangements with a 100% homology to closest
germline, confirming the existence of a very minor sub-
set of HCL with completely unmutated Ig genes (2).
The IgHV-IgKV/IgLV mutation status appeared discor-
dant in 18 HCL (12 IgHV mutated-IgKV/IgLV unmu-
tated cases and 6 IgHV unmutated-IgKV/IgLV mutated
cases). However, 16/18 discordant HCL carried some
levels of mutation (homology to germline <100%) in
both IgHV and IgKV/IgLV, suggesting that the varia-
tions very likely represent true mutations and not poly-
morphisms (29). Only 2 discordant cases (HCL37 and
HCL 81) carried heavily mutated IgHV (94.79% ho-
mology) or IgKV (94.98%) genes coupled to com-
pletely unmutated (100%) IgKV or IgHV genes,
respectively. These two particular cases might be rep-
resentative of an antigen experienced BCR (with mu-
tated IgH or IgK) rescued after secondary
recombination of IgK or IgH chain on the second allele,
and suppression of the first functionally rearranged al-
lele (receptor revision) (30,31).

Analysis of intraclonal heterogeneity of IgHV, IgKV and
IgLV 
Cloning and sequencing of IgHV and IgKV or IgLV
transcripts was performed in 12 HCL (table 1). In all
cases, cloning confirmed the results of direct sequenc-
ing. Cloning of IgHV transcripts revealed intraclonal
variations within the same or different tumor isotypes
in 11/12 cases, including the 2/2 cases with IgHV ho-
mology >98% and <100% to germline (cases HCL7 and
HCL35). Cloning of the paired IgK/L tumor sequence
confirmed intraclonal variations in the light chain of
the same 11/12 cases. Using stringent criteria for ongo-
ing activity (i.e. ≥2 identical variations repeated in sep-
arate clones), intraclonal heterogeneity was restricted
to 3/11 cases. Lack of repetitions in the remaining 8/11
cases may be due to the mutational frequencies in the
light chains, that in normal individuals are generally
lower than in the IgHV genes (32). Only HCL38, hav-
ing both IgHV and IgLV genes with 100% homology
to germline, did not display intraclonal mutations in
either IgHV or IgLV genes. 

DISCUSSION
Our immunogenetic analysis of the expressed IgH and
IgK/L repertoire provides implications for HCL origin,
and indicates that Ig selection may play an important
role in disease pathogenesis.
IgHV analysis shows that HCL is characterized by bi-

23

SYMPOSIUM ON MYELODISPLASTIC SYNDROMES



ased usage of IgHV3-21, IgHV3-30 and IgHV3-33, in
agreement with prior analyses on smaller HCL groups
(9,21). IgHV3-30 and IgHV3-33 are highly homologous
segments with a single amino acid difference in the
CDR2, are recognized by the same anti-CDR1 (B6)
monoclonal antibody, and thus may share the ability
to bind identical antigens (33). Indeed, IgHV3 family
members, including IgHV3-30 and IgHV3-33, react
with common bacterial superantigens, such as modi-
fied staphylococcal protein A (SpA) (34), or with the
natural staphylococcal enterotoxin A, which is suffi-
cient to induce survival of IgHV3-expressing B cells by
low-affinity binding (35). Furthermore, IgHV3-30 is
reportedly involved in the immune response against
Toxoplasma infection, providing additional clues to
potential antigens sustaining HCL (36). Clearly, the se-
lective influences active in HCL appear to follow routes
that are different from other B-cell neoplasms, in par-
ticular from the deeply investigated IgM+ve CLL.19 For
example, IgHV1-69 was totally absent in HCL from our
and previously published series (total 164 IgHV se-
quences) (2,7,8,21,22,37), while it dominates the un-
mutated subset in CLL.19 Similarly, IgHV4-34 is used
predominantly in a mutated conformation by CLL, but
is preferentially “unmutated” in the HCL of our series
(figure 5A), and even more significantly if all HCL pub-
lished sequences are integrated (p=0.0002) (2,7,8,21,
22,37). Lack of apparent HCDR3 stereotypy in HCL is
another contrasting feature with CLL, that conversely
frequently groups cases with shared HCDR3 structural
features (4,18,38). This also indicates that antigen drive
does may not rest on HCDR3-mediated interactions in
HCL. Conversely, the low mutational rate of IgHV
genes expressed in HCL, and particularly of IgHV3-30

and IgHV3-33 segments that represent almost 50% of
all “unmutated” HCL, suggests that selective influences
may be related to the IgHV segment itself (34,35).
Analysis of Ig light chains provides novel evidence that
HCL is characterized by selection events in the tumor
BCR. In fact, HCL display: i) inverted IgK:IgL ratio
(0.7:1); ii) universal usage of IgLJ3 in the functional
sIgL expressors; and iii) subsets with highly homolo-
gous KCDR3 and LCDR3. The preferential usage of�
IgL light chain in our large series is consistent with
prior independent studies (39-42), and can be consid-
ered a unique feature of HCL. In the normal B cell
repertoire and in other B-cell neoplasms, IgK is the
most frequently used light chain (43-48). On these
bases, our results suggest that HCL requires selective
usage of IgL. The functional implications of IgL selec-
tion in HCL remain speculative. The observations that
i) almost 50% HCL expressing sIgL utilize IgHV3-21,
IgHV3-30 or IgHV3-33 only; ii) virtually all HCL ex-
pressing IgL utilize IgLJ3; and iii) 40% HCL express-
ing IgL display LCDR3 sets with shared structural
features, suggest that HCL expressing IgL may recog-
nize common antigens requiring homologous LCDR3-
J3 stretch. LCDR3 identical motifs were documented
within IgHV3-21, IgHV3-30 or IgHV3-21 HCL (table
1). In public databases of normal or autoreactive B-
cells, we could identify motifs identical to LCDR3 from
HCL sets 1L or 2L, although specific antigen reactivities
were found only in set L2 (46). The molecular triggers
of IgL bias and LCDR3-J3 selection in HCL are un-
known. One possibility of IgL selection is that the IgK-
�to-�IgL �shift may derive from secondary
rearrangements with rescue of a new light chain in the
periphery. Secondary rearrangements of IgL after IgK
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deletion have been observed in cases of IgL+ve B-cell
neoplasms (45-47,49).
The observation of absent Ngc incorporations due to
absent TdT activity in almost 50% HCL light chain re-
arrangements favors the hypothesis that secondary re-
arrangements occur in the periphery.27 We have
observed the potential ability of HCL to revise light
chains in cases co-expressing mutated double light
chain transcripts and/or protein with peripheral up-
regulation of RAG-1 (50). Also, double productive and
functional Ig light chain expression has been described
in one independent case of HCL and is putatively the
consequence of peripheral receptor revision (51).
Classically, mutational status of IgHV genes distin-
guishes whether the B-cell has encountered antigen in
the GC with a T-cell dependent reaction or whether it
derives from antigen-naïve B-cells (7). However, there
is evidence that the BCR can also interact with antigen
in a T-independent pathway and accumulate a low
level of somatic mutations ectopically, likely in the
marginal zones (21,52). Several observations from both
Ig heavy and light chain rearrangements indicate that
HCL have experienced antigen stimulation. First, the
majority of HCL are characterized by SM. Second,
cloning of IgV region transcripts confirms the existence
of low levels of intraclonal heterogeneity also in cases
with 98%≤homology<100% to germline (19). Third,
the vast majority (82%) of HCL co-express multiple
pre- (IgM+/-D) and post-switch (IgG+/-A) sIgH, inde-
pendently of mutational status and while AID is ex-
pressed.2 Histology and lack of CD27 and CD38
suggest that, in typical HCL, the mutational and switch
events unlikely occur in GC (11). Additionally, in the
present large series of HCL, we observe an irrelevant
incidence of novel N-glycosylation sites (NGS) intro-
duced by somatic mutation in the tumor IgV region
(<6%), similar to that observed in normal memory B-
cells or transformed memory and marginal zone B-cells
(tables S1 and S2) (5,6,19,53). Since NGS are specifi-
cally introduced in the IgV region of GC-derived lym-
phomas, while are rare in marginal zone or post-GC
B-cell neoplasms (5,6,19,53), our results provide fur-
ther support to assign the origin of HCL from non-GC
derived B-cells.
CD27-ve memory B-cells or marginal zone B-cells are
the candidate counterpart of HCL (54). The comparison
of 14 HCL with the gene expression profiles of normal
B-cells from the naïve, GC, memory and plasma cell
compartments showed that hairy cells were related to
memory B-cells (10). However the data were limited
by the unavailability of a marginal zone B-cell com-
partment (1,10). Indeed, HCL and marginal zone B-
cells share several immunogenetic features, including
variable tiers of IgHV mutations, evidence of ongoing
SHM and lack of novel NGS (19,36,55). Morphology
and phenotype also resemble marginal zone derived
CD23-ve, CD27-ve, CD38-ve interfollicular B-cells.
Overall, efforts should be directed at identifying the
normal counterpart within these categories (1,36,55).
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INVITED LECTURES ON SPECIAL ISSUES IN MEDICINE: RARE NEUROLOGICAL DISEASES

INTRODUCTION
Rare diseases are disorders occurring with a low fre-
quency in the general population. They are therefore
somewhat neglected from a scientific and social secu-
rity perspective. They have been also recently defined
as "orphan diseases" because affected patients receive
little support from the health systems, little research is
devoted to discovering their pathogenesis and the
pharmaceutical industry is unwilling to finance studies
for development of specific drugs, which would not
have a big enough market to guarantee profits on the
necessary investment. Some of these diseases are
hereditary, some are congenital, others have late onset
in adulthood or even in ageing; some of them are trans-
missible, some can be treated, some are rare in certain
countries and endemic in others.
A USA law defines a disease as rare if it affects less
than 200,000 US citizens (1/1200 persons). Other coun-
tries have narrower definitions. In Europe, the Work-
ing Group on Rare Diseases instituted by the
Commission of the EU defines rare diseases those af-
fecting less than 5/10,000 persons. In Japan, a rare dis-
ease  is a disease affecting 4/10,000 persons.
Recent WHO data indicates that at least 5,000 diseases
and syndromes can be defined as rare. Most of them

(about 4,000) are caused by genetic abnormalities and
prevalently affect the nervous system, with involve-
ment also of other systems.
Introducing a conference on rare diseases held in Flo-
rence in March 1999, Prof. Garattini stated that "rare
diseases and orphan drugs are one of the many unac-
ceptable inequalities of our health system. A patient
with a rare disease is twice unfortunate: he has a dis-
ease like many others but  he has also troubles in find-
ing a doctor expert in his disease. He has the general
problem of not having  available treatments. Finally,
his hopes for the future are not good, as pharmaceutical
companies are not interested in developing drugs that
have a limited market (orphan drugs)" (1).
There are some general opinions on rare diseases, lead-
ing to scepticism of doctors and generally to health
workers to develop strategies for diagnosis for these
diseases (Table I). 
In these years our aim was to give to doctors, students
and health providers, at local, regional, national and
international levels arguments that the study of such
disorders is important to offer to  “ orphan” patients di-
agnostic, therapeutic and care possibilities and that it
may be considered an interesting research model for
understanding more common disorders.
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Table I: Common Opinions on Rare Diseases

Opinions Comments

Diseases that are rare
They are rare if considered in singularly,
but are frequent as a group

The clinical signs are difficult for the diagnosis
There may exist some guidelines
for the clinical suspicion

Laboratory investigations are too sophisticated
and not easily available

There exist several first level investigations 

It is very hard and time consuming the
investigation strategy in relationship to
the therapeutic possibilities   

For many rare diseases therapeutic strategies exist:
they are more effective if started early. It might be usefu
the genetic counselling and also the development
of Scientific knowledge.

Abstract. The 25 years experience in diagnosis and research on rare neurological diseases in Siena is reported. After a brief
introduction of the concept of rare neurological diseases and their frequency, the diagnostic strategy and the casuistic is de-
scribed. The Cerebrotendinous xanthomatosis is reported as an example.
Keywords: neurohandicap, rare neurological diseases



POLITICAL PROGRAMS AND RARE DISEASES
In 1989, the US Commission on orphan diseases un-
derlined the state of neglect of this group of diseases
and listed several priorities. This was a milestone in
the recognition of the right to health care of patients
with rare diseases.
The priorities accepted by all the developed countries
are:
- need for information;
- need for research into pathogenesis;
- need to provide incentives for research and drug de-
velopment;
- need to ensure adequate health care for all the affected
patients.
All the European countries adopted this strategy and
the Italian Health Plan 1998-2000 identified rare dis-
eases as one of the major health policy problems, rec-
ommending the following actions:
- identification of national referral centers and forma-
tion of a network  for diagnosis and treatment;
- development of a national research program to im-
prove prevention, diagnosis, health care and therapy;
- development of strategies to improve the quality of
life of patients;
- development of a program of information for patients
and their families;
- development of strategies of action for the production
of specific drugs in order to improve therapeutic per-
spectives.
In the recent years, Tuscany developed a program for
diagnosis and therapy of rare diseases, establishing a
network of the different hospitals and creating a reg-
istry of rare diseases, in which are collected all the pa-
tients followed in the Tuscany hospitals. I am
personally coordinating the network for Rare neuro-
logical diseases.

RARE DISEASES: HOW MANY ARE THERE?
In 1995, the Physicians' Guide to Rare Diseases (2) -
the Italian translation Guida alle malattie rare (3), co-
ordinated by myself, was published in 1999 - divided
the main rare diseases into various categories and listed
the main clinical signs, differential diagnosis, treat-
ment, referring centers in  USA. It was the first example
of a book on this subject for general practioners (GPs).
The Italian version has recently been distributed to  all
GPs and general practice pediatricians. Table II shows
the distribution of rare diseases within the different
medical subspecialties.

Table II - Number of rare diseases
in the different medical subspecialties.

Genetic 165 Connective tissue 40
Neurology 140 Endocrinology 33

Immunology 84 Cardiovascular 31
Metabolic 70 Ophthalmology 26

Hematology 70 Gastrointestinal 20
Dermatology 58 Nephrology 12

RARE NEUROLOGICAL DISEASES
Due to involvement of the central or peripheral nerv-
ous systems or muscle, more than 50% of rare diseases
have symptoms requiring  neurological care. Neurolo-
gists are therefore the specialists most concerned with
correct and immediate diagnosis. They have to be fa-
miliar with these disorders and to develop a correct ap-
proach to patient management (Table III).

Table III - Number of diseases
with neurological involvement.

Neurological Involvement 401/749

No Neurological Involvement 348/749

The general attitude of families, patients and the health
System (family doctors, specialists, hospital doctors) is
almost always characterized by a resignation to the sit-
uation, by the idea that diagnosis is useless since no
therapy exists. Correct diagnosis is frequently regarded
as an academic exercise because the causes of neurode-
generation cannot be treated.
Here we report our experience in a reference centre for
rare neurological diseases (Neurometabolic Disease
Unit, Research Centre for the Diagnosis, Therapy and
Prevention of Neurohandicaps and Rare Neurological
Diseases, University of Siena) that receives patients
from various regions of Italy. In the case of neuroge-
netic diseases, it is possible in many cases to identify
healthy carriers and perform prenatal diagnosis in fam-
ilies at risk.

RESEARCH CENTRE FOR THE DIAGNOSIS,
THERAPY AND PREVENTION OF NEURO-
HANDICAPS AND RARE NEUROLOGICAL DIS-
EASES, UNIVERSITY OF SIENA
This centre was founded some years ago by a pool of
scientists interested in rare diseases. Its foundation was
prompted by the need to offer complete (not only neu-
rological) care to patients with rare diseases. Like other
similar centers, we found that even minor health prob-
lems can be the source of  difficulties in the care of
these patients since both families and family doctors
are poorly informed about them. A normal medical
problem, easily resolved in patients with common dis-
eases, often triggers a series of management problems
in patients with rare diseases.
Our staff offers a broad spectrum of expertise, enabling
the problem of neurological disabilities to be ap-
proached in a coordinated way. 
The diagnostic approach consists of traditional clinical
methods focusing on personal and family medical his-
tory, inheritance, evolution, multisystem involvement
and neurological symptoms. The diagnostic hypothesis
is tested by biochemical and neurophysiological exam-
ination, traditional imaging (CT, MRI), functional im-
aging (functional MRI, nuclear magnetic (NM)
spectroscopy, PET scan), morphological investigations
(skin, nerve, muscle biopsies, etc.), biochemical inves-
tigations and molecular genetics. We have developed a
cell and DNA bank for further pathogenetic studies.
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The diagnosis of rare disease is often a slow process for
families, involving many hospitalizations in different
hospitals. A study performed in USA showed that 6
years or more elapse before patients are correctly diag-
nosed. In our experience, deriving from the patients we
have observed in our centre, the mean interval between
the first clinical sign and diagnosis is 3-6 years for dis-
eases with infantile onset and 4-10 years for those with
later onset.
Table IV lists the consequences, nearly always irrepara-
ble, of late diagnosis. Improvements, in patient man-
agement, are thus needed to reduce the interval
between the first clinical sign and diagnosis. Informa-
tion on prevention strategies (prenatal diagnosis)
needs to be made available to affected families in order
to prevent the birth of other affected subjects.

Table IV - Consequences of late diagnosis.

Late onset of therapy

Genetic counseling no longer possible

Prenatal diagnosis not possible, leading to

birth of other affected subjects

Figure 1 shows the pedigrees of two families, one with
fucosidosis and the other with metachromatic leukody-
strophy. Both families had a first daughter (aged 6 and
3, respectively) with severe spastic tetraparesis and
epilepsy, initially misdiagnosed as sequelae of neona-
tal anoxia, but correctly diagnosed at 6 and 3 years of
age, respectively. In the meantime, two sisters were
born. They were diagnosed at 8 months and 1 year of
age, respectively, before clinical symptoms became ev-
ident. Bone marrow transplantation, accepted by one
family, produced good clinical and metabolic re-
sponses.

Fig. 1 Pedigree of two cases with late diagnosis of a neu-
rometabolic diseases. In the families no prenatal diagnosis
was performed, and a second case was born.

Late diagnosis is nearly always due to lack of informa-
tion about the diseases, on the part of both family doc-
tors and specialists. Health System structures are
needed to obviate the problem of late diagnosis and to
facilitate patient and family access (5). Table V lists the

main problems we encountered among families and
doctors.

Table V - Rare neurological diseases:
problems of doctors and families.

INFORMATION SERVICE POR RARE
NEUROLOGICAL DISEASES
The Information Service for Rare Neurological Diseases
was established in Siena ten years ago. Like similar
services, it provides information on clinical signs, ex-
aminations and tests needed for diagnosis, on referral
centers for the different diseases in Italy and abroad,
on recent research and addresses of family support as-
sociations. The service has two doctors on its staff and
they can be contacted by telephone (+39 0577 585763),
fax (+39 0577 40327), e-mail (federico@unisi.it;
dotti@unisi.it ) and mail (U.O. Neurologia and  Malat-
tie Neurometaboliche, Servizio Informazioni Malattie
Neurologiche Rare, Policlinico Universitario, Viale
Bràcci 2, 53100 Siena, Italy).
We have received many requests from the different Ital-
ian regions and also from foreign countries. The major-
ity of requests are from families, but we have recently
had increasing contact with GPs and neurologists.
We are also organizing a link with the web page of the
Italian Society of Neurology, in order to help Italian
neurologists to become familiar with these disorders.

Table VI - Information requests for the different
neurological diseases (% in relationship to total).

EDUCATION  AND LIFELONG  TRAINING
One of the reasons of late diagnosis mentioned above
was a lack of scientific information reaching family
doctors and specialists. The reason for this is that rare
diseases receive little attention in the medical school
(5). Our personal interest in such topic is due to the
presence of mentors who transferred to us their enthu-
siasm and expertise for these pathological conditions:
my reference in this case goes to prof. Guazzi who has
strongly supported our interest since his training in
Belgium with prof. L. van Bogaert, and afterwards in
Naples and in Siena.
In our opinion, it is essential that family doctors, den-
tists, speech therapists, physiotherapists, neurophysi-
ologists, nurses and others professionals in health

20% Metabolic diseases 7 % Epilepsy
20% Neurodegenerative
disorders

5% Cerebrovascular
diseases

10% Leucoencephalopathies4% Different syndromes
8%  Myelopathies 3% Tumors

Doctors:
Lack of information

Lack of knowledge of the subject

Patients:

Lack of information on the disease
Lack of support groups

Lack of information on research and
therapy
Obstacles to use of common health
services
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Table VII: Frequency of diagnosis of Rare Neurological diseases in our Unit (1995-2006)
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system acquire information about these disorders. They
should at least be aware of the complexity of the prob-
lems, the different biological mechanisms that may
lead to rare neurological diseases and the sources of in-
formation available to them. At least two hours of les-
sons must therefore be devoted to this topic in the
various medical courses. Obviously, in post-graduate
schools of neurology these disorders need to be treated
more in details.
However, technological innovation and new therapies
cannot be forthcoming unless young scientists are
trained in basic and clinical research in this area, where
incentives are limited, due to the  few specific funds
and to the difficulty in recruiting a sufficient number
of patients for clinical trials (4). Steps have been taken
to overcome these limits with the allocation of specific
funds for rare diseases and orphan drugs in the frame-
work of the Biomed projects.
To train personnel specifically for this type of research,
a new PhD school (Mechanisms of Neurodegeneration,
Neuroprotection and Neuroregeneration in Rare Neu-
rological Diseases) was instituted at Siena University
in 1999. The duration of the course is 4 years and links
with other European universities (Paris, Oxford,
Szeged) have been established. Its aim is to train young
scientists for research into the mechanisms of neurode-
generation in rare diseases (such as neurometabolic dis-
eases, especially mitochondrial and lysosomal
metabolic diseases, in neurogenetic and neurodegener-
ative diseases) and into methods of neuroprotection and
neuroregeneration. Rare neurological diseases are con-
sidered a good model for investigating the functions of
the central and peripheral nervous systems and muscle.
DIAGNOSIS OF RARE NEUROLOGICAL

N° Day Hosp. non Tuscany

Left: Picture of
Prof. Longo, di-
rector of the
Dept. Neurology
of Naples, dedi-
cated to prof.
Guazzi, de-
scribed as a “
bloodhound of
rare  diseases”.

Below: Prof.
Guazzi with
prof. L. van Bo-
gaert, during the
honoris causa
degree ceremony
from the Univer-
sity of Siena.



Table VIII: Diagnosis of Rare Neurological Diseases performed in our Unit in the last 15 years

Disease No. of Cases
Spinocerebellar Disease 151
Hereditary Neuropathies 52
Mithocondrial Diseases 52
Leukodystrophies 52
Myotonic Dystrophies 48
Cerebrotendinous Xanthomatosis 30
Muscle Dystrophies 28
Amyotrophic Lateral Sclerosis 25
Other multiple congenital syndromes
associated with mental retardation 22

Huntington’s Disease 20
Idiopathic torsion Dystonia 19
Hereditary Congenital Miopathies 17
Lipid Storage Disorders 12
MERRF 11
Leber’s Optic Atrophy 9
Neurofibromatosis 5
MELAS 5
Arnold – Chiari Syndrome 1
Adrenoleukodystrophy 3
Mucolipidosis 1
SCAD Deficiency 1
Angelman’s Syndrome 2
Kearns – Sayre Syndrome 3
Gangliosidosis 2
Ehlers – Danlos Syndrome 1
Tuberous Sclerosis 1
Wilson’s Disease 3
Hereditary Coagulation Disorders 4
Rett’s Syndrome 2
Narcolepsy 1
Cranial Congenital Malformations 2
Eals’ Disease 1

Disease No. of Cases
Microcephaly 3

Congenital Ichthyosis  1

Gerstmann – Strauss Syndrome 1

Aneuploidy Chromosome Syndrome 1

Chromosomical Duplication Syndrome 1

Ito’s Hypomelanosis 1

Amino Acid Disorders 4

Hereditary Retinal Dystrophies 2

Sjogren – Larsonn Syndrome 1

Gaucher’s Disease 1

Neuroacanthocytosis 2

Marfan’s Synrome 1

Polymyositis 1

Myoclonic Progressive Epilepsy 5

Cryoglobulinemia 2

Sturge – Weber Syndrome 1

Syringomyelia 2

Nemalinic Myopathy 2

Mini-multicore Myopathy 3

Tubular Aggregate Myopathy 1

Central core Myopathy 2

Myopathy with calpain deficiency 2

Myopathy with caveoline deficiency (MRD) 1
Merosin–Positive Congenital
Muscular Dystrophy 2

Autosomal Dominant inclusion body Myopathy 2
Bethlem Miopathy 2

Giant axonal Neuropathy 3

Seitelberger’s Neuro axonal Dystrophy 1
Polyglucose Bodies Neuropathy 2

Minifascicular Neuropathy 1

Not classified Motor – Sensitive
Neuropathies 5

In Table IX and Table X we describe the number of sev-
eral biochemical tests of lysosomal enzyme activities,
whose deficiency is linked to complex neurometabolic
diseases with leucoencephalopathy ( galactocerebrosi-
dase, absent in Krabbe disease; arylsulphatase A, absent

in metachromatic leucodystrophy) o serum metabolites
as very long chain fatty acids, that is increased in
adrenoleucodystrophy. We receive samples from many
hospitals, often without a previous direct control of pa-
tients,  explaining thus the low rate of positivity of tests.

Table IX: Diagnosis of Krabbe Disease (galacto-cerebrosi-
dase deficiency) and of Adrenoleucodystrophy performed

in our laboratories within the 1996-2005 years.

Table X: Diagnosis of lysosomal disorders performed
in our laboratories within 1996-2005 years.

DISEASES IN SIENA
In the tables below, we report the diagnostic activity
for the rare neurological diseases performed in the Unit
of Neurology and Neurometabolic diseases during the

years, showing the frequency of rare neurological dis-
eases compared to other more frequent disorders (Table
VII and Table VIII).
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is due to a deficiency of liver 27-hydroxylase activity.
The gene coding for the enzyme has been identified
and many mutations have recently been described,
some of them by our group. It has been demonstrated
that if normal bile acid concentrations are restored by
administration of chenodeoxycholic acid (750 mg/day),
serum and CSF levels of cholestanol decrease and clin-
ical symptoms improve (7). This therapy, started at an
early stage, is able to prevent the severe neurological
impairment. Homozygotes can be diagnosed before
symptoms appear by identifying mutations of the gene
coding for 27-hydroxylase.
Chenodeoxycholic acid was used in the treatment of
bile stones and was easely available  in pharmacies. It
became unavailable in Italy in 1995, with the introduc-
tion of other drugs, such as Ursodeoxycholic acid and
simvastatin. Ursodeoxycholic acid does not reduce
plasma levels of cholestanol and therefore cannot be
used to treat CTX. Simvastatin is less effective than
chenodeoxycholic acid in reducing plasma levels of
cholestanol and has many side effects. As a result, our
patients (more than 40), were suddenly deprived of a
vital substance that prevented disease progression.
Fortunately we found a drug company that produces
the substance for other purposes, and in collaboration
with the our hospital pharmacy, we galenically pre-
pared appropriate doses of the drug for our patients.
The drug is now distributed to all patients periodically,
enabling us to carry out clinical and biochemical mon-
itoring, and making our referral centre therapeutic as
well as diagnostic (8,9,10).
The data gathered over the years have provided useful
informations on absorption, metabolism and side ef-
fects of the drug in a significant group of patients, and
on some of the metabolic pathways of cholesterol and
cholestanol.

Fig.4: The main characteristics of
cerebrotendinous xanthomatosis

Fig 5: The main mutations of the CYP27A1 gene,
present in Cerebrotendinous xanthomatosis (11,12)

Recently a Tuscan Registry of Rare diseases has been
created, in which are collected all the patients observed
in the different regional hospital and health structures.
I personally coordinate the activities for Neurological
diseases. Table XI shows the number of patients en-
closed into the Registry  until  march 2008 in the dif-
ferent Hospitals: the highest amount of patients is
reported to have been followed in Siena, which makes
the city in this field more active than Florence and Pisa,
considered to be the most important cities with biggest
hospitals and Universities.

Table XI: Data from the Tuscany Register of
Rare Diseases: Comparison between the most important

Hospitals (Pisa, Florence and Siena) of the Region.

PROBLEMS RELATED TO THERAPY:
THE EXAMPLE OF CEREBROTENDINOUS
XANTHOMATOSIS
Certain rare neurological diseases, especially those
linked to neurometabolic dysfunction, may benefit
from different therapeutic strategies: for example diet,
aimed to reduce toxic metabolites reaching the nervous
System and other organs (phenylketonuria, aminoaci-
dopathies, organic acidurias, mitochondrial diseases,
etc.); drugs, designed to antagonize toxic substances;
replacement therapy, aimed to correct enzyme deficien-
cies by providing vitamin cofactors or directly replac-
ing the missing metabolites (carnitine in carnitine
deficit, vitamin E in vitamin E deficiency, or enzyme
therapy for Fabry, Pompe and other lysosomal dis-
eases). However, the treatment of rare diseases presents
many problems, particularly in relation to the devel-
opment of new drugs (4).
Cerebrotendinous xanthomatosis (CTX) is a rare neu-
rometabolic disease that we have investigated for many
years (6). Almost all the Italian cases of this disease are
treated in our centre. The clinical characteristics of CTX
include progressive mental deterioration leading to de-
mentia, juvenile cataract, epilepsy, myopathy, periph-
eral neuropathy, heart anomalies, osteoporosis and
tendon xanthoma. These manifestations are secondary
to a metabolic disorder of bile acid with low plasma
concentrations of chenodeoxycholic acid and high
amount of cholestanol, a cholesterol derivative that re-
places cholesterol in the plasma membrane, rendering
it unstable and dysfunctional. The metabolic condition
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gists and technicians working on these problems and
patients and their families awaiting therapies to im-
prove their quality of life.
I would like to conclude with two sentences who fo-
cused the attention on the study of rare diseases: the
first is  of W. Harvey in 1647 , reported by A. Garrod
in 1928 (12). “Nature is nowhere accustomed  more openly to
display  her secret mysteries than in cases where she shows traces
after working apart from the beathen path; nor is there any bet-
ter way to advance the proper practice of medicine than to give
our minds to the discoveries of the usual law of nature by careful
investigation of causes of rarer forms of diseases. For it has been
found, in almost all things, that what they contain of useful or
applicable is hardly perceived under we are deprived of them or
they become deranged in some way”.
The second is the title of a recent article by Talbot (13),
“The study of rare diseases: butterfly collecting or an
entrée to understanding common conditions?” . Who
is involved in the clinical and research aspects of rare
diseases, needs to be considered no more as a narcissist
or butterfly collector, but instead, as a scientist investi-
gating pathological models that may help to under-
stand the physiopathology of the more common
disorders.
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It is well known that chenodeoxycholic acid normal-
izes the levels of bile acids and consequently the serum
and CSF amount of cholestanol, followed by a signifi-
cant clinical improvement. Such treatment, if started as
soon as possible and before the onset of clinical signs
today possible in subjects where has been diagnosed
by molecular techniques in affected families, is able to
prevent the severe neurological symptoms.

Fig. 6: Effect of chenodeoxycholic acid treatment in
Cerebrotendinous xanthomatosis. Improvement of

cholestanol plasma levels and of neurophysiological
parameters of peripheral nerves.

Table XII - Chenodeoxycholic acid Therapy in
cerebrotendinous xanthomatosis.

Drugs previously available in pharmacies:
Chenochol, Chenofalk, Chenoxyl, Fluibil

Problems
•Unavailable since 1995
•Only Ursodeoxycholic acid available
•Ursodeoxycholic acid does not reduce
plasma cholestanol levels
•Galenica preparation by Siena hospital pharmacy

Advantages
•Centralized distribution allows clinical and
biochemical monitoring

CONCLUDING REMARKS
Our experience has taught us that in spite of many na-
tional and international initiatives undertaken to facil-
itate diagnosis, research and therapy of rare
neurological diseases, much still needs to be done in
support of these patients, who are twice unfortunate:
first because they are ill and secondly because of the
difficulty of obtaining medical care.
One of the aims of a modern society should be to en-
sure that basic and clinical research is conducted into
this group of diseases, which can also be considered as
useful models for understanding the normal functions
of neurons, glial cells, muscle cells and so forth. It is
also important to correctly address the investigation for
diagnosis, therapy and prevention and that doctors and
patients are provided with adequate information.
These objectives can be reached by increasing funding,
coordination of basic and applied research, availability
of epidemiological data and disease records, and above
all through collaboration between the doctors, biolo-



Together with Alzheimer’s disease, vascular dementia
(VD) is the most frequent cause of progressive cogni-
tive deterioration.  The most common form of VD, sub-
cortical vascular ischemic disease of the brain (SVIDB),
affects elderly subjects who generally have a medical
history of common vascular risk factors, especially hy-
pertension.  The clinical picture is generally progres-
sive or stepwise due to recurrent stroke, and besides
cognitive deterioration includes depression and prob-
lems with walking, swallowing and sphincter control.
Magnetic resonance imaging (MRI), which is crucial
in the diagnosis and follow-up of SVIDB, shows small
subcortical infarcts (ischemic lacunae) and diffuse vas-
cular damage in the white matter (vascular leucoen-
cephalopathy).
A genetic cause of VD was recently described and char-
acterised at molecular level.  Cerebral autosomal dom-
inant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL) (Joutel et al. 1996)
manifests clinically with migraine with aura, recurrent
stroke/TIA(transistory ischemic attack) and progres-
sive cognitive deterioration and is an ideal monogenic
model of common VD (Kalimo 2002).  The cause of is-
chemic brain damage in CADASIL is microangiopathy
with deposition of electondense material (granular os-
miophilic material, GOM)  in the basement mem-
brane. 
Although clinical expression of CADASIL is typically
brain-related, ultrastructural evidence of GOM de-
posits is also found in skin vessels and is of diagnostic
value.  Though 100% specific, the sensitivity of this
evidence as a diagnostic screening method is contro-
versial and was recently demonstrated by our group to
be below 50% (Malandrini et al. 2007).
The functional consequences of vascular alterations in
the pathogenesis of CADASIL are still unclear.  The
prevalent hypothesis is that progressive damage to
vascular smooth muscle cells (VSMCs) impairs self-
regulation of brain vessels and progressively reduces
brain perfusion. The molecular defect in CADASIL
was identified as a mutation on the Notch3 gene

(Tournier-Lasserve et al. 1993).  The gene codes for the
Notch3 transmembrane receptor which is essential for
cell differentiation and signalling during development.
In adults, the function of this receptor is unknown, but
it may be involved in inhibition of apoptosis, favour-
ing VSMC survival (Wang et al. 2002).  About a hun-
dred different mutations have been described
(Federico et al. 2005), more than 70% on exons 3 and
4.  A recent genetic study of the first Italian families
(Dotti et al. 2005) showed a peculiar mutational profile
with a very low frequency of hot spot mutations on
exons 3 and 4 and different distributions of mutations
in relation to geographic origin.  Since 2001, our group
has identified 35 CADASIL familes from different ge-
ographical areas with more than 100 affected subjects
(Dotti et al. 2005).  All pathogenic mutations were on
exons 2-24 that code one of 34 epidermal growth factor
(EGF)-like repeat domains in the extracellular part of
the Notch transmembrane receptor.  A series of muta-
tions, most of which do not involve amino acid sub-
stitutions (unpublished data), was also found;  the
roles of these mutations is still unclear.

Fig.1:
Notch3 gene mutation distribution in different exons
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There is currently no specific therapy for this disease.
Anticlotting agents are recommended.  A recent multi-
centric study tested the efficacy, safety and tolerability
of donezepil in CADASIL patients with cognitive de-
terioration.
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The few studies on genotype-phenotype relations have
shown quite weak correlations (Singhal et al. 2004),
suggesting that other genetic and/or environmental fac-
tors modulate clinical expression, which is highly vari-
able, even in the same family.  Common vascular risk
factors do not have a causal role in CADASIL, however
their possible influence on the expression of clinical
phenotype is an interesting problem investigated by
our group through studies that monitored systemic ar-
terial pressure and heart rate over 24 hours (Rufa et al.
2005, 2007).
Besides the classical clinical manifestations (migraine,
TIA/stroke, dementia and psychological disorders),
CADASIL patients have been reported to have atypical
brain-related and extraneurological symptoms, includ-
ing eye alterations (Rufa et al. 2004 a, b, 2005, 2008)
and heart alterations with a high prevalence of right-
to-left shunts detected by transcranial doppler sonog-
raphy (Zicari et al. 2008). 
Magnetic resonance imaging is crucial for diagnostic
screening for leukoencephalopathies.  In CADASIL,
diffuse and focal changes in white matter are fairly as-
pecific with respect to those found in common forms of
vascular and non vascular leukoencephalopathies, such
as multiple sclerosis and undefined late-onset leukody-
strophy.  As in the common, classic, age-related form
of VD, MRI shows diffuse subcortical leukoen-
cephalopathy of variable severity and lacunar infarcts
of basal ganglia and pons.  MRI findings are on the
whole very similar to those observed in other forms of
age-related leukoencephalopathy and demyelinating
forms such as multiple sclerosis (MS) and late-onset
leukodystrophy and no distinctive radiological criteria
have yet been identified (van den Boom 2003).  The re-
lation between characteristics, MRI evidence of lesion
severity and clinical manifestations is also controver-
sial.  Our MRI study of asymptomatic carriers of the
Notch3 mutation, which not only have well-known
early white matter changes but also quantitative
changes that are an expression of early involvement of
the cerebral cortex as well, aroused considerable inter-
est (Stromillo et al. 2009).

Fig.2: Brain MRI in CADASIL in severe (a)
and mildly (b) affected subjects

(a)

(b)
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intermediate;  iii) typical;  iv) infantile-juvenile
onset;  v) adult-onset.  In several cases there may
also be cardiomyopathy. NM is usually character-
ized by diffuse weakness with particular involve-
ment of proximal and respiratory muscles. In
early-onset forms, difficulty in feeding, severe res-
piratory insufficiency and skeletal deformities are
present. Course is usually slowly progressive with
periods of stabilization. In early severe forms, res-
piratory failure is the main prognostic factor.
Serum levels of CK are normal or slightly elevated.
Differential diagnosis usually includes other CMs.
The disorder has autosomal dominant or recessive
transmission; sporadic cases due to “de novo” mu-
tations of the skeletal alpha-actin (ACTA1) gene
may occur.  NM has remarkable genetic hetero-
geneity (4). To date, six genes responsible for most
NMs have been identified; alpha-tropomyosin
(TPM3), nebulin (NEB), alpha-actin (ACTA1),
beta-tropomyosin (TPM2), troponin T1 (TNNT1)
and muscle cofilin (CLF2). Most cases of NM are
due to mutations of the ACTA1 and NEB genes (1).
NM associated with NEB mutations seems to have
a milder course. Homozygous mutations in the
TPM3 gene were identified in four families with
distal-myopathy-like NM. Heterozygous mutations
in the TPM2 gene were identified in some patients
with infantile-onset myopathy. Homozygous mu-
tations in the NEB gene were recently associated
with mild early-onset myopathy. Recessive muta-
tions in the TNNT1 gene are responsible for severe
forms of NM.

MYOTUBULAR MYOPATHY

Myotubular myopathy (MM) is a rare X-linked
disorder with an estimated incidence of 1:50,000
(5). Diagnostic criteria include: male sex, neonatal
onset, severe hypotonia, respiratory distress and
associated signs such as swallowing disturbances,
ophthalmoplegia and skeletal deformities. Prena-

INTRODUCTION

Congenital myopathies (CMs) are muscular disor-
ders characterized by early-onset and specific
histopathological abnormalities (1) which over the
years have led to a morphological classification.
CMs are a relatively recent group of diseases, the
first entity being described in 1956. They were in-
cluded in the differential diagnosis of “floppy in-
fant syndrome”, particularly in cases with non
fatal course. In recent years, advances in molecular
genetics have modified the nosology, but muscle
biopsy is still the cardinal tool for their definition.
Clinical manifestations usually include neonatal
hypotonia, delayed developmental milestones, dif-
ficulty in crying and feeding and variable degrees
of muscle weakness. CMs occasionally manifest in
adulthood with atypical or non specific clinical
symptoms. Serum levels of CK are normal or
slightly elevated; clinical course tends to stabilise,
although fatal course is not excluded. There is clin-
ical and even intrafamilial heterogeneity. About 40
entities have been described and are divided into:
i) classical forms;  ii) forms that are not clearly de-
fined but usually recognised by researchers;  iii)
forms of uncertain nosography.  The definition of
CM includes specific morphological changes com-
bined with muscle weakness. This review includes
the prinicipal classical entities.

NEMALINE MYOPATHY

Nemaline myopathy (NM) is the most frequent CM
(2). It is characterized by so-called rods in muscle
fibres, which can be observed with modified Go-
mori stain; ultrastructurally they appear as fibrillar
electrondense bodies related to the Z-line with
alpha-actin as their major component. Clinical
manifestations are heterogeneous, ranging from
severe neonatal cases, to adult-onset paucisympto-
matic forms. The following entities can be distin-
guished (3):  i) severe neonatal;  ii) congenital

Congenital myopathies are a heterogeneous group of disorders characterized by muscle weakness and typical histopatholog-
ical changes at muscle biopsy. In spite of recent advances on molecular genetics, their classification is still based on morpho-
logical criteria. Phenotypical and genetic heterogeneicity are common findings. The clinical symptoms usually appear in
infancy, but adult-onset cases have been described. In this review, we focus on the current knowledges on congenital my-
opathies and we report our experience on adult-onset cases.
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typically proximal with particular involvement of
the pelvic girdle and axial muscles. Ptosis and fa-
cial weakness may sometimes be predominant, but
ophthalmoplegia and bulbar dysfunction are ex-
ceptional and even regarded as exclusion criteria.
Orthopaedic complications such as hip dislocation,
scoliosis, foot deformities and pes equinovarus are
frequent. Apart from occasional mitral valve pro-
lapse, cardiomyopathy is not typical of CCD asso-
ciated with RYR1 mutations. Core-like changes
were found in a group of patients with hyper-
trophic cardiomyopathy associated with mutations
in the MYH7 (heavy beta-myosin chain) gene, but
without skeletal myopathy (1). Association of
cores and minicores in muscle biopsies has been
reported in subjects with dilating cardiomyopathy
and ACTA1 gene mutations (1). Respiratory dis-
tress is not typical of dominant CCD, but may be
severe in the recessive form. CCD is considered al-
lelic with susceptibility to malignant hyperther-
mia (MH), an anaesthesiological complication
characterized by muscular rigidity, hyperpyrexia,
rhabdomyolysis and metabolic derangement (12).
Most patients with CCD and positive “in vitro”
contracture test (IVCT) must be considered at risk
for MH (12). Almost all CCD patients achieve
unassisted walking; the disorder has a slowly pro-
gressive course with periods of stabilization.
Serum levels of CK are normal or moderately in-
creased. Muscle MR shows a characteristic pattern
of muscle involvement; this finding may have di-
agnostic relevance.
As mentioned above, CCD is caused by RYR1 gene
mutations (13); this gene is also implied in MH
susceptibility. Since many subjects with MH sus-
ceptibility also show cores in muscle biopsies and
CCD patients may be positive to IVCT, an associa-
tion between CCD and MH was suspected several
years ago. Most RYR1 gene mutations identified to
date cause dominant CCD. Mutations in the N-ter-
minal and central regions cause MHS phenotype,
while mutations in the C-terminal region cause
CCD phenotype (12). Recessive mutations may in-
volve any region of the RYR1 protein and are usu-
ally associated with histological features of
multiminicore. Due to the length of the RYR1
gene, “hot spot” regions are analyzed for muta-
tions. Recent trends suggest to analyze larger por-
tions of the gene for a more reliable diagnosis.
Although the association between CCD and RYR1
mutations has been established, severe CCD syn-
dromes exist in which molecular analysis failed to
identify mutations in any part of the RYR1 gene.
As already mentioned, the diagnosis of CCD is
based on observation of areas devoid of oxidative
activity along the longitudinal axis of muscle fi-
bres in muscle biopsies. These zones may be cen-
tral or eccentric, single or multiple; they are
present in type I fibres. The changes are believed
develop postnatally; if muscle biopsy is performed
at an early age, only predominance or uniformity

tal onset includes polyhydramnios and reduced
fetal movements. Prognosis may be fatal, depend-
ing on respiratory assistance in the first year of
life. Milder forms with survival to adulthood have
been reported. Female carriers may be asympto-
matic or have mild myopathy, expression of which
depends on the degree of inactivation of the X
chromosome (6). Serum levels of CK are normal or
slightly increased. The morphological hallmark is
a high percentage (30-90%) of myofibres with
centrally located nuclei. The nuclei are usually sur-
rounded by a peripheral halo showing reduced en-
zyme oxidative activity (2). Immunocytochemistry
shows increased expression of vimentin, desmin,
utrophin and adhesion molecules. Pathogenesis is
probably due to altered maturation of myofibres.
This morphological change may resemble that of
congenital myotonic dystrophy. The disease is
caused by mutations in the myotubularin gene, a
phosphatase expressed in most tissues, located at
locus X28. About 200 mutations have so far been
reported in about 300 families (7). Exons 4, 8 and
12 are “hot spots” for mutations.

CENTRONUCLEAR MYOPATHY

Centronuclear myopathy (CM) is characterized
morphologically by centrally located nuclei in
most fibres, associated with type I predominance
and hypotrophy (2). It was long believed that CM
and MM were different phenotypes of a same ge-
netic entity. Now it is known that CM has autoso-
mal dominant or recessive transmission, while
MM is X-linked. Clinical manifestations are
highly variable. Proximal and paraspinal muscles
are particularly affected. Phenotypes with ophthal-
moparesis, ptosis and distal myopathy are also
known (8).  Recessive forms usually have early-
onset. Dominant CMs are usually associated with
mutations in the dynamin 2 gene (DNM2), a pro-
tein involved in several cell functions (endocyto-
sis, cell traffic, actin assembly etc.)(9). The
amphyphysin gene was recently found responsible
for recessive CM (10); the protein interacts with
dynamin 2. Surprisingly, a “de novo” heterozygote
mutation in the RYR1 gene was identified in a my-
opathy classified as CM. 

CENTRAL CORE DISEASE AND

MULTIMINICORE DISEASE

Central Core Disease (CCD) was the first CM iden-
tified (in 1956). It is histologically characterized
by central or eccentric areas devoid of oxidative ac-
tivity along the longitudinal axis of myofibres. Its
estimated incidence is 3-5:100,000. Clinical pres-
entation of the dominant forms usually occurs in
infancy with motor delay and hypotonia. There is
also wide intrafamilial clinical variability. Onset
may occasionally be very severe with fetal akinesia
(11). There is no correspondence between percent-
age of “cores” in muscle fibres and degree of mus-
cle weakness. The distribution of weakness is
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Clinical and laboratory investigations also showed
choroid-retinal inflammation, dilated cardiomy-
opathy and autoimmune thyroiditis.  Normal
serum CK.  Muscle biopsy showed nemaline bod-
ies in subsarcolemmal region of type I fibres
(Fig.1). Oxidative stains showed core-like changes
probably related to rod formation. Ultrastructural
examination showed many filamentous structures
arranged to form typical of rods. Molecular analy-
sis of ACTA1 gene was negative.
This phenotype was particularly complex and un-
usual; in fact, the patient, apart from NM, showed
neurosensory deafness, ataxia, ophthalmic distur-
bances and dilating cardiomyopathy. The clinical
picture suggested mitochondrial myopathy. Since
rods were observed mostly in type I fibres, we de-
cided to perform molecular analysis of the alpha-
tropomyosin gene. The test is currently in
progress.

Fig.1: (Modified Gomori’s stain)
Nemaline rods mostly in type I fibres

Case 2
70-year-old man. 
60 years of age: cramps and pain in the legs with
progressive difficulty in walking and climbing
stairs. Family history negative for neuromuscular
diseases. Serum CK 500-1886 IU/L. EMG evidence
of diffuse myopathic signs. Neurological examina-
tion showed mild weakness of pelvic girdle, mild
anserine gait and hypotrophy of right gastrocne-
mius muscle. Muscle biopsy showed cores in
about 20% of type I fibres; predominance of type
I fibres (fig. 2). Muscle CT showed fatty degener-
ation of vastus lateralis, tensor fasciae latae, semi-
membranosus, abductor magnus and biceps
femoris muscles bilaterally, sparing antero-lateral
muscles of thigh (Fig.3). Molecular analysis
showed g.IVS105-70_71 insAT mutation in intron
105, probably a polymorphism and not responsi-
ble for the disorder. In this case, the morphology
was typical of CCD, but the mutation is not re-
garded as pathogenetic. Furthermore, muscle CT
scan did not show typical patterns of muscle in-
volvement. Although CCD has not yet been asso-

of type I fibres is sometimes observed. Ultrastruc-
turally, the cores are characterized by absence of
mitochondria, structural disorganization (unstruc-
tured cores) and accumulation of filamentous ma-
terial. Structured cores maintain apparent
sarcomeric structure. Differential diagnosis with
respect to multiminicore myopathy (MM) may
sometimes be difficult. MM is characterized by
focal and multiple areas devoid of oxidative activ-
ity which do not involve the whole longitudinal
axis of myofibres; they affect both types of fibres
(2). A morphological continuum between the two
pathological conditions was recently established.
Although most cases of MM are associated with re-
cessive mutations in the SEPN1 gene (selenopro-
tein), MM associated with recessive mutations in
the RYR1 gene have also been reported (1). MM
cases due to RYR1 mutations have particular and
unusual clinical phenotypes, characterized by oph-
thalmoplegia, bulbar dysfunction and moderate
respiratory distress, different from the phenotypes
of classical CCD (14). Clinical phenotypes linked
to recessive SEPN1 mutations are divided as fol-
lows: 
i) bifid spine syndrome; 
ii) classic with severe axial weakness, scoliosis
and respiratory distress.
Ophthalmoplegia, shoulder girdle weakness and
arthrogripposis may occasionally be found.  Serum
levels of CK are usually mildly elevated. The two
conditions have different MRI patterns of muscle
involvement: forms linked to the RYR1 gene show
sparing of the gracilis and gastrocnemius muscles
with respect to the sartorius and soleus, respec-
tively. In forms linked to the SEPN1 gene, the gas-
trocnemius muscles are electively involved (15).
Mutations in the RYR1 and SEPN1 genes have
been found in about 50% of MM cases; other genes
implicated in the disorder are still unknown.

ADULT-ONSET CONGENITAL MYOPATHIES

Experience of the Unit of Neurometabolic Diseases
Adult-onset congenital myopathies are fairly rare.
The phenotype is extremely variable and non spe-
cific. We report our experience concerning diagno-
sis and management of adult-onset CMs.

Case 1
50 year-old woman, only child of unrelated par-
ents.
25 years of age:  severe neurosensorial deafness re-
quiring hearing aid.
30 years of age: first walking difficulties and loss
of balance; normal brain MR.
47 years:  neurological examination showed weak-
ness of pelvic girdle, mild tiptoe gait with retrac-
tion of Achille’s tendon, mild ataxia, mild
retraction of elbow and knee, absent deep tendon
reflexes, distal hypotrophy of legs
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ization and multiple small areas devoid of oxida-
tive activity in type I and II fibres. Ultrastructural
examination showed areas of structural disorgani-
zation with absence of mitochondria involving few
sarcomeres. Molecular analysis detected a new
missense mutation in exon 101 (14537C>T) of the
RYR1 gene, leading to a A4846V substitution. This
mutation was also detected in the mother, who un-
like the proband, harboured a second mutation in
the DM1 gene. This case suggests that rare disor-
ders such as MM may segregate in families with
relatively frequent neuromuscular disorders (16).

Fig.4: (NADH-TR stain)
Multiminicores in both types of myofibres.

ciated with other genetic loci, genetic heterogene-
ity seems likely.

Fig.2: (NADH-TR stain)
Cores evident in about 20% of type I fibres.

Case 3
72 year-old woman. 
69 years of age: first weakness of lower limbs and
walking difficulty. Serum CK 300-400 IU/L. Neu-
rological examination showed mild waddling gait
and weakness of pelvic girdle. Muscle biopsy
showed cores in about 40% of type I fibres (fig 3).
A sister who complained about asthenia had nor-
mal muscle biopsy and molecular analysis. Molec-
ular analysis of proband showed a missense
mutation 7372C>T (R2458C) in exon 46 of the
RYR1 gene. This case was diagnosed as adult-
onset CCD, although the clinical manifestations
were non specific.

Fig.3: (NADH-TR stain)
“Core” structures in about 40% of type I fibres

Case 4
24-year-old woman with unrelated parents. The
mother who had genetically-assessed type I my-
otonic dystrophy (600 CTG repeats in DM1 gene),
died suddenly of heart failure (conduction disor-
der) at 50 years of age. At 10 years of age the
proband experienced difficulty in walking and
climbing stairs. At 22 years neurological examina-
tion showed weakness of pelvic girdle with posi-
tive Gowers manoeuvre, moderate calf
hypertrophy, hyperlordosis, loose ligaments and
reduced deep tendon reflexes. Serum CK was nor-
mal. EMG showed diffuse myopathic signs with-
out myotonic phenomenon. Muscle biopsy showed
slight variation in fibre size, 30% nuclear internal-
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of only a few apoptotic bodies in a tissue section may in-
dicate a significant degree of cell loss and can be consid-
ered an important biological phenomenon (5).
In the last few decades, many studies have attempted to
clarify the signalling mechanisms leading to apoptosis and
have identified two main pathways determining cell
death: the extrinsic and intrinsic pathways.
The extrinsic or receptor-mediated pathway is activated in
response to extracellular pro-apoptotic signals and inte-
grated into the apoptotic process via specific cell receptor
adaptors (6). This pathway is crucial for tissue homeosta-
sis and immune system integrity (Fig. 2).
The intrinsic pathway is activated by extracellular recep-
tor-independent stimuli (gamma and UV rays, hypoxia,
nutrient and growth factor deficiency) or by intracellular
insult, such as DNA damage and oxidative stress (2). All
these stress signals are integrated by mitochondria, which
participate by releasing pro-apoptotic factors. Permeabi-

Apoptosis is a selective cell deletion process which re-
quires the triggering of a specific cell death programme.
Apoptosis is necessary for the elimination of redundant
cells and for tissue remodelling during embryo develop-
ment in invertebrates and vertebrates. The exact apoptotic
pattern is crucial for the development of certain organs and
for differentiation of the nervous and immune systems (1).
The apoptotic process is also essential for the maintenance
of cellular homeostasis in adults, especially adult mam-
mals, which during their long lives are exposed to many
pathological signals which may induce cell death (2).
Deregulation of apoptotic pathways may be a primary
event in the onset of various diseases, since very high and
very low apoptotic levels can lead to degenerative and
proliferative pathologies, respectively (3).
It has been shown that pathologies such as autoimmunity
and cancer are related to a deficit in apoptotic mechanisms,
while an increase in apoptotic levels may determine acute
and chronic degenerative diseases, such as those of the
nervous system, ischemic diseases, immunodeficiency and
autoimmunity (3).
Cells undergoing apoptosis may be identified by numer-
ous morphological modifications that can be detected by
light and electron microscopy; these modifications are sur-
prisingly similar in different cell types and species and are
irrefutable evidence of an ongoing process (1). Apoptotic
cells are characterized by loss of contact with neighbour-
ing cells, chromatin condensation, cell shrinkage and
blebbing of the plasma membrane with formation of
“apoptotic bodies” (4).  Apoptotic bodies are membrane-
bounded cell fragments, containing portions of nucleus
and intact organelles, which are recognized and engulfed
by tissue macrophages without any inflammatory reaction
(Fig. 1).
The apoptotic process and clearance of apoptotic cells are
so rapid in vivo (a few hours at most) that identification

Fig.1

Apoptosis is a selective cell deletion process which requires the triggering of a specific cell death programme. Two main
pathways determining cell death have been identified: the extrinsic or receptor-mediated pathway, activated in response to
extracellular pro-apoptotic signals, and the intrinsic pathway, activated by extracellular receptor-independent stimuli or by
intracellular insults, such as DNA damage and oxidative stress. All these stress signals are integrated by mitochondria which
participate by releasing the main effectors of this process: a family of aspartic-specific proteases known as caspase. Today
there is much evidence to suggest that deregulation of apoptosis is a key feature of many neurodegenerative disease.
Our group sought cell models for the study of apoptotic pathways and for the evaluation of the role of apoptosis in specific
neurodegenerative diseases. We focused on oxidative stress-induced apoptosis and activation of the intrinsic mitochondrial
pathway. In our in-vitro model, lymphocytes from patients and control subjects were cultured both in basal conditions and
with 2-deoxy-D-ribose (dRib), a reducing sugar which induces apoptosis through oxidative stress.
In the last ten years, we evaluated the role of apoptosis in the pathogenesis of several neurodegenerative diseases: Ataxia-

telangiectasia, Rett syndrome, Mitochondrial disease, Cerebral autosomal dominant arteriopathy with subcortical infarcts
and leukoencephalopathy (CADASIL). Here we report some of our ongoing and recently published articles.



clear that apoptosis has a determinant role in the evolution
of neurodegenerative diseases. Data in the literature
shows that neuronal apoptosis is an extremely complex
process, making study of apoptosis in neurodegeneration
very important for understanding the pathogenesis of dis-
eases and identifying new therapeutic targets.
In recent years, our group has sought cell models for the
study of apoptotic pathways and for evaluation of the role
of apoptosis in specific neurodegenerative diseases. Since
most of the work on the role of apoptosis in neurodegen-
eration has been based on animal models, our first aim
was to use cells from patients in our experiments. We fo-
cused on oxidative stress-induced apoptosis and activa-
tion of the intrinsic (mitochondrial) pathway. We used
quiescent cells such as lymphocytes as cell model, treating
them with 2-deoxy-D-ribose (dRib), a reducing sugar
which induces apoptosis through oxidative stress due
mainly to glutathione depletion (14). We also tested many
other cell types, such as lymphoblasts, fibroblasts and mi-
croglial cells.
In our in-vitro model, cells cultured under basal condi-
tions and treated with dRib were collected at different
times and analyzed qualitatively and quantitatively by
various methods. We treated cells with specific dyes and
studied them by light and fluorescence microscopy for:

1) DNA fragmentation by Hoechst H33258;
2) caspase 3 and 7 activation by Fluorochrome In-
hibitor of Caspases (FLICA)(15); 
3) dissipation of mitochondrial membrane potential
by a mitochondrion specific probe of the cabocyanin
family: 5,5’6,6’-tetrachloro1,1’,3,3’- tetraethylbenzim-
idazolcarbocyanine iodide (JC-1) (16); 
4) externalization of phosphatidylserine (PS). During
apoptosis, PS translocates from the inner to the outer
layer of the plasma membrane and apoptotic cells can
be detected by Annexin V binding to translocated
membrane PS (17).

We also used: 
1) agarose gel electrophoresis, which identifies nu-
clear DNA fragmentation through characteristic apop-
totic ladder pattern (Fig. 3) (18); 

lization of the outer mitochondrial membrane is a key step
in apoptosis, although its mechanism has not been com-
pletely clarified. One model of this process involves a
change in membrane permeability (mitochondrial perme-
ability transition MTP) by opening of permeability tran-
sition pores (PTP), resulting in a decrease in mitochondrial
membrane potential (Δψm). It has been shown that this
mechanism is influenced by high intracellular calcium
concentrations (7). The extrinsic and intrinsic pathways
converge in apoptotic process, highly conserved through
evolution. The main effectors of this process is a family of
aspartic-specific proteases known as caspase (8,9) and the
major biochemical markers of which are nuclear DNA
fragmentation and exposure of phosphatidylserine (PS)
on the outer cell membrane (9) (Fig. 2).
The existence of a third apoptotic pathway activated by
the accumulation of misfolded protein in the endoplasmic
reticulum (ER) was recently demonstrated. ER stress con-
ditions trigger the unfolded protein response (UPR) which
activates several target genes and determines translation
of regulatory proteins restoring normal “protein home-
ostasis”. However, when the stress is irreversible, UPR
may activate caspase and promote apoptosis. Apoptotic
cell death is a normal regressive event in development of
the central nervous system (CNS) and indeed about 50%
of post-mitotic neurons die by apoptosis during embryo-
genesis (11).
It is also now clear that apoptosis in neurons mainly fol-
lows the intrinsic pathway as caspase 3- and 9-deficient
mice show severe brain malformations due to lack of neu-
ronal apoptosis (12). Altered regulation of apoptosis is im-
plied in the progression of many neurological diseases: in
acute neurological diseases, necrosis and caspase-medi-
ated apoptosis occur simultaneously; in chronic neurode-
generative diseases, caspase-mediated apoptotic pathways
mediate cell dysfunction and death (13).
Today there is much evidence to suggest that deregulation
of apoptosis is a key feature of many neurodegenerative
disease like Alzheimer’s disease (AD), spinal muscular at-
rophy (SMA), Huntington disease (HD), amyotrophic lat-
eral sclerosis (ALS) and Parkinson disease (PD). It is thus
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Fig.1 (left):  Morphological
alterations in apoptotic and
necrotic cell death.

Fig.2 (right):
Extrinsic and intrinsic apoptotic
pathway and their interactions.

Fig.2



Fig.3: Agarose gel electrophoresis of DNA
from a control subject (a) and an AT patient (b).

2) flow cytometry for quantitative measurement of
apoptosis by reduced fluorescence of the propidium
iodide (a DNA binding dye) (19);
3) in situ hybridization by terminal deoxynucleotidyl
transferase mediated dUTP nick and labelling
(TUNEL), which detects apoptotic cells in autopsy and
biopsy samples of brain, muscle and skin.

APOPTOSIS AND NEUROLOGICAL DISEASE
In the last ten years, our group validated and used the
above cell models and analytical methods to evaluate the
role of apoptosis in the pathogenesis of certain neurode-
generative diseases. Here we report some of our ongoing
and recently published articles.

Ataxia telangiectasia
Ataxia-telangiectasia (AT) is a rare autosomal recessive
disease characterized by cerebellar degeneration, growth
retardation, diffuse ocular and auricular telangiectasia,
premature ageing, high incidence of malignant tumours,
especially lymphatic cancer, and immunodeficiency. Hy-
persensitivity to radiation and chromosome instability are
the biological markers of this disease. ATM, the gene re-
sponsible for AT, was identified on chromosome 11q22-
23 and encodes a protein involved in several cell
responses to growth factors and DNA damage. ATM pro-
tein is involved in the regulation of apoptosis. 
On the basis of these findings, our group evaluated the
role of the ATM gene in the regulation of the cell cycle and
of apoptosis, using peripheral blood lymphocytes (PBLs)
and lymphoblasts from AT patients and controls exposed
to apoptotic stimuli. Cells were exposed to 10 mmol/L
dRib and harvested after 1, 24, 48 and 72 hours of culture.
Pellets were analysed by flow cytometry and agarose gel
electrophoresis. Our results showed an impaired response
to dRib-induced apoptosis in AT cells (Fig. 3), as well as
a defect in cell cycle arrest in G1/S phase and normal ex-
pression of p53 protein. These results suggested a defect
in the regulation rather than in the expression of p53 pro-
tein and indicate that the kinase activity of the ATM prod-
uct plays a very important role in this regulation as well
as in cell response to oxidative stress (20). 
Finally, the evident resistance to apoptotic cell death ob-
served in AT cells could explain their susceptibility to ma-
lignant transformation. 

Rett syndrome
Rett syndrome (RS) is a neurological disorder that prima-
rily affects females. In 1999 Amir et al., identified muta-
tions in a gene encoding X-linked methyl CpG binding
protein 2 (MeCP2) as the cause of most cases. However,
the pathogenesis of this syndrome is still unknown. It was
recently shown that RS is a neurodevelopmental disorder.
Brain hypoplasia, dendritic branching decrease, dendritic
spine derangements and other synaptic abnormalities in-
dicate disordered organization of neuronal networks dur-
ing post natal life and strongly support the hypothesis of
specific brain growth factor deficiency or apoptotic defect.
In order to clarify the role of apoptosis in this disorder, we
studied lymphoblastoid cell lines. Lymphoblasts from RS
patients under basal condition showed a lower percentage
of apoptosis than those of controls, whereas in the pres-
ence of dRib, the percentage of apoptotic cells in RS pa-
tients increased with time and reached the same
percentage as controls after 72 h. These results suggested
that RS may have low susceptibility or increased resist-
ance to oxidative stress-induced apoptosis, which may
only be corrected by a strong apoptotic stimulus (21). 

Mitochondrial disease
Mitochondria play a key role in programmed cell death:
i) they release cytochrome c into the cytosol in the first
phase of apoptosis, activating caspase 9; ii) the process
seems to be inhibited by bcl-2, a protein belonging to a
large family of proteins involved in apoptosis located in
the outer mitochondrial membrane; iii) the opening of mi-
tochondrial permeability transition pores is an early event
in apoptosis; iv) electron transport alterations, oxidative
phosphorylation dysfunction and storage of free radicals
(all suggestive of mitochondrial dysfunction) have been
demonstrated in apoptotic cells (22). 
On the basis of these findings we investigated the role of
oxidative stress-induced apoptosis in patients with mito-
chondrial diseases, particularly in patients with Leber’s
hereditary optic neuropathy (LHON). Previous research
showed that death of retinal ganglion cells characteristic
of LHON occurs through apoptosis, so that changes in the
mitochondrial respiratory chain and/or in oxidative stress
could play a role in induction of apoptosis in LHON.
We analysed PBLs from LHON patients and control sub-
jects incubated with dRib, finding a higher rate of apop-
tosis in cells of patients than controls. We also found
evidence of mitochondrial involvement in activation of the
apoptotic cascade (Fig. 4).
Our results showed that LHON cells are particularly sus-
ceptible to oxidative stress-induced apoptosis and con-
firmed a direct link between complex I (commonly altered
in patients with LHON) and changes in mitochondrial
membrane permeability (23).
We also evaluated the role of apoptosis in the pathogenesis
of other mitochondrial diseases using the TUNEL tech-
nique. We looked for apoptosis in muscle biopsies from
17 patients with mitochondrial encephaloneuromy-
opathies, such as MERRF, MELAS, cPEO and MENM.
Our results showed few apoptotic (TUNEL-positive) nu-
clei in the biopsies, except in MERRF patients, and no re-
lationship between respiratory chain defect and
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percentage of apoptotic myonuclei. However,
the findings were very heterogeneous, even
between patients with the same mtDNA mu-
tations, suggesting that in mitochondrial
pathologies, tissue evaluation of apoptosis is
less useful than in vitro techniques (24) (Fig.
5). Finally we looked for apoptotic nuclei in
autopsy brain tissue from a patient with famil-
ial Leigh syndrome, by the TUNEL method.
We observed numerous TUNEL-reactive neu-
ronal cells showing morphological signs typ-
ical of apoptosis in cortical areas suffering
neuronal cell loss. Our findings suggested that
apoptosis may be involved in the mechanism
of neuronal death in Leigh syndrome (25)
(Fig. 6).

CADASIL 
Cerebral autosomal dominant arteriopathy
with subcortical infarcts and leukoen-
cephalopathy (CADASIL) is an autosomal
dominant cerebrovascular disease leading to
cognitive decline and dementia, characterized
by migraine with aura and recurrent ischemic
strokes (26). The pathologic hallmark of
CADASIL is systemic non-atherosclerotic vas-
culopathy, which predominantly affects the
small cerebral arteries through progressive de-
generation of vascular smooth muscle cells
(VSMC). Accumulation of granular osmio-
philic material (GOM) has been observed in
the walls of small vessels in the brain, skin,
muscle and peripheral nerves. 
CADASIL is caused by single missense muta-
tions, or more rarely by small deletions, in the
Notch3 gene which encodes Notch3 protein, a
member of a conserved transmembrane recep-
tor family (Notch signalling) (27). Notch 3 is
mainly expressed in VSMC, though it is
claimed to be expressed ubiquitously in adult
human tissues (28). 
The pathogenetic mechanism leading to
CADASIL is not yet completely understood.
There is evidence to suggest that apoptosis
may be involved in VSMC degeneration and
loss (29). Recent studies have shown that
Notch3 signalling in VSMC plays an impor-
tant role in down-regulating Fas-Ligand
(FasL)-induced apoptosis (extrinsic apoptotic
pathway) (30). Involvement of Notch3 in the
regulation of apoptosis has also been observed
in other cell types, such as lung carcinoma
cells, where inhibition of the Notch3 sig-
nalling pathway mitigates the neoplastic phe-
notype (31). Finally, Viswanathan et al. (2006)
found widespread neuronal apoptosis in the
cerebral cortex of CADASIL brains, demon-
strating that the degree of neuronal apoptosis
is related to the underlying subcortical white
matter damage (32). On the basis of these find-
ings we evaluated the role of apoptosis in the
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Fig.4 (above): 
Cytofluorimetric analysis of apoptotic PBLs of eight patients with
LHON (LP) and six controls (C) cultured with (+) and without (-)
dRib. Cells were analysed after 1 (T1), 24 (T24), 48 (T48) and 72
(T72) hours of culture. Values are expressed as mean percentage

(±SD) of apoptotic PBLs.

Fig.5 (above):
TUNEL reaction in normal (a), mitochondrial

myopathic (MELAS) (b) and DNAse I treated (c) muscle.
Sections were analyzed under fluorescence microscope.

TUNEL-positive nuclei are shown in greenish-yellow. (40X)

Fig.6 (below):
Section of brain tissue from patient with Leigh syndrome analysed by

TUNEL assay. Brown nuclei are TUNEL positive. 

a) b) c)



pathogenesis of CADASIL by assessing the apoptotic re-
sponse of peripheral blood lymphocytes (PBLs) and fi-
broblasts from CADASIL patients exposed to
2-deoxy-D-ribose (dRib), a reducing sugar which induces
apoptosis through oxidative stress, and also assessing the
extent of neuronal apoptosis in a young autopsy case of
CADASIL.

In-vitro study
PBLs from CADASIL patients showed a higher degree of
apoptosis than controls, both under standard conditions
and after incubation with dRib. After 72 hours of culture
under standard conditions, PBLs from patients showed an
elevated percentage of apoptotic cells (6.18%), three times
higher than that of controls (1.98%). After 72 h of incuba-
tion with dRib, the percentage of apoptotic cells in
CADASIL patients (31.21%) was twice that of controls
(16.51%) (Fig. 7). The results of cytofluorimetric analysis
were confirmed by agarose gel electrophoresis and fluo-
rescence microscopy.
For fibroblasts cultured under standard conditions, fluo-
rescence microscopy analysis did not show any significant
difference in the percentage of apoptotic cells between pa-
tients and controls. After 48 h of dRib treatment a higher
percentage of apoptotic fibroblasts was evident in
CADASIL than control cultures.
The first result of our study was that cells of CADASIL pa-
tients showed major apoptosis after dRib treatment,
which demonstrates that CADASIL cells are particularly
sensitive to oxidative stress-induced apoptosis, possibly
related to the presence of Notch 3 mutations. Although
most data in the literature demonstrates that Notch 3 is in-
volved in protective mechanisms against the extrinsic
apoptotic pathway, our results suggest that Notch 3 may
also be implicated in the regulation of the intrinsic apop-

totic pathway. Our most striking result was that even
under standard culture conditions, PBLs from CADASIL
patients showed an elevated degree of apoptosis, suggest-
ing that cells carrying a mutation in the Notch 3 gene may
be subject to a higher level of intracellular stimuli or in-
sults than normal cells. In particular, CADASIL cells may
have an altered redox state and accumulate reactive oxy-
gen species (ROS), leading to a high basal level of apop-
tosis and to increased susceptibility to external stimuli
such as oxidative stress. This hypothesis is in line with
evidence of a relationship between Notch3 gene muta-
tions, impairment of mitochondrial function and stress of
endoplasmic reticulum  (ER) (33, 34).

TUNEL assay
We analyzed seven-micron-thick paraffin embedded sec-
tions of temporal lobe, brainstem, bulb, hippocampus and
basal ganglia from the brain of a female CADASIL patient,
deceased at 41 years of age. Many apoptotic nuclei were
detected among glial cells in temporal lobe, bulb, basal
ganglion and hippocampus specimens (28%, 33%, 30%,
27% respectively), while neurons seemed unaffected. On
the other hand, widespread neuronal apoptosis (60%)
was observed in brainstem, especially the pons-mesen-
cephalus region, where a high percentage of apoptotic
glial cells was also evident (34%) (Fig. 8 a, b, c, d, e). 
The brain regions analyzed in this study showed a signifi-
cant number of cells involved in apoptotic processes, es-
pecially glial cells. Apoptotic neurons were only found in
the brainstem, seeming to be spared in the other areas ex-
amined. The apoptotic study confirmed the results of neu-
ropathological examination and brain NMR, where
cortical neurons seemed relatively uninvolved in ischemic
lesions. Our finding of diffuse apoptosis of glial cells but
not of cortical neurons seems at variance with data in the
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Fig.7: 
Cytofluorimetric analysis

of PBLs from 16 CADASIL
patients (P) and controls
(C after 1 (T1), 24 (T24),

48 (T48) and 72 (T72) h of
incubation without (-) and

with (+) dRib



literature (32). Since our patient was young (41 years) and
had slight mental deterioration, the divergence may be re-
lated to the different ages at which apoptosis was evalu-
ated, as well as to the degree of cognitive impairment. Our
findings suggest that in the early phases of CADASIL,
apoptosis may be restricted to subcortical ischemic regions
and to brainstem neurons, in line with several clinical and
neuroradiological studies of affected patients. Apoptosis
may only involve cortical neurons, superior functions and
loading in later stages of the disease. Results of clinical
and histopathological examination may be at variance in
CADASIL patients of different ages or in different stages
of the disease. 
In conclusion, these results indicate impaired regulation
of apoptosis in CADASIL cells and suggest that the
Notch3 gene may play a key role in regulation of the in-
trinsic apoptotic pathway. Moreover, the presence of nu-
merous TUNEL-positive cells in brain tissue of CADASIL
patients, suggests that apoptosis may have an important
role in the pathogenesis of the disease.
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Fig.8: 
TUNEL staining of paraffin embedded sections from CADASIL patient (brown nuclei are TUNEL positive). In temporal

lobe (a), bulb (b), basal ganglia (c) and hippocampus (d) sections, widespread apoptosis of glial cells is evident (20x). In
the brain stem region (e), numerous apoptotic neurons are evident (arrows) (40x).



INTRODUCTION

Mitochondrial encephalomy-
opathies are an expanding
group of clinically heteroge-
neous disorders associated with
mitochondrial DNA (mtDNA)
mutations or nuclear gene de-
fects (1,2,3). 
Whatever the mechanism, the
final common step in mitochon-
drial encephalomyopathies is a
defect of energy production re-
sulting from respiratory chain
impairment. The complexity of
the biochemical and genetic
features of the respiratory chain
accounts for the extraordinarily
wide range of clinical presenta-
tions of mitochondrial disor-
ders. In general, organs with high aerobic demand,
such as skeletal muscle, brain and heart, are the most
affected. However, virtually any organ or tissue in the
body may be affected (4) (Fig.1).
Phenotypes of mitochondrial diseases include sen-
sorineural hearing loss, myoclonic seizures, ataxia, di-
abetes, muscle weakness, loss of vision,
cardiomyopathy, short stature, ophthalmoplegia, stroke
and headaches. In general, postmitotic and metaboli-
cally active cells are usually more affected in mtDNA
disease, and examples include cochlear hair cells, my-
ocytes, neurons and pancreatic islet cells.

CLASSIFICATION OF MITOCHONDRIAL DISEASES

Identification of mutations in mtDNA and nuclear
genes related to oxidative phosphorylation (OXPHOS)
has provided the basis for the current classification of
mitochondrial disorders.
The first group of illnesses is characterized by muta-
tions in mtDNA, that can be either sporadic or mater-
nally transmitted. A second group of disorders is
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Fig.1: Any organ or tissue in the body can be affected in mitochon-
drial encephalomyopathies. Source: N Engl J Med. 1995; 333 (10):638-44

Fig.2: The mitochondrial defect may be due to mutations in
mtDNA or in nuclear genes. 

Mitochondrial diseases are an expanding group of clinically heterogeneous disorders associated with mitochondrial DNA
(mtDNA) mutations or nuclear gene defects. Whatever the mechanism, the final common step in mitochondrial disorders is
a defect of energy production resulting from respiratory chain impairment. The complexity of the biochemical and genetic
features of the respiratory chain accounts for the extraordinarily wide range of clinical presentations of mitochondrial disor-
ders. In general, organs with high aerobic demand, such as skeletal muscle, brain and heart, are the most affected. However,
virtually any organ or tissue in the body may be affected and the disorders can be multisystemic (mitochondrial encephalomy-
opathies) or confined to a single tissue. Moreover, mitochondrial diseases can be sporadic or transmitted by mendelian (nu-
clear genes) or maternal inheritance (mutations in mtDNA). Precise diagnosis is often a challenge; we go through the
traditional steps of the diagnostic process, starting with study of inheritance in the family, clinical manifestations in the in-
dividual, electrophysiology and imaging techniques at organ level, down to biochemistry, pathology and molecular genetics
at tissue, cell and DNA level, respectively. In fact the ultimate goal is to reach, whenever possible, a definitive molecular di-
agnosis, which can permit rational therapeutic approach and a genetic counseling.



caused by mutations in nuclear genes that make up or
control OXPHOS (Fig.2). Because many OXPHOS-re-
lated nuclear genes are still unkown in humans, sev-
eral of these illnesses are classified only on the basis of
biochemical alterations, revealed by analysis of affected
tissue (especially skeletal muscle).

MITOCHONDRIAL GENETICS

Individual cells contain many mitochondria and each
mitochondrion contains 2-10 copies of the mtDNA
molecule. Human mtDNA is a circular, double-
stranded molecule of 16569 base pairs; it contains 37
genes, including 13 protein-encoding genes, 22 trans-
fer RNA genes and 2 ribosomal RNA genes (Fig.3). All
13 protein-encoding genes are components of the mi-
tochondrial respiratory chain, which is located in the
inner membrane of mitochondria (Fig.4).
Because of its cytoplasmic location, its high copy num-
ber and the lack of repair mechanisms, the mtDNA has

unique genetics: 
1) mtDNA is maternally inherited (5). Therefore, a
mother carrying an mtDNA mutation is expected to
pass it on to all her children, but only her daughters
will transmit it to their progeny (Fig. 5).
2) mtDNA has a very high mutation rate. Mutations
in mtDNA are 5-10 times more frequent than those
in nuclear genes. This means that the mtDNA se-
quence of any person differs from that of any other
person in the world by an average of 25 base pair
substitutions (6).
3) When a new mutation occurs in an mtDNA mol-
ecule, it creates a mixed intracellular population of
mutant and normal mtDNAs, known as hetero-
plasmy (when the mtDNA molecules are all iden-
tical, we use the term “homoplasmy”). When a
heteroplasmic cell divides, the mutant and normal
mtDNAs are randomly distributed into the daugh-
ter cells. This replicative segregation process can
therefore generate all possible percentages of mu-
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Fig.3 (left): Human
mtDNA molecule.

Fig.4 (below):
Mitochondrial respiratory
chain.

Fig.5(above):
Maternal inheritance.

Fig.3

Fig.4

Fig.5
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tion of somatic changes through generation of OX-
PHOS-related mutagens. This phenomenon may trig-
ger a positive feedback loop contributing to
progression of the mitochondrial dysfunction (11).

MUTATIONS IN NUCLEAR GENES

Over 90% of mitochondrial proteins are expressions of
nuclear genes. It is therefore surprising that the num-
ber of illnesses and syndromes associated with OX-
PHOS-related nuclear genes is quite small compared
to the number caused by mtDNA mutations. On the
other hand, a growing number of hereditary degener-
ative diseases, especially neurological disorders, have
been linked to mutations in genes encoding proteins
that enter mitochondria and are more or less directly
correlated with OXPHOS. 
The proteins encoded by these genes belong to three
categories.

1. structural components of the respiratory chain
2. proteins that control OXPHOS or mtDNA metabo-
lism
3. proteins indirectly correlated with OXPHOS 

1. Defects in structural components of the respira-
tory chain

• Complex I defects (Leigh’s syndrome,Leukodys-
trophy, myoclonus)
• Complex II defects (Leigh’s Syndrome, Heredi-
tary Paragangliomas)
• defects in the synthesis of coenzyme Q (Ataxia,
myoglobinuria, seizures)

2. Defects in factors controlling OXPHOS or
mtDNA metabolism

• defects of SURF1 (Leigh’s Syndrome)
• defects in SCO1 (infantile encephalomyopathy)
• defects in SCO2 (infantile cardiomyopathy)
• defects in COX10 (infantile encephalomyopathy)
• defects in COX15 (cardiomyopathy)
• defects in DGUOK (mitochondrial DNA-deple-
tion sindrome, hepatocerebral form)
• defects in TK2 (mitochondrial DNA-depletion
sindrome, myopathy)
• defects in POLG1 (progressive external ophtal-
moplegia, Alpes sindrome)
• defects in BCSI disorder (infantile encephalomy-
opathy, tubulopathy, hepatopathy)
• defects in ANTI, Twinkle, POLG1 (autosomal
dominant external ophtalmoplegia)
• Defects of Thymidine Phosphorylase (Mitochon-
drial Neuro-Gastro-Intestinal Encephalomyopathy,
MNGIE)

3. Disorders of nuclear genes indirectly correlated
with OXPHOS

• defects in OPA1 (dominant optic atrophy)
• defects in frataxin (Freidreich’s Ataxia)
• defects in paraplegin (hereditary spastic paraple-
gia)
• defects of Tim 8/9 transporters (X-linked deaf-
ness-dystonia syndrome)

tant and normal mtDNAs in cells, tissues, organs
or family lineages. Most pathogenic mtDNA muta-
tions in humans are heteroplasmic, but the hetero-
plasmic state is not always pathogenic.
4) Different organs rely on mitochondrial energy to
different extents. Thus, if oxidative phosphoryla-
tion is reduced by genetic insult or environmental
stress, it will ultimately fall below the minimum
energy threshold necessary for different organs and
tissues to function normally (threshold effect)
(Fig.6) (7). The mechanisms determining the
thresholds for expression are likely to be different
for different mtDNA mutations.

Heteroplasmy, threshold effect, site, percentage and
inter- and intra-tissue distribution of mtDNA muta-
tions contribute to phenotype, but do not explain the
overall clinical heterogeneity, a crucial point in the
study of the encephalomyopathies.

Fig.6: Threshold effect

MtDNA mutations are divided into: large-scale re-
arrangements (sporadic, maternally inherited or
mendelian inherited) and point mutations (maternally
inherited) (8). About 200 mutations have been de-
scribed (Mitomap: http://www.mitomap.org) associ-
ated with an extremely heterogeneous spectrum of
clinical manifestations.
In many cases, mutations of mtDNA are consistently
related to well defined clinical entities: Chronic Pro-
gressive External Ophtalmoplegia (CPEO), Kearns-
Sayre Syndrome (KSS), Encephalomyopathy, Lactic
Acidosis and Stroke-like Episodes (MELAS), My-
oclonic Epilepsy with Ragged-Red Fibers (MERRF),
Neuropathy, Ataxia and Retinitis Pigmentosa (NARP)
and Leber’s Hereditary Optic Neuropathy (LHON).
Since overlap syndromes and unusual or aspecific phe-
notypes are frequent (9), the correlation between geno-
type and phenotype is not yet clearly understood. 
The clinical and biochemical variability of many
mtDNA mutations may be caused by different mito-
chondrial or nuclear “gene backgrounds” or both (10).
In turn, deleterious mutations may promote accumula-
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positive for myocardial infarction in the paternal line
(grandfather/grandmother and uncle). A sister and two
daughters of 25 and 12 years were apparently in good
health (no muscle biopsies was available). Low stature
was a family feature. Psychophysical development was
normal. Remote medical history included gynecologi-
cal disorders, pituitary adenoma and sight problems.
Fatigability was ascribed to low serum levels of fer-
ritin. Plasma levels of CPK were 165 U/l (normal value:
70-140 U/l). Neuropsychological assessment was neg-
ative. Neurological examination showed left palpebral
ptosis with limited eye movements (paralysis of hori-
zontal, mostly right, and vertical conjugate movements,
progressive external paralysis). Sporadic episodes of
dysphagia and hyposthenia of the muscles of facial ex-
pression were reported.
Ophthalmological examination showed left palpebral
ptosis, limited eye movement and typical progressive
external ophtalmoplegia. Brain NMR with gadolinium
contrast showed a faint vascular striation in the right
frontal region extending from the anterior horn to the
brain surface on the same side, suggesting venous dys-
plasia. A striking, prevalently cystic formation was ob-
served in the sella, deforming the sellar cavity and
displacing the pituitary stalk to the right. Audiometric
examination was not normal, with slight auditory loss
at high frequencies. ECG and cardiological examina-
tion were normal. 

MATERIALS AND METHODS

Morphological analysis of skeletal muscle was con-
ducted as previously described (33). DNA was ex-
tracted from skeletal muscle, lymphocytes, mouth and
urinary tract epithelium and hair roots using QIAmp
DNA Mini kits (Qiagen). MtDNA was analysed for
deletions by southern blot using DNA extracted from
muscle and PvuII digestion. The following mtDNA
fragments, including the 22 genes for mitochondrial
tRNA, were amplified by PCR: from nucleotide 503 to
1400, 1322 to 2197, 2901 to 3797, 3701 to 4649, 5408
to 6350, 7100 to 7900, 7750 to 8598, 9850 to 10675,
11880 to 12780, 14052 to 14900 and 15451 to 16299.
PCR products were purified directly with QIAquick
PCR Purification kits (Qiagen) and analysed with an
automatic sequencer.
Mismatch Restriction Fragment Length Polymorphism
(RFLP)-PCR analysis was done to assess the degree of
heteroplasmy of the various tissues of the patient and
to look for the mutation in 110 controls. Since there is
no restriction site that can distinguish mutant from nor-
mal DNA, we modified an oligonucleotide that created
a restriction site for the enzyme HhaI on normal
mtDNA. The oligonucleotides used were:
“forward” 12211-12230:
AAGCTCACAAGAACTGCTAA;
“reverse”12351-12316:
AGTGTGCATGGTTATTACTTTTATTTGGAGTTGCG
(modified nucleotide underline).
Normal mtDNA was thus cut into two fragments of 105
and 35 base pairs. The fragments were separated by
8% polyacrylamide gel electrophoresis and visualised

• Mendelian heredity

DIAGNOSIS OF MITOCHONDRIAL DISEASES

Mitochondrial disease is caused by a mitochondrial ab-
normality. Since the mitochondrion is the major energy
source in the cell, mitochondrial abnormalities ulti-
mately lead to defects in energy metabolism. There are
several structural levels of mitochondrial abnormality,
whose expression is different at each level. Each level
requires a different detection method, starting with
study of inheritance in the family, clinical manifesta-
tions in the individual, electrophysiology and imaging
techniques at organ level, down to biochemistry,
pathology and molecular genetics at tissue, cell and
DNA level, respectively.
Until recently, the diagnosis of mitochondrial en-
cephalomyopathies was largely based on altered lac-
tate:pyruvate ratio in serum and on detection of
ragged-red fibers (RRF) due to accumulations of struc-
turally abnormal subsarcolemmal mitochondria, that
stain red with the Gomori Trichrome stain in muscle
biopsy (12). COX stain (cytochrome C oxidase histo-
chemical reaction) also provides useful information.
An important advance towards the identification and
characterization of these disorders was the develop-
ment of methods to measure the activities of individual
respiratory enzymes by spectrophotometer. This can be
performed in lymphocytes, cultured skin fibroblasts or
muscle biopsies (13). Finally, since the identification
of mtDNA and nDNA mutations, genetic studies have
provided further pathogenetic insights and new diag-
nostic clues for many of these disorders.

RESULTS

In Neurogenetics Laboratory, at Department of Neuro-
logical and Behavioural Sciences (University of Siena),
in the last ten years we have conducted genetic molec-
ular analysis of blood and muscle samples of about 900
patients suspected of diseases with mitochondrial
pathogenesis. Molecular diagnoses were obtained for
a large number of patients with mitochondrial en-
cephalomyopathies, helping to broaden the spectrum
of mutations of the mtDNA molecule and of nuclear
genes implicated in the pathogenesis of these diseases.
In fact, in our laboratory, we not only analyse the
mtDNA molecule but also many nuclear genes, some
of which are involved in mitochondrial metabolism; in
particular POLG1, OPA1, OPA3 and TP.
We also tried to clarify the correlation between geno-
type and phenotype and the importance of exogenous
factors that contribute to onset of symptoms.
The study produced interesting results that have been
the subject of many papers in international journals
(9,14-32). Since the amount of work done has been
considerable, here we only illustrate one of the many
cases recently studied and published by us (32). 

CASE REPORT
A 50-year old woman patient presented with a one-
year history of palpebral ptosis. Family history was



with UV light after staining
with ethidium bromide. The
proportion of mutant mtDNA
was calculated by densitome-
try using a Biorad Gel Doc
2000 image analyzer. A last-
cycle hot PCR was also per-
formed and the digested
products were run on a 8%
polyacrylamide gel. The re-
sulting percentage of the mu-
tation was obtained by a
phosphor imager (Molecular
analyst, Bio-Rad).

RESULTS

Muscle biopsy
Histological observation
showed a variation in fiber
size (the diameter ranged
from 16 to 96 µm), 10% nu-
clear internalization and
about 15% of fibers negative
to cytocrome c oxidase stain-
ing. Gomori trichrome stain-
ing showed 5% Ragged Red Fibers (RRFs).

Molecular genetic analysis
Southern blot was negative. Direct sequencing for
tRNAs and adjacent regions of all 22 genes showed
seven variations of the revised Cambridge reference se-
quence (rCRS) (34): A750G, A1438G, A1937C,
T12254C, G12316A, C14239T and C14766T. These
variations were compared with the public “MITO-

Fig.7

Fig.8 (above):
Proposed two-dimensional structure of human tR-

NALeu(CUN) showing the position of the G12316A
mutation in the TΨC branch of the molecule.

Fig.7 (left):
Direct sequencing of mitochondrial tRNALeu(CUN)
gene from buccal epithelium (bottom panel) and
muscle (top panel). Electropherograms of nu-
cleotide position 12311-12322 showing heteroplas-
mic G to A transition at position 12316 in muscle
mtDNA and its absence from mouth epithelium
mtDNA.

Fig.9 (below):
Homology of mitochondrial tRNALeu(CUN) among

different species: human, gorilla, bovine, mouse,
Xenopus laevis and sea urchin. The mutated base in

the patient at position 12316 is underlined.

Fig.8
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(b) An autoradiogram shows HhaI-digested 32P-labeled
PCR products electrophoresed through a 8% non-denatur-
ing polyacrylamide gel, performed on the tissues of the
proband. UN =  uncut PCR; C = control DNA.

(a) PCR-RFLP analysis with electrophoresis on 8% poly-
acrylamide gel. The mutation did not alter natural restric-
tion sites, and a modified primer was used to create a
restriction site for the enzyme HhaI, that cuts the normal
mtDNA into two fragments of 105 and 35 bp (not visible in
the picture), distinguishing mutant and wild-type mtDNAs.
The following tissues were studied: buccal epithelium (B);
hair root (H); skeletal muscle (M); lymphocytes (L); urinary
epithelium (U).

Fig.10 (below):
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netic scale.  This change could damage coding of the
correct secondary and possibly tertiary structure of
tRNA.  Secondly, the mutation has never been reported
among polymorphisms and was not found in 110 pa-
tients with different encephalomyopathies.  Third, the
mutation is heteroplasmic and detectable only on mus-
cle, urinary tract epithelium and blood (fig 4), with de-
creasing percentages. Unfortunately we were unable to
assess the mutational status in the asymptomatic ma-
ternal line relatives (who denied their consent to per-
form genetic analyses). Finally, this change affects the
nucleotide immediately adjacent to the G12315A path-
ogenic mutation (37,38). The already described
G12315A and the G12316A  affect the TΨC branch of
the molecule in two highly conserved sites. Our patient
and the ones described in Fu et al. (37) and  Karadimas
et al. (38) present with a similar clinical phenotype. It
is highly possible that the underlying pathogenetic
mechanisms could be  similar. 
A peculiar feature of our case was the rather low degree
of mutant mtDNA in muscle, which we estimated to be
40% of total mtDNA, compared to four other cases of
CPEO, a case of mitochondrial myopathy, one of
MELAS and two of dilated cardiomyopathy, associated
with point mutations of tRNALeu(CUN), in which the
percentage of mutant mtDNA was in the range 59.8%
to 94% (37-43). This recessive trait is common to most
point mutations of mitochondrial tRNAs, the threshold
for biochemical and clinical expression of which is
usually quite high.  However some exception have
been reported. Similar data have been described also
for the transition A3243G in tRNALeu(UUR) found in
about 80% of MELAS patients, and for other pheno-

MAP” and “Uppsala mtDB” databases which indicated
that they were known polymorphisms, except for
A1937C on the rRNA 16S gene and G12316A on the
tRNALeu(CUN) gene. The first is in homoplasmic state
and affects a region that is relatively exempt from path-
ogenic mutations. The other mutation in nucleotide po-
sition 12316 (Fig.7) is in heteroplasmic state and
destroys G-C base coupling in the TΨC branch of the
tRNALeu(CUN) molecule (Fig.8). This base pair is
highly conserved from sea urchin to human during
evolution (Fig.9).
PCR-RFLP anlyses, with and without hot last cycle,
and densitometry confirmed that 40% of muscle, 10%
of urinary epithelium and 3% of blood mtDNA carried
the mutation, which was absent from mtDNA extracted
from mouth epithelium and hair roots (Fig. 10) as well
as in 110 patients with various encephalopathies.

DISCUSSION

The clinical phenotype of our patient meets all the cri-
teria for mitochondrial CPEO which is commonly as-
sociated with large scale mtDNA deletions.  Up to date
17 point mutations in six of the 22 genes for mitochon-
drial tRNAs have been described in association with
CPEO (Mitomap: http://www.mitomap.org) (35,36).
In this patient we identified a novel base change in the
mitochondrial tRNALeu(CUN)gene.  Although we did
not sequence the whole mtDNA molecule, G12316A
fullfills all pathogenetic criteria for mutations involv-
ing genes codifying component of mithocondrial  pro-
tein synthesis machinery. First of all, the mutation
splits a G-C base pair in the TΨC branch of the mole-
cule which is highly conserved during the phyloge-
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A. Evidence of apoptosis via TUNEL staining in muscle
biopsy from patients with mitochondrial encephaloneu-

types (deafness, diabetes mellitus, KSS, myopathy, en-
cephalopathy without stroke, MERRF/MELAS, LS and
CPEO) (44).  For this mutation a clear relation between
percentage of mutant mtDNA and clinical phenotypes
is described.  Several studies confirm that higher per-
centages of mutant mtDNA in muscle are associated
with a higher frequency of clinical signs, so that indi-
viduals with high percentages in muscle have stroke-
like episodes at a young age, whereas those with low
heteroplasmy develop myopathy and external ophthal-
moplegia at a later age (44-47). Two other mutations,
tRNALeu(CUN) G12276A and tRNASer(UCN)
G7506A, have also been found in CPEO patients with
low heteroplasmy:  about 18% for the former (35) and
30% for the latter (36).
In our patient, the rather low percentage of mutant
mtDNA in muscle is in line with the late onset of
CPEO and the mild nature of symptoms, suggesting a
low threshold for phenotypic expression.  
Although we do not have genetic data for the patient’s
two daughters, they may have inherited the mutation
from their mother (if the germinal line is affected) and
may develop symptoms at a future time, considering
the late onset in their mother and the fact that point
mutations of mtDNA may accumulate in time, even in
postmitotic muscle (40).  Indeed, age-dependent de-
cline in oxidative phosphorylation may add to the
deleterious effects of the mutation on respiratory chain
function.
In conclusion, we could demonstrate a new mtDNA
pathogenic point mutation in a tRNA gene causing
CPEO. With this report the total number of
tRNALeu(CUN) rises to ten.   The clinical and morpho-
logical characteristics are in line with the molecular ge-
netic results that show segregation of the mutation
prevalently in muscle. Since the clinical phenotype as-
sociated with tRNALeu(CUN) point mutations is ex-
tremely heterogeneous (Mitomap: http://www.
mitomap.org) (35) a peer molecular dissection is utter-
most important.
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Abstract. Metabolic disorders of the central nervous system (CNS) include pathologies with extremely different pathogenesis.
The clinical diagnosis of these disorders is often very difficult and requires sophisticated laboratory investigations. Proton
magnetic resonance (MR) spectroscopy (1H-MRS) has been recently used in a number of clinical studies to supplement con-
ventional MRI as it is able to provide in vivo biochemical assay of a given brain tissue. Brain data on several neurometabolic
diseases suggest that 1H-MRS can provide in vivo chemical-pathological characterization of the abnormality detected by MRI
and can detect metabolic alterations in tissue appearing normal on conventional MRI. This may help for differential diagnosis
and can be important in the evaluation of disease outcome. Indices provided by 1H-MRS have been demonstrated to be rel-
evant to patients’ clinical status, to represent sensitive indicators of early neurological involvement and to be helpful in mon-
itoring effects of therapeutic interventions. This suggests that, in the next future, a more extensive use of brain 1H-MRS in
the management of patients with metabolic disorders affecting CNS should be encouraged.
Keywords: magnetic resonance spectroscopy, metabolism, white matter

Department of Neurological and Behavioural Sciences
University of Siena

Nicola De Stefano, MD 

PROTON MR SPECTROSCOPY IN BRAIN METABOLIC DISORDERS

Correspondence to: 
Nicola De Stefano, MD.
Neurology & Neurometabolic Unit, Dept. Neurological and Behavioral Sciences, University of Siena
Viale Bracci 2, 53100 Siena, Italy
Tel: +39-0577-233432   Fax: +39-0577-233411

JOURNAL OF THE SIENA ACADEMY OF SCIENCES, PUBLISHED SINCE 1761 - VOL.1 - 2009

54

DIAGNOSTIC-SPECIFIC 1H-MRS CHANGES

As stated before, the 1H-MRS changes detected in
metabolic disorders are, in most cases, not disease-spe-
cific. However, in some conditions 1H-MRS can pro-
vide typical brain metabolic patterns able to address
the diagnosis. 
One example of a disease in which MRS provides a di-
agnostic pattern is a spongiform leukoencephalopathy
known as Canavan’s disease. In this disorder, the defi-
ciency of the enzyme aspartoacylase (which breaks
down NAA) is responsible for abnormally high levels
of NAA in the brain, which can be considered pathog-
nomonic [8; 9]. It must be stressed, however, that high
NAA level can be also found in Salla disease and se-
vere infantile sialic acid storage diseases [10; 11], but
in these conditions  the high NAA signal reflects an ac-
cumulation of N-acetyl-neuraminic acid that offsets the
possible loss of NAA. Moreover, small increases in
NAA can be found in patients with Pelizaeus–
Merzbacher disease probably reflecting the elevated
density of axons in white matter lacking the oligoden-
drocytic tissue and normal myelin sheaths between
axons [12]. 
In vanishing white matter disease (VWM, also called
childhood ataxia with diffuse CNS hypomyelination)
and megalencephalic cystic leukoencephalopathy
(MCL) [13-18] conventional MRI findings of extensive
white matter abnormalities with sparing of central
brain structures are seen together metabolic changes
detected with 1H-MRS. These changes include the al-
most complete disappearance of all normally detected

INTRODUCTION

The advent of magnetic resonance (MR) imaging
(MRI) has changed the clinical approach to the evalu-
ation of the metabolic disorders. The clinical impor-
tance of MRI in the management of patients with
metabolic disorders of the central nervous system
(CNS) lies in its great sensitivity for detecting brain le-
sions. However, unfortunately, the brain lesions de-
tected on MRI are often not characteristic enough to
allow the diagnosis of these complex disorders [1]. 
In recent years, nonconventional MR techniques have
been used to complement conventional MRI and over-
come some of its limitations. Proton MR spectroscopy
(1H-MRS) has been particularly useful in patients with
metabolic disorders as it can simultaneously provide
chemical-pathological correlates of changes occurring
within and outside visible MRI lesions. Thus, an ex-
panding number of research groups have been using
single voxel 1H-MRS and multivoxel MR spectroscopic
imaging (1H-MRSI) in vivo to study patients with
metabolic disorders [2-4]. These 1H-MRS techniques
have demonstrated to increase diagnostic accuracy and
the understanding of the evolution of pathology in
many of these disorders It must also be stressed, how-
ever, that 1H-MRS is complementary to MRI, except in
a few cases where a disease-specific pattern could be
detected. 
We will give an overview on how 1H-MRS can be  used
as a complementary method to conventional MRI to
detect metabolic changes in the most frequently stud-
ied metabolic disorders. 



metabolites in the white matter, presence of small in-
creases in Lac and sparing of gray matter that is struc-
turally and metabolically normal. In MCL, although
1H-MRS abnormalities tend to be more pronounced
with increasing age, these are generally mild and the
frontal white matter is significantly less involved than
other white matter regions. In patients with VWM dis-
ease, increases in glucose resonance intensities (present
at 3.4 and 3.8ppm) may also be present. This 1H-MRS
metabolic profile is probably due to little brain white
matter tissue left and the great increase in extracellular
spaces. 
Other rare metabolic conditions also may provide di-
agnostic-specific 1H-MRS findings. In phenylke-
tonuria, patients show a specific peak due to the
elevated phenylalanine at 7.37 ppm and, despite the
diagnosis is easily reached testing the enzyme involved
in the disease, the size of this peak can be used in pa-
tients with this metabolic disorder to follow the influx
of phenylalanine from blood into brain tissue as well
as to monitor the response of diet therapy [19-21]. In
the leukoencephalopathy associated with the distur-
bance of the metabolism of the polyols [22], the diffuse
decrease of all normally detected metabolites is asso-
ciated with the increases of arabitol and sorbitol in
both white and grey matter regions. In maple syrup
disease, a relatively specific broad peak is detectable at
0.9 ppm. This region of the spectrum is usually attrib-
uted to lipids, but in maple syrup disease is believed
to represent resonances of methyl protons from
branched-chain aminoacids and branched-chain alpha-
keto acids that accumulate as a result of defective
oxydative decarboxylation of leucine, isoleucine and
valine [23]. Also 1H-MRS studies on patients with Nie-
mann-Pick type C disease have shown increased reso-
nance intensity of the lipid region of the spectrum,
probably due, in this case, to a defective metabolism of
cholesterol with ceramide accumulation [24; 25]. In
both maple syrup and Niemann-Pick type C diseases,
the abnormal broad peak detectable at 0.9 ppm seem
to decrease with appropriate therapy [23; 24]. In non-
ketotic hyperglycinemia, the elevated glycine signal at
3.55 ppm detected by 1H-MRS is particularly meaning-
ful when depicted with long echo time sequences [26;
27]. In this disorder, defective glycine cleavage causes
elevated concentrations of glycine in plasma, urine,
and cerebrospinal fluid. In earlier studies [28; 29], the
reduction of glycine in brain tissue corresponded more
reliably with clinical findings than the stable values in
plasma and cerebrospinal fluid, indicating that 1HMRS
can be a valuable tool in the diagnosis and monitoring
of treatment effects in patients with this rare disorder. 
In succinate-dehydrogenase deficiency, a rare cause of
mitochondrial encephalomyopathy, the presence of an
abnormal peak at 2.4 ppm (originating from the two
equivalent methylene groups of succinate)  in the cere-
bral and cerebellar white matter can provide a meta-
bolic pattern distinctive of the disease [30]
Finally, specific metabolic syndromes have been re-
cently revealed by using proton MRS. This is the case
of the creatine deficiency syndromes, which include

defects in the guanidinoacetate methyltransferase and
in the arginine-glycine amidinotransferase [31; 32],
and the X-linked creatine deficiency syndrome [33]. In
the first two forms of the diseases, the Cr resonance in-
tensity is undetectable in the brain on 1H-MRS, but
cerebral levels of Cr do increase after creatine supple-
mentation. In the X-linked form of creatine deficiency,
as the metabolic defect is due to the transport of crea-
tine into the central nervous system, patients are unre-
sponsive to treatment and the Cr resonance intensity
levels are unchanged after creatine supplementation.
Another condition with very specific 1H-MRS spectrum
is the unique case of a child with minor developmental
delay and absence of cerebral NAA, in whom the most
prominent peak of 1H-MRS at 2.02 ppm was unde-
tectable [34]. Both creatine deficiency syndromes and
the absence of NAA are characterized by mild or absent
abnormalities on conventional MRI suggesting the
unique potential of 1H-MRS in revealing metabolic ab-
normalities in MRI normal-appearing tissue. 

1H-MRS IN THE DIFFERENTIAL DIAGNOSIS OF MITO-
CHONDRIAL DISORDERS

In the clinical suspect of a mitochondrial disorder, 1H-
MRS can offer information useful for the differential
diagnosis beyond what is currently available in routine
clinical use.
For example, the intra-parenchymal levels of Lac are
usually elevated in mitochondrial disorders [3; 35], al-
though it must be also stressed that Lac levels are not
unequivocally elevated in all patients and/or in all the
brain structures. In general, Lac levels are transiently
increased in a number of acute pathological conditions
associated with inflammatory cells [2; 36; 37], but ex-
tensive pathological increases in Lac both within and
outside of MRI lesions may be indicative of wide-
spread energy failure associated with mitochondrial
dysfunction [38; 39]. In addition, as 1H-MRS can pro-
vide advantages in the interpretation of the pathologi-
cal processes underlying the brain tissue, this can be
used to differentiate brain lesions appearing similar on
MRI. That is, much larger increased levels of brain
parenchymal Lac can be found in hypoxic-ischemic
white matter lesions with a complex pathogenesis such
as of the mitochondrial encephalopathy with lactic aci-
dosis and stroke-like episodes (MELAS) than in acute
and chronic cerebrovascular disorders [40]. 
In other very rare metabolic disorders such as the eth-
ylmalonic encephalopathy [41] and a new type of
leukoencephalopathy with slowly progressive pyram-
idal, cerebellar, and often dorsal column dysfunction
[42] the findings of diffuse brain mitochondrial impair-
ment have strongly contributed to the interpretation of
the complex pathogenetic mechanisms of these disor-
ders. In both cases, the diffuse 1H-MRS increase in
brain Lac detected in a multi-voxel 1H-MRSI study was
underlying a primary mitochondrial disorder, as
demonstrated by biochemical and genetic studies [43;
44]. Furthermore, in a very rare metabolic disorders
such as the cerebrotendinous xanthomatosis, the dif-
fuse 1H-MRS increase in brain Lac detected in a single-
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voxel 1H-MRS study [45] add to morphological and
biochemical evidence of mitochondrial dysfunction,
probably secondary to the toxic effect of high
cholestanol and/or bile alcohol levels [46; 47]. 

DEMYELINATING AND DISMYELINATING DISEASES

Myelinogenesis is a complex process that can be al-
tered by various hereditary metabolic defects result-
ing in disorders that are generically grouped under
the term of leukodystrophies. This congenital failure in
myelinogenesis is comprehensive of several mecha-
nisms of myelin disruption such as hypomyelination,
demyelination, dysmyelination, etc., and is due to
very different genetic and biochemical abnormalities,
most of which are still undefined [48]. In these con-
ditions, the 1H-MRS pattern is often not very specific.
However, it might show temporal changes indicative
of the metabolic alterations occurring within and out-
side the abnormalities visible on MRI.
Changes in several metabolites can be seen within de-
myelinating lesions since the very early phase of the
pathological process [6]. Changes in the resonance in-
tensity of Cho result mainly from increases in the
steady state levels of phosphocholine and glycerol-
phosphocholine, both membrane phospholipids re-
leased during active myelin breakdown. Increases in
Lac are likely to reflect the metabolism of inflamma-
tory cells. In acute demyelination, decreases in Cr can
also be seen [6]. Short echo time spectra give evidence
for transient increases in mI [49] and lipids [50], also
released during myelin breakdown. After the acute
phase, metabolic modifications in the demyelinating
lesion show a variable time course [6]. Usually, reso-
nance intensities of Cr and lipids return to normal
within a few days. At this stage, small increase in Cr,
due to changes in cellularity, can be found inside the
demyelinating lesion [51]. Resonance intensities of
Lac show a progressive reduction over a period of
weeks, whereas Cho and mI return to normal in
months. The signal intensity of NAA decreases and,
later, may remain decreased or may show a partial re-
covery [52]. Recovery of NAA may be related to reso-
lution of edema, increases in the diameter of
previously shrunken axons that are secondary to re-
myelination and clearance of inflammatory factors,
and reversible metabolic changes in neurons [52].
In progressive disorders, such as many leukodystro-
phies, the loss of myelin can be very slow and re-
leased membrane phospholipids might not
accumulate. Thus, 1H-MRS changes such as those de-
tected in acute demyelination are not seen. In some
cases, however, (i.e, adrenoleukodystrophy, Krabbe
disease) the high membrane turnover may cause long-
term increases in Cho [53]. In contrast, decrease in
Cho or increase in Cr can be detected in hypomyeli-
nation [54]. In dysmyelinating diseases such as the
Pelizaeus-Merzbacher disease both increases and de-
creases in Cho have been described [12; 55]
A number of brain 1H-MRS studies of patients with
white matter disorders have also shown changes in

the relative resonance intensity of mI.  The function
of mI in the human brain is not clear, but increases of
this metabolite seem to be related to the presence of
white matter gliosis and appear consistently in disor-
ders associated with impaired myelination such as
adrenoleukodystrophy, metachromatic leukodystro-
phies, phenylketonuria and Zellweger syndrome [53;
56-58]. 
Finally, a constant finding of all metabolic disorders
affecting the brain white matter is the large decrease
in cerebral NAA [3]. This, however, might be mild or
absent in hypomyelination [54]. 

1H-MRS TO MONITOR DISEASE OUTCOME AND RE-
SPONSE TO THERAPY

As NAA is found almost exclusively in neurons and
their processes in mature brains decreases in this
metabolite are interpreted as an index of axonal dam-
age, dysfunction or loss [59; 60]. Neuro-axonal dam-
age represents the most important substrate of
functional impairment in neurological disorders.
Thus, it is not surprising that a number of 1H-MRS
studies have demonstrated highly significant correla-
tions between decreasing NAA and increasing clinical
disability in patients with many of these disorders [3;
59]. NAA may offer a highly sensitive, clinically-rel-
evant surrogate of pathological change useful for
monitoring disease progression [61].
Unfortunately, therapy is not an easy task in the meta-
bolic disorders involving the CNS. Despite this, 1H-
MRS has been proposed in trials of patients with
adrenoleuokodystrophy [62] and changes over time
in levels of NAA have been used s endpoint after as-
partoacylase gene transfer [63]. These recent data add
to those previously mentioned such as such creatine
deficiency [31], mitochondrial disorders [39] and
phenylketonuria [64] and other rare conditions,
where 1H-MRS has been used to monitor response to
therapy. In addition, guidelines for a multi-centre use
of 1H-MRS in clinical trials of multiple sclerosis have
been recently provided [65]. All together, these data
suggest that 1H-MRS can be easily performed in rou-
tine clinical settings to monitor treatment, when this
is possible.

CONCLUSIONS
1H-MRS of the brain provides chemical-pathological
information that has the potential to improve both di-
agnostic classification and management of patients
with metabolic disorders affecting the CNS. Meta-
bolic indices provided by 1H-MRS could be sensitive
indicators of early neurological involvement and are
relevant to patients’ clinical status. A more extensive
use of 1H-MRS (possibly with short echo time se-
quences) in combination with other nonconventional
MR techniques might yield a more complete descrip-
tion of the dynamics responsible for pathological
changes in this heterogeneous group of disorders and
may allow a more accurate evaluation of disease pro-
gression and response to therapeutical intervention.
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INVITED LECTURES ON SPECIAL ISSUES IN MEDICINE: RARE NEUROLOGICAL DISEASES

INTRODUCTION
More than 60% of cerebral activity is associated with
vision.  Large cortical areas from the occipital to frontal
regions are involved in visual processes and almost
90% of vision time is devoted to fixation. When things
are apprehended by the senses, the number that can be
attended to at once is small:  “Pluribus intentus, minor
est ad singola sensus” William James. This is especially
true for the visual system, the limited perception-re-
lated informational capacity of which, is due to its neu-
robiological characteristics (1).  
As visual information processing is relatively slow, the
system has to filter overexpressed environmental infor-
mation by selecting a number of relevant perceptive
stimuli.  The process of attention can be regarded as a
sort of macroscopic filtering system. Neurophysiologi-
cal and psychophysical studies have shown that visual
exploration of an image does not occur in “toto”, but in
short spatial/temporal pieces, “minutatim”, through
small fixation sequences over small regions of interest.
During this visual scanning, the eyes move constantly
with micromovements that do not reach the level of
awareness (2). When we visually scan regions of inter-
est there is an increase in ocular micromovements pro-
viding a larger number of details of the object. Thus
visual spatial attention may be considered an efficient
instrument for selecting useful sensory input in online
stimulus processing. Moreover, vision is a process that
allows integration of small perceptual “quanti” to ob-
tain a good representation of the visual environment. 
The best perception of the world is achieved when an
image or a detail of interest is held steady in a specific
area of the retina called the fovea. The fovea contains
the highest density of photoreceptors with specific spa-
tial and colour (wavelength) discriminating capacity.
Different classes of eye movements are necessary to
hold an image on the retina during head rotation or
movement of the image, and to move the eye suddenly
to a new point of interest in space. From a functional
point of view, two major classes of eye movements are
described in humans: those stabilizing gaze (optoki-
netic nystagmus, oculovestibular reflex) and those
moving gaze (saccades, pursuits and vergence).  Under
natural conditions, however, a mix of all kinds of eye
movements permit continuous scanning of the visual
scene. The sequence of fixations and saccades during
visual exploration is an expression of a number of cog-
nitive processes; the use of standardized tasks with
pre-defined spatial-temporal variables allows us to as-
sess specific cognitive domains, such as perception, at-
tention, memory, preference and motivation. 

FILDS OF INTEREST AND EXPERIMENTAL
SET-UP 
In the Eye-Tracking & Vision Lab (www.evalab
.unisi.it.) we are working on the design, manage-
ment, validation and post processing analysis of an
EVA system that includes: a multilevel interactive
stimulus tool (visual, audio, tactile, joystick, et al),
a stimulus database, a gaze analysis function tool
and a modeling tool for cognitive and brain function
representations
The first study reported here was designed to eval-
uate the visuo-spatial exploration pattern of patient
with cerebellar dysfunction faced with a cognitively
demanding task (3). 
The cerebellum plays an important role in motor

control and learning through representation of an
internal model that may reproduce dynamic proper-
ties of the body. These models allow exact control of
body movements, even in the absence of sensory
feed-back. Analogously, it seems that the cerebel-
lum encodes the internal model, reproducing major
behaviour and cognitive patterns.
Several studies on patients with disorders of the
cerebellum have documented alterations in specific
cognitive performances; it is well known that the
cerebellum is implicated in the control of language
abilities, presumably creating internal models that
automate assembly of words (4). Autism and
dyslexia express two models of cerebellar cognitive
dysfunction (5).  Autism is considered an example
in which incapacity to relate to others is caused by
alteration of an internal model which encourages
emotional and motivational processes.  In dyslexia,
an incapacity to clip heard words into smaller pieces
(bits) causes difficulty in grasping/apprehending
specific phenomena and associations. This deficit
seems to stem from a small brain capacity for filter-
ing irrelevant output or perceptual noise (6).  Pa-
tients with developmental dyslexia have disorders
of the frontal and temporal lobes, the magnocellular
visual system and cerebellum.  Using a test for
dyslexia, we found a specific visual pattern, charac-
terized  by continuous re-fixations of letters previ-
ously encompassed by gaze, that suggests altered
working memory in these subjects.
In another group of patients with cerebellar ataxia
(genetically determined) we observed meaningful
alterations in complex cognitive exploration tasks,
such as the modified trail-making test, a test that ex-
plores the capacity to plan, associate, shift attention
and organize paths and logical sequences (7).  The
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results of our experiment showed that patients with
cerebellar atrophy have reduced exploration times
in significant region of interest  ROI, associated
with an altered sequence of steps; the number of
repetitions per step was substantially normal. The
results obtained in patients with genetically con-
firmed cerebellar atrophy showed reduced visual
spatial exploration ability with altered planning
and shifting capacity but with normal working
memory (8)
In another experimental setting we studied atten-
tion directing in tasks with emotional content, such
as happy and sad facial expressions. We found some
indices describing exploration pattern in an inter-
ference approach by transcranial magnetic stimula-
tion (TMS) over the dorsolateral prefrontal cortex
DLPC. The aim of the study was to find lateraliza-
tion (DLPC right versus left) in the exploration pref-
erences of expressive facial features. DLPC is known
to participate in oculomotor programming control,
and inhibiting reflexive  saccades furthermore it is
suggested that is implicated in emotion control,
with specific lateralization as shown in patients
with schizophrenia.  26 normal volunteers were en-
rolled in the study. The study was based on appli-
cation of GMF2 (a memory guided filtering
protocol) designed and validated for the experiment
and based on presentation of a sequence of happy
and sad faces (epochs 2 and 4) interspersed with
faces with a neutral expression. TMS was applied at
the beginning of epoch 4. Analysis of the scan path
provided indices describing gaze pattern during vi-
sual exploration of facial expressions with and
without TMS (fig. 4).  In particular, the expression
extraction index (EEI) gave a good representation of
the pattern of exploration (9).  TMS over the left
DPLC was associated with an increase in EEI.  Al-
though these results need further investigation they
suggests that the right prefrontal cortex has a role in
emotion control.
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Fig.1:
Visual exploration pattern (scan-path sequenze of
fixations and saccades) in patients with Dislexia

Fig.2:
Visual exploration pattern during a modified trial
making test TMT in cerebellar patients (the eye

tracking study. Scan-path visualization)

Fig.3:
Cerebellar subject vs controls

Fig.4:
Visual exploration of emotional facial features ROIs 



Introduction: "Fast track surgery" is a model of care pathway that is gradually replacing and incorporating all the other models so far applied
in surgery. In particular, this is possible thanks to minimally invasive procedures widely disseminated for the several benefits they offer.
The authors present a preliminary study of laparoscopic appendectomy using endo-GIA as a model of fast track surgery. Material and methods:
At the Department of Pediatric Surgery of the University of Siena, from December 2008 to May 2009 were carried out 10 surgery procedures
of laparoscopic appendectomy. Patients were subjected to emergency surgery for acute appendicitis diagnosed by clinical examination, lab-
oratory tests and ultrasound study. The mean age was 10.8 years (range 7-14 years). All procedures were performed under general anesthesia
with the patient in supine decubitus and using three trocars. The first 12 mm, was introduced through the umbilical incision with "open"
approach, the second, 12 mm in the left iliac fossa and the third, 5 mm, in sovrapubic seat. In each patient the appendectomy was carried out
with endo-GIA (a linear stapling device) that can be used for the section of appendix and vessels. Results: Any patient needed to convert to
“open surgery”. The duration of surgery procedure was in mean 80 minutes (range 60-90 minutes). In any case intraoperative complications
were observed. In 1 patient (10%) further surgery procedure with technique "open" was necessary due to presence of  purulent exudate in
peritoneal cavity, depending to severity of endo-abdominal infection. The hospitalization was in mean 4.3 days (range 3-10 days) with in-
testinal canalization on the 1st post-operative day. Conclusion: Laparoscopic appendectomy is a feasible and safe method with advantages
for patients such as lower incidence of septic complications (better toilet of peritoneal cavity and possible placement of drainage), reduced
time of hospitalization and convalescence, better control of postoperative pain, and better aesthetic results. Binder/section of appendix with
endo-GIA appears more secure in severe peritonitis compared to other systems of ligation, preventing the spread of faecal material, as the
apyretic trend in postoperative shows. In conclusion, beyond the known advantages of VLS,  the use of Stapler allows further decrease of
hospitalization that amortizes the modest increase in cost of instruments and  the comfort for the surgeon.
Key words: Laparoscopic appendectomy; fast track surgery; endo-GIA.
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pital stay after laparoscopic appendectomy [11].
For these reason LA in the children is a model of fast
trak surgery because the procedure offers reduced
postoperative pain, earlier recovery, shortened
length of stay, and decreased intra-abdominal scar-
ring [12].
The authors present a preliminary study of laparo-
scopic appendectomy using endo-Gia sutured as a
model of fast track surgery.

MATERIAL AND MEHTODS

From December 2008 to May 2009 10 patients, with
diagnosis of acute appendicitis, underwent laparo-
scopic surgery at the Division of Pediatric Surgery of
the University of Siena. 
In all patients the diagnosis of acute appendicitis
was based on physical examination, laboratory and
diagnostic testing, which included white blood
count, c-reactive protein and ultrasound evaluation.
After this stage the patients underwent to la-
paroscopy appendectomy in an urgent setting. The
mean age was 10.8 years (range 7-14 years). 
All procedures were performed under general anaes-
thesia and the patient was placed supine. Before the
operation a nasogastric tube was placed, and

INTRODUCTION

The term “fast-track surgery” was established by the
Danish surgeon, Helmut Kehlet [1,2], in the 1990s
and represents a comprehensive program for opti-
mization of perioperative care in elective surgery, re-
ducing stress and discomfort and speeding up
convalescence. Fast-track concepts include immedi-
ate postoperative feeding and mobilization, use of
minimally invasive techniques, and avoiding drains,
tubes, and catheters.
Fast-track surgery is used for specific procedures in
children, such as appendectomy [3-5], nephrectomy,
pyelolithotomy, and pyeloplasty [6,7].
In recent years, minimally invasive techniques have
gained wide acceptance and may be potentially use-
ful in establishing fast-track surgery in children [8].
Appendicitis is the most common surgical emer-
gency in childhood. Moreover, 30–50% of children
under 6 years of age presents with perforation,
which carries significant morbidity [9,10].
Laparoscopic appendectomy (LA) is progressively
accepted as the treatment of choice for acute appen-
dicitis. Numerous randomized trials and metaanaly-
ses have shown less postoperative pain, reduced
wound infections, faster recovery, and shorter hos-
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catheterization of the bladder was made routinely.
Laparoscopic appendectomy usually involves a three
trocar technique. A 12 mm cannula was placed in the
umbilicus through a infraumbilical incision with
“open approach”, for the passage of the laparoscopic
telescope and in some cases the endo-GIA (a linear
stapling device), then the pneumoperitoneum was
induced with carbon dioxide. A 0- or 30-degree la-
paroscopic telescope was introduced through this
port, and the abdominal and pelvic cavities were di-
rectly visualized with the laparoscope to inspect
other possible pathologies. The patient was reposi-
tioned in a Trendelenburg position and right-side
up. Next, under direct vision, a 5-mm working port
were introduced in the suprapubic region and a 12-
mm working port in left iliac fossa for the passage of
the endo-GIA. The appendix was identified and
grasped. Endo-GIA was introduced through 12-mm
port in the left iliac fossa and it was placed across to

the base of the appendix and mesoappendix, after
checking that both sides of the mesoappendix and
base of appendix were within the cut margins of the
stapler (Fig.1-2). The divided appendix was re-
moved within a specimen bag. In presence of pus or
reactionary fluid in the abdominal cavity, regional
peritoneal aspiration or lavage only was respectively
performed. Then the insufflated gas was released.
All ports were removed under direct visualization,
and the fascia was reapproximated to prevent future
incisional hernia occurrences. All skin incisions
were closed.

RESULTS

We didn’t never need to converte to “open surgery”.
The duration of surgery procedure was been mean
80 minutes (range 60-90 minutes). There was no
mortality or intraoperative complications. The hos-
pitalization was mean 4.3 days (range 3-10 days)
with intestinal canalization on the 1st  post-opera-
tive day.
Another surgery procedure with technique "open"
was necessary in only 1 patient (10%), due to pres-
ence of  purulent exudate in peritoneal cavity, de-
pending to severity of endo-abdominal infection 
Any complication was observed in the follow-up.
Today all patients have an excellent health and they
perform the regulary activities.

DISCUSSION

Right-lower quadrant abdominal incisions have
stood as the gold standard approach for appendec-
tomy for decades. In recent years, laparoscopic ap-
pendectomy has gained wide popularity and has
been shown to improve patients’ outcome in multi-
ple reports [13,14]. This trend may be attributable to
surgeon’s perception of a better visualization, a more
precise dissection, and better hemostasis [15]. 
In the early 1990s, a French group reported their
large series of laparoscopic appendectomy in chil-
dren and established that this procedure was a rea-
sonable alternative in the treatment of appendicitis
in pediatric population [14]. The reported advan-
tages of laparoscopic appendectomy, compared to
open surgery, in children are similar in the adult and
include shorter hospitalization, fewer wound infec-
tions, earlier return to normal activities, better
cosmesis, more effective lavage, and better visuali-
zation of the peritoneal cavity [10,14,15,16,17]. 
What seems to be more controversial is its applica-
tion in complicated appendicitis. The concern for
greater incidence of intra-abdominal abscess, follow-
ing the laparoscopic approach, was reported in some
studies [18], but not supported by others [10,16].
Most studies comparing laparoscopic and open ap-
pendectomies report significant advantages in the la-
paroscopic group. However, there have been
concerns about the use of laparoscopy for the treat-
ment of complicated appendicitis in children. Previ-
ous studies have suggested an increased rate of
postoperative complications following laparoscopic

Fig.1: Introperative image; cut of mesoappendix by
endo-GIA

Fig.2: Introperative image; cut of mesoappendix by
endo-GIA
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appendectomy in children [18]. Possible theories for
this have been suggested such as, spread of infected
contents throughout the abdominal cavity during
pneumoperitoneum or intraperitoneal contamination
during division of the appendix within the peri-
toneal cavity. More recent studies have been advo-
cates for the use of laparoscopy in complicated
appendicitis in children and have shown no signifi-
cant difference in complication rates [19]. Technical
advantages of LA over OA (open appendectomy) in
complicated appendicitis in children include better
cosmesis, technical easy particularly in obese chil-
dren and the ability to explore entire abdomen and
sufficiently lavage the contaminated peritoneal cav-
ity with saline. In addition, fear of contamination of
the peritoneal cavity during division of the appendix
and it’s removal is not warranted [10]. We, like oth-
ers authors [10,15,19], found that if dissection and
division of the appendix is performed carefully, it
minimizes the chances of peritoneal contamination
and in addition the appendix itself does not touch
the port sites but is extracted through the port, thus
minimizing the chances of wound infection.
But one disadvantage of LA besides the longer oper-
ative time is its cost [5]. An important element that
contributes largely to its elevated cost is the dispos-
able equipment used during the procedure. The use
of the Endo-GIA is common in LA. Because simple
coagulation of the appendix stump generally is not
recommended, an alternative to the expensive linear
stapler would be suture ligation of the appendiceal
base.
The laparoscopic approach to appendicitis has im-
proved the outcome of appendectomy, but requires
laparoscopic skills of the surgical team [21].
Appendectomy is performed by surgical teams with
varying experience in laparoscopic surgery [22]. The
routine use of staplers to secure the appendiceal
stump during laparoscopic appendectomy can con-
tribute to reduction in the complexity of the proce-
dure [21]. This was confirmed by the current study,
which showed a decrease in operating time when the
appendiceal stump was closed with a stapling de-
vice.
An adequate learning curve and a standardized use
of endo-GIA allows the minimization of surgery
times, which become unchangeable. For this reason
just the time of hospitalization may change; the la-
paroscopic approach allows a reduction of time spent
in hospital because it promotes a more rapid recov-
ery of patients, especially in presence of minor com-
plications. Reducing the time of hospitalization, it
emerges as consequence a general reduction of costs.
The operating time is similar to the open procedure
and can be done on outpatient basis.

CONCLUSION

Laparoscopic appendectomy for acute appendicitis is
safe and effective in treating children with suspected
appendicitis. It may be safely performed as fast-track-
surgery. Important is an adequate learning curve.



INTRODUCTION

Humanin (HN) is a 24-amino acid peptide showing po-
tent neuroprotective properties against damage associ-
ated with Alzheimer’s disease (1). In neuronal cells,
HN acts by inhibiting apoptosis via multiple mecha-
nisms: it can suppress mitochondrially-mediated apop-
tosis by interfering with Bax activation (2),
additionally it can bind to the Insulin Growth Factor-
Binding Protein 3 (IGFBP-3) antagonizing its apoptotic
actions (3). Ying et al. (4) demonstrated that HN inhib-
ited beta-amyloid (Aβ) 42-induced neurotoxicity by
binding to G-protein-coupled receptor FPRL-1. More-
over, neuronal protection by HN involves activation of
tyrosine kinases, STAT-3 phosphorylation (5) and the
binding to a complex or complexes involving
CNTFR/WSX-1/gp180 (6).
The homologues of HN in the rat is called Rattin (HNr)
(7) and share, like HN, neuroprotective properties. HN
and HNr have a broader spectrum of protective activity
also in non-neuronal cells. Regarding the male repro-
ductive system, studies reported the presence of HN
both in human and rat, proposing that this peptide may
play a role as a testicular anti-apoptotic factor (8-10). 
This study aimed to investigate the presence and to lo-
calize HN, mainly by immunocytochemistry (ICC), di-
rectly in human, mouse and rabbit sperm.

MATERIAL AND METHODS

Immunocytochemistry (ICC)
Human semen samples were evaluated following
World Health Organization guidelines (11) and
processed for the ICC analyses. Ejaculated spermato-
zoa, washed in phosphate-buffered saline (PBS), were
smeared on glass slides, air dried, rinsed in PBS and
saturated for 20 min with PBS-bovine serum albumin
(BSA) 1% containing 5% normal goat serum (NGS).
The specimens were then incubated overnight at 4°C
using two different rabbit polyclonal anti-HN antibod-
ies (Sigma-Aldrich, USA and a self made antibody P04,
kindly gift of Prof. Matzuoka) both diluted 1:50 in
PBS/0.1% BSA/1% NGS. For the detection a goat anti-
rabbit FITC conjugate antibody (Sigma-Aldrich), di-
luted 1:300, was used. The same ICC analysis was
carried out also in sperm from rabbit and mouse. The
fluorescence was observed with a Leitz Aristoplan light
microscope equipped with fluorescence apparatus. In-
cubation in primary antibodies was omitted in control
samples.

Test for antibody specificity
Preadsorption: An aliquot of rabbit polyclonal anti-HN
antibody (Sigma-Aldrich) was pre-incubated
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Objective: Humanin (HN) is a peptide showing neuroprotective properties against damage associated with Alzheimer’s disease.
In male reproductive system HN is expressed in human and rat testis. This preliminary study aimed to localize HN by im-
munocytochemistry (ICC) directly in human, mouse and rabbit sperm. Material and Methods: Semen samples were processed
for the ICC analyses using two different rabbit polyclonal anti-HN antibodies. Western blotting analyses were performed
using fresh human semen samples. Results: Normal human, rabbit and mouse sperm, showed HN labeling in sub-acrosomal
and mid-piece regions, whereas human abnormally shaped sperm were stained also at acrosomal level and particularly in
the flagellum. Western blotting analysis revealed the presence of HN in analyzed human semen samples. Discussion: HN was
localized directly on human, rabbit and mouse spermatozoa. In human samples, we demonstrated a different localization
pattern in normally shaped sperm compared to abnormal sperm probably due to a protective effect of HN in pathological
sperm.
Key words: Humanin, immunocytochemistry, immunoelectronmicroscopy, sperm.
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Fig.1:
UV micrographs of HN in human (A-D; G-H), mouse (E), and rabbit (F) spermatozoa after ICC. A, E,
F) Normal human, mouse and rabbit sperm are labeled in the mid-piece and sub-acrosomal region.
C) Altered human sperm are labeled in the flagellum also at acrosomal level. G) After swelling test,

human spermatozoa are labeled in the heads. B, D, H) Phase contrasts. X 1,000



(overnight at 4°C) at its working dilution (1:50) with
HN synthetic peptide (BACHEM AG, Bubendorf,
Switzerland). After the incubation an ICC analysis was
carried out in human ejaculated spermatozoa, as writ-
ten above.

Immunoelectronmicroscopy
Human ejaculated spermatozoa and testis were embed-
ded in Lowicryl K4M according to Carlemalm et al.
(12). Ultrathin sections, mounted on gold grids, were
saturated for 20 min with Tris-buffered saline
(TBS)/1% BSA containing 5% NGS and treated
overnight at 4°C with the rabbit polyclonal anti-HN
antibody (Sigma-Aldrich) diluted 1:50 in TBS/0.1%
BSA/1% NGS. For the detection, a goat anti- rabbit IgG
antibody conjugated with colloidal gold and diluted
1:50 was used. After deep rinsing the grids were
stained with uranyl acetate, then observed and pho-
tographed with the EM208 electron microscope
(Philips Scientifics, Eindhoven, The Netherlands). 

Swelling
In order to check the presence of HN at nuclear level,
human spermatozoa were treated with 0.01 mol/l
dithiothreitol (Biorad, USA) in 0.1 mol/l Tris/HCl (pH
8), followed by 20 mmol/l 3,5-diiodosalicylic acid,
lithium salt (Sigma-Aldrich) in the same buffer. When
sperm heads were swelled, ICC procedure was per-
formed.

Western blotting
Western blotting analyses were performed using fresh
human semen samples. 
The samples were mixed with RIPA lysis buffer and
then sonicated. Total protein lysates were analyzed by
SDS-PAGE and then transferred onto PVDF mem-
brane, using a Novablot semidry transblot cell (Bio-
Rad). The blots were incubated with anti-HN
polyclonal antibody (Sigma-Aldrich). The immunore-
active bands were visualized by horseradish peroxi-
dase conjugated anti-rabbit (Sigma-Aldrich), followed
by autoradiography.

RESULTS

ICC analysis performed in human sperm samples
using rabbit polyclonal anti-HN antibodies (Sigma-
Aldrich and a self made antibody P04) showed the
same localization for both antibodies. In particular,
normal human sperm showed HN labeling in sub-acro-
somal and mid-piece regions (Fig.1 A, B), whereas ab-
normally shaped sperm were stained also at acrosomal
level and in the flagellum (Fig.1 C, D). Mouse and rab-
bit sperm were labeled as normal human sperm, even
if rabbit sperm showed also two spots detected at acro-
somal level (Fig.1 E, F). The controls were totally un-
stained.
The specificity of the rabbit polyclonal anti-HN anti-
body (Sigma-Aldrich) was verified by the preadsorp-
tion test using the HN synthetic peptide: if the
antibody recognizes the peptide, both the antibody and
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Fig.2:

A, B) TEM micrographs of cross and longitudinal
sections of human spermatozoa after immu-

noeletronmicroscopy analysis. HN is present in
the mitochondria (A, Bar 0,2µm) and also at chro-

matin level (B, Bar 0,4 µm).

C) Western blotting of fresh pooled human semen
samples; HN peptide is the positive control.



the peptide will bind to each other, forming precipitat-
ing complexes. Any staining was observed in ICC per-
formed in human sperm after incubation of antibody
with HN synthetic peptide (data not showed). 
The immunoeletronmicroscopy carried out in human
sperm, confirmed the presence of HN in the mitochon-
dria (Fig.2 A), but unexpectedly a strong labeling was
observed also at chromatin level (Fig.2 B). In order to
confirm the presence of HN in human sperm nucleus,
an ICC analysis was repeated after that a swelling test
was performed on ejaculated sperm. This procedure,
able to uncoil the tightly packed sperm chromatin, al-
lows the access of antibodies inside the nucleus. After
swelling test sperm heads showed HN labeling even
in ICC (Fig.1 G, H). 
Western blotting analysis revealed the presence of HN
in pooled human semen samples (Fig.2 C).

CONCLUSION

The vast majority of the studies concerning the male re-
productive system and the presence of HN was per-
formed in rat testicular tissue.
HN is demonstrated to be present at all stages of mat-
uration in the rat testis and seems to promote the sur-
vival of Leydig cells in culture and to interact with
IGF-I stimulating DNA synthesis and steroidogenesis
(9). For these reasons anti-apoptotic properties of HN
were postulated also at testicular level. Recently, Lue
et al. (10) reported that IGFBP3, a proapoptotic factor,
and HN, a potent cell survival peptide, are important
regulators of male germ apoptosis in rats, coordinating
the regulation of testicular germ cell homeostasis, fur-
ther validating the protective role of this peptide. 
It has been reported that HN is also expressed in
human testis (8) particularly in primary spermatocytes,
suggesting a role in meiosis.
To the best of our knowledge this is the first time that
HN was detected directly in human, rabbit and mouse
spermatozoa. 
The presence of HN in sperm of several animal species
could suggest that HN, an evolutionarily conserved
protein, may play an important protective role in male
reproductive system. 
Our results demonstrated the presence of HN in human
normally shaped sperm particularly in the mitochon-
dria. This localization led us to hypothesize that HN
may physiologically suppress mitochondrially-medi-
ated apoptosis. On the contrary abnormal spermatozoa
showed a different localization pattern displaying a
diffuse fluorescence in the head and in the entire tail,
leading to suppose that HN can attempt to envelope the
whole spermatozoon in order to amplify its protective
effect. 
Immunoelectronmicroscopy and ICC performed after
swelling test allowed to highlight HN even at chro-
matin level. The possible interaction between this pro-
tein and DNA should be a speculative explanation for
this localization.
The mechanism of action of HN is still be unraveled;
HN has been shown to interact with putative receptors

(10). Next step in this research should be to explore the
possibility that human germ cells and spermatozoa
could express some of these candidate receptors.
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INTRODUCTION

Reactive oxygen species (ROS) play a functional role
as second messengers in many cell types. When they
are produced at a very low concentration, they trigger
cell signaling events and regulate physiological func-
tion (1). Mammalian spermatozoa usually produce
ROS, which support some main sperm functions such
as capacitation, acrosome reaction, zona pellucida
binding, and oocyte fusion (2). Nevertheless, uncon-
trolled ROS production can also play an important role
in causing sperm aberration, leading to infertility.
What is usually called “oxidative stress” appears to be
the resultant of defects in the balance between the con-
centration of ROS and antioxidant scavenging system.
Spermatozoa membranes are rich in polyunsaturated
fatty acid and this makes them very susceptible to oxy-
gen-induced damage, mediated by lipid peroxidation
(LPO) (3). Oxidative stress has been suggested to be
an important factor in the etiology of poor sperm func-
tion through peroxidative damage to the cell mem-
brane, to DNA inducing single- and double-strand
DNA breaks and to proteins (4-6). Spermatozoa and
seminal plasma contain enzymes such as the glu-
tathione peroxidase/reductase system, superoxide dis-
mutase, catalase and low–molecular weight
antioxidants, vitamin E, vitamin C, urate, albumin, that
scavenge ROS in order to prevent possible cellular

damage (7). One of the rational strategies to counteract
the oxidative stress is to increase the scavenging capac-
ity of seminal plasma. However, the use of antioxidant
supplementation to reverse the effect of ROS is still de-
bated (8,9). In previous studies, the resveratrol (3,5,4′-
trihydroxystilbene, RES), a natural phytoalexin, has
exhibited a wide range of biological activities such as
antiinflammatory, antioxidant, antiviral and antitu-
moral properties (10). Some recent in vivo studies in
animal models demonstrated that RES play a positive
effect even on male reproductive function (11-13). This
study was designed to evaluate, in vitro, the protective
effect of RES in ejaculated human spermatozoa and in
rat germinal cells treated with tert-Butylhydroperox-
ide, an inductor of LPO. The oxidative damage in sam-
ples incubated with and without RES has been
evaluated using the probe C11-BODIPY581/591 and
transmission electron microscopy (TEM).

MATERIAL AND METHODS

Semen analysis and LPO induction and evaluation
Ten semen samples from men of proven fertility were
collected by masturbation after 3–5 days of sexual ab-
stinence and examined after liquefaction for 30 min at
37°C. Volume, pH, concentration and motility were
evaluated according to World Health Organization
guidelines (14). Motile sperm fraction was recovered
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Objective: To assess the antioxidant activity of Resveratrol (3,5,4’-trihydroxystilbene, RES) after induction of lipid peroxidation
(LPO) in human spermatozoa and in immature rat germinal cells. Materials and Methods: Ejaculated human spermatozoa, se-
lected by swim up, have been incubated with tert-Butylhydroperoxide and tert-Butylhydroperoxide-RES. The localization
of LPO has been performed using the probe C11-BODIPY581/591. The same assays were carried out on pachytene spermatocytes
and round spermatids obtained from three Wistar rats 35 days of age. The two cellular fractions were achieved after enzymatic
digestion with collagenase and subsequent fractionation on bovine serum albumin 0.5-3% gradient (STAPUT). The ultra-
structure of all samples was assessed by transmission electron microscopy (TEM). Results: The midpiece of sperm tail and
the whole plasma membrane of germ cells were the target of LPO. TEM analysis of sperm, quantitatively elaborated by a
mathematical formula, showed a significantly lower percentage of necrosis in the samples treated with RES (P<0.01); as re-
gards rat germinal cells, necrosis features (cytoplasmic vacuoles, disrupted chromatin and broken plasma membrane) were
mainly evident in the meiotic fraction without RES. Conclusions: RES, found in the skins of grape, reduces the damage induced
by oxidative stress in human sperm and rat testicular germ cells; in particular spermatids appeared to be less sensitive to ox-
idative damage compared with spermatocytes.
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by swim up technique as reported by Piomboni et al.
(15) and then was incubated with 5 μM of a fluorescent
fatty acid probe, 4,4-difluoro-5-(4-phenyl-1,3-butadi-
enyl)-4-bora-3a,4adiaza-s-indacene-3-undecanoic acid
(C11-BODIPY581/591, Molecular Probes, Eugene, USA)
at 37°C for 30 min. Excess probe was removed by
washing the cells twice with Biggers, Whitten, Whit-
tingham medium for 10 min, three times. At this point
the sperm sample was divided in two aliquots, which
were treated with tert-Butylhydroperoxide (45µM) and
RES (15µM) or tert-Butylhydroperoxide without RES
for 1 hour at 37°C. C11-BODIPY581/591 is able to inter-
calate in the phospholipids bilayer. LPO was localized
observing the changes in C11-BODIPY581/591 fluores-
cence. The intact probe fluoresces red when it is inter-
calated into the membrane (λ excitation = 590 and λ
emission = 635 nm), and it shifts to green (λ excitation
= 485 and λ emission = 535 nm) after oxidative radicals
attack. The staining was examined by Leitz Aristoplan
Microscope fluorescence (Leica, Wetzlar, Germany).
The images were taken using Leica Q Fluoro Standard,
Leica Chantal software. For each sperm sample, 200
cells were examined and the frequency of green cells
was calculated. The examiner scored cells showing ev-
ident green stain.

Transmission electron microscopy (TEM)
Sperm morphology was evaluated by TEM. Samples
were treated as reported by Baccetti et al. (16); TEM
data were collected and mathematically elaborated
(16,17). This method is able to furnish the percentages
of three main phenotypic sperm pathologies: immatu-
rity, necrosis and apoptosis.

Rat germ cells isolation
Pachytene spermatocytes and round spermatids were
obtained by three 35-day old Wistar rats (100 gr of
body weight) (Charles River, Calco, Italy). Rats were

sacrificed by cervical dislocation and testes were col-
lected and placed in Minimum Essential Medium sup-
plemented with pyruvate (1mM) and lactate. After
removal of the tunica albuginea, the testes were placed
in culture medium containing collagenase (activity
0.450 unity/ml) and incubate for 10 min to remove in-
terstitium that was discarded. A second incubation in
a shaking water bath at 32°C for 45 min with the same
enzymes and 0.1% Bovine Serum Albumin and DNAse
was performed to partially digest the basal lamina of
the tubules. The cell suspension obtained after enzy-
matic digestion was centrifuged and fractionated by ve-
locity sedimentation at unit gravity on 0.5-3% albumin
gradient (STAPUT method) (18). The collected purified
cellular fractions are made up by pachytene spermato-
cytes and spermatids; these fractions were identified
on the basis of their morphological features by light
microscopy and TEM. Cellular fractions were
processed as described for human sperm.

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS v.13.0
Software (SPSS Inc., Chicago, IL). The Kolmogorov-
Smirnov test was used to verify a normal or non-nor-
mal distribution of values. Because non-normal
distribution of the values, the Mann Whitney test was
used to compare the analysed variables. P<0.05 was
considered to be significant.

RESULTS

After treatment by tert-Butylhydroperoxide, the local-
ization of LPO, detected by the C11-BODIPY581/591

probe, was not equally distributed over the sperm
membrane but occurs mainly in the midpiece region of
human spermatozoa (Fig. 1 B). The percentage of LPO
(Table 1) is significantly lower (P<0.01) in sperm sam-
ples treated with RES (Fig. 1D) compared to that ob-
served in samples without RES (Fig 1B). TEM analysis
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mathematically elaborated showed that the levels of
necrosis were significantly higher (P <0.01) in sperm
samples treated with tert-Butylhydroperoxide without
RES than those incubated with RES (Table 1). The typ-
ical ultrastructural features of sperm necrosis are: bro-
ken plasma membrane, reacted or absent acrosome,
misshaped nuclei with disrupted chromatin, poor ax-
onemal and periaxonemal cytoskeletal structures. Iso-
lated pachytene spermatocytes and round spermatids
were treated with the same procedures used for sperm.
In both cellular fractions we observed that the LPO lo-
calization was extended to the whole plasma mem-
brane. In absence of RES, the damage induced by
oxidative stress, as demonstrated by C11-BODIPY581/591

and TEM, was more evident in spermatocytes (Figs 1F,
2A) than spermatids (Figs 1L, 2C). The presence of
RES attenuates the induction of LPO mainly in the
meiotic fraction (Figs. 1H, 2B). The spermatids ap-
peared to be more resistant to ROS attack: the damages
induced by LPO are more evident by TEM (Figs 2C, D)
than by fluorescence (Figs 1L, N).

DISCUSSION

A variety of foods and beverages of vegetable origin
contains several non-flavonoid classes of phenolic com-
pounds synthesized by plants in response to injury or
fungal attack. Among them, resveratrol has been iden-

tified as the major active compound of stilbene phy-
toalexins and it is presumed to be beneficial for human
health (10), mainly for its scavenger abilities against
ROS. Trans-Resveratrol, the most common isomer, ex-
hibits a protective effect against lipid peroxidation in
cell membranes and DNA damage caused by ROS (11).
In this study we demonstrated the protective effect of
RES against LPO induced by 45µM tert-Butylhy-
droperoxide by means of C11-BODIPY581/591 probe,
able to localize LPO, and TEM, a powerful tool for in-
dividuation of ultrastructural damages. For this pur-
pose we used two cellular models: human
spermatozoa, highly differentiated cells and immature
germ cells from rat testis, separated in two fractions:
meiotic fraction (pachytene spermatocytes) and post-
meiotic fraction (spermatids). Our data showed that
spermatid fraction is more resistant to LPO respect to
pachytene spermatocyte. Mature spermatozoa, as pre-
viously showed (19), appeared to be subject to LPO
only in the mitochondrial region, responsible of oxida-
tive metabolism: the cytochromes in the respiratory
chain, located in the inner mitochondrial membranes,
contain iron that can accelerate sperm LPO. The head
plasma membrane remained unperoxidized; the pres-
ence of a potent antioxidant system in the head of the
sperm cell would appear to be an obvious explanation
of this observation. In this respect, it is important to re-
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Fig.1: 
Ultraviolet micrographs
of human sperm and rat
germinal cells treated
with tert-Butylhy-
droperoxide to induce
LPO. The samples were
incubated with and
whitout RES and C11-
BODIPY581/591 probe was
used to highlight LPO.
For each sample two mi-
crographs were ac-
quired: the red one
showing the intercalated
probe in the membrane,
the green one showing
the intensity of peroxi-
dation.
(A, B) Spermatozoa
without RES.
(C, D) Spermatozoa
with RES.
(E, F) Pachytene sper-
matocytes without RES.
(G, H) Pachytene sper-
matocytes with RES.
(I, L) Spermatids with-
out RES. (M, N) Sper-
matids with RES.
Bar: 2µm.



alize that the protection of the content of the sperm
head, the paternal DNA, is of eminent importance,
while the sperm mitochondria and tail will be elimi-
nated once fertilization has occurred and may, there-
fore, be less protected against damage (20). 
In conclusion, our results, although preliminary, are
giving support to the evidence of antioxidant proper-
ties of RES against induced sperm LPO. Nevertheless,
these studies cannot be extrapolated to the in vivo out-
come, because the effect of RES supplementation on
male infertility has not been yet explored.
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Fig.2: 
TEM micrographs of cross

sections of germinal cells
treated with tert-Butylhy-

droperoxide with and with-
out RES.

(A) Pachytene spermato-
cytes without RES showing

nuclei (N) with disrupted
chromatin; the plasma

membranes are broken (ar-
rows) and the cytoplasms

are vacuolated.
(B) Pachytene spermatocyte

treated with RES presents
normal ultrastructure.

(C) Spermatids without
RES: the left cells show nor-
mal ultrastructural charac-

teristics, whereas the right
cell appears necrotic with

broken plasma membrane.
(D) Spermatid with RES;

the cell is normal, the acro-
some (A) is evident.

Bar=1µm



INTRODUCTION

Steganographyis the art of invisible communication.
The term invisible is not linked to the meaning of the
communication, as in cryptographyin which the goal
is to secure communications from an eavesdropper, on
the contrary it refers to hiding the existence of the com-
munication channel itself. On the other side, we refer
to steganalysis as the science which goal is to discover
the presence of secret communication channels (secret
messages) established by steganography. 
In this paper we describe a new steganalysis algorithm
which works on images in the pixel domain. To prove
the performances of the proposed scheme, we use a
common steganographic algorithm known as ±1 em-
bedding or LSB matching, in which the least signifi-
cant bit of each sample is compared to its
corresponding secret message bit, and the sample is
randomly incremented or decremented if the LSB is not
equal to the message bit. This is a variation on the sim-
pler algorithm of LSB flipping, in which the least sig-
nificant bit of a sample is forced (or flipped) to the
value of the corresponding secret message bit. This
light variation is able to make the ±1embedding ex-
tremely less detectable than the classical LSB.
The ±1embedding algorithm can be formally described
as follows:

where ps (resp. pc)denotes a pixel value in the stego
image (resp. cover image), b is the message bit to be
hidden, and κ is an i.i.d. random variable with uniform
distribution on {−1, +1}1. This process can be applied
to all pixels in the image or only for a pseudo-ran-
domly chosen portion, when the embedding rate, ρ, is
less than one, i.e. the length of the hidden message is
less than the number of pixels in the image.

IMPROVING PREVIOUS WORK ON HISTOGRAM DOMAIN

In [2], the authors noted that ±1 embedding steganog-
raphy induces a low-pass filtering of the intensity/
colour histogram h1 of the image. Indeed, it is easy to

show that, when looking at the intensity histogram,
±1steganography is equivalent to a filtering operation
with the kernel:

where ρ is the embedding rate. This implies that the
histogram of a stego Work contains less high-frequency
power than the histogram of the corresponding cover
image. 
Based on this idea, Zhang et al. [1] proposed to observe
what happens in the surrounding of local extrema of
the histogram [1]. Since±1 embedding is equivalent to
lowpass filtering the intensity histogram, thenthefil-
teringoperationwillreducetheamplitudeoflocalex-
trema(ALE).Thismotivatedthe introduction ofanew
feature,whichis basicallythesumofthe amplitudesoflo-
calextremainthe intensity histogram,as 
defined below:

Experimental results reported in [1] confirmed that the
feature A1 is statistically larger for original cover Works
than for stego Works. Moreover, using this feature in
conjunction with a classifier based on Fisher linear dis-
criminant (FLD) [3] analysis, resulted in much better
classification results compared with other state-of-the-
art steganalyzers, such as WAM [4] or HCF-COM [2,
5]. 

Removing Interferences at the Histogram Borders 
Embedding based on Equation (1) introduces a minor
asymmetry: 0-valued pixels will always be changed to
1 if their LSB needs to be modified. Similarly, 255-val-
ued pixels will always be changed to 254. This asym-
metry in the histogram can cause interferences with the
extracted feature in eq. (2). To avoid this problem,
Equation (2) is modified, as follows:
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A NEW STEGANALYSIS METHOD FOR ±1EMBEDDING BASED ON

AMPLITUDE OF LOCAL EXTREMA

Giacomo Cancelli
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Recently Zhang et al. described an algorithm for the detection of ±1 LSB steganography based on the statistics of the amplitudes
of local extrema in the grey-level histogram. Experimental results demonstrated performance comparable or superior to other
state-of-the-art algorithms. In this paper, we describe improvements to this algorithm to (i) reduce the noise associated with
border effects in the histogram,and(ii)extendthe analysisto amplitudesof localextremainthe2D adjacencyhistogram. The new
algorithm, using 10 features derived from the 1D and 2D histograms, also significantly outperforms other state-of-the-art ste-
ganalyzers.



where the set of local extrema is now reduced to be
within [3, 252]. In other words, the positions {1, 2, 253,
254} are not considered as potential local extrema. Nev-
ertheless, to account the bound values of the histogram,
the following additional feature is defined: 

CONSIDERING 2D ADJACENCY HISTOGRAMS

Inspired by [5], the analysis of local extrema has been
extended to 2D adjacency histograms, h2 (k, l), which
tabulates how often each pixel intensity is observed
next to another in the horizontal direction:

where p(i, j) is the pixel value at location (i, j) in the

input image, and is a bidimensional index which
runs through all pixel locations in the image. Since ad-
jacent pixels have, in general, close intensity values,
this histogram is sparse off the diagonal. It should be
noted that the histogram defined by Equation (6) can
be slightly modified to obtain 3 other adjacency his-
tograms for other directions (vertical, main diagonal,
and minor diagonal). For clarity we will use the apex
h, v, D, d, respectively for horizontal, vertical, main di-
agonal, minor diagonal, to the adjacency function h2 (k,
l) in order to specify, if necessary, the kind of adjacency,
otherwise h2 (k, l) is referred to a generic kind of adja-
cency matrix. In particular, we define again the four
kinds of adjacency matrix:

where p(i, j) is the pixel value at location (i, j) in the

input image, and is a bidimensional index which
runs through all pixel locations in the image.
Moreover, we can extend previous considerations
about the ±1 embedding artefacts on the histogram do-
main by using the adjacency matrix. In this case, by
using ±1 embedding with payload ρ, we obtain a 2-D
low pass filtering with the following kernel:

Consequently, it should also be possible to distinguish
between cover and stego Works by examining local
amplitude extrema in the 2D adjacency histogram. The
set of local extrema in an adjacency histogram Ɛ2 ⊂ [0,

255]2 is defined as: 

where Ɲ+ = {(−1, 0), (1, 0), (0, −1), (0, 1)} is used to
define a cross-shaped neighborhood and h2(·) is the
generical adjacency matrix. However, many of these ex-
trema have a small amplitude and are thus highly sen-
sitive to changes of the cover Work. To achieve higher
stability, this set is further reduced to:

In other words, only pairs of extrema symmetrical with
respect to the main diagonal are retained. Empirical 
observations have revealed that such extrema have sig-
nificantly higher amplitude and are thus more stable. 
The resulting generical feature is defined by,

which is the sum of the amplitude of extrema located
at positions in . 
In addition to eq. 13 feature, empirical experiments
have demonstrated that the sum of all the elements on
the diagonal of a 2D adjacency histogram, defined as
follows:

could also be exploited to improve classification re-
sults. Indeed, ±1 steganography decreases the value of
this feature and its variations can be used in the deci-
sion process. 
Altogether, the above observations result in a collection
of 10 features features which are listed in Table 1. 

Table 1: Table of ALE features

PERFORMANCES OF ALE
In this Section we describe a number of experiments
that we carried out to investigate the impact of the var-
ious features on classification performance.
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Setup
The experiments were run on a database com-
posed of images originating from three different
sources.  Specifically:

• 2,375 images from the NRCS Photo Gallery
[6].The photos are of natural scenery, e.g.
landscape, cornfields, etc. There is no indi-
cation of how these photos were acquired.
This database has been previously used in
[5].

• 2,375 images captured using 24 different
digital cameras (Canon, Kodak, Nikon,
Olympus and Sony) previously used in [4].
They include photographs of natural land-
scapes, buildings and object details. All im-
ages have been stored in a raw format i.e. the
images have never undergone lossy com-
pression.

• 2,375 images from the Corel database [7].
They include images of natural landscapes,
people, animals, instruments, buildings, art-
work, etc. Although there is no indication of
how these images have been acquired, they
are very likely to have been scanned from a
variety of photos and slides. This database
has been previously used in [1].

The above image sets result in a composite data-
base of 7125 images. Where necessary, all im-
ages have been converted to grayscale.
Moreover, a central cropping operation of size
512 × 512 was applied to all images to obtain
images of the same dimension across all three
source databases. Cropping was preferred over
resampling with interpolation, in order to avoid
any interference with the source signal. 
The motivation for using more than one source
database is to account for the variability in ste-
ganalyzers’ performances across different data-
bases [8]. 
Given the composite database, the stego images
are built by using ±1 embedding at 0.5 bpp of
payload, thus obtaining the stego database.
Then, for every image ALE features are extracted
and we randomly separated the cover-features
database DALE and stego features database D*ALE

into a training set (20% of the database size),
and a test set (the remaining 80% of the data-
base) and we built a ROC curve by using Fisher
Discriminant classifier on a training set and by
projecting all the test feature vectors onto the
trained projection vector u. To apply a cross val-
idation on the obtained results, we repeat 20
times the above procedure with a different ran-
domization of the train and test datasets. At the
end we joined the 20 ROCs by the vertical aver-
aging scheme and we show the average curve
and the minimum and maximum bound of 20
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Fig.1 (above):
(a) Analysis of ()a the impact of the border effect and

(b) the impact of ALE features selection on classification re-
sults.

Fig.2: Classification performances comparison
between ALE, WAM [4] and 2D-HCFC [5].

(a)

(b)



ROCs. 

RESULTS

Since similar results were observed for various embed-
ding rates, we only report classification results for
ρ=0.5. 
Figure 1(a) shows the improvements in classification
resulting from elimination of border effects. The origi-
nal algorithm of Zhang et al. is compared with a system
based on feature 1 of Table 1 (ALE 1), and features 1
and 2 (ALE 1-2). The error bars on each plot indicate
the minimum and maximum values observed during
the 20 cross-validation runs. First of all, we note the
unexpectedly poor performances of all three algo-
rithms, i.e. the ROC curves are very close to the diago-
nal. This is due to the wide variety of images present
in of composite database. 
Despite the poor performance of all three algorithms,
the two algorithms based on new ALE features (ALE 1
and ALE 1-2) exhibit a slight improvement in classifi-
cation performances. The system using the first two
ALE features (ALE 1-2) achieves the highest perform-
ances based on area under the ROC curve (AUC), with
a score of 0.59, and is therefore used as a reference in
the next experiment. 
Figure 1(b) reports the classification performances
achieved when using ALE features computed from the
2D adjacency histogram. Four sets of ALE features are
investigated:

• ALE 3-6 i.e. the amplitude of the local extrema in
the adjacency histograms,

• ALE7-10 i.e. the amplitude of the diagonal in the
adjacency histograms,

• ALE3-10 i.e. all features from the adjacency his-
tograms,

• ALE1-10 i.e. all features from the intensity his-
togram and the adjacency histograms. 

All 4 systems perform at least as well as the refer-
ence classification system considered above (ALE 1-
2). ALE 3-6 features perform significantly better
than ALE 7-10 features. Nevertheless, when these
two sets of features are combined (ALE 3-10), the
resulting steganalyzer outperforms the systems that
rely on a single set of features computed from adja-
cency histograms. However, the best classification
performance is achieved when all ALE features are
combined (ALE 1-10). Compared to the original ste-
ganalyzer [1], the area under the ROC curve (AUC)
value increases from 0.57 to 0.77, which is a signifi-
cant improvement. 
As a final sanity check, the final ALE steganalysis
system has been compared to other state-of-the  art
steganalyzers, namely WAM [4] and 2D-HCFC [5].
The classification results are reported in Figure 2 and
clearly demonstrated the superior performance of

the proposed system. Nevertheless, comparing with
Figure 1(a), it looks that claiming that Zhang’s ste-
ganalyzer outperforms WAM and 2D-HCFC was a
bit overstated. This reflects the high variability of
steganalysis systems to the used database.

CONCLUSION

In this work the algorithm of Zhang et al was mod-
ified to deal with (i) border effects associated with
the 1D intensity histogram, and (ii) extended to in-
clude statistics associated the amplitude of local ex-
trema in the 2D adjacency histogram. 
Experimental results demonstrated the impact of
eliminating the border effects and very substantial
improvements in classification when features de-
rived from the 2D adjacency histogram were also in-
cluded. Using the area under the ROC curve as a
figure of merit, the new ALE algorithm improved
performance from 0.59 to 0.77. Moreover, the pro-
posed steganalysis system proved to outperform
other state-of-the-art steganalyzers such as WAM [4]
and 2D-HCFC [5]. 
Even though ALE seems to be have very well, anap-
propriate comparison procedures hould be designed to
compare ALE behavior against state-of-art classifiers.
Specifically, we should investigate as future work how
ALE performance vary by changing the experimental
conditions by changing both the image databaseand
the payload. Due to the importance of experimental
settings and comparison with other steganalyzers like-
WAM and 2D-HCFC, we willinvestigate the ALE per-
formance and comparisonin the next chapter.
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INTRODUCTION

The main complication of large bowel resection is
the malabsorption syndrome, a rare form of which
is the syndrome of Wernicke-KORSAKOFF (1). The
massive intestinal infarction, the Crohn's disease,
the actinic enteritis, abdominal trauma, the volvu-
lus, the intussusception, cancer, or necrotizing ente-
rocolitis in the pediatric surgery of ileum athresia,
meconium ileus, volvulus, the on common mesen-
tery, forcing the surgeon to perform interventions
that reduce the intestinal tract to about a meter and
a half, resulting in a framework of Short Gut Syn-
drome (2), characterized by malabsorption, weight
loss, asthenia, ipovitaminosis, diarrhea and reduced
acid electrolyte (K, Na, Mg serum). The appearance
of this syndrome has been associated with several
factors, which individually can not be the absolute
determinant. 
These factors are: 
• the extent of resection (usually more than 50% of
the small intestine) 
• the location (eg fasting rather than ileum) 
• the presence or not of the ileum-caecal valve sur-
gery after demolition 
• the degree of liver function, pancreatic and intes-
tinal tract of the residue 
• adaptability residual intestine 
• the primary pathology favorente syndrome and
any residual disease. 

Experience has shown that resections limited to 30-
60 cm of the small intestine are not usually accom-
panied by significant alterations of the processes of
absorption (with the exception of a transient condi-
tion that disappears diarrhea a few weeks after sur-
gery). Exeresi affecting 60-75% of the light but
leave intact the last 50-60 cm of ileum and the os-
tium ileocecale, are often well tolerated despite a
modest steatorrea. By contrast, the ileum resections
and ostium ileocecale which have a range of 80-90
cm, driving under severe malabsorption (3).

PATIENTS AND METHODS

B. E. undergoes emergency surgery for gastro-entero
anastomsi on ansa ileale in a neoplastic infiltration
of the duodenum secondary to gallbladder of FTE
(intraoperaoria histological diagnosis). The result is
a malabsorption syndrome characterized by progres-
sive state of disorientation, fixity of gaze, dysphoria,
to perform MRI showing the presence of brain areas
ialine refers primarily to senile degeneration, but
with differential diagnosis of thiamine deficiency
syndrome. In agreement with the Neuro-ophthal-
mologists in the suspicion of a syndrome of Wer-
nicke-KORSAKOFF you start therapy with 200 mg
/ day i.m. the complex of the vitamin B group with
slow and gradual recovery of cognitive functions of
the patient in the twentieth day post-surgery was

76

JOURNAL OF THE SIENA ACADEMY OF SCIENCES, PUBLISHED SINCE 1761 - VOL.1 - 2009

Correspondence to: 
Prof. Giuseppe Marzocca, Istituto di Chirurgia Generale e Specialità Chirurgiche.
University of Siena. Policlinico “Le Scotte” - Viale Bracci - 53100 - Siena - Italy
Telefono: +39 0577 585694 - Fax: +39 577 585729
E-mail: marzocca@unisi.it 

FOLLOW UP IN LARGE BOWEL RESECTIONS: WERNICKE-KORSAKOFF’S SYNDROME

M. Lo Gatto, C. Staffieri, Y. Macchitella, F. Varrone, G. Tamo Tamo, G. Marzocca

Unità Operativa Autonoma di Chirurgia Gastroenterologica
Dipartimento di Chirurgia Generale e Spec. Chirurgiche, Università di Siena

Introduction. The main complication of large bowel resection is the malabsorption syndrome, a rare form of which is the syn-
drome of Wernicke-Korsakoff. Patients and Methods. B.E. following gastro-entero anastomosis develops Syndrome Wernicke-
Korsakoff characterized by progressive state of disorientation, fixity of gaze, dysphoria. Results. Syndrome Wernicke-Korsacoff
is linked to a deficiency of thiamin (also known as vitamin B1). Conclusions. In the follow up of patients who underwent a
large bowel resection will be important to carry out systematic blood tests that can detect any frameworks-megaloblastic
anemia macrocytosis deficiency vit. B12, iron deficiency, hypomagnesaemia, hypocalcemia, ipodisprotidemy. In the follow
up of patients who underwent a large bowel resection will be important to carry out systematic blood tests that can detect
any frameworks-megaloblastic anemia macrocytosis deficiency vit. B12, iron deficiency, hypomagnesaemia, hypocalcemia,
ipodisprotidemy. 
Key words: Wernicke-Korsacoff's syndrome, malabsorption.



discharged with home therapy.
In the second half of May 2007 the new shelter at
our Institute for pejorative jaundice refers to the
known metastatic disease, it is decided ultrasonog-
raphy guided procedure for placement of a stent for
biliary drainage, with gradual regression of the
jaundice. 
During the period of hospitalization is made sup-
portive care with antibiotics, vitamin complexes and
physiotherapy, functional rehabilitation for motor
and respiratory regular cognitive function.

RESULTS

The clinical immediate and late following a bowel
resection is characterized by physiological and the
means of compensation. The large intestine after ex-
tensive resections of the small intestine, may have
to receive Chimo acid concentration and chemical
composition is not usual, resulting in alteration of
bacterial flora. Syndrome Wernicke-Korsacoff is
linked to a deficiency of thiamin (also known as vi-
tamin B1), this deficiency is rarely reflected in the
civilized nations, appearing only in the ethyl alcohol
in individuals with severe imbalances in diet or spe-
cial medical conditions such as dialysis Peritoneal
chronic hemodialysis, the treatment for the supply
again after prolonged fasting after abdominal sur-
gery broadly demolition. In Polyneuropathies minor
are administered 10-20 mg / day of thiamine in di-
vided doses, for 2 weeks., Followed by a proper
diet. In moderate or advanced neuropathy, the dose
of 20-30 mg / day should be administered for sev-
eral weeks after the disappearance of symptoms.

CONCLUSIONS

In the follow up of patients who underwent a large
bowel resection will be important to carry out sys-
tematic blood tests that can detect any frameworks-
megaloblastic macrocytosis anemia (4) deficiency of
vit. B12, iron deficiency, hypomagnesemia, hypocal-
cemia, ipodisprotidemy in order to promptly correct
any deficiency. You should correct any imbalances
especially in the acute phase through post-operative
intravenous infusions of saline solutions, integra-
tion parenteral caloric, vitamin, hidroelettrolitic; is
also appropriate to associate as soon as oral or en-
teral nutrition (albeit low-fat and low osmolarity)
in order to stimulate the regenerative processes of
compensation of the residual intestinal mucosa. 
The clinical immediate and late following a bowel
resection is characterized by physiological and the
means of compensation (5). 
The large intestine after extensive resections of the
small intestine, may have to receive Chimo acid con-
centration and chemical composition is not usual,
resulting in alteration of bacterial flora. Moreover,
the conspicuous loss of feces diarrhea acidic, high in
the intestinal enzymes are not inactivated, deter-
mines the appearance of anal rhagades and a chronic

inflammation of the perianal skin. 
We can distinguish three phases (6):

- THE POST-OPERATING
It's characterized by episodes of diarrhea consid-
erable gravity, hyperkinesia with increased in-
testinal transit, gastric hypersecretion, nausea
and rapid weight loss, are often present oedemas
by protein depletion, but the constant electrolyte
balance disorders. 

- STAGE ADAPTATION 
Appear after 20-30 days and a period of 1-3
months. Diarrhea decreases for both quantity
and frequency, and undermining the idroelet-
trolitico tends to fall in the standard, there is a
slowdown in weight loss. E 'in this period that
you introduce changes vicarianti to compensate
for the decreased absorption of nutrients. 
It assists with dimensional residual intestine in
length and caliber, epithelial-hyperplasy of in-
testinal cells  with increased size and hyper-
trophic villous arborization, increasing turn-over
of intestinal cells with a growth in depth of
crypts, colon residue intestinalization which is
to absorb water, carbohydrates, amino acids and
electrolytes. 
The adaptation seems to be regulated by a feed-
back mechanism modulated by intrinsic and ex-
trinsic factors. Among them, food and
bilio-pancreatic secretions play an important
role. 
In this second phase are usually the most serious
avitaminosis, anemia-megaloblastic macrocyto-
sis deficiency of vit. B12 and calcium-magne-
sium deficiency that can lead to tetany crisis. 

- PHASE BALANCE 
Takes place over a period of 6-24 months after
surgery. It has a gradual transition to a virtually
normal. Characteristic of this period may be clin-
ical conditions such as peptic ulcers, osteoporo-
sis, nephrolithiasis, the cholelithiasis.
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INTRODUCTION

In closed trauma of the most frequent causes of injuries
are haemoperitoneus of parenchymatous organs such
as liver and spleen, as the force trauma, compression
of direct or rapid deceleration, can cause a fracture of
the parenchyma or capsule that is slightly compressi-
ble. The multiple trauma patient has a multiplicity of
lesions are usually bone and one or more bodily cavity
(intracranial, thoracic, abdominal), with potential or
known to or cardio respiratory failure. The immediate
survival is linked to the recognition and treatment of
traumatic shock (generally-hemorrhagic hypovolemia)
and because of the breathing. The arterial hypotension,
secondary to hypovolemia from hemorrhage, results in
a hypoperfusion of tissue, with possible damage to
parenchymal "noble" as the brain, heart and kidney
(disturbance of consciousness, mental confusion, heart
rhythm disturbances, anuria).

PATIENTS AND METHODS

Clinical Case No. 1. R.F. (spleen injury: 2nd degree sec.
Moore, 1st degree sec. Buntain WL, Tc-based score of
2) is subject to clinical monitoring with ultrasound
control, C.T., and serial blood exams with a satisfactory
clinical outcome. The abdomen U.S. showed: ".... hy-
poecogen uneven area of 4 cm in the lower pole of the
spleen, to report a contused wound .. ". You are run-
ning with full abdomen C.T. with contrast medium
e.v. highlighting: .. "tear lower pole of the spleen that

extends to the region of the hilum, the laceration in-
volves the full thickness of the capsule reaching, low
pitch is associated with perisplenic blood ... "" ... no
documented significant free fluid in the remaining re-
cesses peritoneal ..”
It was agreed to refer the patient clinical monitoring
and medical support. 
Ultrasound checks are performed every two days and
monitoring the blood’s values 2 times a day. The con-
ditions of the patient were always stable. In the third
day post-traumatic U.S. is performed with contrast
medium, indicating: "... bruised outbreak of about 4
cm lower pole rhymes with splenic rupture extended
to the medial and diaphragmatic surface of a seat in the
capsular however. There is no perisplenic liquid.. " 
Proceed with the clinical monitoring and the bed rest
for another 5 days, you run further abdomen ECT
shows that: "... with u.s. structure not homogeneus
splenomegaly charged to the lower pole. Not collected
perisplenic .. "Therefore, given the stable clinical con-
dition of the patient, there shall mobilization, introduc-
tion of semi-solid diet and discontinuation of therapy
with tranex. 
In XI-day post-trauma the patient is monitored with
C.T. with contrast medium shows that: "... partial heal-
ing of the wounds indicated the lower pole of the
spleen ... not documented or hemorrhagic fluid spread-
ing in the other examined peritoneal recesses ... ". 
In the fifteenth day post-trauma the patient is dis-
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SPLEEN CLOSED TRAUMA: SURGICAL TREATMENT VERSUS CONSERVATIVE TREATMENT

M. Lo Gatto, C. Staffieri, Y. Macchitella, F. Varrone, G. Tamo Tamo, G. Marzocca

Unità Operativa Autonoma di Chirurgia Gastroenterologica
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Introduction. In closed trauma of the most frequent causes of injuries are haemoperitoneus of parenchymatous organs such
as liver and spleen. Patients and methods. Clinical Case No.1. R.F. (spleen injury: 2nd degree sec. Moore, 1st degree sec. Buntain
WL, Tc-based score of 2) is subject to clinical monitoring with ultrasound control, tc, and several blood exams with a satis-
factory clinical outcome. Clinical Case No.2. A.C. presents a clinical picture attributable to 3rd grade sec. Moore and the 2nd
grade sec. Buntain WL with a Tc-based score of 4, therefore, performed emergency splenectomy was not delayed, thus saving
the patient at the death. Results. The rupture of the spleen is the most frequent complication of closed abdominal trauma
(contusion or direct backlash). It appears as isolated lesion in 30-70% of cases. Conclusions. In our experience individual
spleen injuries, undercapslular that does not involve the hilum and without spillage of liquid peritoneal deserve a conserva-
tive, on the other hand, the spleen injury in excess of 4 cm, manyfragments, with spreading of free peritoneal fluid in need
of treatment Surgical sudden.
Key words: Spleen, injuries.



charged, and about 1 month of trauma you control CT
showing the clinical recovery of the splenic lesion.
Clinical Case No. 2. A.c. presents a clinical picture at-
tributable to 3rd grade sec. Moore and the 2nd grade
sec. Buntain WL with a T.C.-based score of 4, therefore,
performed emergency splenectomy was not delayed,
thus saving the patient from the death. The abdomen
C.T. performed emergency to E.R. showed ".. laceration
of the anterior margin of the spleen with hematoma
and fluid in the adjacent seat perisplenic, perihepatic
and pelvic excavation.." The U.S. showed: ".. at the
upper pole of the spleen is a welcome to ultrasono-
grafic structure uneven, extended for about 7x3, 5 cm,
from the outbreak bruised ...."" .. free peritoneal fluid
was demonstrated in small quantity in right parieto-
colic lodge and thin flap in the space of Morrison and
in left under-freniche. 
It was decided to perform an emergency laparotomy.
When the peritoneum is finding perisplenic collecting
blood from fracture of the upper pole and the lateral
portion of the spleen. It runs thus splenectomy and
peritoneal washing of the cable with saline. The post-
surgical course was characterized by a delay of settle-
ment funnel with medical therapy. The patient was
discharged on day X post-surgical conditions in gen-
eral clinics stable.

RESULTS

The rupture of the spleen is the most frequent compli-
cation of closed abdominal trauma (contusion or direct
backlash). It appears as isolated lesion in 30-70% of
cases. An attempt to repair or conservation is justified
by the rare but possible occurrence of post-splenec-
tomy sepsis, even at a distance, mostly by encapsulated
bacteria (pneumococcus, strepto-staphylococci,
haemophilus, etc). 
Diagnosis: ultrasound, angiography, T.C.. Treatment of
rupture of the spleen: 1. Non-operative treatment. 2nd
Treatment Operational splenectomy, use of biological
glues (eg Tissucol), suture, partial resection; self graft.
The lesion of the spleen is the most frequent complica-
tion of closed abdominal trauma may be determined
not only by a direct mechanism bruised feeling in or
left thorax behind, but also for backlash for sudden ac-
celeration or deceleration during a quick shift. All this
due to the fact that the spleen is a friable, mobile, and
richly vascularised in left hypocondrium located, under
the rigid costal cage that if on one hand protects it, for
another may easily compressible against it by the other
viscera and therefore vulnerable to trauma (1).
The spleen injury may be of varying size, in this respect
there are several classifications (2):

• CLASSIFICATION SEC. MOORE: grade 1 (le-
sions or superficial bruises inner-parenchymal not
expansive), grade 2 (superficial lesions with low
bleeding), grade 3 (deep parenchymal lesions),
grade 4 (single or multiple lesions which are open-
ing up the hilum), Grade 5 (Interesting the injury
ilo).

• CLASSIFICATION SEC. WL BUNTAIN: Grade 1
(under-capsular hematoma or parenchymal injury
without damage), grade 2 (single lesion or multiple
lesions with the capsule without parenchymal
damage the ILO), grade 3 (deep ILARI fractures
with vascular injury), grade 4 (spleen fragmented
extraction or hilarious).

Spleen injury scale:

Grade 1: hematoma (under-capsular <10% area),
laceration (injury capsular or parenchymal lesion
<1 cm depth).

Grade 2: hematoma (under-capsular <10-50% area
inner-parenchymal or <5 cm diameter) tear (lesion
1-3 cm parenchymal depth that does not involve
the jars).

Grade 3: hematoma (under-capsular> 50% area or
expanding; under-capsular parenchymal or broken;
inner-parenchymal> 5 cm or expanding) laceration
(parenchymal lesion> 3 cm depth or involving the
jars).

Grade 4: Tear (or segmental vessels ILARI devas-
cularization with> 25%). 

Grade 5: Tear (spleen many fragmetated) vascular
laceration (injury with hilarious devascularization)

CONCLUSIONS

Closed abdomen trauma are surgical emergencies that
require prompt evaluation and therapy in order to save
the life of the patient. In our experience individual
spleen injuries, under-capsular that does not involve
the hilum and without spillage of liquid peritoneal de-
serve a conservative, on the other hand, the spleen in-
jury in excess of 4 cm, many fragmentated, with
spreading of free peritoneal fluid in need of treatment
sudden surgery (3).
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INTRODUCTION

Intersex disorders are a very complex pathology. In
order to clarify its causes it is important to revert to the
genetic conditions and regularities of embryological
development. The genital anomalies are mostly deter-
mined by chromosomal or endocrinic disorders or by
impaired biochemical processus. Genetic errors with
malformations and hormonal alterations result in a
broad spectrum of disorders of sexual identity difficult
to classify for etiopathogenesis and anatomy (1). More-
over psychosexual development is influenced by mul-
tiple factors such as exposure to androgens, sex
chromosome genes, and brain structure, as well as so-
cial circumstance and family dynamics (2, 3). Male
pseudohermaphroditism occurs when male genitalia
are not developed in genetically male individuals (46
XY); the result is female phenotype.
We describe two cases of male pseudohermaphro-
ditism.

PATIENTS AND METHODS

We report two cases, 9 and 15 years old both with 46
XY karyotype and female phenotype with the presence
of penile clitoris and small vagina. 
In addition to history and physical examination, the
diagnostic studies included chromosomal analysis,
blood steroid measurement, pelvic ultrasound, MRI,
cystoscopy and laparoscopy. The patients were evalu-
ated and treated by a team of paediatric surgeon, en-

docrinologist, and paediatric psychiatrist. Sexual iden-
tity of child and psychiatric evaluation were regarded
as the most important factors of sex assignment. 
In both the patients the history was characterized by
consanguinity through the parents; in particular the pa-
tient of 9 years old had a brother with the same sex dis-
order development. At clinical exam, urethral meatus
was positioned at the base of the penile clitoris and
upper vagina; testicles were located at the proximal
portion of the inguinal canal (Fig.1,2). Patients were
subjected to MRI showing absence of uterus and
ovaries (Fig.3). The endoscopy described a small
vagina dead-end about 4-5 cm long. The endocrinolo-
gyc tests were normal for the age and sex development.
Both the patients were raised as male because of de-
veloped male sex identity. Complete resection of the
vagina, bilateral orchiopexy, correction of perineal hy-
pospadias with urethral tubulization, reconstruction of
the scrotum, with the results of penoscrotal hypospa-
dias were performed. After 6 months the reconstructive
surgical procedure for masculinising genitoplasty was
completed for the patient of 9 years old.

DISCUSSION

Sexual differentiation is the process between VII and
XII weeks of gestational age leading to formation of
male or female fetus from embryo potentially bisexual.
Overlooking the wide variety of congenital genital
anomalies it is obvious that the pathology is complex,
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DISORDER OF SEX DEVELOPMENT:
DESCRIPTION OF 2 CASES OF MALE PSEUDOHERMAPHRODITISM
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Introduction. "Genetic errors" with malformations and hormonal alterations result in a broad spectrum of disorders of sexual identity difficult
to classify for etiopathogenesis and anatomy. Male pseudohermaphroditism (PEM) is the result of defects in masculinisation, persistence of
mullerian ducts or genital malformations. In these patients, there is always a 46 XY karyotype, male gonads with the external genitalia and
phenotype completely or partially female. The authors describe 2 cases of PEM. Patients  and Methods. RS and HNA, 9 and 15 years old.
Both had 46 XY karyotype and female phenotype with the presence of penile clitoris and small vagina. The urethral meatus was positioned
at the base of the penile clitoris and upper vagina and testicles, were located at the proximal portion of the inguinal canal.Patients were sub-
jected to MRI showing absence of uterus and ovaries. The  endoscopy  described a small vagina dead-end about 4-5 cm long. Complete re-
section of the vagina, bilateral orchiopexy, correction of perineal hypospadias with urethral tubulization, reconstruction of the scrotum, with
the results of penoscrotal hypospadias were performed. Discussion. Sexual differentiation is the process between VII and XII weeks of ges-
tational age leading to formation of male or female fetus from embryo potentially bisexual. Brain Code gender is bipolar: male or female. In
the sexual disorders there is  a discrepancy between anatomical sex and the brain code. Genital malformation with a direct mechanism (ex-
ternal genitalia) and indirect (prenatal pathological imprinting on all the receptors of target organs) may exacerbate the brain deterioration
of the code resulting in disease patterns difficult to manage according psychological and surgical aspects. Conclusions. Pediatric Surgeon
plays a key role in the treatment of genital anomalies. Valutation of pelvic-perineal anatomy is important for the choice of sexual phenotype
and related surgical strategy. Early correction of genital abnormality may effectively prevent the child present psychological, behavioral con-
sequences and problems in family and society. 



diagnosis is difficult and in most situations a long
treatment is required (1, 4). The physicians are not al-
ways able to establish the diagnosis immediately after
birth, especially if the external genitals appear normal
or with a known pathology such as hypospadias or
cryptorchidism. Moreover sometimes, when the family
history is precisely collected, some of genital anomalies
could be suspected. Brain Code gender is bipolar: male
or female during gestational age. In the sexual disor-
ders there is a discrepancy between anatomical sex and
the brain code. For the management of intersex condi-
tion it is necessary evaluation and treatment by a team
of  paediatric surgeon, endocrinologist, and paediatric
psychiatrist. Genital malformation with a direct mech-
anism (external genitalia) and indirect (prenatal patho-
logical imprinting on the receptors of target organs)
may exacerbate the brain deterioration of the code re-
sulting in disease patterns difficult to manage accord-
ing to psychological and surgical aspects (5). Certain
examinations and tests should be performed, such as:
karyotyping, ultrasound of internal genitals, and if nec-
essary CT and MRI, urine and blood tests for hormonal
levels, and endoscopy before surgery. It is important to
look at the urinary tract because often there are associ-
ated anomalies (1, 6). In children sex reassignment is
almost never undertaken unless the diagnosis is estab-
lished early enough, usually during the first few
months of life and if all possible changes are accepted
by the family. The management of these pathologies
became more difficult for the patient during prepuberal
and puberal development. Usually the sex of rearing
depends on genetical and physiological criteria and on
the prognosis of life quality in the future. In all other
cases surgical and medical treatment is applied to em-
phasize or encourage the development of the appropri-
ate sex features to avoid anatomical discrepancy and
helping to confirm psychological identity (1,7,8).

CONCLUSIONS

Paediatric Surgeon plays a key role in the treatment of
genital anomalies. Valutation of pelvic-perineal
anatomy is important for the choice of sexual pheno-
type and related surgical strategy. Many surgeons rec-
ommend surgical treatment during the first 6 months
after birth (1,2). Early correction of genital abnormality
may effectively prevent the child present psychologi-
cal, behavioral consequences and problems in family
and society.
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Fig.1: Presence of penile clitoris and small vagina

Fig.2: The urethral meatus was positioned at the base of the pe-
nile clitoris.

Fig.3:
MRI: absence of uterus and ovaries.



INTRODUCTION

The female pseudohermaphroditism is an incomplete
feminization or complete masculinization of patients
with XX karyotype. The most common cause is 21-α
hydroxylase deficiency for congenital adrenal hyper-
plasia (CAH) with world incidence of 1:14,500. The
degree of masculinization of the external genitalia is
though to be related to the time and amount of andro-
gen exposition in the fetus. The internal structures are
normal (uterus, tubes, ovaries and upper vagina) since
there isn’t anti-Mullerian hormone, but it is possible a
variable degree of external virilization. Prader’s classi-
fication (1-5 grade) is usefull to describe the pheno-
type, while radiographic and endoscopic evaluation are
indispensable and form the basis for surgical recon-
struction. Both are performed to delineate the anatomy
and should identify the length of the common sinus,
the location of the confluence of the vagina, the dis-
tance from the vaginal confluence to the bladder neck,
the presence of cervix and the normalcy of the blad-
der1.
Debate exists regarding the optimal timing of  surgery,
but anyway precocity of genital reconstruction or trans-
formation is keystone of therapeutic procedure in these
severe anomalies so to prevent discordance between

genital sex and gender identity. The child who present
tardily, requires a multidisciplinary approach (surgical,
psychological, endocrinological) with the aim to pre-
vent psychological or behavioural relapses2.
Furthermore, since the degree of virilization and level
of the confluence of vagina with the urogenital sinus
(UGS) is variable and unique to each girl, there are sev-
eral options for surgical repair, which must be matched
to the anatomy of the child to achieve a functional and
cosmetic outcome1,3.
We report anatomical and cosmetic results of feminiz-
ing genital reconstruction of two related patients (sec-
ond cousin) with XX karyotype born with urogenital
sinus anomalies and not treated at birth.

CASE REPORTS

Case 1
I.F.S., a girl born at term by natural childbirth after a
normal pregnancy. She presented a birth weight 3100
g (gravida 4 para 5), no electrolytes’alterations and am-
biguous genitalia. Patient was raised as girl and she
has never taken drugs including hormones. When she
presented in our hospital at the age of six years, she
characterized by ambiguous genitalia, graded as Prader
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FEMALE PSEUDOHERMAPHRODITISM
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Introduction. 21α-hydroxylase deficiency is the most frequent cause of virilization in patients with female karyotype due to
exposure of a female fetus to excess of androgen. We report anatomical and cosmetic results of feminizing genital reconstruc-
tion of two related patients (second cousin) with XX karyotype born with urogenital sinus anomalies (UGS) and not treated
at birth. Materials and Metods. Patient 1 is 6-years old with ambiguous genitalia graded as Prader V and never undergone
therapy or surgery. Patient 2 is 10-years old, graded as Prader IV and  subjected to hormonal therapy and clitoral amputation
at the age of 6. Mobilization of  urogenital sinus, pull-through of vagina and tubulization of urethra was performed in both
after placement of Foley chateters in vagina and bladder by cisto-vaginoscopy. Genitoplasty involved refashioning the tissues
to create minora and majora labia and, after removal of corpora, partial clitorectomy was carried in patient 1 and clitoridal re-
construction in patient 2. Result. Vaginal introitus was positioned in the vestibule region below urethral meatus. Foley
chateters was removed after two weeks in narcosis and the cosmetic and anatomic result was good. Conclusion. Goals of fem-
inizing genitoplasty are to restore, soon as possible, anatomy achieving a more  feminine appareance with a vagina for men-
struation, to preserve reproductive capacity and to prevent urological sequelae but it’s also important to contribute in a
development of a more stable gender identity. This procedure in two stage, based on an accurate diagnosis, is good  to create
feminine genital appareance  in children with female pseudohermaphroditism expecially if not treated at birth.
Keywords: Female Pseudohermaphroditism, Congenital Adrenal Hyperplasia (CAH), Urogenital Sinus (UGS),  Vaginoplasty,
Clitoroplasty, Labioplasty



V, with clitoromegaly, opening of the urogenital sinus
on apex of the phallus, complete labioscrotal fusion,
absence of palpable gonads bilaterally in inguinal
canal and in labioscrotal folds,  phallus’ length 5 cm
and presence hair in scrotal median raphe. Further-
more, to the clinical examination, it could be observed
male muscles and absence of axillary hair. Perinatal
history not revealed the maternal virilization or mater-
nal medication used in pregnancy and there weren’t
prenatal karyotype and routine ultrasonography that
might show presence of genital ambiguity. A family
history revealed a cousin (case 2) affected by genitalia
virilisation and also consanguinity between the par-
ents. Laboratory investigation showed high levels of
17-OH-progesterone (9.5 ng/ml), androstenedione
(>10 ng/ml), ACTH (97.4 pg/ml) and testosterone (0.86
ng/ml) but normal level of cortisol (136.5 ng/ml).
There were normal Na+ (139 mg/dl) and K+(4.2
mEq/l) levels. Bone age was 9.3 years ahead than
chronological age (6.4 years). QF-PCR was carried and
it revealed the female gender confirmed by the kary-
otype.
Ultrasound of abdomen and pelvis showed a hypoe-
choic formation behind bladder and absence of gonads.
MRI was performed and it revealed a pyriform bladder,
hydrometrocolpos and presence of high urogenital
sinus (Fig.1). The precise location of the vaginal con-
fluence in relation to the bladder neck and meatus was
determined endoscopi-
cally using a catheter
calibrated to the nearest
centimetre as a guide.
There was a male ure-
thra and the distance
from confluence to the
urogenital sinus meatus
was 6 cm. Furthermore,
laparoscopy was per-
formed to assess the in-
ternal structures: uterus,
tubes and ovaries were
normal.  To the light of
these results 21-α hy-
droxylase partial defi-
ciency with only
virilization for congeni-
tal adrenal hyperplasia
(CAH) was diagnosed
and for normal level of
cortisol any hormonal
replacement was pro-

vided. 
For surgical correction, two stages were needed: first
vaginoplasty and second clitorolabioplasty. After
placement of Foley chateters in vagina and bladder by
cisto-vaginoscopy, prone approach allowed the midline
incision and the opening of ventral side of sinus and
the redundant tissue could be used to create a mucosa-
lined vestibule. Finally vagina was mobilized towards
perineum and posterior vaginal wall spatuled  and
anastomosed to perineum, while sinus was tubularized
to create urethra (Fig.2). Foley chateters was removed
after two weeks in narcosis and the cosmetic and
anatomic result was satisfactory without disturbing of
urethral sphincter. Clitoridolabioplasty was performed
after one months. Clitoral reduction was done with
preservation of the dorsal neurovascular bundle while
the corporal bodies were excised from the insertion in
the glans to the bifurcation of the corpora. The glans
was sutured to the fascia underneath the symphysis
pubis. Labioplasty was done by midline division of the
preputial and phallic skin which was sutured to the
lateral egdes of the opened UGS and to adjacent per-
ineal skin. After surgery the girl performed vaginal di-
latation with Hegar to avoid vaginal or introital
stenosis.

Case 2
A.H., a girl born at term by natural childbirth after a
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Fig.1 (right):
MRI image of pelvis in girl

with CAH; we see a pyriform
bladder, hydrometrocolpos and
the presence of high urogenital

sinus with male urethra.



normal pregnancy. She presented a birth weight of
3500 g (gravida 1 para 3), no electrolytes’alterations
and ambiguous genitalia. The child was raised female
and for this reason at six years of age, clitoridal ampu-
tation and estrogen therapy was performed. The girl
who is now ten years old presented to us at the clinical
examination ambiguous genitalia, graded as Prader III,
with posterior labioscrotal fusion and presence of uro-
genital sinus with a single opening in it, scar for cli-
toridal amputation, absence of palpable gonads
bilaterally in inguinal canal and in labioscrotal folds,
pubic hair, male muscles and axillary hair. Perinatal
history not revealed exogenous virilization. A family
history revealed consanguinity between the parents
and kinship with patient before described. Laboratory
investigation showed high levels of 17-OH-proges-
terone (15.4ng/ml), androstenedione (>10 ng/ml),
ACTH (602 pg/ml), testosterone (3.72 ng/ml) and cor-
tisol (59.8 ng/ml) levels. There were normal Na+ (136
mg/dl) and K+(4.2 mEq/l) levels. No hypertension was
documented. Bone age was 13 years ahead than
chronological age (9.7 years). QF-PCR and karyotype
were carried and revealed the female gender 46 XX.
Ultrasound of abdomen and pelvis showed the pres-
ence of mass in left adrenal gland. MRI was performed
and it revealed a normal bladder, uterus, vagina,
ovaries and the presence of  low urogenital sinus, left
adrenal hyperplasia and normal corpora. Cistovagi-
noendoscopy was performed to evaluate  the length of
USG that was evaluated about 3 cm. In this patient 21-
α hydroxylase deficiency with only virilization was di-
agnosed and hormonal replacement with
hydrocortisone and fludocortisone acetate was pro-
vided. Periodic laboratory reevalutations revealed a
rapid normalization of androstenedione and a signifi-
cant decrease in 17-OH- progesterone, testosterone and
ACTH levels.
Surgical correction provided vaginoplasty, labioplasty
and remotion of corpora. A complete reconstruction of
clitoris wasn’t possible because of previous excision of
all clitoral tissue. After general anesthesia with hydro-
cortisone dose increase, the child was placed in the
dorsal lithotomy position for endoscopy with insertion
of Foley chateters in vagina and bladder. In prone po-
sition, a vaginal pull-through was performed after sep-
aration of anterior vaginal wall from the urinary tract.
The UGS was closed to make the urethra and a poste-
rior flap was used to rebuild the posterior vaginal wall.
Foley chateter in vagina accidentally was removed in
fifth day, while catheters in urethra was removed after
two weeks postoperatively and vaginal dilatations
were performed to prevent stenosis. In second stage,
after one months, a inverted-Y- incision was performed
on vaginal ostium to allow a major calibre with re-
sorbable Vycril 5.0. Besides removal of corpora, labio-
plasty by residual tissue of the scrotum and aesthetical
partial reconstruction of denervated clitoral was per-
formed. A Penrose’s drain was positioned near
residues of corpora.

DISCUSSION

2006 Consensus Statement established a new nomen-
clature for ambiguous genitalia providing the term Dis-
orders of Sex Development and includes congenital
conditions in which development of chromosomal, go-
nadal or anatomical sex is atypical4. We prefer to use
the old classification and hence term of female pseudo-
hermaphroditism to give better phenotypic framework
of the disease to the readers. 
Management of intersex conditions frequently poses a
challenge to pediatric endocrinologist, pediatric sur-
geons and psychologist. Indeed it isn’t  simple to make
a decision that will influence the infant’s future espe-
cially when the diagnosis is made late.
Therefore the decision is based on many consideration
like the gender identity (referring to one’s sense of be-
longing to the male or female sex category), capacity
for normal sexual function and potential fertility, geno-
type, surgical options, endocrine function and testos-
terone imprinting. In fact clinical studies in girls with
CAH have confirmed widely the testosterone imprint-
ing on the fetal brain 5,6.
We reported two cases of classical CAH with only vir-
ilisation in which the genital ambiguity was not a pre-
vious reason of concern. These children were
intrauterine exposed to excessive quantities of andro-
gens, and they had normal internal genitalia but exter-
nal ambiguous genitalia. In fact ultrasound and MRI
confirmed presence of uterus, ovaries and tubes and
provided an accurate description of UGS’s anatomy.
Only after having a clear diagnostic framework
through hormonal, radiographic and endoscopical re-
sults, we could proceed with the surgical strategy.
Many different surgical techniques have been de-
scribed for the treatment of severely virilezed patients
with a long USG ( >2,5 cm) secondary to intersex dis-
orders assigned to the female gender. Apart from the
benefits and disadvantages of each one of these surgical
procedures, it is quite clear that the management of
these patients must take into account which is the most
suitable surgical technique to give the urinary tract and
genital apparatus as normal an anatomical state as pos-
sible, while also providing physiologic functions1,7,8.
Three are the basic components to feminizing genito-
plasty: vaginoplasty, clitoroplasty and labioplasty. De-
bate still exists regarding when each of these
components should be performed. We prefer the ap-
proach in two stage (first vaginoplasty and second
labioplasty and clitoroplasty) because it allows to pa-
tients to address better and to adapt to the trasforma-
tion when diagnosis is late and also the tissues can to
overcome better the surgical stress.
The present genital reconstruction includes separation
of the vagina from urethra, vaginal exteriorization, re-
duction clitoridoplasty in case 1 and whenever possi-
ble partial reconstruction as in case 2, and creation of
the labia majora and minora. It’s essential to perform
cisto-vaginoendoscopy at the time of the surgery to
confirm the position of the urethrovaginal confluence
and to position Foley’s chateters in vagina and bladder.
Besides prone position provided a good exposition of
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perineum and a easy access to the USG. Our surgical
choice provided a sagittal posterior access and vagino-
plasty with posterior flap by resorbable Vycril 5.0..
This allowed us to perform a tension-free in epithelial
to epithelial anastomosis between perineum and
vagina and also to reduce possibility of vaginal stric-
ture7. Clitoroplasty and ablation of corpora was per-
formed to avoid painful erections and a poor aesthetic
result with conservation of corpora1, 9.
After two weeks Foley’s catheters were removed in
narcosis to help healing of tissues and to allow the ure-
thra and vaginal ostium to take a exact location in the
new vestibule and also vaginal dilatations were per-
formed to promote a suitable calibre.
In our patients vaginal strictures or glans necrosisdid
not occurr. Besides cosmetic and anatomic result are
good for size and position of the glands, location of the
urethral and vaginal orifices in the vestibular region
and presence of proportionate and feminine appear-
ance of labial structures.

CONCLUSIONS

The management of patients with ambiguous genitalia
requires an important effort by different figures order
not only to provide the specific diagnosis but also a
gender assignmen . Goals of feminizing genitoplasty
are to restore, soon as possible, anatomy achieving a
more  feminine appareance with a vagina for menstru-
ation, to preserve reproductive capacity and to prevent
urological sequelae but it’s also important to contribute
in a development of a more stable gender iden-
tity5,10,11. This procedure in two stage, based on an
accurate diagnosis, is
good to create feminine
genital appareance in
children with female
pseudohermaphro-
ditism expecially if not
treated at birth.
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Fig.2 (right):
End of state 1 after perineal

skin flap sutured to posterior
vaginal wall. We see down

the vaginal orifices and
upper the new urethra in

vestibular region.



INTRODUCTION
The ideal esophageal substitute should function as far as pos-
sible to the original structure. The patient should be able to
swallow normally and should not experience any reflux and
respiratory symptoms. An additional requisite in children is
that the substitute should continue functioning for many
years.(1) The most important indications for such reconstruc-
tion are long-gap esophageal atresia, caustic burn and occa-
sionally peptic stricture. (2;3) 
The first reported oesophageal reconstruction in adult was in
1877 by Czerny. (4) Paediatric skin tube oesophageal replace-
ment was performed in stages by Ladd and Gross to bridge
the long gap in a patient with oesophageal atresia. (5) This
tecnique became soon obsolete. Various oesophageal replace-
ments were used, including jejunum by Roux in 1907 (6), a
gastric tube by Gavriliu (7) and a gastric pull-up to replace
the entire oesophagus by Sweet in 1947. (8) Colon replace-
ment in children was first used by Dale in 1955. (9)
The present report describes the management and the out-
come in two cases. One patient underwent esophageal re-
placement with isoperistaltic jejunum and another one with
stomach in toto.

CASE REPORT 1
One year old boy was admitted in our Department. He was
born with vaginal delivery at 40 gestational weeks and the
pregnancy was normally. The infant was nursed on the

Neonatal Intensive Care Unit, because he had respiratory
neonatal distress. Here it was diagnosed long-gap esophageal
atresia and distal tracheo-esophageal fistula. Cervical oe-
sophagostomy, gastrostomy and tracheo-esophageal fistula
repair were performed when he was 1 week old. When he
was admitted in our clinic, one year old, he had esophageal
and gastric stomas and he fed via the gastrostomy just with
liquid meal, for example milk. When he arrived at our de-
partment his weight was 5.500 kg and his height was 68,5
cm. Weight and height percentile were lower than III per-
centile. Severe growth retardation was associated with slight
mental retardation. The physical examination showed ex-
pired phisical condition, ligamentous laxity, plant hair and
auricle down, absent tooth eruption and plant thumb prox-
imal. Genetic counselling was performed to complete the
general framework. A complete work-up was performed be-
cause a complex malformation syndrome was suspected. It
included blood tests, karyotype analysis and diagnostic tests
to discover congenital cardiac or kidney defects, that usually
are associated with esophageal atresia. Genetic testing, car-
diac and kidney function were normal. Routine blood tests,
growth and thyroid levels were normal, except for anemia.
Chest x-ray was performed and it was normal. The patient
underwent examination by standard esophagograms with
an iodised contrast. It highlighted esophagostomy and a nor-
mal transit in the esophageal upper pouch. Gastric and in-
testinal canalization were visualized by the contrast injected
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ESOPHAGEAL REPLACEMENT IN CHILDREN

Giannotti G., Garzi A., Pavone M., Ferrara F., Meucci D., Messina M.

Division of Pediatric Surgery, Department of Pediatrics, Obstetrics and Reproductive Medicine
University Of Siena

Introduction: esophageal replacement in childhood, is indicated for intractable stenosis and long-gap atresia. When it is im-
possible to preserve the native esophagus we must create an appropriate conduit that should allow physiological oral feeding.
Patients and Methods: we present two cases. The first patient, born with long gap esophageal atresia (AE), was submitted to
ligation of fistula, gastrostomy and esophagostomy. When he was 1 years old came to our observation with two derivations.
The radiological examination with contrast confirmed the large gap between the two oesophageal stumps. We decided to
refer the patient to esophageal substitution with isoperistaltic jejunum through the posterior mediastinum. The second patient
was born with AE type III and he was submitted to ligation of fistula, primary anastomosis, and 4 additional interventions
of closure of recurrent fistula, esophageal resection and anti-reflux surgery. He came to our observation when he was 6 years
old. The radiography showed esophageal dysmotility and dislocation of the stomach in the chest. We decided to subject the
patient to esophageal replacement with stomach in toto. Results: Both patients had a good post-operative course. They began
food orally in the first case in 18th day and in the second case in 7th. At follow-up after 1 year the children ate regularly, they
don’t show respiratory symptoms or gastro-oesophageal reflux and they have a good growth. Conclusions: Esophageal re-
placement is a complex surgical procedure, which provides various options. Only a careful preoperative evaluation allows
us a choice of organ to be used as esophageal substitute. The colon is the most widely used. There are other surgical options
that may offer, in skilled hands, the same guarantees. Both our cases have a good long term follow-up with regular diet and
weight-height growth. Our experience confirms the validity of the 2 techniques, which include preferably the use of posterior
mediastinal way and careful surgical preparation of the bowels.
Key words: esophageal atresia, esophageal replacement, quality of life.



through gastrostomy. In the preoperative period bronchoscopy was carried out to
assess the presence of severe tracheomalacia because it’s usually associated with
oesophageal atresia. This exam showed a conventional tracheoscopic view of TM
with reduction of the diameter of the posterior tracheal wall (in the middle third)
and collapse (about 1,5cm) of anterior wall in the right part. There was also an im-
portant inflammation in the posterior tracheal wall. Tests carried out confirmed
the presence of long-gap between the proximal and distal oesophagus, so oe-
sophageal replacement was the only possible treatment. Isoperistaltic jejunal in-
terposition was performed to replace the oesophagus in this case. (Figure 1) Two
anastomosis were performed, one between the oesophageal cervical stump and
the pedicle jejunal, the other between the jejunum and the anterior wall of the
stomach. The patient had severe respiratory distress syndrome requiring ventila-
tory support, due to an extubation failure, so he was admitted to the Intensive care
Unit for 17 days. On the 15th postoperative day the patient was extubated, on the
18th day was discharged from the Intensive Care Unit and he was accepted in our
department. During hospitalization in Intensive Care, he was fed by total par-
enteral nutrition via a central venous catheter that was inserted during the opera-
tion. On the 18th post-operative day, it was decided to start oral feeding, because
the patient didn’t have any respiratory problems. The patient was weaned from
parenteral nutrition (PN) with mixed feeding and then he had an oral feeding. Lo-
gopedic rehabilitation was very important during the first days, because the child
learnt to appreciate the food and to have a relationship with it; besides he knew
and memorized swallowing function. Digestive x-ray, performed one month after
the operation, showed a fistula between the neo oesophagus and the overlying
skin, where there was the old oesophagostomy. Another x-ray, two months ago,
showed the fistula there wasn’t. Now, about eighteen months after the operation,
digestive x-ray shows a normal transit through neo oesophagus; there is neither
anastomotic stricture nor anastomotic leak. The patient eats normally and he has
got a good growth. He doesn’t take any drugs and he doesn’t have gastro-oe-
sophageal reflux or respiratory disease. (Figure 2)

CASE REPORT 2
The second case report is about a child, with long-gap oesophageal atresia, who
was admitted in our Department when he was 6 years old. The anamnesis showed
that the child, at the birth, underwent, in another hospital, the operative correction
of the oesophageal atresia, that consisted of ligation of the tracheooesophageal fis-
tula and primary anastomosis of the oesophagus. He underwent other three oper-
ation to repair recurrent tracheo-oesophageal fistula, it was performed an
esophageal resection due to an stricture where there was the old anastomosis and
it was performed the gastrostomy. Finally the patient underwent an Dor fundo-
plication with removal of gastrostomy, about one year before admission in our
Clinic. When he arrived at our department the child fed with liquid food or semi-
liquid food, weighed about 15200 g and he had recurrent bronchopneumonia.
Routine blood tests, hormone levels and infection markers were normal, except a
mild anemia. It was performed a x-ray of proximal digestive showing the oe-
sophageal stricture in the middle third of upper oesophageal pouch with modest
expansion upstream. It showed also an important hiatal hernia, with transhiatal
migration and herniation of gastric fundic in the chest and gastro-esophageal reflux.
(Figure 3) The dynamic exam showed the absence of peristaltic reflex with slow
transit. Digestive endoscopy confirmed the gastroesophageal junction in the anom-
alous position about 6 cm above the esophageal iatus and the presence of confluent
erosions (peptic oesophagitis of grade B based on the Los Angeles classification)
in the esophageal mucosa due to an important reflux. The stricture, known in the
past, was partial and the instrument could overcome the obstacle. Due to the
brevity and the absence of peristaltic reflex it was decided to perform the oe-
sophageal replacement in the child, with gastric transposition after pyloroplasty.
The patient was nursed on the intensive care unit for a small period and on 2nd
postoperative day he was admitted to our Department. Based on the clinical regular
course, on the 7th postoperative day, liquid oral feeding was started and all foods
were reintegrated gradually. At the moment, one year after the operation, the child
doesn’t take any drugs, doesn’t have any symptoms and he has got a good growth.
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Fig.1: Esophageal replacement with
isoperistaltic jejunum through posterior
mediastinal route.
A: intraoperative image. B: design.

Fig.2: At 1 month post-surgery the child
eat regularly. He has no respiratory
symptoms or gastro-esophageal reflux
and he has a good growth.

Fig.3: Preoperative rx proximal digestive
that shows esophageal dysmotility and
dislocation of the gastric fundus into the
thorax.

A

B



DISCUSSION
Although we certainly subscrive to the principle that the
child’s own esophagus is best and that the esophagus can be
preserved in a majority of cases, we believe that, in some
cases, this is impossibile. (10)
The usual indications for esophageal replacement in childood
are intractable strictures and long gap atresia.(3) In our first
case the esophageal replacement was necessary because there
was a big gap between the esophageal stumps. In the second
child, his entire infancy was dominated by endless attempts
to preserve the native esophagus at all costs but his esophagus
didn’t function normally. 
When bridging esophageal defects, there is a difference be-
tween the difficulty of the operation and a long-term results
to achieve. Type and location of the graft depend on etiology
and surgeon preferences, even if none fully replicates the fea-
tures of a normal esophagus. Several options are now avail-
able with good results, such as replacement with colon,
stomach or jejunum. (11) Gastric transposition is one of the
easy procedures, followed by colonic interposition and by je-
junal graft interposition. Free jejunal graft interposition with
microvascular anastomoses would be the most demanding
one.(12)
The vast majority of adult patients show good swallowing
function after free jejunal graft following cervical pharyngoe-
sophagectomy for cancer. (13;14) This is certainly related to
the fact that jejunum retains peristaltic activity. Preservation
of peristaltic activity was described for free jejunal grafts as
well as for pedicle grafts. A peristltic activity of jejunum is
highly desiderable for normal transit and minimisation of
stasis and reflux, even though this activity is slower than that
of the esophagus. (15) Our first patient is a little boy and we
can gain enough jejunal lenght on its pedicle with a good
blood supply. Therefore, we can use jejunum that doesn’t di-
late and retains good peristalsis. The jejunum has a diameter
similar to the esophagus and therefore it occupies less space
within the thoracic cavity than the stomach. This is partcu-
rarly important when pulmonary considerations are taken
into account. Esophageal replacement with jejunum is a de-
manding operation with considerable morbidity, but in our
patient there weren’t complications. The other boy is 6 years
old and he had herniation of gastric fundic in the chest. We
therefore decided to refer the patient to gastric transposition.
This is the simplest technical procedure of esophageal re-
placement in children, with satisfactory results. The excellent
blood supply of the stomach only one anastomosis are clear
advantages of this tecnique. Mortality rate of 5,2% is de-
scribed by Spitz. (10;16) Our patient after the operation can
swallow normally and he has good growth. It is important
to perform a formal pyloroplasty to prevent a delayed gastric
emptying. (17;18)
Some surgeons use colon for esophageal replacement. In con-
trast to jejunum peristalsis in the colon is usually absent and
transit is assisted by gravity. (17;19;20) 
In our two cases we traspose jejunum and stomach between
posterior mediastinum. Our preferred approach is to use the
posterior mediastinum route, developed by blunt dissection
from below via the hiatus and from above through the cervi-
cal incision. In this tecnique there is a phase where blind fin-
ger dissection is necessary. The guide for this phase of
dissection is the spine, and the surgeon’s fingers should re-

main in contact with the vertebra. (1) This maneuver was ac-
complished without difficultiy in the first case. In the second
case we had some difficulty because he was undergone many
surgeries before.

CONCLUSION
When the native and diseased esophagus should be removed
we must submit a patient to esophageal replacement.
Esophageal replacement is a complex surgical procedure,
which provides various options. Only a careful preoperative
evaluation allows us a choice of organ to be used as
esophageal substitute. The colon is the most widely used.
There are other surgical options that may offer, in skilled
hands, the same guarantees. Both our cases have a good long
term follow-up with regular diet and weight-height growth.
Our experience confirms the validity of the 2 techniques,
which include preferably the use of posterior mediastinal
way and careful surgical preparation of the bowels.
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INTRODUCTION

Bladder exstrophy is characterized by an incomplete
development of anterior portion of bladder, urethra,
abdominal wall and a median separation of pubic sym-
physis. Urine is dripping from the ureteric orifices on
the bladder surface. Marshall and Muecke proposed a
persistent cloacal membrane in the epispadias-exstro-
phy complex causing a “wedge effect”, preventing the
mesodermal tissue from closing in the midline (1). The
incidence has been estimated to be between 1/30.000
– 50.000 live births; 2-3/1 ratio of male-to-female
exstrophy births. 
Due to high-resolution real-time ultrasound, prenatal
diagnosis of bladder exstrophy is usually possible be-
tween the 15 th and 32 nd week of gestation, depend-
ing on the severity of the defect and the expertise of the
sonographer. The index finding is the non-visualiza-
tion of a normally filled fetal bladder during repeated
careful ultrasound examinations. Though prenatal sur-
gery is not necessary, early diagnosis allows optimal
postnatal management (2).
In boys the anomaly consists of an exposed everted
bladder in continuity with an epispadiac penis. The
pubic bones are widely separated and the external
sphincter complex is represented only by a fibrous in-
terpubic bar and has no recoverable muscle function.
The penis itself is short and with upwaed chordee. In

exceptional cases it can be very small and sex assign-
ment as female may be appropriate. In girls, the anom-
alies are similar with a bifid clitoris and a separate
vaginal opening.
Regardless of surgical approach, successful initial clo-
sure of the bladder is critical to the development of ad-
equate bladder capacity and ultimate continence in
patients with bladder exstrophy (3). Failure of initial
closure, and the need for subsequent re-closure, se-
verely impacts the patient’s potential for eventual con-
tinence (4).
Due to lack of medical care and public awareness in
certain underserved localities, few cases not receive
treatment during infancy and present during adoles-
cence. 
We describe 2 clinical cases in adolescent treated with
different surgical approach.

CASE REPORT

We reported two cases: a ten year old boy and fourteen
year old girl. 
Case 1: AY ten year old boy was submitted to closure
of bladder exstrophy, in another country, when he was
9 years old it relapsed after two weeks.
On admission in our clinic the patient showed exstro-
phy-epispadias complex, urethral plate covered the
whole dorsum of the penis from the open bladder to
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Introduction: bladder exstrophy is characterized by an incomplete development of anterior portion of bladder, urethra, ab-
dominal wall and a median separation of pubic symphysis. We describe 2 clinical cases in adolescent treated with different
surgical approach. Materials and Methods: two patients, one male and one female, respectively, 10 and 14 years old. Both
cases had relapse: the bladder plate was performed in female when she was 2 years and in male when he was 6 years old.
The male showed bladder exstrophy with epispadias; the female showed bifido clitoris, absence of minora labia with a small
vaginal orifice. In both patients ano-rectal manometric and barium enema had normal parameters. The x-Ray basin showed
diastasis of pubic bones, respectively, 7.5 cm in male and 10 cm in female. The male had closure of bladder and abdominal
wall with transformation of epispadias to peno-scrotal hypospadias. The female had rectal reservoir (about 250cc), with am-
putation of the rectum with Hartmann’s method and recanalization with Duhamel’s method, anastomosis uretero rectal and
vaginoplasty. Results: clinical and laboratory follow-up to date is 6 months. The female holds the urine about 2-3 hours during
the day; in the night losses are not reported; the male shows dehiscence of abdominal and vesical wall with suprapubic
fistula and loss of urine. The urethral peno-scrotal meatus appears patent. Conclusions: our experience, although limited in
the number of cases and in the time of observation, is in agreement with the literature: we can say that the correction of
bladder exstrophy in adolescents might be a urinary diversion with creation of rectal reservoir, useful for age of the patients
and postoperative management. It is always necessary an adequate follow-up to check any complications.



the glandular grove (fig.1). Both cor-
pora cavernosa were located beneath
the urethral plate. The penis appeared
shorter than normal and dorsally lo-
cated. Absence of the umbilical scar.
The normal-sized testes were located
in the scrotum. Anal region were nor-
mal.
Routine laboratory and assessment of
baseline renal function were per-
formed and were normal; ano-rectal
manometric and barium enema had
normal parameters; basin x-Ray
showed diastasis of pubic symphysis
approximately 7.5 cms. No associated
spinal, orthopedic and gastrointesti-
nal anomalies.
The patient was submitted to closure
of bladder exstrophy and partial cor-
rection of epispadias. Ureteral
catheters were placed. The bladder
was mobilized preserving dissection
laterally and toward the pubic bones.
Urethral plate was separated from
corpora cavernosa; the uretra plate
detached from the corpora allowing a
more effective correction of glans by
rotation of the corpora with transfor-
mation of epispadias to peno-scrotal
hypospadias. Bladder was closed and
the uretra was placed ventrally. The
patient showed dehiscence of abdom-
inal and vesical wall with suprapubic
fistula and loss of urine. The urethral
peno-scrotal meatus appears patent. 
Case 2: AH a fourteen year old girl
was submitted to closure of bladder
exstrophy, in another country, when
she was 2 years old and failed. When
she was ten years old she was sub-
mitted to surgery for right renal lithi-
asis.
On admission in our clinic the patient
showed bladder exstrophy, bifido cli-
toris, absence of minora labia with a
small vaginal orifice (fig.2). The pa-
tient showed low self-esteem and
lack of social communication. Rou-
tine laboratory and assessment of
baseline renal function were per-
formed and were normal; ano-rectal
manometric and barium enema had
normal parameters; basin x-Ray
showed diastasis of pubic symphysis
approximately 10 cms and abdomen
ultrasound showed first grade hy-
dronephrosis on the left kidney. No
associated spinal, orthopedic and gas-
trointestinal anomalies. The patient
had closure of bladder exstrophy, rec-
tal reservoir (about 250cc), with am-
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Fig.1: Exstrophy-epispadias complex in the male (image before surgery)

Fig.2 (above):
Bladder exstro-
phy with bifido
clitoris, absence

of minora
labia and small
vaginal orifice(

image before
surgery)

Fig.3 (right):
Image of surgery:

Duhamel
pullthrough

with ureterorec-
tostomy
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putation of the rectum with Hartmann’s method and
recanalization with Duhamel’s method, anastomosis
uretero rectal and vaginoplasty.
The sigmoid colon was divided above the rectum. The
colon was passed behind the rectum, anastomosed to
the anal canal and the posterior rectal wall above the
dentate line and internal sphincter. The two ureters
were detached from the bladder and were implanted
in a subserosal tunnel on the lateral rectal wall below
the upper edge of the rectum. Transanastomotic ureteric
catheters were passed into the rectal space and were
accessible through the anus. The proximal rectum was
closed in two layers and abdomen closed leaving a
pelvic drain. Blood transfusion was not necessary, the
patient began act kinesis of the pelvic floor at 15 days
and she also showed urinary continence during the
daytime with an emptying frequency of 5-6 times,
losses are not reported in the night. Following repair,
the patient showed great satisfactory with their body
image and improvement in their social interaction and
self-esteem. The patient was discharged after 25 days.
Two mounths after surgery abdomen ultrasound
demonstrated normal appearance and blood gases,
serum electrolytes, BUN and creatinine serum were es-
timated with maintenance of values within the normal
ranges. The patient is still in follow-up. 

DISCUSSION

Reconstruction of exstrophy- epispadias complex re-
mains one of the greatest challenges facing the paedi-
atric urologist and the results are as yet uncertain. The
goals of therapy include urinary continence with
preservation of renal function, and reconstruction of
functional cosmetically acceptable genitalia (5). 
In developing countries where early surgical recon-
struction is not done routinely and there are limited
technical resources, there is a high incidence of failure
of bladder reconstruction for children with bladder
exstrophy. Many, either primarily or following failed
surgery, will come to consideration of diversion. Also
the social taboos and culture in our locality often do
not favour an external stoma and add to the need for
an internal continent urinary diversion (6).
Pahernik et al. report their long-term results of conver-
sion from a colonic conduit into a continent anal uri-
nary diversion, as after conduit urinary diversion in
childhood, some patients wish to have a later conver-
sion to a continent diversion to avoid external appli-
ances and to improve their quality of life. Specific
advantages such as an improved body image and a
more independent lifestyle without external appli-
ances seem to justify these more complex procedures
(7). The past 15 years have seen an increasing interest
in continent diversion of the upper urinary tract. The
concept of refashioning the bowel to serve as a urinary
reservoir rather than a conduit is based on the original
pioneering observations by Goodwin and others in the
development of the augmentation cystoplasty (8). The
distruction of peristaltic integrity and refashioning of
the bowel has led to the development of many innova-
tive urinary reservoirs constructed from bowel, using

antireflux procedures to avoid upper tract sepsis and
additional surgical techniques to achieve urinary con-
tinence (9).
Many of the 40 or so variants of continent urinary di-
version presently used represent modifications of the
parent procedures.The multiplicity of procedures re-
flects the fact that most remain less than satisfactory
and the “best” continent diversion has yet to be de-
vised. It is however becoming apparent that certain
procedures are associated with lower early and late
complications . Mohamed A. et al. used the principles
of the Duhamel pullthrough technique to internally di-
vert urine for children who have failed to establish ac-
ceptable functional bladders after several operations
for bladder exstrophy. This procedure is associated
with minimal pelvic dissection and achieves a reason-
able rectal reservoir. There is the theoretical advantage
of avoiding a mix of urine and faeces, where the upper
part of the rectal pouch will serve as a reservoir for
urine and the faecal stream will come from the proxi-
mal bowel to the lower part of the rectum with preser-
vation of the anal sphincter (10), (fig.3).

CONCLUSION

Our experience, although limited in the number of
cases and in the time of observation, is in agreement
with the literature: we can say that the correction of
bladder exstrophy in adolescents might be a urinary
diversion with creation of rectal reservoir, useful for
age of the patients and postoperative management. It
is always necessary an adequate follow-up to check
any complications.
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INTRODUCTION
Esophageal stenosis is one of the most serious problems
in patients with peptic esophagitis. Its prevalence is
poorly documented in childhood, and it’s estimated to
be around 1,5%. [1] Strictures result from injuries to the
esophageal wall with subsequent thickening of its lay-
ers and eventual development of fibrosis [2]. Current
treatments include endoscopic dilation, use of remov-
able self-expanding intraluminal stents and, if no other
treatment is effective, esophageal resection and replace-
ment. Conservative therapy has been acknowledged as
the treatment of choice in the last ten years, for its good
outcome [3].
The present report describes a successfully managed
case of persistent esophageal stricture.

CASE REPORT
M.A. is a 10 years old boy who has suffered from gas-
troesophageal reflux since birth. He only ate his mother’s
milk for 5 years and had frequent episodes of brown
vomiting. 
At the arrival in another hospital at the age of 4 years he
had a severe esophageal peptic stricture, which was
treated with several endoscopic dilatations. He was then
submitted to periodic endoscopic dilatations and to
blood transfusion every 6-12 months for severe anemia.
He underwent surgery for right inguinal hernia and re-
ligious circumcision at the age of 8 years.  
The boy joined our Unit at the age of 10 years: he was
20,3 kg ( << 3rd  percentile), 125,5 cm ( 3rd percentile),
and could only eat liquid foods. He had a diagnosis of
“hiatal hernia and peptic esophageal stenosis in the
lower third of the esophagus, with marked dilatation of
the upper and medium third”. Blood tests showed a de-
crease in hemoglobin and eritrocytes, with low serum
iron. The boy was thus transfused with whole blood

after determination of blood group.
A contrast X-ray was performed and showed a severe
esophageal stricture in the lower region and gastroe-
sophageal reflux. (Fig. 1)  A bone age study showed a
bone age of 6,6 years, despite the real age of the patient
who was 10.
He underwent endoscopy which shows severe
esophagitis with mucosal bleeding and a stricture 35 cm
from upper dental arch (Fig. 2); a pneumatic dilatation
was performed, after which the instrument could pass
over the stenosis, 5 cm long.
An antireflux therapy was then set with omeprazole 20
mg a day and ranitidine 150 mg a day. The boy was also
submitted to Toupet laparoscopic fundoplication, and to
surgery for left inguinal hernia and plantar wart of the
left foot.
The little patient needed 5 other endoscopic intralumi-
nal dilatations, the first one month after surgery and
then every 15-20 days: they were performed three times
with balloon, one time with balloon and topic injection
of prednisone, then with diatermic needle and finally
with diathermic needle and topic injection of methyl-
prednisolone. He was also subjected to therapy with
systemic corticosteroids for about a month.
One month after the last dilatation he has grown ( 128
cm and 25 kg, both between 3rd ad 15th percentile), can
eat all kind of foods, his blood count is normal and X-
ray and endoscopy both show resolution of the stenosis
and esophagitis. (Fig. 3)
DISCUSSION
Strictures of the esophagus due to gastroesophageal re-
flux develop over a significant period of time and diag-
nosis is often delayed. In infants this is partially due to
the liquid nature of their diet. [4] In our patient, indeed,
the prolonged assumption of maternal milk only hid a
significant part of symptoms.
This  boy was a candidate for esophageal replacement,
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Introduction: esophageal stenosis is one of the most serious problems in patients with peptic esophagitis. It may require
esophageal resection and replacement, if no other treatment is effective. Patients and methods: we report a successfully man-
aged case of persistent esophageal stricture. The patient was a 10-year-old boy suffering from gastroesophageal reflux since
birth. He has an esophageal peptic stricture which was treated with multiple dilatation at another hospital (about 24 times).
The boy joined our Unit for gastroesophageal reflux and severe esophageal stricture confirmed with contrast X-ray. He could
only eat liquid foods and had a growth retardation. He underwent endoscopy which shows severe esophagitis with mucosal
bleeding. He also had a severe anemia, for which he underwent blood transfusion. We decided to submit the boy to Toupet
laparoscopic fundoplication, endoscopic intraluminal dilatation with balloon and diathermic needle and therapy with PPI
(protonic pump inhibitors) and corticostheroids. The little patient needed 7 endoscopic dilatations. Results: one month after
the last dilatation he has grown, can eat all kind of foods, his blood count is normal and X-ray and endoscopy both show res-
olution of the stenosis and esophagitis. Conclusions: we report this case because we think that it’s a complex and interesting
case. This patient was a candidate for esophageal replacement. We managed to save his native esophagus, treating gastroe-
sophageal reflux and peptic stenosis with surgery and endoscopic dilatations, and reducing fibrosis and scarring with corti-
costeroid therapy. We thus think that this therapeutic procedure can be an optimal choice to contemplate before considering
native esophagus replacement.
Keywords: esophageal stenosis, gastroesophageal reflux, endoscopic dilatation, children.



since the entity of his stricture was severe and it was
causing a set of very invalidating symptoms. Anyway,
an organ substitution is a complex act of surgery, with a
considerable morbidity and mortality. 
There are several studies supporting each one of the var-
ious techniques available (gastric transposition, gastric
tube, colon transposition and small bowel interposition)
[5,6]: nonetheless the common opinion is that the pa-
tient’s own esophagus is best.
A serious antireflux medical treatment and antireflux
surgery were the key to our success, permitting healing
of esophagitis and consequent reestablishment of mu-
cosal elasticity. This way we could perform safer and
more effective dilations: safer, for the damaged mucosa
is more fragile and more easily perforated; more effec-
tive, because the characteristics of this kind of strictures
are such that the dilatation is more difficult than in stric-
tures of other etiologies. [7,8]  
The use of corticosteroids for topic injection was also
fundamental, for the resulting suppression of flogistic
insults and consequent decrease of fibrosis in the site of
dilatation. [9] Also systemic therapy with corticosteroids
is considered a valid option in reducing scar formation
for  its immunomodulating role. [10] These two meth-
ods of administration are often used together, combining
a systemic effect with a local one, which allow a higher
dose limiting adverse effects.
In the last few years also Mitomycin C has been studied
as antifibrotic agent for use in peptic strictures, but the
results are controversial. [11,12]

CONCLUSIONS
With all of these aids altogether we were able to save
the native esophagus of our patient, by treating gastroe-
sophageal reflux and peptic stenosis with surgery and
endoscopic dilatations, and reducing fibrosis and scar-
ring with corticosteroid therapy. 
This therapeutic procedure can be an optimal choice to
contemplate before considering native esophagus re-
placement also in complex cases like this one. 
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Fig.2 (above): Endoscopic findings: flogistic appearance of mu-
cosa. The stenosis is evident in the center of esophageal lumen.

Fig.3: Last endoscopic examination. The mucosa has improved,
there is no more bleeding and the stenosis has a larger diameter.

Fig.1: Esophageal contrast X-ray before dilations. Evident stenosis of
the lower third of the esophagus, with difficult passage of contrast.



INTRODUCTION

Burkitt Lymphoma is a high grade mature B-cell neo-
plasm and it represents 8-10 % of all tumors in chil-
dren of age less than 15 years. It’s composed of
monomorphic medium-size B cells with basophilic cy-
toplasm and numerous mitotic figures (1,2,3). We re-
port the case of a 5 years-old girl with intussusception
in Sporadic Burkitt Lymphoma. This report focus on
the importance of considering the possibility of Burkitt
lymphoma in ileum polyp and intussusception. 

CASE REPORT

A 5 years old girl, with spasmodic abdominal pain,
was addimitted in our Clinic. The episodes of pain
were occurred with remarkable regularity for about
one week and initially the child was behaved normally
between the spasm. The physical examination showed
a picture of acute abdomen whit diffuse pain and an-
talgic position. The anamnesis showed one episode of
vomiting, regular alvus and absences of rectal bleed-
ing. Because the symptoms suggested an intussuscep-
tion an abdominal ultrasound scan was performed. The
echography confirmed the diagnosis of intussusception
and it showed an invagination of proximal bowel  (in-
tussusceptum) into the lumen of distal bowel (intus-

suscipiens) (Fig.1). We decided to perform an emer-
gency operation under general anesthesia. We made a
right transvers skin incision above the umbilicus and
we found an ileo-cecal-colic intussusception. Reduc-
tion of ileum through the ileocecal valve requires pa-
tience and it was achieved by squeezing the bowel
distal to the apex of intussusceptum (Fig.2) . After re-
duction we discovered a pathological lead point on the
anti-mesenteric wall of ileum, which was a peduncled
polyp. Dimensions of the neoformation were 1 cm x 2
cm. We resected the neoformation and a small length
of ileum (about 4 cm) (Fig.3). A single layer end-to-
end ileo ileum anastomosis was performed and the ap-
pendicectomy. The light microscopic appearance of the
tumor suggested Burkitt Lymphoma. A complete and
specific work-up was performed to choose the manage-
ment of case. It included computer tomography of the
chest (CT scan), chest x-ray, skeletal scintigraphy, ab-
dominal, neck and head ultrasound scan, bone marrow
aspirate, magnetic resonance imaging  total body
(MRI) and peripheal blood tests. Pretreatment LDH
levels were measured routinely. All exams showed an
absence of disease. However the child was graded sec-
ond risk group (R2) because lymph-nodes sampling
was not performed and LDH levels were lower 500 U/l.
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Introduction. Burkitt Lymphoma is a high grade lymphoma and it represents 8-10 % of all tumors in children  less than 15
years old. There are two forms of Burkitt Lymphoma (BL): endemic and sporadic,  that  are  indistinguishable by histology,
but they have got a different geographical distribution. The sporadic form more commonly has an abdominal presentation.
About eighty percent of these patients has predominantly intussusceptions. Materials and methods. We report a 5 years old
girl with spasmodic abdominal pain who was addimitted in our Clinic. We diagnosed an intussusception by clinical exam-
ination and abdominal ultrasound scan. We decided to perform an emergency operation and we found a single pedicle neo-
formation on the anti-mesenteric wall of ileum, that was the patologic lead point. We reduced the intussusception and we
resected the neoformation and a small length of ileum (about 4 cm).  We performed a  single-layer end-to-end ileo-ileum
anastomosis and the appendicectomy. The histopathological examination and the immunohistochemistry study revealed a
Burkitt Lymphoma. Results. The patient was dismissed on eighth postoperative day and she was referred to Pediatric Oncology
Center for chemotherapy. The child was graded second class (R2) because lymph-nodes sampling was not performed and
LDH levels were lower 500 U/l. Conclusions. The mayority of sporadic Burkitt Lymphoma patients presents with abdominal
disease that required  a laparotomy. The presenting symptoms included: an abdominal mass, intestinal obstruction, intus-
susceptions as acute abdomen. The role of surgery is very controversial. However, it’s required to confirm the diagnosis in
the presence of extensive intrabdominal disease and to relieve the common presenting symptoms in the presence of acute
abdomen. Some Authors argue that Surgery is important in the management of the complications. 
Key words: intussusceptions, Sporadic Burkitt Lymphoma, ileum neoformation



On the 8th postoperative day the patient was dis-
missed and she was referred to Pediatric Oncology
Center for chemotherapy. 

DISCUSSION

Non Hodgkin Lymphoma (NHL) is the third most com-
mon cancer (10%) and accounts for  approximately
60% all lymphomas  in children and adolescents. The
four majority pathological subtypes of childhood and
adolescents NHL are Burkitt lymphoma (40%), lym-
phoblastic lymphoma (30%), diffuse large B-cell lym-

phoma (20%) and anaplastic large cell lymphoma
(10%) (2).
Two clinical variants of Burkitt Lymphoma (BL) have
been recognized by World Health Organization classi-
fication (WHO): endemic and sporadic,  that  are  in-
distinguishable by histology, but they have got a
different geographical distribution. The etiology of
sporadic Burkitt is obscure, it has an abdominal pres-
entation and it’s common form in young children of the
U.S.A.; the presenting symptoms included: an abdom-
inal mass, intestinal obstruction, intussusceptions and
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Fig.2:
Intraoperative
image;  reduction
of ileum was
achieved by
squeezing the bowel
distal to the apex of
intussusceptum.

Fig.1:
Echography shows
an invagination of
proximal bowel
(intussusceptum)
into the lumen of
distal bowel
(intussuscipiens).



acute abdomen. Instead, the etiology of endemic
Burkitt is correlated to Ebstein-Barr virus (EBV) and it
frequently presents with tumors of the head and neck
in population in equatorial Africa. Translocation in-
volving C-MYC gene is constant feature of BL. All
cases have a translocation involving C-MYC gene at
8q24 with the immunoglobulin heavy chain gene
(IGH) at 14q32, or, less commonly, with k light chain
locus (IGK) at 2q11 or lamda light chain locus (IGL) at
22q11 (4,5). The majority of sporadic Burkitt Lym-
phoma patients present with abdominal disease that
required  a laparotomy.  The presenting intrabdominal
symptoms included: an abdominal mass, intestinal ob-
struction, intussusceptions and acute abdomen. Burkitt
Lymphoma is a rapidly progressive malignancy that
may present with surgical complications especially in
the sporadic form (6). The role of surgery in intrabdom-
inal Burkitt Lymphoma is a controversial subject and
there are some different views. Surgeon is required to
confirm the diagnosis in the presence of extensive in-
trabdominal disease and to treat acute abdomen. In the
first case the operation should be limited to biopsy
only. In the second case, when the tumor is localized
and it runs for acute abdomen, the total resection re-
sults in a good outcome (7,8,9). Total resection consists
in removing neoformation and pertinent lymph-nodes.
Treatment is based on the stratification of patients into
four risk groups (R1, R2, R3, R4). R1 included patients
with completely resected disease and negative
histophatological exam of lymph-nodes; R2 with in-
completed resected or unresected disease and extrab-
dominal disease localization or abdominal and LDH
levels < 500 IU/l; R3 with unresected abdominal lym-
phoma and LDH levels between 500 IU/l and 1000 IU/l
and patients with bone marrow without CNS (Central
Nervous System) involvement; R4 with LDH levels >
1000 IU/l and with bone marrow and/or CSN involve-
ment (10,11). Our child was graded second risk group
(R2) because lymph-nodes sampling was not per-
formed. In addition, surgery may be needed for the
management and treatment of complications of the dis-

ease. However chemotherapy is the mainstay treatment
for all variants of BL, because of its extreme sensitivity.
If primary resection has been undertaken this must be
followed by chemotherapy (12). This case is paradig-
matic situation and it illustrates the importance of con-
sidering the possibility of malignancy with ileum
neoformation in children. However only histopatho-
logical, immunohistochemical and flow citometric im-
monophenotyping studies can provide a definitive
diagnosis.  

CONCLUSIONS

In conclusion intussusception  in childhood  with
Burkitt Lymphoma is very common; therefore, the pos-
sibility of malignancy in ileum neoformation should
be considered in the pediatric patients. So in cases of
intussusception, beyond the age of primary invagina-
tion and in the presence of a atypical lead point, it’s
considered the possibility of a malignancy. 
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Fig.3: Intraoperative image;
ileum neoformation (dimensions were 1 cm x 2 cm).



97

CLINICAL CASES

INTRODUCTION

Laryngeal papillomatosis is a chronic disease of viral
etiology that occurs in both children and adults. The
disease is caused by the human papilloma virus . The
viral etiology was first suggested by Ulmann in 1923
(1) and has now been confirmed by in situ hybridiza-
tion and polymerase chain reaction (PCR) for laryngeal
papillomatosis (2). In most cases, HPV subtypes 6 and
11 are found. Although it has a clear viral origin, fac-
tors characterizing the onset and progress are still un-
certain.
The incidence is estimated at about 4.3/100.000 among
children. Approximately 75% of affected children are
first-born, and these cases are usually the result of vagi-
nal delivery; however, laryngeal papillomatosis has
been reported in children born by cesarean section (3).
It may occur at any site in the airway, but the glottic
larynx is the most common location (4). Symptoms are
hoarseness and sometimes airway obstruction . These
patients are often misdiagnosed as having asthma or
allergies.
Various treatment modalities have been proposed for
the treatment of  laryngeal papillomatosis, including
surgical approaches (CO2 laser/microdebrider) and
medical treatment (cidofovir, interferon, indole-3-
carbinol). However, there is general consensus that sur-

gical removal of the lesion, particularly using the CO2
laser, is the treatment of choice (5). 
Histologically, papilloma  are exophytic projections of
the keratinized stratified squamous epithelium overly-
ing a fibrovascular core. Koilocytes (Fig. 1) (vacuolated
cells with clear cytoplasmic inclusions) suggest the
presence of a viral infection (6).
We describe a case of juvenile diffuse laryngeal papil-
lomatosis which was spread to glottis and subglottis.

CASE REPORT

YH is a seven year old boy. He was submitted to left
cord vocal biopsy for hoarseness when he was 2 years
old and he received a diagnosis of  squamous papil-
loma. When he was 6 years old he was submitted three
times to surgery with microdebrider for extirpation of
the papilloma in another country. On admission in our
clinic the patient showed chronic dysphonia, dyspnea,
emophtoe and anemia.  Analysis chemistry and he-
mochromocitometric examination were performed, and
showed elevation of  PCR (1.44 mg/dls) and anemia
(hemoglobin 8.3 g/dls); bone age study showed a de-
gree of skeletal maturity corresponding at five years,
less than real age 7 years; buffer pharinx, infectious
markers,  coprocolture, urine examination and
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JUVENILE DIFFUSE LARYNGEAL PAPILLOMATOSIS: CASE REPORT

Burgio A., *Vessio G., Varetti C., Fanti F., Bulotta Al., Meucci D., Pavone M., Messina M.

Division of Pediatric Surgery, Department of Pediatrics,
Obstetrics and Reproductive Medicine, University Of Siena

*Department of Otolaryngology, University of Siena, School of Medicine, Siena, Italy.

Introduction. Juvenile laryngeal papillomatosis is a rare benign neoplasm of the larynx in children; incidence is estimated
about 4.3/100.000  children and extralaryngeal spread to the lower airway is relatively uncommon. Although it has a clear
viral origin factors that characterize the onset and progress are still uncertain. Materials and methods. We report a 7 year old
boy with chronic dysphonia, dyspnoea, haemoptysis and anemia who was admitted in our Clinic. The patient was submitted
to left cord vocal biopsy for hoarseness. At 2 years it was diagnosed squamous papilloma and it was managed with microde-
brider in another country . A laryngo-tracheo-bronchoscopy was performed with biopsies for viral identification and histology,
treatment with laser CO2, tracheotomy for diffuse papillomatosis and intralaryngeal antiviral injection. The papillomatosis
was extended in glottic and subglottic. Histological report is  laryngeal papillomatosis due to HPV types 11. Identification of
HPV genotypes was based on PCR. Results. He had 3 procedures of laser CO2 and the mean time between two consecutive
surgeries was 20 days. A third laryngoscopy, after 5 week, found no lesion, no scar formation, no bleeding. The patient was
discharged after 3 mounth. Conclusion. The natural history of  laryngeal papillomatosis is highly variable and unpredictable.
The disease may undergo spontaneous remission, persist in a stable state requiring only periodic surgical treatment, or may
be aggressive, requiring surgical treatment every few days to weeks and consideration of adjuvant medical therapy. 
Keywords: laryngeal papillomatosis, laser CO2, Cidofovir.



urinocolture, abdomen ultrasound were negative. An
esophagogastroduodenoscopy was performed to find
the cause of bleeding, and it was negative. A laryn-
goscopy showed presence of papilloma only at left ary-
tenoid  because the patient were intubated (Fig.2).
Four days after the patient was submitted to laser CO2
surgery (histology and bacteriology were performed):
larynx seemed completely covered by exuberant tissue
to the subglottis; considering the large extent of the pa-
pillomatosis, only the left side of the larynx was treated
and  the boy was submitted to tracheotomy. He also
needed a blood transfusion. Six days after the patient
was again submitted to laryngo-tracheoscopy that
showed papillomatosis of the right side of the larinx.
Fifteen days after the patient was treated with Laser
CO2 surgery and topical injection of an antiviral sub-
stances (Cidofovir): papillomatous formations were re-
moved in the left side of the larinx and in the
subglottis, and the procedure was repeated after
twenty days, with complete exeresis of the lesions in
the right side of the larynx. The control laryngoscope
after eight days showed no papilloma and intralaryn-
geal antiviral injection was performed (Fig.3). The pa-
tient was discharged after 3 mounth.

DISCUSSION

Laryngeal papillomatosis was first descrived in the
medical literature approximately 150 years ago; since
then numerous studies have investigated the epidemi-
ology of the disease and the viral etiology, pathophisi-
ology, clinical presentation, risk factors for aggressive
disease, and staging of juvenile laryngeal papillomato-
sis (7). Before the advent of laryngoscopy and modern
medical and surgical techniques, it is probable that
many patients with laryngeal papillomatosis died for
their disease without diagnosis. 
Chevalier Jackson devoted a great deal of attention to
the condition of papillomata of the larynx in children
in his 1922 textbook, Bronchoscopy and
Esophagoscopy. In addition to describing the laryngo-
scopic appearance, diagnostic methods, and treatment
modalities for these lesions, he observed two classes of
cases: non aggressive cases that tend to improve spon-
taneously with minimal, intermittent treatment, and
aggressive cases, which were unresponsive to any form
of current therapy and characterized by persistent re-
currence and spread of disease. He advocated endo-
scopic management (8). Tissue biopsy specimens are
obtained at the time of surgery. In some cases, patients
present with severe, acute respiratory distress that may
require tracheotomy; however, many patients undergo
a tracheotomy simply to relieve obstruction from pa-
pillomas located within the larynx itself; once the lar-
ynx has been debulked and the airway restored, the
tracheotomy may be removed. It has been reported that
the presence of a tracheotomy increases the risk for dis-
tal tracheal spread of papillomatosis. Approximately
50% of patients with tracheotomy develop papillomas
at the stomal site. Early decannulation may lead to re-
duced risk of tracheal stomal lesions and distal tracheal
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Fig.2 (above): Intraoperative image: papilloma at left  arytenoid
(patient intubated).

Fig.3: Postoperative laryngoscopy (2 months): absence of papillo-
mas

Fig.1: Histologic section of laryngeal papilloma demonstrating vac-
uolated koilocytes suggest the presence of a viral infection.(hema-
toxylin-eosin)



spread. One study reported that patients with HPV 11
are at increased risk of requiring tracheotomy (9).
Various surgical modalities have been used; however,
the CO2 laser has been used successfully for more than
30 years. The goal of surgical intervention is to provide
an adequate airway, improve voice quality, and possi-
bly facilitate remission of disease. The CO2 allows pre-
cise removal of tissue with minimal morbidity.
Thermal energy is dissipated from the surgical site to
surrounding tissues, but this effect is minimal. Exces-
sive tissue removal may result in glottis webbing or
stenosis (10). Adjuvant medical therapies for laryngeal
papillomatosis have been used and investigated with
inconsistent results. Although some of these therapies
have demonstrated efficacy in selected patients, no par-
ticular therapy is curative. Various vaccines have been
suggested for the treatment of papillomatosis, includ-
ing bovine wart vaccine, smallpox vaccine, and more
recently, mumps vaccine. Pharmacologic approaches to
the treatment of  laryngeal papillomatosis have been
used as an adjunct to surgical therapy: interferon α-2,
but liver function abnormalities may occur with inter-
feron therapy; topical application of estrogen has been
proposed because it can thicken the mucosa, wich may
prevent recurrence of laryngeal papillomas. However,
topical adjuvant estrogen therapy is not recommended
in children, because of potential adverse endocrine se-
quelae. 
Other adjuvant medical therapies that have shown ef-
ficacy against laryngeal papillomatosis include acy-
clovir, methotrexate, ribavirin, cimetidine, and more
recently, cidofovir intralaryngeal injection of papillo-
matous lesions at the time of surgery (7).
Identification of high-risk patients could improve man-
agement of laryngeal papillomatosis by allowing ear-
lier intervention with adjuvant medical therapies in
addition to aggressive surgical therapy. Numerous clin-
ical, viral, and molecular prognostic factors have been
identified. Published data are conflicting, particularly
with respect to HPV types. Rimmel et al. performed a
retrospective analysis of 19 patients with laryngeal pa-
pillomatosis. Herpes papilloma virus typing was per-
formed on paraffin-embedded biopsy specimens using
PCR techniques. The authors found that patients in-
fected with HPV 11 demonstrated a significant increase
in airway obstructive disease manifesting as increases
in both frequency of surgery and necessity for tra-
cheotomy (11). Rabah et al. esamine paraffin-embed-
ded specimens from 61 adults and children, all of
whom had laringea papillomatosis diagnosed during
childhood. During follow-up periods ranging from 1
to 49 years, researchers found that disease was more
aggressive in patients with HPV 11, those who under-
went more frequent surgical procedures, and those
with tracheobronchial disease. In some patients, ma-
lignant degeneration and death occurred (12). 

CONCLUSION

The natural history of  laryngeal papillomatosis is
highly variable and unpredictable. The disease may

undergo spontaneous remission, persist in a stable
state requiring only periodic surgical treatment, or may
be aggressive, requiring surgical treatment every few
days to weeks and consideration of adjuvant medical
therapy. A meticulous follow-up for early recognition
of local recurrence and malignant transformation and
secondary carcinoma is recommended.
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MPSTEG-COLOR:
A NEW STEGANOGRAPHY IN THE PIXEL DOMAIN

Giacomo Cancelli

LUMBAR SPINAL CHRONIC EPIDURAL

HEMATOMAS. A RARE PATHOLOGY,
OFTEN UNDERESTIMATED

G.B. Scarfò, F. Natrella

The main goal of any steganographic algorithm is that of hid-
ing a message within an innocuous signal in such a way that
the very presence of the hidden message remains secret. The
opposite effort of determining the presence of a hidden mes-
sage within a cover signal is carried out by steganalyzer pro-
grams. Blind steganalyzers do not know the steganographic
technique used to hide the message, hence they rely on a sta-
tistical analysis to understand whether a given signal con-
tains hidden data or not, however this analysis disregards the
semantic content of the cover signal. Given the observation
above, it may be argued that, from a steganographic point of
view it is preferable to embed the watermark at higher se-
mantic levels, e.g. by modifying structural elements of the
host signal like lines, edges or flat areas in the case of still
images.
In this work we presented a new steganographic algorithm
for color images (MPSteg-color). It is based on Matching Pur-
suit (MP) decomposition of the host image. The idea behind
this work is to adaptively choose the elements of a redundant
basis to represent the host image. In this way, the image is
expressed as the composition of a set of structured elements
resembling basic image structures such as lines, corners, and
flat regions. We argue that embedding the secret message at
this, more semantic, level results in a lower modification of
the low-level statistical properties of the image, and hence in
a lower detectability of the presence of the hidden message.
The results confirm the validity of the proposed approach.

Objective. The authors, reporting 3 cases operated on
in the last 2 years, describe the clinical and radiolog-
ical features of a relatively very rare pathology or
complication, which is part of the elaborated uni-
verse of the degenerative lumbar spinal disease. By
pointing out the probable etiology, they suggest the
most appropriate treatment. Patients and methods. We
report 3 cases of lumbar spinal chronic epidural
hematomas. The patients, all males aged from 65 to
38, presented with an irritative pluriradiculopathy,
low back pain, neurological deficits and intermittent
caludication. All patients underwent X-ray, CT and
MRI that showed the hematomas to be associated
with a significant spinal degenerative disease and
disk herniation. They have been operated on with a
microsurgical technique and stabilized by interso-
matic titanium cages. Results. The outcome, in a 6
months-2 years follow-up, was excellent. All the
symptoms and neurological deficits disappeared.
Conclusions. Lumbar spinal chronic epidural
hematoma is hard to pre-surgically diagnose and in-
frequently reported with clarity by radiologists. Nev-
ertheless, it is a pathology with precise radiological
and histological features, and its etiology derived
from a spontaneous, iatrogenic or traumatic bleeding,
which is always venous.
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RESULTS TO 5 YEARS AFTER ENDOVENOUS

LASER TREATMENT

Giuseppe Botta, Sergio Mancini

University of Siena, Department of General Surgery, Center of
Research, Therapy and Rehabilitation Phlebolymphological.

Introduction: To refer and to discuss the appearance of re-
current varicose veins after many years from the endovenous
laser treatment of the refluent saphenous axis.
Patients and methods: 191 laser procedures have been car-
ried out in the period between December 2001 and June
2009 at the Center of Phlebolymphology of the Siena Univer-
sity for the treatment of 188 patients with varicose veins of
the lower limbs. 145 patients are females and 46 males, rang-
ing in age between 22 and 80 years. The superficial chronic
venous insufficiency was caused by the incompetence of the
saphenofemoral junction (SFJ) and the reflux of the great
saphenous vein (GSV), as demonstrated by duplex scanner.
All patients were operated under local anesthesia and sono-
graphic guidance. A diode laser of 810 nm has been used in
the first 71 procedures and a diode laser of 980 nm in the fol-

lowing 120 procedures. The fiber laser is introduced for tran-
scutaneous way or after small surgical cutaneous incision
from the bottom to the top with the tip that arrives to 2 cm
from the saphenofemoral junction, in way to leave effluent
the epigastrica vein. The employed parameters have been 12-
14 watt of power with 3 impulses of 1 second according to
repeated after an interval of 1 second every cm of length of
the vein, thus to obtain a fluence of approximately 40 joule
for cm.
Results: The immediate obliteration of the saphenous axis
has been had in 182 cases (95%). The ricanalization of the
great saphenous vein has been documented in the instrumen-
tal follow up in 11 patients (10,2%) at 3 years from the treat-
ment, in 9 (12%) at 4 years and in 9 (25,7%) after 5 years.
Conclusion: The endovenous laser treatment for the therapy
of varicose veins of the lower limbs is a simple procedure,
poor invasive, that it can be performed in outpatient or Day
Surgery regime without increase of the costs of stay in hos-
pital. Its effectiveness currently is put in argument from the
possibility that a recurrent varicose veins appears at distance
of years from the treatment with ricanalization of the saphe-
nous axis, even if in absence of symptomatology. In our ex-
perience this possibility has evidenced in the clinical and
instrumental follow up of the patients operated after 5 years
in a percentage that exceeds the 20%.



CASE REPORT: RECIDIVA PELVICA

DI ETP RETTO CON INFILTRAZIONE URETERALE,
TRATTAMENTO E FOLLOW-UP.

Marzocca G., Lo Gatto M., Varrone F.

Dipartimento di Chirurgia Generale e Specialità
Chirurgiche. Azienda Ospedaliera Universitaria Santa
Maria alle Scotte, Siena.

Introduction: The authors present the clinical case of a
woman subjected to anterior resection of the rectum with re-
currence involving the pelvic the right ureter occurred after
about 8 years from surgery.
Patients and methods: M.R. woman of 79 years, came to
our observation for pain type sciatica. The patient has a his-
tory of resection front of the rectum for adenocarcinoma
(T3N1Mx, G2) carried out 8 years first with 5-year follow-up
negative for recurrent disease. 
The Rx lumbosacral spine was negative, while the ultra-
sound of the abdomen showed an hydronephrosis second de-
gree dependent on the right kidney. Yes therefore performs a
CT abdomen demonstrating "a level sacral promontory a
solid education with a diameter of 30 mm, inhomogeneous
density for nodular calcification, which is located between
the common iliac arteries and infiltration of the right ureter,

which appears stenosis, upstream of the stenosis, there are
signs of uretero-hydronephrosis. Outcomes of resection of the
rectum without evidence of loco-regional recurrence or of
iliac lymphadenopathy. The tumor markers are in normal
limits. Assuming a radical treatment you Exploratory laparo-
tomy: for the small pelvis is a neoformation of about 5 cm in
diameter invading the distal right ureter and ileal loop. Pro-
ceed to resection stretch of ureter infiltrated by the tumor and
practiced direct suture catheter type on pig-tail. Also prac-
ticed resection involved in the neoplastic process of the loop
ileal. Not possible remove the entire tumor infiltrating the
plan because sacral. The post-operative care is regular, the
patient is resigned in XII postoperative day. Histopathologi-
cal examination identifies the lesion as relapse of adenocar-
cinoma of the large intestine.
Results: The follow-up at 12 months is negative for disease
progression.
Conclusion: Colorectal tumors in advanced stage (upper
stage C2, III) even after treatment of resection and adjuvant
chemotherapy regional recurrences may spot the medium to
long term no increase in common biohumoral Markes. These
recurrences may affect the urinary system requiring treatment
diligent in order to prevent permanent kidney damage.
Strategies therapeutic present in a clinical setting and in the
literature are numerous and vary depending on the extension
of recidivism. They range from simple derivatives contracts
(nephropielostomy), the resection-anastomosis of ureter in-
volved, the en bloc resection recurrence of the mass, the de-
bulking, the pelvic exenteratio.
Key Words: relapse FTE rectum, ureter infiltration.
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CONJUGATED BRANCHED PEPTIDES AS TARGET-
ING AGENTS FOR TUMOR IMAGING AND THERAPY

Jlenia Brunetti, Alessandra Cappelli, Chiara Fal-
ciani, Barbara Lelli, Niccolò Ravenni, Alessandro

Pini and Luisa Bracci

University of Siena, Department of Molecular bBology.

Membrane receptors for endogenous peptides like Somato-
statin, Neurotensin, Bombesin and many others, are over-ex-
pressed in different human cancers and might be targeted as
tumor-specific antigens. Efficiency of peptide-receptor target-
ing depends on the presence and concentration of receptors
on neoplastic tissues. Our goal is producing peptide mole-
cules that can be used for both a specific receptor-tracing test
and for therapy or in vivo imaging, by delivering radio or
chemotherapeutic moieties to the same receptors on tumor
cells. We previously demonstrated that peptides synthesized
in  a branched form known as as Multiple Antigen Peptides
(MAP) can retain biological activity and become extremely
resistant to endogenous proteases and peptidases (1). An im-
portant possible development of protease-resistant MAPs, is
the application to tumor therapy and in vivo imaging. Ana-

logues of neurotensin (NT) and its functional fragment NT(8-
13) are under investigation to target a variety of human tu-
mors overexpressing NT receptors. We demonstrated that the
tetra-branched MAP form of NT and NT(8-13), fully retain
their biological activity and become much more resistant to
proteases (1). NT oligo-branched peptides are therefore can-
didates for the development of new specific tumor-targeted
biomolecules. In the present work, different NT analogues
were synthesised as tetra-branched MAPs, where the NT se-
quences behave as the tumor targeting moiety, while func-
tional units for treatment or tracing are bound at the
C-terminus of the molecule. Tetra-branched NT conjugated
to fluorophores were synthesized and tested for receptor
binding on different human tumor cell lines.
Once verified that the conjugation of the branched peptide
did not reduce its ability to bind the receptor, we tested our
peptides on samples from surgical resection of colon and pan-
creas adenocarcinoma, in comparison with healthy tissues
from the same patients. Confocal images show a general good
staining by branched NT peptides in most tumor samples and
a much lower staining in healthy tissue from the same pa-
tients, indicating a good selectivity of the peptide. The same
tetra-branched peptide was conjugated to chemotherapic
drugs and tested for cytotoxicity toward tumor cells in vitro
and in animal models. Results indicate promising features of
branched NT for selective tumor targeting.



Con queste parole – scritte in la-
tino (la lingua universale dei
dotti del tempo) perché tutti gli
studiosi europei potessero inten-
dere la rilevanza del messaggio
comunicato – Galileo apriva il
proprio “Annuncio celeste”, il
Sidereus Nuncius.
Uscito dalla tipografia nel marzo
1610, in una tiratura di 550
esemplari, il Sidereus Nuncius
costituiva il resoconto delle sco-
perte astronomiche che, grazie
all’uso del cannocchiale, Galileo
aveva compiuto tra la fine del
1609 e i primi del 1610. 
Le straordinarie novità di cui il
libretto (60 pagine in quarto) re-
cava notizia attenevano al carat-
tere scabro ed irregolare della
superficie lunare, costellata di ri-
lievi e avvallamenti; all’im-
menso numero di stelle
(invisibili ad occhio nudo) che
affollano le profondità siderali,
formando, inoltre, le nebulose e

la Via Lattea; alla presenza, in
prossimità di Giove, di quattro
satelliti, ruotanti con orbite rego-
lari attorno al pianeta.
È obbiettivamente arduo sotto-
valutare l’importanza e le vaste,
durature implicazioni del Side-
reus Nuncius, non solo per la
scienza astronomica, ma per
tutto il più generale contesto
della cultura del tempo. In ef-
fetti, come notava lo stesso Gali-
leo, le scoperte illustrate nel
volumetto «son tante et di sì
gran consequenze, che tra quello
che aggiungano et quello che ri-
mutano per necessità nella
scienza de i moti celesti, posso
dire che in gran parte sia rino-
vata et tratta fuori dalle tenebre,
come finalmente sono per con-
fessare tutti gl’intendenti». 
Il Sidereus Nuncius galileiano
segnava, di fatto, l’apertura di
una nuova era nella ricerca astro-
nomica, che passava dall’epoca

dell’osservazione ad occhio
nudo a quella della osservazione
telescopica. Al contempo, le “no-
vità” descritte da Galileo rappre-
sentavano un fattore di enorme
sconvolgimento dell’immagine
dell’assetto celeste intrattenuta
dai suoi contemporanei, un’im-
magine garantita da una conso-
lidata e assai accreditata
tradizione e che ora, brusca-
mente, veniva posta in discus-
sione in modo radicale. 
In un mondo in cui l’oscurità
delle notti – non ancora rischia-
rate dall’inquinante iper-illumi-
nazione delle nostre città –
rendeva il cielo stellato un com-
pagno inseparabile ed essenziale
della vita quotidiana di ogni
uomo, l’impatto culturale (oltre
che strettamente scientifico)
delle scoperte galileiane del
biennio 1609-1610 fu dirom-
pente. 
Tra le conseguenze non seconda-
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GALILEO, IL SIDEREUS NUNCIUS

E LE “NOVITÀ CELESTI”

PROLUSIONE PER L’INAUGURAZIONE 319° ANNO FISIOCRITICO

ACCADEMIA DEI FISIOCRITICI, 4 GIUGNO 2009

Sintesi della relazione di

MICHELE CAMEROTA

Docente di Storia della Scienza, Università degli Studi di Cagliari.

Magna equidem in hac exigua tractatione singulis de natura spec-
ulantibus inspicienda contemplandaque propono. Magna, in-
quam, tum ob rei ipsius præstantiam, tum ob inauditam per

ævum novitatem, tum etiam propter Organum, cuius beneficio eadem sen-
sui nostro obviam sese fecerunt.

[«Grandi invero sono le cose che in questo breve trattato io propongo alla visione e alla contemplazione degli studiosi della natura.
Grandi, dico, sia per l’eccellenza della materia per se stessa, sia per la novità loro non mai udita in tutti i tempi trascorsi, sia anche
per lo strumento, in virtù del quale quelle cose medesime si sono rese manifeste al senso nostro»].



rie delle nuove scoperte vi era
anche quella di sconvolgere l’as-
setto di una disciplina popolaris-
sima e assai praticata al tempo
quale l’astrologia. L’osservazione
di quattro nuovi astri (i satelliti
di Giove) veniva, infatti –  come
notava un corrispondente galile-
iano, il napoletano Giovan Bat-
tista Manso – a  scompaginare
«la distributione delle case del
zodiaco, le dignità essentiali ne’
segni, le qualità delle nature
delle stelle fisse, l’ordine de’ cro-
nicatori, il governo dell’età de gli
huomini, i mesi della formatione
dell’embrione, le ragioni de’
giorni critici, e cento e mill’altre
cose, che dipendono dal numero
settenario de’ pianeti». 
Si è molto parlato, negli ultimi
anni, del rapporto tra Galileo e le
predizioni astrologiche, accredi-
tando l’idea secondo cui l’autore
del Sidereus Nuncius coltivò con

zelo e passione la pratica astro-
logica. Una misconosciuta testi-
monianza dell’arcivescovo di
Siena, Ascanio Piccolomini, che
ebbe modo di conoscere bene lo
scienziato, avendolo ospitato nel
periodo immediatamente suc-
cessivo alla condanna proces-
suale, nei mesi tra il luglio e il
dicembre 1633, permette ora di
fare nuova luce sulla questione. 
Una lettera di Ascanio al fratello
Ottavio Piccolomini – conservata
presso il Státní Oblastni Archiv
di Zamrsk (una località distante
circa centoquaranta chilometri
da Praga) – attesta che Galileo si
faceva beffe delle geniture, irri-
dendole come frutto di una
«professione fondata sopra in-
certissimi se non falsi fonda-
menti». L’analisi del documento
e dei rapporti tra lo scienziato e
la cultura senese contribuisce,
dunque, ad illuminare un tema

controverso e ricco di implica-
zioni problematiche, facendo
emergere ancor meglio il carat-
tere di radicale novità che con-
traddistinse l’opera astronomica
galileiana a partire dal Sidereus
Nuncius e dalle “novità celesti” in
esse descritte.
E, senza dubbio, a quasi quattro-
cento anni dalla stesura di quella
mirabile operetta, noi lettori at-
tuali possiamo sottoscrivere ap-
pieno il giudizio di Tommaso
Campanella, che, dal suo carcere
napoletano, con chiara allusione
ai versi di Apocalisse, 21,1, no-
tava come, con la stesura del Si-
dereus Nuncius, Galileo avesse
davvero “purgato” gli occhi degli
uomini, mostrando loro “un
nuovo cielo e una nuova Terra”:
«tu purgasti oculos hominum, et
novum ostendis caelum, et novam ter-
ram in luna».
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Da lungo tempo ha avuto inizio in questa sede una
ormai abbondante raccolta di osservazioni sugli effetti
prodotti su colture cellulari e su cavie da un campo
elettromagnetico ELF (Extremely Low Frequencies) al-
ternante alla frequenza di 100 Hz con forma d'onda si-
nusoidale (1). Essendo il campo tutt'altro che
uniforme, la relativa induzione magnetica ammontava
a 100 gauss a contatto con le espansioni polari degli
elettromagneti generatori ma si riduceva a 4-6 gauss a
15 cm da ciascuna espansione polare. Con riferimento
a quanto emergeva dalla letteratura e con autoriz-
zazione della Commissione Bioetica, la sperimen-
tazione è stata poi avviata anche in sede clinica, ove
sono state trattate svariate patologie con apprezzabili
effetti antalgici e terapeutici (2,3,4).
Stante il fatto che, com'è noto, gli effetti dei vari tipi di
campi elettromagnetici a bassa frequenza dipendono
dai rispettivi codici (frequenza, intensità, forma
d'onda), è poi sorto il problema di riconoscere se altri
campi potessero riuscire più efficaci.
A questi fini, il procedimento ideale avrebbe richiesto
una esplorazione sistematica di tutti i possibili campi
a bassa frequenza, il che avrebbe però comportato un
numero astronomico di confronti fra gruppi di pazienti
omogenei e quindi un volume di lavoro praticamente
non eseguibile. Era però possibile confrontare gli ef-
fetti del citato campo ELF con quelli di un campo di
riferimento omnicomprensivo, i cui parametri mu-
tassero continuamente nel tempo in modo che, durante
la esposizione, potessero ricorrere tutti i codici

ammessi.
E' stato pertanto introdotto il nuovo sistema TAMMEF
(Therapeutic Application of Musically Modulated
Electromagnetic Fields). La denominazione discende
dal fatto che il campo può venir modulato secondo
qualunque segnale registrabile in bassa frequenza, in
particolare secondo un brano musicale, rispondendo
così alla condizione posta.
A quel punto è parsa logicamente consequenziale l'op-
portunità di integrare il trattamento con la simultanea
audizione del brano musicale pilota, in modo da ac-
compagnare l'esposizione al campo elettromagnetico
col relativo stimolo acustico sempre sincrono e coerente
col primo.
In connessione con quanto sopra esposto, si può ipo-
tizzare che le forze elettromotrici indotte dal campo,
oltre ad esercitare la accertata azione biofisica locale,
provochino anche l'emissione di segnali atti a stimolare
quei meccanismi di autodifesa e di autoriparazione che
intervengono automaticamente nei soggetti sani. Del
resto, considerando le attuali vedute sulle interazioni
fra il sistema nervoso, il sistema endocrino e il sistema
immunitario (5,6), appare lecito paragonare l'unità psi-
cofisica dell'organismo ad un complesso sistema omeo-
statico. Questo equivale a interpretare lo stato di salute
ideale come una efficiente continua autoregolazione di
tutte le funzioni reattive atte a mantenere stabile quello
stato, cioè atte ad antagonizzarne miratamente le cause
perturbatorie. Lo stato di malattia è allora inter-
pretabile come uno scoordinamento di parametri da
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imputare ad una sopravvenuta disfunzione del con-
trollo centrale, non più in grado di promuovere e pi-
lotare appropriatamente tutte le contromisure
protettive.
In questa ottica appare ammissibile che i segnali ner-
vosi uscenti dalla regione trattata concorrano nel riat-
tivare il meccanismo centrale reattivo qualora il sistema
si trovi in una predisposizione favorevole.
Il riconoscere che rapporto c'è fra la disposizione psi-
cologica del paziente e quella ideale, ai fini della valu-
tazione comparativa dei risultati, pone problemi
delicati per i quali occorre l'opera dello psicologo, al
quale si chiede di esaminare i singoli soggetti sottopo-
nendoli a mirati test.
In proposito c'è da notare che la scelta del brano musi-
cale pilota non può essere offerta ai pazienti, perchè in
tal caso l'azione biofisica non sarebbe la stessa per tutti
e quindi il confronto degli effetti riuscirebbe più diffi-
coltoso. Ne segue l'opportunità di adottare un brano
fisso, che deve necessariamente essere scelto dallo sper-
imentatore. Esplorando a questi fini la letteratura si
trova che la esposizione a suoni musicali migliora le
risposte immunologiche nei roditori (7), che in soggetti
umani certi brani incidono sui ritmi cardiaci e respira-
tori (8) e che diversi tipi di stimoli musicali producono
risposte EEG differenti (9). In mancanza di specifici
dati orientativi, la scelta è caduta su un brano (Mozart,
Trio per Pianoforte Violino e Violoncello K442) che è
stato riconosciuto particolarmente efficace nel tratta-
mento di bambini sordomuti (10).
Dunque, stante la fissità delle condizioni stabilite, al
paziente resta solo la facoltà di regolare a suo piaci-
mento il volume (che non incide sull'entità del campo
elettromagnetico). Spetta invece all'operatore decidere
se spiegare o no la correlazione che intercorre fra  la
musica e la modulazione del campo elettromagnetico
applicato, qualora il paziente sia mentalmente evoluto
e quindi in grado di comprendere la spiegazione, pun-
tando sulla presunta eventualità che quella infor-
mazione abbia ad innescare una componente
aggiuntiva di ordine psicosomatico.
Fra parentesi, se si usa il termine "psicosomatica" nel
suo significato letterale, basta la comune esperienza
quotidiana per riconoscere che una forte emozione può
produrre effetti fisiologici violenti quali vomito, diar-
rea, svenimento, infarto. Ma allora è pensabile che per
la stessa via possano venire indotti pure effetti benefici,
anche appariscenti quanto quelli nocivi. Spingendo
l'idea al massimo, il Principio di Costanza delle Leggi
di Natura consente di presumere che certe guarigioni
improvvise, tanto sorprendenti da apparire sovrannat-
urali, siano invece fenomeni del tutto naturali e quindi
provocabili a comando, una volta che ne siano stati
compresi i meccanismi. Queste considerazioni aprono
il dubbio che i risultati ottenuti con i campi elettromag-
netici costituiscano solo una constatazione parziale. Da
un lato, infatti, non si può prescindere dal fatto che le
sperimentazioni cliniche effettuate in cieco (11-15)
hanno confermato la validità  e l’efficacia terapeutica
dei campi elettromagnetici, dall'altro si può però pre-
sumere che altri tipi di stimolazioni possano produrre

effetti più ampi e che, in definitiva, vari fattori possano
anche interagire in maniera sinergica.
Da un punto di vista generale appare pertanto utile non
trascurare quanto sopra, anche se l'obiettivo specifico
del presente programma consiste nel raccogliere dati
per ottimizzare il trattamento mediante confronti fra le
risposte dei pazienti e le loro rispettive disposizioni. A
questi fini occorre però l'intervento dello psicologo, al
quale si chiede di esaminare ciascun paziente e di in-
dicare se sia o non sia opportuno spiegargli la corre-
lazione musica/campo. Si ritiene utile e prudente
consultare anche il musicologo sulla scelta del brano-
pilota.
La psicologia contemporanea vede come oggetto di stu-
dio il comportamento umano, definendolo come
fenomeno individuale unico e irripetibile. Ogni situ-
azione o stimolazione, infatti, produce risposte differ-
enti, sia sul piano affettivo che cognitivo, in quanto
influenzate da variabili interne ed esterne. Tra queste
un peso fondamentale viene attribuito alla struttura di
personalità ed alle esperienze di vita dell'individuo. È
con tali presupposti che lo psicologo partecipa a questo
progetto di ricerca con le seguenti finalità:
- Conoscere la costellazione delle dimensioni e dei
tratti della struttura di personalità individuale prima
del trattamento, per costruire tipologie o pattern di per-
sonalità specifici attraverso la somministrazione di due
tests psicodiagnostici (ACL, EPQ).
- Valutare il tono affettivo presente nel paziente dopo
il trattamento, attraverso un questionario apposita-
mente costruito e validato, per comprendere quale tipo
di sensazione o emozione abbia suscitato il brano mu-
sicale che ha accompagnato la terapia, seguendo il par-
adigma rivisto della trilogia di Wundt.
- Comprendere quanto l'aspetto cognitivo possa inter-
ferire sul tono affettivo del paziente e sulla percezione
del linguaggio musicale attraverso la suddivisione del
campione in due gruppi, ad uno dei quali vengono
date informazioni sul procedimento delle operazioni.
Quest'ultimo aspetto risulta necessario perchè è con-
fermato dalla letteratura che l'informazione preparato-
ria riduce l'incertezza ed eventualmente l'ambiguità
percettiva del messaggio musicale e, al contrario, per-
mette un rafforzamento dell'accuratezza della sen-
sazione e della consapevolezza emozionale.
Per quanto riguarda l'audizione del brano musicale
scelto per la modulazione il campo elettromagnetico,
c'è da osservare in generale che nei pazienti con intensa
sintomatologia dolorifica si possono realizzare risposte
di tipo alessitimico e dissociativo come difesa da in-
tensi sentimenti di colpa o di inefficacia nei confronti
della realtà.
Nell'operare la relativa scelta occorre pertanto evitare
che l'ascolto induca il paziente a porre al centro dell’at-
tenzione la sua vita affettiva (come nel caso della psi-
coterapia), ma piuttosto lo aiuti a “leggere”  gli affetti
di un “ALTRO” attraverso la ricchezza dei suoni e le
variazioni di timbro.
A questi fini si può ritenere appropriata la scelta di un
brano di Mozart, in particolare proprio quel Trio per
Pianoforte Violino e Violoncello K442 già riconosciuto
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di rilevante efficacia in altri tipi di trattamento (10). In-
fatti quella musica presenta una ricca gamma di espres-
sioni affettive (connesse con i principali nodi storici
della vita dell'Autore), da quelle gioiose alquanto ri-
lassanti a quelle più drammatiche relative alla sua in-
digenza e al gioco tra la vita e la morte. Quella musica
riesce quindi a trasmettere chiarezza, linearità, ingenu-
ità, genialità, semplicità, vivacità, gioia, gioco, dramma,
enigma e pertanto sul piano dell'acustica musicale
risulta rispondente alle esigenze del programma pro-
posto.
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Fig.1: Il sistema TAMMEF (Therapeutic Application of a Musically Modulated Electromagnetic Field)
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