
Abstract. Background/Aim: Leptin is a small hormone of
protein nature, it is strongly involved in the regulation of lipid
metabolism and its functioning mechanism is not yet well
known or whether or not it is actually secreted by
cholangiocytes, nor if the biliary tree expresses its receptors.
In the past, various studies have tried to correlate leptin levels
with certain neoplasms. The aim of this study was to
demonstrate that serum leptin values can become a new
sensitive and specific serum marker for cholangiocarcinoma.
Materials and Methods: Seventy-two patients with gallbladder
stones, hepatolithiasis with benign biliary stenosis,
cholangiocarcinoma, and a group of patients without hepato-
biliary diseases were enrolled in the study. In all cases blood
and bile samples were collected for evaluation of leptin levels
and liver biopsies were performed to confirm diagnosis. In all
patients, both ultrasound and cholangio-magnetic resonance
imaging (MRI) were performed to complete the diagnostic
procedure. Results: Twenty-two patients were affected by
cholangiocarcinoma, 50 by benign biliary disease (35
cholelithiasis and 6 hepatolithiasis and 9 by inflammatory
biliary stenosis). The mean values of serum leptin in patients
with cholangiocarcinoma were 19.28±8.76 ng/ml, significantly
higher than those observed in non-neoplastic biliary diseases.
Conclusion: Serum leptin levels might be a useful marker to
differentiate patients with cholangiocarcinoma from those with
biliary lithiasis and inflammatory stenosis.

Cholangiocarcinoma is a rare tumour (representing less than
2% of all malignancies) (1) and is ranked, in order of
frequency, as the second primary liver tumour after
hepatocarcinoma. It occurs mainly in the seventh decade of life
(range=50-70 years) with a slight predisposition in the male
sex (2, 3). A racial predisposition is not certain. It is generally
classified according to the anatomical site of onset in
intrahepatic (IC) and extrahepatic (HC) (2-4). Three types of
intrahepatic cholangiocarcinomas have been described
according to the type of macroscopic growth: mass forming
(MF), periductal infiltrating (PI), intraductal growing (IG) (2).
HC is classified internationally according to the Bismuth and
Corlette scheme. These tumours may have a greater
intrahepatic or extrahepatic development (4). Some authors
have correlated the incidence of cholangiocarcinoma with
cholelithiasis (5): biliary stasis with over infection and chronic
inflammation are decisive elements in the pathogenesis of the
neoplasms and these conditions can be supported by various
diseases (1, 6). The biomolecular basis of cholangiocarcinoma
development (1-4) has been identified in several experimental
studies, highlighting pathogenic mechanisms that have
remained obscure for many years. In particular, the association
between chronic cholestasis and phenotypic cholangiocyte
mutation has been clarified (5). Biliary infestations with
Opistorchis viverrini and Clonorchis sinensis, primary
sclerosing cholangitis (PSC), biliary stones, Caroli’s disease
and congenital cystic dilations of the choledochus increase the
risk of developing cholangiocarcinoma. However, there are two
basic conditions associated with the development of
cholangiocarcinoma and they are the chronic inflammation of
the biliary epithelium and its subsequent polytrauma up to the
obstruction of the Hering’s canal (1, 7, 8). Various cytokines
released from biliocytes during chronic inflammation have
been shown to be responsible for the process of carcinogenic
initiation (1, 7, 8). Recent studies document how cholangitis
produce cytokines with paracrine action such as: interleukin-6
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(IL-6), transforming growth factor-β (TGF-β), IL-8, tumor
necrosis factor-α (TNF-α) and platelet-derived growth factor
(PDGF) B chain (9, 10). Cytokines also induce the production
of iNOS (inducible nitric oxide synthase) in cholangiocytes (9),
an event very much related to malignant transformation.
Modern studies suggest that cholangiocarcinoma may originate
from hepatic stem cells (11). This hypothesis is strongly
supported by experiments performed on mixed forms of
hepato-cholangiocarcinoma, a type of tumour with intermediate
characteristics: the explanation for this phenomenon is that this
neoplasm would derive from progenitor cells with mixed
differentiation potential, hepatocyte and cholangiocyte (11).
The only therapy for cholangiocarcinoma is complete surgical
resection leading to histologically-negative resection margins.
Only a few patients are operable, so patients should be
carefully evaluated for resection. For example, inflammation
or a stent placement infection often makes evaluation difficult
(2). The type and extent of surgery depends on the location of
the tumour within the liver or biliary tract. In cases of
intrahepatic cholangiocarcinoma, it has been established that
resection gives better results than other types of intervention
(3). After resection, 5-year survival ranges from 8% to 47%
with the highest survival in patients with negative resection
margins (1). Leptin (from the Greek root leptos which means
lean) is a small hormone of a protein nature, it is strongly
involved in the regulation of lipid metabolism and energy
consumption. The biochemical structure of leptin looks like the
cytokines with long-helix chains, this group of substances is a
sort of bridge of communication between the neuroendocrine
system and the immune system. Leptin is carried to the target
organs by the blood stream. Its receptors are located mainly
within the brain, namely in the hypothalamus. Leptin reduces
the sense of hunger (anorectic effects) and increases energy
expenditure, helping to reduce body weight and fat mass.
Leptin is also involved in the regulation of numerous biological
functions: 1) it regulates thyroid activity; 2) it facilitates
haematopoiesis; 3) it regulates the immune system (Leptin
strengthens the immune system until it triggers real
autoimmune diseases); 4) it regulates the reproductive system
(it helps the secretion of gonadotropins; it is also produced by
the placenta), and 5) it regulates bone formation. Our study
aimed to demonstrate that serum leptin values can become a
new sensitive and specific serum marker for
cholangiocarcinoma. We focused our study on leptin, since we
do not currently know whether it is secreted by cholangiocytes,
nor whether the biliary tree expresses its receptors. However,
considering the very recent evidence and implications in the
genesis of some neoplasms such as those of the breast, this
Leptin (adipoquin) was chosen as a possible marker for our
study. In addition, the determination of the bile salts content of
all the samples collected will be carried out by means of a
specific colorimetric method and subsequent evaluation of the
parameters with the indices of sensitivity and specificity.

Materials and Methods

In the period between January 2006-June 2009 and January
2015-September 2015, 72 patients with gallbladder stones,
hepatolithiasis with benign biliary stenosis, cholangiocarcinoma,
and a group of patients without hepato-biliary diseases were
selected at the 1st Department of Surgery, Policlinico Umberto
I in Rome. All enrolled patients gave their consent to the study
and use of data for research. A total of 72 findings in patients
with inflammatory and/or tumor disease divided as follows are
registered. A total of 50 samples of inflammatory liver material,
22 samples of liver material in cancer (cholangiocarcinoma). In
all 72 cases serum and blood samples were taken as a protocol
as well as liver samples and sent to the Human Anatomy Centre
of the University of Rome La Sapienza, which collaborated in
our study. In all 72 patients, both ultrasound and cholangio-MRI
were performed to complete the diagnostic procedure (Figure
1). The total of serum and bile samples were collected by blood
sampling and during esophagogastroduodenoscopy or CPRE
after administration of magnesium sulphate 30 min before the
examination and subsequent collection by suction with 10 Fr
cannula, while the histological collection was performed with
liver biopsy. The collected serum and bile samples should be of
the same quantity, quality and homogeneity. A fasting blood
sample (30 ml) was collected and divided into aliquots and
frozen at -70 degrees. The samples were de-identified by a
unique study number. The serum obtained from each of the
patients was centrifuged at 4,000 rpm at 4˚C and then divided
into 4 aliquots, each of 500 μl, which were immediately
placed in a freezer at –80˚C. Leptin assay on serum samples
belonging to 63 healthy patients was performed on the whole
serum, while tests on pathological patients were performed
with a 1:2 dilution of the serum, to avoid the phenomenon of
Hook, i.e. an underestimation of the results due to the presence
of excess antigen.

An ELISA kit (Roche Diagnostics, Leptin) was used for the
enzyme immunoassay. We used a radioimmunological method
to measure basal levels of leptin (12). The serum samples, with
appropriate dilutions, were delivered in a microwells plate
previously coated with a monoclonal leptin capture antibody,
after appropriate incubation at 37˚C. Subsequently, repeated
washes were carried out with the aim of removing the
"unbound". The colour change was measured
spectrophotometrically at a wavelength of 450 nm ±2 nm. The
concentration of leptin in the samples was then determined by
comparing the optical density (O.D) of the samples, on the
standard curve. The collected liver fragments (0.5 mm) were
fixed in 10% formalin for 2-4 h and soaked at low tempera in
fused paraffin at 55-75˚C, while sections of 3-4 micrometers
will be placed in hematoxylin-eosin. For immunohistochemistry,
they were placed on slides treated with 0.1% poly-Lysine. After
deparaffinization, endogenous peroxydasic activity will be
blocked by a 30-min incubation in 2.5% peroxydasic metabolic
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hydrogen. Sections will be hydrated in graduated alcohol and
placed in phosfatasic saline solution, first applying primary
antibodies. Sections with a thickness of 3 microns from fabric
blocks used as representative tests were cut, paraffined with
xylene, rinsed and rehydrated with distilled water through
alcohol. The whole was enriched by slides in autoclave to 10
nM sodium citrate buffer (pH 6.0) for 30 min. Endogenous
peroxidase was extinguished by incubation in 0.3% hydrogen
peroxide-methanol buffer for 30 minutes. The slides were then
incubated overnight at 4˚C in humidified chambers with
primary polyclonal rabbit Antileptin antibodies at a dilution of
1:100. Tumour expression levels have been marked as positive
or negative depending on the presence or absence of staining
both on the tumour and on the surrounding tissue, in view of
the fact that Leptin is predominantly located in the cytoplasmic
portions of both tumour and non-cancer liver tissue. Finally, the
specimens will be reinserted into the phosphatase salt solution
for 5 min, incubated for 10 min at room temperature with
secondary antibodies (12, 13). The results were after all
statistically evaluated with three populations, the first with
cholangiocarcinoma patients, the second with the group of
inflammatory diseases and the third with a population similar
in age and sex enrolled in healthy patients. Data collected from
laboratory tests and processed with Fisher’s F test were
measured, which allowed to verify the homogeneity of the
variances, obtaining a p<0.05, index of non-homogeneity
between samples.

Results

A total of 72 patients were evaluated for serum and bile
leptin levels and biopsied. In this group of patients 22 were
affected by cholangiocarcinoma, 50 by benign biliary disease

(35 cholelithiasis and 6 hepatolithiasis and 9 by
inflammatory biliary stenosis) (Figure 2). An evaluation of
the serum dose diagnostic value of leptin was carried out.
The mean serum leptin concentration was 5.0 ng/ml
(range=1.4-26.6 ng/ml). The mean values of serum leptin in
patients with cholangiocarcinoma were 19.28±8.76 ng/ml,
and 5.20±4.60 ng/ml in patients with benign disease, and
2.37±1.19 ng/ml in healthy controls (p=0.01) (Figure 3).

Patients with cholangiocarcinoma showed significantly
higher values of leptin especially patients with lithiasic or
inflammatory biliary pathology and the healthy patient
group. Patients with cholangiocarcinoma had statistically
significant higher values compared to patients with lithiasis
(p=0.001), to patients with hepatolithiasis and inflammatory
stenosis (p=0.01), and to healthy controls (p=0.001).
Patients with lithiasic disease or benign stenosis presented
significantly higher values compared to healthy controls
(p=0.01). At the second check-up or test of the 22 patients,
19 were diagnosed positive for the disease while 3 were
false-positives. On the contrary, out of 50 negative patients
48 were confirmed negative and 2 were positive. Sensitivity
had a value of 0.904, while specificity was 0.906. Since the
sample is numerically small, it was appropriate to study the
confidence interval used to quantify the precision of the
estimate obtained regarding the values of sensitivity and
specificity. IC95% value of sensitivity shows values ranging
from 0.803 to 0.984, while IC95% of specificity ranges from
0.807 to 0.973. The positive predictive value (VPP)
indicating the probability that a patient with a positive test
is sick is 0.8636, while the negative predictive value (NPV)
indicating the probability that a patient with a negative test
is healthy is 0.96.
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Figure 1. Cholangio-MR showing thickened and edematous walls of the gallbladder and the presence of lithiasic formations, one of which is
positioned at neck level and biliary mud.



Discussion

Late clinical onset and non-specific signs and symptoms, like
those of many other non-neoplastic diseases of the liver and
biliary tract, are some of the elements that contribute to the
difficulty in the diagnosis and early recognition of
cholangiocarcinoma. Even now there are no specific tumour
markers for cholangiocarcinoma (13, 14). The most used
serum markers are carbohydrate antigen (CA19.9) and
carcino-embryonic antigen (CEA). The sensitivity and
specificity of these markers is low, and they cannot provide
a certain diagnosis of cholangiocarcinoma, they can have
high values even for benign disease (15, 16).

CA19-9 is the most used marker for cholangiocarcinoma.
This cancer-associated antigen is penalized in sensitivity and
specificity, both in terms of the differential diagnosis between
benign and malignant bilio-pancreatic pathologies, and in the
diagnosis of this specific tumor. The use of this marker in the
diagnosis of cholangiocarcinoma becomes even less useful and
less sensitive in the presence of jaundice and cholangitis. Our
study aimed to demonstrate that serum leptin values can
become a new sensitive and specific serum marker for
cholangiocarcinoma (17, 18). Leptin regulates body weight by
reporting information to the brain regarding the availability of
energy stored as fat. This negative feedback cycle is interrupted
in more obese individuals and results in resistance to leptin.
Several studies report that leptin is a risk factor for
carcinogenesis in various sites of organs, including the liver, in
fact leptin can stimulate cell proliferation in various types of
cancer cells such as those undergoing hepatocarcinoma.
Concentrating in the liver, leptin is a potent profibrogenic
cytokine. Leptin shows, instead, an aberrant expression in the
tissue involved in the neoplasm suggesting that bile epithelial
cells assume a different phenotype during carcinogenesis (17,
18). The presence of this aberrant expression at tissue level is

associated with an increase of leptin in serum, in fact the
secretion by neoplastic cells is secondary to mechanical
occlusion of the bile ducts, loss of polarity of bile cells and/or
early invasion of blood vessels. 

In addition, increased expression of leptin is associated
with an increase in micro-vascular intratumoral density (17).
Our study is one of the first to investigate the diagnostic
value of serum leptin dosage in groups of patients with
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Figure 3. Distribution of leptin values among the examined population.

Figure 2. Population of patients included in the study.



cholangiocarcinoma, in patients with gallbladder disease, in
patients with hepatolithiasis and inflammatory stenosis (18).
We believe that in the future it will be important to also
deepen this value in patients with extrahepatic
cholangiocarcinoma. In fact, even in recent articles there is
no evaluation of this parameter (19). This test can be a useful
clinical tool in the differential diagnosis of patients with
neoplastic and inflammatory diseases where imaging methods
and other dosages do not give reliable results (18). Although
the size of the sample does not allow for conclusive
considerations to be made, we showed preliminary evidence
that serum values of leptin are related to the disease. We did
not correlate the form or degree of neoplasm or the tumor
stage with the values of leptin because this study is at an early
stage and this will be the aim of further research with a
higher number of patients.

Conclusion

Our study, although low in number of included patients, allows
us to outline the role of serum leptin dosage as a new serum
marker in cholangiocarcinoma. Serum leptin dosage has made
it possible to differentiate patients with cholangiocarcinoma
from those with biliary lithiasis, with inflammatory stenosis. 
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