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The immunohistochemical peptidergic expression  
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Summary

Leptin is a peptide that plays a key role in the control of satiety, energy expenditure, food intake and various reproductive processes. In the 
last years, the expression of leptin had been found in malignant cells of various origins. The aim of this study is to evaluate leptin expres-
sion in human laryngeal squamous cell carcinoma (SCC) and to investigate its possible role in predicting prognosis. Leptin expression was 
determined by immunohistochemistry in pathological and healthy tissue specimens from 24 patients with laryngeal SCC. Specimens were 
stained with an anti-leptin antibody. All measurements were performed using a computer-based image analysis system and scale of staining 
intensity was determined. All tumoural specimens showed significant immunoreactivity for leptin compared to healthy tissues (p ≤ 0.05), 
but showed different immunoreactivity that was related to clinicopathological features. High leptin expression was not significantly related 
with TNM, histological grading (HG) or advanced (III and IV) clinical stage (p > 0.05). Recurrence of malignancy was found to be signifi-
cantly related with high expression of leptin by Spearman’s rank correlation test (r = 0.59; p = 0.002), Fisher’s test (p = 0.017) and Kaplan-
Meier product-limit estimate (Log-rank test, p ≤ 0.05). In particular, multivariate logistic regression analysis showed that recurrences were 
significantly related with nodal involvement, HG and leptin expression (p ≤ 0.05). These preliminary results suggest that leptin may be a 
valuable parameter for predicting prognosis in laryngeal SCC.
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Riassunto

La leptina è un peptide che svolge un ruolo chiave nel controllo della sazietà, del dispendio energetico, dell’assunzione di cibo, e in vari 
processi riproduttivi. Negli ultimi anni, la leptina è stata trovata espressa nelle cellule maligne di varia origine. Lo scopo di questo studio 
è quello di valutare l’espressione di leptina nel carcinoma a cellule squamose della laringe umana (SCC) e di ricercare un suo possibile 
ruolo prognostico. L’espressione di leptina è stata determinata mediante immunoistochimica in campioni di tessuto patologico e sano 
di 24 pazienti con SCC laringea. I campioni sono stati colorati con anticorpo monoclonale anti-leptina. La valutazione dell’espressione 
immunoistochimica è stata eseguita da un sistema computerizzato che analizzava le immagini e stabiliva una scala di intensità di colora-
zione. Tutti i campioni tumorali esaminati hanno mostrato immunoreattività significativa per la leptina rispetto ai tessuti sani (p ≤ 0,05), 
ma è stata mostrata una diversa correlazione tra immunoreattività e caratteristiche clinico-patologiche. L’alta espressione della leptina 
non è correlata in modo statisticamente significativo con stadiazione TNM, grading istologico (HG) e stadio clinico avanzato (p > 0,05). 
L’insorgenza di recidive è risultata significativamente correlata con alta espressione di leptina tramite il test di correlazione di Spearman 
(r = 0,59, p = 0,002), test di Fisher (p = 0,017) e analisi di Kaplan-Meier (log-rank test, p ≤ 0,05). In particolare, l’analisi di regressione 
logistica multivariata ha dimostrato che le recidive erano significativamente correlate con il coinvolgimento linfonodale (N), HG e l’e-
spressione di leptina (p ≤ 0,05). I nostri risultati preliminari suggeriscono che la leptina può essere un utile parametro prognostico.

Parole chiave: Leptina • Carcinoma della laringe • Recidiva
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Introduction
Leptin is a peptide produced by peptidergic cells or those 
able to process and secrete peptides. Originally, this 
function was considered proper and exclusive of certain 
neurons of the magnocellular and parvicellular hypo-
thalamus  1-3. For the first time, Pearse found cells with 
monoaminergic function (amine precursor uptake and 
decarboxylation system, APUD) in the gastro-entero-pan-
creatic system (GEP) 4 5. Later, it was demonstrated that 
these cells originated from a common precursor, namely 
neural crest cells, which have the ability to produce hor-
monal neuropeptides 6. From this primitive neuroectoder-
mal site, cells migrate to other organs: GEP, lung, heart, 
reproductive and urinary system 7 8. Therefore, the APUD 
system was renamed as the Diffuse Neuro-Endocrine Sys-
tem (DNES) 9.
Leptin (167 amino acids with a molecular mass of 16 kDa) 
is considered the typical neuropeptide with anorexic func-
tion, and is also called the “satiety hormone” because it 
plays a key role in control of energy expenditure and food 
intake. Leptin was identified for the first time in white and 
brown adipocytes  10. The plasmatic levels of leptin are 
representative of adipose tissue and increases are related 
in a logarithmic fashion with an increase in body mass in 
mice 11 12. Leptin acts on the hypothalamic receptor (OB-
R) where it exerts the control of food intake and body 
weight through a negative feedback mechanism (ano-
rexigenicic function) 13. Although initially thought to be 
exclusively expressed and secreted by adipocytes, leptin 
has been identified in other tissues related with nutritional 
homeostasis, such as gastric  14 and salivary glands  15-19. 
Leptin was later identified in organs unrelated with nutri-
tional balance such as the placenta 20, mammary epithelial 
cells 21 and lung 22, where it performs a different functional 
role.
In addition, leptin or its receptors have been observed 
in gastric, colorectal and breast cancers. It is believed to 
have a role in stimulating cell proliferation, and is associ-
ated with a risk of developing cancer as well as progres-
sion and invasiveness 23-25.
To date, the role of leptin in the development of the carci-
noma of the larynx has not been investigated. Laryngeal 
cancer represents 20.8% of head and neck squamous cell 
carcinoma (HNSCC)  26, and although a large variety of 
malignancies may occur in the larynx, 85-95% of laryn-
geal malignancies are squamous cell carcinoma (SCC), 
arising from the epithelial lining of the larynx 27.
Patients with HNSCC have greatly benefited from the 
recent advances in surgical techniques, radiation therapy 
and chemotherapy. However, the survival rates for SCC 
have not improved significantly over the past two dec-
ades 28.
The principal endpoint of this study was to evaluate pep-
tidergic immunohistochemical expression of leptin in la-

ryngeal SCCs and secondly to investigate its possible role 
in predicting prognosis and loco-regional recurrences.

Materials and methods

Patients
A consecutive series of 24 patients affected by laryngeal SCC 
were identified at the Section of Otolaryngology of Palermo 
University between 2010 and 2012. Selected patients had an 
age between 43 and 85 years, with mean age 62.3 years (SD 
13.53). Informed consent was obtained from each patient. 
All patients were male and heavy smokers (> 20 cigarettes/
day). All patients were examined with a flexible fiberoptic 
laryngoscopy. Subsequently, all patients underwent head and 
neck computerised tomography (CT) to highlight extension 
of the tumour and nodal involvement. Patients were biopsied 
by suspension microlaryngoscopy (DML). The Department 
of Human Pathology concluded that biopsy specimens were 
compatible with laryngeal SCC.
All patients underwent partial or total laryngectomy. In 
22 (91.6%) cases, neck dissection was also performed. 
Ten (41.6%) patients underwent also post-operative ra-
diotherapy. All specimens were sent to the Histology and 
Embryology Section of the University of Palermo. For 
each patient, two samples were collected from different 
locations: tumour (central portion of lesion without ne-
crosis signs) and healthy epithelium (> 1 cm distance to 
the tumour margin resulting negative for malignancy at 
histological examination). Healthy laryngeal tissues were 
used as controls. All patients were subjected to follow-up. 
Mean follow-up time (calculated in months from treat-
ment completion to the last otolaryngological control) 
was 32.25 months (range 13-39 months). Pathological 
staging according to the Tumor, Lymph Node, Metastases 
TNM system of the Union for International Cancer Con-
trol (7th  edition) and histological grade was determined 
according to the degree of differentiation of the tumour. 
The characteristics of the patients studied and clinic-path-
ological features are shown in Table I.

Tissue preparation
All tissues were fixed in 10% buffered formalin and af-
ter 12-24 hours depending on the size of the sample were 
subjected to a wash cycle in H

2
O and then dehydrated with 

increasing grade alcohol solutions (70%, 95%, 100%) and 
cleared in xylene before inclusion in paraffin. Samples 
were cut and processed for immunohistochemistry using 
monoclonal antibodies against leptin and revealed using 
an En Vision + System-HRP detection kit with AEC as 
the substrate (Dako).

Immunohistochemistry
Serial sections 8 m thick were cut with a Leica microtome 
RM2145, dried overnight at 37°C and then stored at room 
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temperature. The day after, slides were dewaxed and re-
hydrated by sequential immersion in a graded series of 
alcohols and transferred into water for 5 min; to inhibit 
any endogenous peroxidase activity slides were treated 
for 5 min with Peroxidase Block in hydrated incubation 
enclosure at room temperature. Subsequently, sections 
were transferred in PBS (Na

2
HPO

4
, KH

2
PO

4
, KCl, NaCl 

pH 7.4-7.6) at room temperature. The protocol was per-
formed using the kit En-Vision + System HRP with AEC 
as the substrate (Dako). After rinsing with PBS for 4 min, 
sections were incubated overnight at 4°C with polyclonal 
anti-leptin (Ob A-20) (Santa Cruz Biotechnology, Inc) 

diluted 1:100. After the incubation, any excess antibody 
was removed by washing with PBS for 5 min. Sections 
were incubated with peroxidase-labelled polymer con-
jugated to goat anti-rabbit immunoglobulin in Tris-HCl 
buffer containing stabilising protein and an antimicrobial 
agent. Unbound polymer was removed by washing (2x 
with PBS, 5 min each) and subsequently AEC chromogen 
in substrate buffer was then added for 5 min and the reac-
tion was stopped in distilled water. Slides were removed 
from water and one drop of aqueous mounting medium 
(DAKO Faramount) and a coverslip, were applied to tis-
sue sections.

Table I. Clinicopathologic characteristics of 24 patients with laryngeal squamous cell carcinoma and correlation with expression of leptin.

Parameter N (%) Leptin p value

Low High

Cases 24 8 (33.3) 16 (66.6)

Age (years) ≤ 59 8 (33.3) 4 (50) 4(50) 0.17

> 59 16 (66.6) 4 (25) 12 (75)

pT1 - - -

pT2 6 (25) 4 (66.6) 2 (33.3)

pT3 12 (50) 4 (33.3) 8 (66.6)

PT4 6 (25) - 6 (100)

T stage (early/advanced)

T1-T2 (early) 6 (25) 4 (66.6) 2 (33.3) 0.062

T3-T4 (advanced) 18 (75) 4 (22.2) 14 (77)

pN0 14 (58.3) 4 (28.6) 10 (71.4)

pN1 2 (8.3) - 2 (100)

pN2 6 (25) 4 (66.6) 2 (33.3)

pN3 2 (8.3) - 2 (100)

Tot 8 (33.3) 16 (66.6)

N0 and N+ category

N0 14 (58.3) 4 (28.6) 10 (71.4) 0.43

N+ 10 (41.6) 4 (40) 6 (60)

Stage I - - -

Stage II 4 (16.6) 2 (50) 2 (50)

Stage III 8 (33.3) 2 (25) 6 (75)

Stage IV 12 (50) 4 (33.3) 8 (66.6)

Stage (early/advanced)

Early (I-II) 4 (16.6) 2 (50) 2 (50) 0.47

Advanced (III-IV) 20 (83.3) 6 (30) 14 (70)

Grading (early and advanced)

G1 4 (16.6) - 4 (100) 0.17

G2 10 (41.6) 4 (40) 6 (60)

G3 10 (41.6) 4 (40) 6 (60)

Early (G1) 4 - 4

Advanced (G2-G3) 20 8 12

Loco-regional recurrence

No 16 (66.6) 8 (50) 8 (50) 0.017

Yes 8(33.3) - 8 (100)
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Negative controls were performed by omission of primary 
antibody, and by incubating sections with antiserum satu-
rated with homologous antigen.

Image analysis
Immunohistochemical specimens were examined using a 
Leica Laborlux S Microscope (Leica Microsystem GmbH 
Wetzlar, Germany) with a Nikon DSL2 photo digital sys-
tem (Nikon Corp, Tokyo, Japan). Each sample was ana-
lysed with a double-blind system with two different op-
erators. Moreover, the results were compared to an image 
analysis obtained from digital TIF files. Adobe Photoshop 
CS6 extended (Adobe Systems Inc., San Jose, CA) was 
used to elaborate images. Choosing the image in a field of 
x40, we converted the image colour profile from RGB to 
CMYK. Next, we chose the yellow channel because the 
literature indicates that it has the best linear response to 
colour intensity and thus to the presence of protein.
The images were processed and coded by the software 
in a grey intensity scale according to colour luminance 
(from 0 to 256 grey values in our measurements). In par-
ticular, 0 is white colour and corresponds to lowest value 
of intensity, while 256 is black colour and corresponds 
to highest value of intensity. The staining was scored as 
0 (0-50 grey value) if there was no immunoreactivity, 1 
(51-100 grey value) if staining was slight, 2 (101-150 grey 
value) if staining was moderate, 3 (151-200 grey value) if 
staining was high and 4 (201-256 grey value) if staining 
was maximum.

Statistical analysis
All statistical analyses were performed using the R sta-
tistical software package version 2.2.0. Fisher’s exact test 
was used for comparison between categorical variables 
and correlation with clinical data was evaluated by Spear-
man correlation coefficient. Time-to-event analyses were 
calculated using the Kaplan-Meier product-limit estimate. 
Multivariate logistic regression analysis was also applied 
to evaluate the association between malignancy recur-
rence after treatment, leptin expression and other patho-
logical features. We considered a p ≤ 0.05 to be signifi-
cant; values in the following range 0.10 > p > 0.05 were 
considered to indicate a statistical trend.

Results

Clinicopathologic and histological characteristics of patients
All 24 patients included in this study were affected by 
SCC and were male, with a mean age of 62.3 years (SD 
13.5; range 43-85 years) (Table I). Following guidelines 
of laryngeal cancer treatment proposed by the Italian Soci-
ety of Otorhinolaryngology and Cervicofacial Surgery 29, 
total laryngectomy was performed in 10 (41.6%) cases 
and partial laryngectomy in 14 (58.3%), of which 10 pa-

tients with horizontal supraglottic laryngectomy (HSL), 
two with frontal-lateral laryngectomy (FLL) and two with 
cricohyoidopexy (CHP). Six patients had a T2 pathologi-
cal tumour stage, 12 had T3 and six had T4. Twenty-two 
(91.6%) patients received selective neck dissection simul-
taneously to removal of the primary tumour and lymph 
node metastasis were present in 10 (41.6%) cases (pN+). 
There were no distant metastases.
Six (25%) patients had early cancer (Stage I or II) and 
18 (75%) had advanced cancer (Stage III or IV). Four 
patients had a well differentiated tumour (G1), 10 had a 
moderately differentiated tumour (G2) and 10 a poorly 
differentiated tumour (G3).
Ten (41.6%) patients underwent postoperative radiothera-
py. Mean follow-up time (calculated in months from treat-
ment completion to the last otolaryngological control) 
was 32.25 months (range 13-39 months). During follow-
up, 8 (33.3%) patients developed a malignancy recurrence 
(4 local recurrences, 4 recurrences to neck lymph nodes) 
after a mean period of 14.25 months (SD 7.10 months).
All tumour tissues showed significant expression of 
leptin (p  ≤  0.05) compared with healthy control tissues 
(Table II). In particular, 8 cases showed low immunore-
activity (33%) and 16 cases showed high immunoreactiv-
ity (66.6%). High expression was seen in the neoplastic 
mucosal epithelium and in solid nests of tumour cells 
infiltrating connective underlying structures (Fig.  5a). 
The glandular epithelium showed negative immunohisto-
chemistry (Fig. 5b). Cytoplasmic staining was predomi-
nant in all tissues. Among the healthy control tissues, only 
6 cases (25%) showed a low immunoreactivity (1 accord-
ing to our score) (Fig. 5c).
Comparing the immunohistochemical features of each 
case, we found a different expression of leptin in relation 
to different clinicopathological features.

Leptin and TNM staging
18 (75%) patients with advanced stage (T3-T4) showed 
immunoreactivity for leptin. In particular, 14 (77%) of 
these had high expression of leptin, showing a statistical 
trend, but without a significant difference compared with 
patients with early stage tumours (p = 0.062). In the 10 
cases that were pN+, Fisher’s test did not reveal any sig-
nificant difference (p = 0.43) between patients with high 
expression of leptin (60%) compared with pN+ cases with 
low expression (40%). Spearman’s rank correlation test 
showed a statistical trend between leptin and T isolated 

Table II. Expression of leptin in laryngeal squamous cell carcinoma and 
normal laryngeal tissues.

Cases Controls p value

Leptin

Yes 24 6 0.001

No 0 18
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stage ( = 0.39; p = 0.055), while no significant correlation 
with N isolated stage was seen ( = 0.19; p = 0.35).
Analysing the complete disease stage, there were no sta-
tistical differences between patients with high expression 
of leptin in advanced stage (70%) and those with high ex-
pression in early stage (50%) (p = 0.47). Spearman’s rank 
correlation test did not show any significant correlation 
between leptin and stage ( = 0; p = 1).

Leptin and grading
In the advanced grade group (G2-G3), 14 (70%) patients 
shown high expression of leptin without significant rela-
tion with grading (p = 0.47). Spearman’s rank correlation 
test showed a statistical trend between leptin expression 
and grading ( = 0.4; p = 0.055).

Leptin and tumour recurrence
The eight cases that developed recurrence were all asso-
ciated with high immunoreactivity for leptin (p = 0.017). 
In particular, the Log-rank test showed a significant rela-
tion between high levels of leptin and risk of recurrence 
(p = 0.0322) (Fig. 2).
Spearman’s rank correlation test showed significant corre-
lation between leptin expression and recurrence ( = 0.59; 
p = 0.002).
Multivariate logistic regression analysis showed the follow-
ing results (Table III): recurrence of malignancy was signif-
icantly related to leptin expression (odds ratio [OR] = 4.41; 
p  =  0.0003; 95% confidence interval [CI] 1.68-4.75), to 
pN+ (OR = 3.73; p = 0.001; 95%CI 0.58 - 4.09) and to HG 
(OR = 2.95; p = 0.008; 95% CI 0.56-3.33).

Discussion
To the best of our knowledge, leptin expression in the head 
and neck cancers has been poorly investigated and there 
are no studies with which to compare our results. The few 
references concern salivary gland tumours. In particular, 
Schapher et al. 30 found that leptin was expressed in much 
higher amounts in human salivary gland tumours than in 
healthy tissues and hypothesised that the analysis of leptin 
concentrations in saliva samples might be used as a diag-
nostic marker to identify these tumours.
For the first time, we demonstrated the immunohisto-
chemical expression of leptin in laryngeal SCC and its 
possible role in malignant recurrence.
Our results highlighted the expression of leptin and 
showed a statistically significant difference with control 
tissues (Table  II). In consideration of this result, we fo-
cused on the relation between leptin expression and laryn-
geal SCC (TNM and grading).Fig. 1. A: High leptin immunoreactivity in solid nests of tumour cells in-

filtrating underlying connective structures (x10); B: lack of leptin immuno-
reactivity in glandular epithelium (x40); C:  low leptin expression in normal 
laryngeal mucosa (x40).

A

B

C

Fig. 2. Kaplan-Meier recurrence-free curves categorised by leptin expres-
sion (high versus low intensity). P values were estimated using the log-rank 
test.
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We first analysed variations in leptin as related to TNM 
and found no correlation considering the complete TNM 
staging. However, by studying individual clinicopatho-
logical features we obtained interesting results. Concern-
ing T stage, we observed higher expression in cases of 
advanced tumour, although this did not reach statistical 
significance compared with early T stages. In our opin-
ion, the lack of statistical significance could be explained 
by the small size of our sample. Considering categories 
N0 and N+, no significant differences in leptin expres-
sion were seen. Indeed, there appears to be slightly higher 
leptin expression in N0 tumours. These results on TNM 
and leptin expression could indicate a presence of leptin 
in primary tumours, not as a factor promoting lymph node 
metastasis, but as a growth factor mainly related to size 
and malignant degeneration of the tumour.
A similar result was also obtained investigating grading, 
where leptin expression, although not statistically signifi-
cant, was increased in cases of advanced grade. Again, 
this statistical trend leads us to consider leptin as a growth 
factor involved in tumour growth.
In this regard, many authors have demonstrated a possi-
ble role for leptin. In particular, in physiological condi-
tions it has been reported that proliferation of cells in sali-
vary glands is reduced in the presence of leptin 31. Goren 
et al. 32 noted that in vivo leptin stimulates the proliferation 
of murine and human oral keratinocytes. It has also been 
proposed that leptin acts as a growth factor in epithelial 
cells colonic mucosa  33, in human and murine thacheo-
bronchial cells  34 and in cultured preadipocyte cells  35. 
Martin-Romero et  al. showed that human leptin stimu-
lates the production of IL-2 and IFN-gamma, stimulating 
murine peritoneal macrophages and human monocytes as 
well as T lymphocytes 36. Finally, Wolf et al. reported that 
the infusion of recombinant leptin stimulates the expres-
sion of TGF-beta 1 in cultures of glomerular endothelial 
cells, and therefore leptin could be a growth factor for re-
nal endothelial cells 37.
In pathological conditions, leptin and its receptor have 
been identified in malignant cells of diverse origins, in-
cluding lung and gastric carcinomas and leukaemic cells, 
and the expression of leptin in pituitary adenomas has 
been correlated to greater tumour invasiveness 38 39.
In addition, an autocrine function of leptin has been hy-
pothesised because it promotes the increase of its expres-

sion through self-stimulation and increases the expression 
of its own receptor 40. Unfortunately, this autocrine pathway 
has not been demonstrated in laryngeal SSC, but our study 
suggests that this is likely, also because Kowalczuk et al. 
have shown that expression of leptin in samples of laryn-
geal SCC is not related to serum leptin concentrations, and 
for this reason it is considered a possible paracrine product 
of the cancer, and not a product of other tissues 41.
During follow-up, 8 patients developed loco-regional re-
currence, which was significantly associated with high 
expression of leptin (p  =  0.017) compared to tumours 
with low expression (Log-rank test, p < 0.05). Moreover, 
Spearman’s rank correlation test also showed a statisti-
cally significant result ( = 0.59; p = 0.002) demonstrating 
that, in all cases of recurrence, the primary tumour had 
high expression of leptin.
In fact, Kaplan-Meier curves have shown a significant 
presence of recurrences in cases with high expression of 
leptin. This could be explained by the fact that leptin is 
probably expressed in advanced stages of cancer, where 
we found a statistical trend, playing a key role in spread-
ing and survival of tumour cells. We also observed high 
focal expression of leptin in solid nests of tumour cells 
infiltrating the underlying connective.
For this reason, we believe that leptin may be a useful his-
tological marker for predicting recurrence of malignancy.
The results of our immunohistochemical study and litera-
ture data, supporting the involvement of leptin in other ne-
oplastic diseases, lead us to believe that this neuropeptide 
may play a role in tumourigenesis and increase the risk 
of recurrence, and therefore could become an important 
cancer biomarker in the larynx.

Conclusions
Although this study has several weaknesses such as dif-
ferent treatments in a small cohort inhomogeneous for 
stage, our preliminary results suggest that leptin in pri-
mary laryngeal SCCs may be a valuable parameter for 
predicting patients at increased risk of recurrence after 
treatment. This evidence may be potentially relevant for 
implementation of closer follow-up protocols, to establish 
alternative therapeutic regimens in patients with high ex-
pression of leptin in laryngeal SCC and to use this peptide 
as a cancer marker.

Table III. Multivariate logistic regression analysis for loco-regional recurrences.

Parameter Odds ratio p value 95% Confidence interval

T 0.53 0.59 0.20-2.02 

N 3.73 0.001 0.58-4.09 

Stage 0.98 0.33 0.86-2.37

Histological grade 2.95 0.008 0.56-3.33

Leptin 4.41 0.0003 1.68-4.75
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