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SUMMARY
The complex phenomenon of renal development 

involves several signaling molecules. Any alter-
ation in the developmental process could largely 
influence the organogenesis, thus predisposing 
to several adulthood diseases.  Leptin is a pleio-
tropic gene secreted by adipose cells. However, 
the purview of its actions is much beyond merely 
the extent of human adipose reserve. It regulates 
several cellular mechanisms such as cell prolif-
eration, inflammation, vasculogenesis, and the 
production of collagen fibres. Further leptins are 
thought to play a putative role in embryogenesis 
and tumorigenesis. The aim of thIS study was to 
investigate the localization of the protein in fetal 
and cancer kidney in an attempt to understand 
the role of the protein in fetal kidney development 
and in renal cancer.

Leptin expression was evaluated by subjecting 
tissue sections from paraffin-embedded blocks of 
renal tissues (fetal, adult and cancer) to immuno-
histochemistry staining. The tissues were scored 
based on the staining pattern and percentage of 

immunoreactive cells. The tissues were subjected 
to haematoxylin and eosin stain before perform-
ing immunohistochemistry. The images were an-
alyzed and photographed. Mild staining for leptin   
was observed in the tubules of fetal and adult kid-
neys. Mild to moderate staining was seen in mem-
branes of renal cell carcinoma tissues. It appears 
such that leptin may not be a key factor or rather 
a temporary factor in the developmental process 
of the kidney. The low levels of leptin in normal 
adult renal tissues may be physiologically signifi-
cant. The role of leptin in the renal cell carcinoma 
progression is sceptible. 

Keywords: Leptin – Renal cell carcinoma – Kid-
ney – Nephrogenesis – Immunohistochemistry 

INTRODUCTION
Leptin, a16kDa hormone is produced in the in-

trauterine life. Its varying concentration in the 
systemic tissues has been identified in the foetal 
and neonatal life in mice (Reynolds and Vickers, 
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2019) Physiologically the hormone is greatly as-
sociated with appetite and body mass index. How-
ever, the purview of its actions is much beyond 
merely the extent of human adipose reserve. It is 
thought to be involved in the biological processes 
of cell proliferation, angiogenesis, and reproduc-
tion. Leptin plays a role in implantation and is 
also produced by the trophoblastic cells indicat-
ed by its presence in the placenta, amniotic fluid, 
and umbilical cord (Biesianda et al., 2016).

Though leptin is primarily secreted by the ad-
ipocytes of white adipose tissue, its localization 
and function in other gestational tissues still need 
to be elucidated (Lappas et al., 2005). Leptin re-
ceptors have been localized in the central nervous 
tissue, lung tissue, and several other peripheral 
tissues (Prince et al., 2007). The definitive hu-
man kidney begins its development in the fifth 
week of gestational life. It is formed by an inter-
action between the metanephric blastema cells 
and a diverticulum of the mesonephric duct, the 
ureteric bud5. Several genes have been identified 
by experimental studies on cell lines and animal 
models, which are responsible for the cascade of 
events during nephrogenesis.  Any mutations in 
the signaling molecules or disruptions in the epi-
genetic pathway could largely dispose the adult 
kidney to diseases such as cancer (Patel and 
Dressler, 2013). Our previous work on foetal renal 
tissues has highlighted certain less-known genes 
in nephrogenesis and renal cancer (Sadashiv et 
al., 2019).

Owing to the different cell types in the human 
kidney, the current study aimed to localize the ex-
pression status of leptin in foetal, adult, and can-
cer kidneys to check if leptin may have a role in 
kidney development and cancer.

MATERIALS AND METHODS
Representative samples of autopsied foetal kid-

ney n=30, adult kidney (cadaveric) n=30, and renal 
cell carcinoma (biopsy tissues) n=30, consisted of 
paraffin-embedded tissue blocks collected from 
the Department of Pathology after approval from 
the institutional review board. Prior to performing 
immunohistochemistry, the tissues were subject-
ed to conventional H&E staining. The histogenesis 
of developing foetal kidneys at different gestational 

ages and the diagnostic confirmation of the renal 
cancer tissues were done by clinical pathologists. 

Four µm thick sections were taken on positively 
charged slides. Overnight incubation at 37ºC and 
deparaffinization with repeated washes of xy-
lene (10 mins each) was followed by rehydration 
of tissues with graded alcohol. The slides were 
then washed with running water (10 mins) and 
distilled water (5 mins), following which antigen 
retrieval with citrate buffer at 95ºC was done and 
cooled at room temperature.

Peroxidase block was carried out for 10-15 mins 
and washed in phosphate buffer solution (PBS) for 
5 mins and incubated with primary antibody (an-
ti-leptin rabbit polyclonal antibody (in 1: 250 dilu-
tions with reagent –antibody diluents as per man-
ufacturer’s instructions, {Wuhan Fine Biotech Co. 
Ltd, Wuhan, China} for 45 min. Subsequently, tis-
sues were incubated with poly excel target binder 
for 15 to 20 mins and washed with PBS for 5 mins. 
Incubation was done with H.R.P for 15 to 20 mins, 
washed with PBS for 5 mins, and developed with 
DAB (diaminobenzidine) chromogen for 5-8 mins. 
Sections were counterstained with haematoxylin 
after washing with running water. Every staining 
run contained a slide treated with tris buffer in 
place of the leptin antibody as a negative control.  
Sections of benign breast lesion with ductal epi-
thelial cells displaying cytoplasmic positivity was 
used as positive controls. 

Immunoreactivity score (IRS)-classification 
scoring systems were used as shown in Table 1 
(Fuhrman et al., 1982). For statistical purposes, 
the results of IRS scores were divided as follows:

Negative, mild staining = negative expression of 
leptin 

Moderate, strong staining = positive expression of 
leptin 

Table 1. Leptin expression in PCT cells and RCC.

Group 0 +1 +2 +3 P-value

Fetal Kidney
(n=30) 27 3 — —

Adult Kidney
(n=30) 0 22 8 — <0.0001

RCC
(n=30) 0 10 15 5

IHC scoring for leptin antibody (0=Absent, +1=Mild, +2= 
Moderate, +3=Strong)
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RESULTS
Expression of leptin in fetal renal tissues: as de-

picted in Fig. 1a and 1b, the histological sections 
of fetal kidney at early gestational ages showed 
cortex with precursors of mature glomeruli such 
as the renal vesicle (rv), comma, S-shaped bodies 
in the nephrogenic zone, and branching ureteric 
bud (ub). The deeper cortex demonstrated sec-
tions of developing proximal convoluted tubules 
(PCT), distal convoluted tubules (DCT), and thick 
ascending limbs of loops of Henle (LOH) (Fig. 2a, 
2b).  The medulla presented with developing col-
lecting duct and blood vessels. Beyond 36 weeks 
of gestation, definitive glomeruli, and mature 
forms of the renal tubules could be demonstrated. 
Immunohistochemistry staining with anti-leptin 
antibody showed mild staining (+1) n=3 to the ab-
sence of immunoreactive cells in the PCTs’ of fetal 
kidney from 14 weeks to beyond 36 weeks of ges-
tation (p=<0.0001) (Fig. 2c, 2d). However, all the 
other cellular components of the kidneys from 14 
weeks to 39 weeks were immunonegative (Figs. 
1b, 2c, 2d). 

Expression of leptin in adult renal tissue: adult 
PCT were identified by the presence of highly eo-
sinophilic brush-bordered cuboidal epithelial 

cells with small lumens as shown in Figure 3a and 
3b as stained with hematoxylin and eosin stain.  
The adult renal kidney showed mild immunopos-
itivity in the cytoplasm of proximal convoluted 
tubules (+1) n=22 (Fig. 3c, 3d). The cells of the 
glomeruli (mesangial, podocytes, and endothelial 
cells), juxta glomerular apparatus, distal convo-
luted tubules, and loop of Henle cells were found 
to be immunonegative to leptin antibodies.

Expression of leptin in renal cell cancer tissue: 
The H and E stain showed various grades of con-
ventional renal cell carcinoma. (Fig. 4a, 4b, 4c). 
The tissues were graded according to Fuhrman 
et al (Fuhrman et al., 1982). The conventional 
renal carcinoma tissues of clear cells and papil-
lary variants showed mild to moderate cytosolic 
and membranous expression of leptin (+2) (n= 
15), p=<0.0001) as demonstrated in Figs. 4d, 
4e, 4f, 4g, 4h and 4i. Strong expression of leptin 
was found in fewer tissues of grade 3 renal cell 
carcinomatous tissues (n=5) (Fig. 4i). The prox-
imal convoluted tubules in the normal renal 
cortical area adjacent to the carcinomatous tis-
sue showed moderate staining for leptin (+2) as 
shown in Fig. 4d. The summary of the results is 
shown in Table 1.

Fig. 1.- a) and b) show the nephrogenic zone in fetal kidney. rv, renal vesicle., ub, ureteric bud. Fig. 1b demonstrates the absence of 
leptin in the nephrogenic zone. Scale bars = 50 µm.
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Fig. 2.- a) and b) demonstrate H&E sections of the fetal kidney showing the nephrogenic zone, PCT, DCT, and glomerulus (G). c) and 
d) demonstrate immunonegative expression of leptin in renal components. Scale bars: a, c = 200 µm; b, d = 50 µm.

Fig. 3.- a) and b) show H&E sections of the adult kidney. c) and d) showing immunopositive expression of leptin in the PCTs. Scale 
bars: a, c = 200 µm; b, d = 50 µm.
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DISCUSSION
Studies on experimental animal models have re-

vealed the potential benefit of reversing post-na-
tal consequences by manipulating the leptin sig-
nalling pathways during early life stages.  A study 
on maternal LP (low protein) rat models showed 
the effect of leptin administration enhanced the 
growth of the foetal pancreas. Similar results 
showed the growth of tissues such as kidneys, 
spleen, liver, and ovaries in the leptin-treated pig-
lets with intra-uterine growth reduction. Though 
its expression has been demonstrated in the foe-
tal tissues and foetal membranes its role still re-
mains unclear (Reynolds and Vickers, 2019).

Leptin is thought to be produced by the placenta 
and secreted into the foetal and maternal circu-
lation. Foetal leptin is also secreted by foetal ad-
ipose tissue and the foetal vascular endothelium 
(Tsai et al., 2015). The effect of leptin is largely 
through its transmembrane receptors having six 
spliced isoforms (OB-Ra-f). The positive expres-
sion of leptin in the PCT of human adult kidneys, 
as in the case of the current study, indicated its 

possible biological role in adult renal tissue.  This 
could be attributed to the presence of the long 
form of the leptin receptor (OB-Rb) and short iso-
form OB-Raw with adequate signaling properties 
within the renal tissues, as stated by earlier stud-
ies. The OB-Rb is essential for intracellular signal 
transduction however the precise effect of the OB-
Rb still remains to be explored (Ja Young Seol et 
al., 2007; Hoggard et al., 1997).

Contrarily, previous studies also show that with 
the exception of murine foetal brain and lung tis-
sues, OB-Rb expression was not demonstrated in 
other tissues such as the liver, kidney, and adrenal 
gland even in their primitive forms (Hoggard et 
al., 1997). Thus, reflecting various roles of leptin 
in adult tissues that are redundant in the foetus.

A study conducted on leptin and various re-
ceptors in different segments of the nephron re-
vealed the expression of leptin primarily in the 
PCT. The other components included the DCT, the 
loop of Henle, and the collecting duct (Hamma et 
al., 2004). A former study on rat models showed 
the PCT cells’ uptake, internalization, and deg-

Fig. 4.- a), b) and c) show H&E sections of various grades of conventional renal cell carcinoma. d), e), f), g), h) and i) show increased 
expression of leptin in RCC tissues. Scale bars: a-f = 200 µm; g-i = 50 µm.
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radation of 125I-leptin.  The leptin is thought to 
be filtered by the glomeruli before metabolic deg-
radation in the tubules. The study indicated the 
presence of megalin, a member of the low-den-
sity lipoprotein family at the apical membranes 
of PCT cells. The Megalin receptors bind to leptin 
in a Ca2+-dependent manner and tend to reab-
sorb, metabolize its ligand into endocytic com-
partments before recycling to the cell surface and 
thus help in leptin clearance. However, other tu-
bular compartments or glomerular cells did not 
show the uptake of leptin (Hamma et al., 2004).

Leptin is known to be associated with tumorge-
nicity in several carcinomas. Leptin is bound to its 
Ob-RB receptor and is known to undergo a con-
formational change. This allows the activation of 
the Janus tyrosine kinase 2 (JAK2) pathway result-
ing in the phosphorylation of tyrosine residues of 
the receptor. It also activates the transcription 3 
(STAT3) pathway (Ja Young Seol et al., 2007). While 
the long-form receptor is thought to signal through 
the Janus kinase pathway, the short-forms regu-
late the mitogen-activated protein kinase pathway 
(Tsai et al., 2015). It is also hypothesized to behave 
like a mitogenic agent in the cellular proliferation 
and differentiation of various types of cancer (Ja 
Young Seol et al., 2007). On the contrary, though 
the short isoform Ob-Ra is observed to activate 
mitogen-activated protein kinase (MAPK) sig-
nal transduction it fails to show proliferative be-
haviour or signal transduction in the peripheral 
tissues like the kidney (Harwick et al., 2001).

Studies show that serum leptin is an indicator 
of progression and survival in breast carcinoma. 
IHC expression of leptin in breast tumours of 
invasive ductal carcinoma is associated with tu-
mour characteristics. It is used as a primary ther-
apeutic target against breast carcinoma. Positive 
immunostaining of colorectal carcinoma (CRC) is 
associated with tumour size, lymph vascular in-
vasion, distant metastasis, and recurrence in CRC 
(Al-Maghrabi et al., 2018). The decrease in serum 
leptin after colectomy indicates a definite associa-
tion with CRC (Wang et al., 2016). Leptin is also as-
sociated with other Gastrointestinal (GI) tumours 
such as Barret’s oesophagus and oesophageal 
adenocarcinoma (Clemons et al., 2013). Studies 
have observed that leptin is associated with an 

increased risk of progression of hepatocellular 
carcinoma, prostate carcinoma, pancreatic carci-
noma, and gall bladder carcinoma (Jimenez-Cor-
tegana et al., 2021).

Renal cell carcinoma (RCC) is the most com-
mon and accounts for 80-85% of malignant kid-
ney tumours. Renal cell carcinoma is derived 
from the tubular lining epithelial cells of the kid-
ney. The most common subtype of RCC is clear 
cell RCC (ccRCC) arising from the epithelial cells 
of PCT (Fan et al., 2021). Other subtypes of RCC 
are papillary cell RCC accounting for 15 to 20%, 
and chromophobe RCC accounting for 15% (Fan 
et al., 2021). A few proven etiological factors for 
RCC are alcoholism, tobacco smoking, obesity, hy-
pertension, and genetic disorders like Von-Hippel 
Landau syndrome (Perumal et al., 2019). World 
Health Organization (WHO) has predicted that ad-
iposity accounts for 24% of kidney malignancies 
(Ljungberg et al., 2011).

Studies performed with respect to serum leptin 
levels and RCC elucidated overlapping and con-
troversial results. A case-control study done by 
Spyridopoulos et al. (2009) showed that low circu-
lating leptin will lead to an increased risk of RCC 
while Liao et al showed that the more the serum 
concentration of leptin, more is the risk of RCC. 
The study could not explain the pro-carcinogenic 
effect of leptin in RCC (Spyridopoulos et al., 2009; 
Liao et al., 2013). Several other studies indicated 
serum leptin does not correlate with the progres-
sion of the disease in RCC (Perumal et al., 2019). 

A few studies opined Acyl-coenzyme A: cho-
lesterol acyl transferase (ACAT) is an important 
mediator that converts the free cholesterol into 
cholesterol esters inside the cell. Thus, the un-
toward (toxic) effects of free cholesterol on the 
tumour cells are controlled and thus have a pro-
tective effect on the latter. It is demonstrated that 
ACAT is increased in ccRCC when compared to 
normal renal tubular cells (Gebhard et al., 1987; 
Pinthus et al., 2011). Hongo et al. (2009) showed 
that ACAT activity is increased in the presence 
of leptin and proposed that leptin promotes RCC 
development. Studies also showed that there is 
no difference in the increase of leptin between 
clear-cell and non-clear-cell RCC and between 
the early and advanced stages of RCC (Drabkin 
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and Gemmill, 2010). According to a meta-analysis 
study, serum leptin was not associated with RCC. 
However, it was observed that the serum leptin 
levels are significantly elevated in non-clear cell 
RCC (Perumal et al., 2019). These authors showed 
that there is no relation between serum leptin and 
RCC development and progression (Perumal et 
al., 2019). However, in another study, no associ-
ation was found between tumour characteristics 
and the IHC expression of leptin and its receptor. 
But the study found that nuclear expression of 
leptin was associated with overall survival (Zhu et 
al., 2018).  Fan et al. (2021) studied RCC cell lines 
and Western blot and it was in accordance with 
similar results in the nuclear expression of leptin 
was associated with overall survival. The study by 
Ng et al. (2018) suggested that the level of Ob and 
ObR expression is higher in RCC than in normal 
tissues. It was observed that ccRCC shows strong 
cytoplasmic immunostaining. The above studies 
support our finding that PCT is specific for ccRCC. 
A study done by Perumal et al. (2020) demonstrat-
ed that there is no differential expression between 
ccRCC and adjacent kidney tissue. This was in 
contrary to our findings that demonstrated high-
er expression of leptin in ccRCC than in the adja-
cent tissue. Our study observed a graded increase 
in the expression of IHC from grade 1 to grade 3. 
While other studies done on breast cancer cell 
lines also showed high leptin association in high-
grade/ stage tumors (Ishikawa et al., 2004). Fur-
ther, the expression of leptin in other variants of 
renal neoplasms such as chromophobe, collecting 
duct carcinoma, and renal oncocytoma has been 
sparsely studied. Elesawy et al. (2020) observed 
that renal oncocytoma shows differential nucle-
ar staining; chromophobe RCC shows no nuclear 
localization. Ng et al. (2018) demonstrated that 
nuclear expression of leptin is higher in renal on-
cocytoma compared to an eosinophilic variant of 
chromophobe RCC and an eosinophilic variant of 
clear cell RCC. Normally leptin stains mainly cyto-
plasm in non-cancerous tissues (Ng et al., 2018). 
The current study demonstrates that leptin is spe-
cific for PCT, we believe that the leptin biomark-
er can be used to distinguish the eosinophilic 
variant of chromophobe RCC, renal oncocytoma 
with Eosinophilic variant of clear cell RCC. Since 
the morphological overlap in renal malignancy is 

common, the scope for core needle biopsy (CNB) 
is limited. Leptin IHC can be used to distinguish 
the clear cell RCC from others. We emphasize that 
leptin IHC can be used pre-operative use in CNB 
will be valuable. In dilemma, it can also be used 
for the diagnosis of oncocytoma, chromophobe 
RCC, an eosinophilic variant of RCC.

CONCLUSION
The present study demonstrated leptin immu-

nolocalized in the cytoplasm of the proximal con-
voluted tubules (+1) of the adult kidney and in the 
tumour cells (membranous) of conventional renal 
cell carcinoma (+2). However, leptin was not found 
to be localized in any of the renal components of 
the foetal kidneys. It was neither expressed in the 
nephrogenic zone nor neither in the developing 
proximal convoluted tubules. The proximal con-
voluted tubules are thought to be the source of the 
development of clear RCC. Thus, leptin may not 
participate in the development of human kidneys. 
Leptin expression in the PCT of the normal adult 
kidney, its enhanced expression in the PCT of the 
renal tissue adjacent to the carcinomatous tissue, 
and its overexpression in the cancerous cells in-
dicate dysregulation of the leptin signalling path-
ways. Since the expression of leptin is observed to 
be absent in the fetal their expression in the renal 
tumor cells is indicative of an aberrant expression 
pattern unlikely to be due to reactivation of a re-
pressed gene in the process of normal embryonic 
development.
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