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Abstract

Background and Objectives: To investigate the clinical significance of adipokines’ [leptin,
leptin receptor (leptin-R), adiponectin, and resistin] expression on the characteristics and
survival outcomes of patients with renal cell carcinoma (RCC). Materials and Methods:
A total of 81 patients were included. The expressions of adipokines in the nephrectomy
material of the patients were assessed using immunohistochemistry. Staining patterns
were divided into two groups for statistical analyses: negative (no staining) and positive.
Univariable and multivariable Cox regression models were used to evaluate the impact
of the expression of adipokines on the survival outcomes of the patients. Results: The
percentages of patients expressing leptin, leptin-R, adiponectin, and resistin were 36.4%,
30.7%, 32%, and 60.2%, respectively. The median overall survival (OS) of all patients
was 53.7 months (95% confidence interval [CI]: 39.9–67.5). In the multivariate analyses,
only leptin expression status was associated with OS among adipokines (hazard ratio
[HR]: 1.98, 95%CI: 1.03–3.78, p = 0.039) in addition to the presence of distant metastasis
(HR: 2.48, 95%CI: 1.16–5.29, p = 0.018). No significant associations were determined between
adipokine expression and pathologic determinants of RCC, including tumor stage, grade,
and histological subtype. Conclusions: Our study demonstrated that leptin expression was
an independent prognostic factor for inferior OS in RCC patients treated with nephrectomy,
even after adjusting for disease stage in multivariate analysis.

Keywords: adipokine; adiponectin; leptin; renal cell carcinoma; resistin

1. Introduction
Kidney cancer is the 12th most commonly diagnosed cancer worldwide, accounting for

approximately 2.0% of all new cancer cases [1]. Various risk factors have been identified for
renal cell carcinoma (RCC), including a hereditary history of kidney cancer, hypertension,
smoking, chronic kidney disease, and obesity [2]. In the past decades, due to the increasing
rate of obesity, the relationship between obesity and RCC development has gained attention
in comparison with other risk factors. A meta-analysis study including 21 cohort trials
demonstrated that obesity [body mass index (BMI) ≥ 30.00 kg/m2] and pre-obese status
(BMI: 25.00–29.99) were highly associated with RCC development risk compared to people
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of standard weight [hazard ratio (HR): 1.77, 95% confidence interval (CI): 1.68–1.8; HR: 1.28,
95% CI: 1.24–1.33, respectively] [3].

Adipocyte hyperplasia, hypertrophy, and increased intracellular lipids are the hall-
marks of adipose tissue enlargement, which is the main manifestation of obesity [4].
Adipose tissue secretes adipokines, namely leptin, adiponectin, and resistin, which play
a crucial role in the regulation of tissue homeostasis. When this regulation does not func-
tion properly, it results in an obese state through metabolic imbalance [5]. Since RCC is one
of the well-known obesity-related cancers, adipokines have gained immense importance
in terms of risk estimation and prognosis. Preoperative serum leptin and overexpression
of the leptin receptor (leptin-R) were linked to tumor invasiveness and progression of
RCC [6]. It has been reported that patients with lower adiponectin levels exhibit aggres-
sive pathological features and poorer survival outcomes than those with higher levels
of adiponectin in RCC patients undergoing nephrectomy [7]. Furthermore, a study by
Kallio et al. demonstrated that elevated resistin levels are associated with advanced disease
status and poorer survival outcomes in RCC [8]. Previous studies on adipokines in RCC
have primarily focused on their circulating levels in the blood [6–8]. These studies explored
associations between serum adipokine concentrations and both survival outcomes and
tumor characteristics. Thus, to the best of our knowledge, in this study, we report for the
first time the predictive value of the immunohistochemical (IHC) status of leptin, leptin-R,
adiponectin, and resistin together on tumor characteristics and outcomes in a cohort of
81 RCC patients who were treated with nephrectomy.

2. Materials and Methods
2.1. Patient Population

RCC patients who were ≥18 years and treated with radical or partial nephrectomy
between 2008 and 2019 at Hacettepe University Cancer Institute were included. Patients
who received neoadjuvant or adjuvant treatment before nephrectomy were excluded. The
clinicopathological characteristics, including age, sex, tumor grade, and lymphovascular
invasion (LVI), were collected using pathology reports and medical records of patients from
our center’s electronic system. All histologic subtypes were evaluated according to the 8th
edition of the AJCC TNM staging system [9]. In our center, Fuhrman and Paner systems
have been used to grade clear-papillary and chromophobe RCCs, respectively [10,11]. Pa-
tient risk stratification at the metastatic setting was evaluated in the International Metastatic
Renal Cell Carcinoma Database Consortium (IMDC) system, and patients were categorized
into three risk groups: favorable, intermediate, and poor [12]. The study was approved by
the Clinical Research Ethic Commission of Hacettepe University and performed according
to the latest version of the Declaration of Helsinki.

2.2. IHC

To prepare tissue microarrays (TMA), hematoxylin and eosin (H&E) stained prepara-
tions belonging to each patient were examined first. Appropriate tumor areas were selected
for the TMA. From the selected areas of RCC tissue blocks, tumor cores with a diameter
of 3 mm were extracted using a manual punch arrayer and transferred into a newly con-
structed recipient paraffin block designed to contain 40 tissue cores. Multiple sections with
a thickness of 4 µm were taken from the TMA blocks. The first of these sections was stained
with H&E and examined with light microscopy to confirm the presence of representative
tumor areas. IHC studies were performed using the Bond Polymer Dense Detection System
(Leica Microsystems, Victoria, Australia) in accordance with the instructions. The 4 µm
thick sections of formalin-fixed and paraffin-embedded TMA tissues were deparaffinized
in Bond Devax solution (Leica Microsystems) at 72 degrees. A mouse monoclonal anti-
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adiponectin antibody (ab22554, 1:100; Abcam, Cambridge, UK) and a mouse monoclonal
resistin antibody [(C-10): sc-376336, 1:100, Santa Cruz Biotechnology, Inc., Dallas, TX, USA]
were incubated in ER1 for 20 min, a mouse monoclonal anti-leptin-R antibody [(B-3): sc8391,
1:200, Santa Cruz Biotechnology, Inc., Dallas, USA] and a mouse monoclonal anti-leptin
antibody [(F-3), sc48408, 1:200, Santa Cruz Biotechnology, Inc., Dallas, USA] were incubated
in ER2 for 10 min at 100 degrees for pre-treatment. The incubation time for the primary
antibody was 40 min. A blockade with hydrogen peroxide was carried out for 10 min.
Tissues treated with post-primer for 7 min, with polymer for 7 min, and with DAB for 7 min
were passed through alcohol and xylene and closed. The IHC expressions of the adipokines
were scored as negative (no tumor cells were reactive) and positive (≥1% tumor cells were
reactive) for statistical analyses.

2.3. Statistical Analysis

Differences in continuous and categorical parameters were evaluated using inde-
pendent samples t-test and chi-square test, respectively. The overall survival (OS) of the
whole cohort was measured from diagnosis to death from any cause or the last follow-up.
Multivariate Cox analyses were performed to evaluate the associations between survival
outcomes and clinicopathological variables, including those with statistical significance
or potential prognostic value, based on prior literature or univariate analysis. Regarding
patients treated with targeted therapy, progression-free survival (PFS) was defined as the
time interval between the date of treatment initiation and the date of tumor progression
and/or death and OS was defined as the time length from treatment initiation to the last
follow-up and/or death from any cause. All statistical analyses were conducted with IBM
SPSS Statistics, version 25.0 (IBM Corp., Armonk, NY, USA) software, and a type-I error
level of 5% (p < 0.05) was considered for statistical significance.

3. Results
3.1. Baseline Patient Characteristics and Study Design

Baseline patients’ characteristics of the whole cohort and the groups that were deter-
mined according to leptin expression status are presented in Table 1. A total of 81 patients
who underwent nephrectomy were enrolled. The median age was 61 (range: 29–81), and
70.3% of the patients were male. At initial diagnosis, 48.1% of the patients had distant
metastasis, whereas 22.2% of the patients had lymph node metastasis. Additionally, our
cohort consisted of mostly T3–4 tumors (90.1%). The significant proportion of the cohort
was composed of patients with clear cell histology and tumor grade III-IV (82.7% and 79%,
respectively). The presence of LVI was found in 53% of the patients.

Table 1. Baseline clinicopathologic characteristics of the patients stratified based on leptin expression
status.

Characteristics All Patients
(n = 81)

No Leptin Expression
(n = 54)

Leptin Expression
(n = 27)

p
Value

Age (years), range 61 (29–81) 61 (29–81) 61 (30–77) 0.750

Gender
0.592Female 24 (29.7%) 15 (27.8%) 9 (33.3%)

Male 57 (70.3%) 39 (72.2%) 18 (66.7%)

BMI (kg/m2) 26.1 (24.2–30) 26.2 (24.2–30.3) 25.7 (24.2–29.7) 0.597
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Table 1. Cont.

Characteristics All Patients
(n = 81)

No Leptin Expression
(n = 54)

Leptin Expression
(n = 27)

p
Value

Nephrectomy type
0.522Radical 69 (85.2%) 47 (87%) 22 (81.5%)

Partial 12 (14.8%) 7 (13%) 5 (18.5%)

Histology

0.317
Clear cell 67 (82.7%) 44 (81.5%) 23 (85.1%)
Papillary 6 (7.4%) 3 (5.5%) 3 (11.1%)

Chromophobe 8 (9.9%) 7 (13%) 1 (3.8%)

Presence of LVI
0.081Yes 43 (53%) 25 (46.2%) 18 (66.7%)

No 38 (47%) 29 (53.8%) 9 (33.3%)

T stage
0.795I–II 8 (9.9%) 4 (7.4%) 4 (14.8%)

III–IV 73 (90.1%) 50 (92.6%) 23 (85.2%)

Presence of lymph node
metastasis

0.133Yes 18 (22.2%) 9 (16.6%) 9 (33.3%)
No 63 (77.8%) 45 (83.4%) 18 (66.7%)

Presence of distant
metastasis

0.941Yes 39 (48.1%) 26 (48.1%) 13 (48.1%)
No 42 (51.9%) 28 (51.9%) 14 (51.9%)

Tumor grade
0.233I–II 17 (21%) 11 (20.3%) 6 (22.2%)

III–IV 64 (79%) 43 (79.7%) 21 (77.8%)
Continuous variables are presented as median with interquartile range. Categorical variables were presented as
frequencies and percentages. Abbreviations: BMI: body mass index; LVI: lymphovascular invasion.

3.2. Adipokine Expression and Their Association with Pathological Variables and Survival
Outcomes in RCC

Leptin and leptin-R expression was detected in 36.4% and 30.7% of the patients, respec-
tively. However, 32% and 60.2% of the patients had adiponectin and resistin expression,
respectively. Negative and positive expressions of adipokines are presented in Figure 1.
Spearman correlation test was used to determine relationships between adipokines,
whereby leptin expression was significantly correlated with leptin-R (r = 0.362, p = 0.001)
and resistin expression (r = 0.279, p = 0.013). None of the expressions of adipokines were
associated with any pathological characteristics of RCC.

During the median follow-up time of 37.4 months (minimum–maximum: 2.6–163.7),
51 patients died. The median OS in the cohort was 53.7 months (95% CI: 39.9 to 67.5).
Although not statistically significant, patients without leptin expression showed a trend to-
ward a longer median OS compared to those with detectable expression (56.7 vs. 19 months,
p = 0.068, respectively) (Figure 2).

Regarding patients who were treated with targeted therapy, pazopanib, or sunitinib,
the median PFS of patients with no leptin expression was significantly higher than that
of patients with detectable leptin expression (14.9 months vs. 7.8 months, p = 0.007,
respectively), whereas the median OS time of patients with no leptin expression was longer
but not significantly different than those with leptin expression (27.9 months for no leptin
expression group vs. 12.1 months for leptin expression group, p = 0.223) (Figure 3).
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Figure 1. Representative images of negative and positive expressions of leptin ((A1) negative,
(A2) positive), leptin receptor ((B1) negative, (B2) positive), adiponectin ((C1) negative, (C2) positive),
and resistin ((D1) negative, (D2) positive).

Figure 2. Kaplan–Meier analyses estimating OS of patients treated with nephrectomy stratified
according to leptin expression status.

As presented in Table 2, the univariate analyses demonstrated that the clinical vari-
ables associated significantly with poorer OS were age ≥ 65 (HR: 1.99, 95% CI: 1.09–3.61,
p = 0.023), the presence of nodal status (HR: 2.52, 95% CI: 1.36–4.65, p = 0.003), and
the presence of distant metastasis (HR: 2.79, 95% CI: 1.56–5.02, p = 0.001). The po-
tential variables in univariate analyses for prediction of OS were histology (HR: 0.54,
95% CI: 0.22–1.29, p = 0.170), tumor grade (HR: 1.93, 95% CI: 0.90–4.12, p = 0.09), LVI
(HR: 1.75, 95% CI: 0.97–3.15, p = 0.063), and the presence of leptin expression (HR: 1.69,
95% CI: 0.95–2.99, p = 0.071). However, applying multivariate analyses with significant
and potential variables, we demonstrated that the independent factors in predicting OS
were leptin expression (HR: 1.98, 95% CI:1.03–3.78, p = 0.039) and the presence of distant
metastasis (HR: 2.48, 95% CI: 1.16–5.29, p = 0.018) (Table 2). Considering the associations of
leptin-R, adiponectin, and resistin expression levels with OS, no significant relationship
was found.
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Figure 3. Kaplan–Meier curves estimating the PFS (A) and OS (B) of metastatic RCC patients treated
with targeted therapy stratified according to leptin expression status.

Table 2. Associations of clinicopathologic variables with OS of RCC.

Univariate Multivariate

Variable HR (95% CI) p Value HR (95% CI) p Value

Age (<65 versus ≥65) 1.99 (1.09–3.61) 0.023 1.87 (0.85–4.10) 0.116

Gender (Female vs. Male) 1.06 (0.59–1.91) 0.839 N/A N/A

T stage (I–II vs. III–IV) 3.42 (0.46–25.13) 0.226 N/A N/A

Lymph node status (N-negative vs. N-positive) 2.52 (1.36–4.65) 0.003 1.81 (0.80–4.09) 0.150

Metastasis status (M-negative vs. M-positive) 2.79 (1.56–5.02) 0.001 2.48 (1.16–5.29) 0.018

Histology (Clear cell vs.
Non-clear cell) 0.54 (0.22–1.29) 0.170 0.53 (0.17–1.59) 0.262

Tumor grade (I–II vs. III–IV) 1.93 (0.90–4.12) 0.090 1.38 (0.55–3.49) 0.487

LVI status (Absent vs. Present) 1.75 (0.97–3.15) 0.063 0.97 (0.45–2.08) 0.957

Leptin expression (Absent vs. Present) 1.69 (0.95–2.99) 0.071 1.98 (1.03–3.78) 0.039

Leptin-R expression (Absent vs. Present) 1 (0.56–1.77) 0.988 N/A N/A

Adiponectin expression (Absent vs. Present) 1.17 (0.65–2.13) 0.590 N/A N/A

Resistin expression (Absent vs. Present) 1.114 (0.62–2) 0.718 N/A N/A
Abbreviations: LVI: lymphovascular invasion; leptin-R: leptin receptor.

4. Discussion
The primary hypothesis of this study is that the IHC expression of adipokines—specifically

leptin, leptin-R, adiponectin, and resistin—in RCC is associated with distinct tumor char-
acteristics and may independently predict OS in patients undergoing nephrectomy. Our
findings strongly suggest that only leptin expression among adipokines is an independent
factor in predicting OS in RCC patients undergoing nephrectomy.

Adipokines are bioactive molecules secreted by adipose tissue that can regulate RCC
tumor biology through various mechanisms. Leptin promotes tumor growth by activating
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the JAK/STAT and PI3K/AKT signaling pathways, leading to increased proliferation,
angiogenesis, and inhibition of apoptosis [13]. Leptin can also increase tumor-associated
inflammation by upregulating pro-inflammatory cytokines [14]. In contrast, adiponectin is
generally considered anti-tumorigenic and has effects such as suppressing proliferation and
inducing apoptosis, which are likely mediated by the AMP-activated protein kinase (AMPK)
and peroxisome proliferator-activated receptor (PPAR)-α pathways [15]. Resistin plays
a role in cancer progression by activating the nuclear factor kappa B (NF-κB) signaling
pathway and promoting inflammatory responses [16]. These mechanical perspectives
suggest that altered adipokine expression in RCC may contribute to tumor aggressiveness
and affect patient outcomes.

Leptin, a peptide hormone produced by adipocytes, was first described in 1994, and
a strong association was determined between leptin and homeostasis of body weight
regulation [17]. Leptin level is directly correlated with the amount of adipose tissue, so
obese people have increased levels of leptin in comparison to non-obese people [18]. Leptin
exhibits its function via leptin-R, a membrane-spanning receptor, which is categorized
in the class I cytokine receptor family [19]. Leptin may regulate the carcinogenesis pro-
cess by downregulating apoptosis [20], increasing the production of macrophage-derived
inflammatory cytokines [21], and promoting angiogenesis [14]. Regarding the impact of
leptin on clinicopathological parameters and survival outcomes of RCC patients, Horiguchi
et al. reported that a high leptin expression status is associated with regional lymph node
metastasis (p = 0.047), the presence of venous invasion (p = 0.013), and histological type
(p = 0.0076) [6]. In the same study, while a high serum leptin level was demonstrated
as an independent factor for PFS (p = 0.0406), the associations between leptin-R expres-
sion status and cancer-related survival and PFS times were not significantly different [6].
Choi et al. prospectively evaluated the associations between the plasma levels of four
plasma adipokines, leptin, adiponectin, retinol binding protein 4 (RBP-4), nicotinamide
phosphoribosyltransferase (NAMPT), and RCC, and they determined that adiponectin,
RBP-4, and NAMPT, but not leptin, were significantly associated with RCC [22]. Further-
more, a meta-analysis aimed to explore the association between serum leptin level and
RCC susceptibility and progression and showed that leptin level was not related to the pro-
gression of RCC [23]. A Mendelian randomization study also demonstrated that circulating
leptin was not associated with the risk of obesity-related cancers, including RCC [24]. A
previous study by Perumal et al. investigated leptin and leptin-R expression in clear cell
RCC using IHC and reported no significant association with survival outcomes, except
for nuclear leptin expression in Kaplan–Meier analysis [25]. Our study expands on this by
evaluating the combined IHC expression of leptin, leptin-R, adiponectin, and resistin in a
broader RCC cohort encompassing all histologic subtypes, and by identifying leptin expres-
sion as an independent prognostic factor for OS in multivariate analysis. Additionally, in
this study, only 20% of their cohort initially had metastatic disease, and they did not show
follow-up time and patients’ treatment types received in the metastatic setting [25]. In the
present study, almost half of our cohort (48.1%) was composed of initially metastatic RCC
patients, and the median follow-up time was 37.4 months. Regarding survival analyses
of the patients, detectable leptin expression and presence of distant metastasis at initial
diagnosis were found to be independent determinants for OS.

Regarding the association between leptin-R and survival outcomes of RCC, Lee et al.
investigated the impact of leptin-R expression on clinicopathologic characteristics and
survival of 110 upper tract urothelial carcinomas treated with nephroureterectomy and
excision of the bladder cuff, and they showed that patients with higher leptin-R expression
(>50%) had poorer CSS (HR: 2.26; p = 0.006) and RFS (HR: 2.55; p = 0.011) [26]. Taking
leptin-R into consideration, its expression has been identified at both the mRNA and protein
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levels in RCC cell lines, including the murine Renca kidney cancer cell line [27]. In addition
to leptin, leptin-R expression has been determined in diversified cancer types, including
RCC [28–30]. Based on these findings, the leptin/leptin-R signal pathway could be linked
to the pathogenesis of several tumors, especially RCC, in which obesity plays an important
role as a causative risk factor [31].

Adiponectin, a polypeptide containing 244 amino acids, is mainly derived and secreted
from white adipose tissue [32]. Considering the functional roles of adiponectin, its associa-
tion with obesity is of prime importance because obese subjects have paradoxically lower
serum adiponectin concentration than non-obese ones [32]. Several reports have demon-
strated that people who have relatively reduced concentration levels of serum adiponectin
are found to carry an increased risk for obesity-associated cancers, including RCC [33–35].
However, in the present study, no relationship between adiponectin expression and the
outcomes of RCC patients was investigated.

Resistin is a cysteine-rich protein that is secreted primarily from macrophages found
in adipose tissue [36]. In addition to leptin and adiponectin, it is linked to insulin resistance,
inflammation, and adipogenesis [37]. Liao et al. showed that circulating resistin level
was not associated with clear cell RCC risk [38]. However, a recent report by Zhang et al.
demonstrated that resistin mRNA expression in clear cell RCC was significantly higher
than in tumor-adjacent normal tissue [39]. To the best of our knowledge, this is the first
study to evaluate the association between resistin expression and both tumor characteristics
and OS in RCC. Our results exhibited that resistin expression was observed in 60.2% of the
tumors, and no significant relationship was recorded between resistin and any pathologic
features and OS of RCC.

Nevertheless, some limitations of the present study should be noted. Firstly, the
present study has a retrospective nature, and it is composed of mostly T3–T4 and tumor
grade III–IV tumors because we only included the patients who were treated and followed
in our clinic. Secondly, since TMA was used, we could not determine the expression of
adipokines in normal kidney tissue adjacent to the tumor. Thirdly, we could not analyze
adipokine expression and serum adipokine levels simultaneously. Fourthly, metastatic
RCC patients in our cohort were treated with targeted agents in contrast to the current
combination treatment with immunotherapy and targeted agents.

5. Conclusions
The present study provides important evidence about the association between leptin

expression and OS of RCC patients undergoing nephrectomy. Further prospective and
in vitro experiments are needed to explore the exact role of adipokines in the pathogenesis
and prognosis of RCC.
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AMPK AMP-activated protein kinase
BMI Body mass index
CI Confidence interval
CSS Cancer specific survival
H&E Hematoxylin and eosin
HR Hazard ratio
IMDC International Metastatic Renal Cell Carcinoma Database Consortium
Leptin-R Leptin receptor
LVI Lymphovascular invasion
NAMPT Nicotinamide phosphoribosyltransferase
NF-κB Nuclear factor kappa B
OS Overall survival
PFS Progression-free survival
PPAR Proliferator-activated receptor
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RFS Recurrence-free survival
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