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Article 
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Simple Summary: Obesity has been associated as risk factor in tumorigenesis and shedding more 
light on the incretory function of adipose tissue becomes increasingly important. In obese 
individuals, serum levels of leptin are increased while adiponectin levels are paradoxically 
decreased. While the hormones have been well studied, the significance of their receptors in tumour 
progression needs to be evaluated more closely. In the present study, the expression of the 
adipokine receptors leptinR and adipoR1 was examined in detail in four tumour entities (renal cell, 
cervical, vulvar and endometrial cancer). The aim was to gain a better understanding of the role of 
adipokine receptors as prognostic biomarkers in obesity related tumours. 

Abstract: (1) Background: With the rising incidence of life expectancy, obesity, and tumours, 
understanding the incretory influence of adipose tissue in tumorigenesis becomes increasingly 
important. As the adipokines leptin and adiponectin are released by fat tissue, we aimed to analyse 
the expression of their respective receptors in tumours for which an association with obesity is 
epidemiologically hypothesized; (2) Methods: The expression of leptinR and adipoR1 were analysed 
in cohorts of renal cell cancer (n = 391), cervical cancer (n = 155), vulvar cancer (n = 107), and 
endometrial cancer (n = 90) by immunohistochemistry and correlated with clinicopathological 
parameters including survival times; (3) Results: Expression of leptinR was high in renal cell cancer 
(62.2% of cases), vulvar carcinoma (50%) and endometrial cancer (80.5% of tissue-samples). High 
expression was associated with favourable clinicopathological markers and longer overall survival 
times in renal cell cancer and vulvar cancer. AdipoR1 was only weakly expressed in all four tumor 
entities and did not show significant associations with clinicopathological parameters or prognosis; 
(4) Conclusion: High leptinR is a promising biomarker for favourable tumour outcome in renal cell 
carcinoma and vulvar carcinoma. 

Keywords: adipokine receptors; obesity related tumours; leptinR; adipoR1 
 

1. Introduction 

The rapid and widespread increase of obesity in the western world, starting from the 1980s 
onwards, marked the emergence of a global epidemic, which caused a rise of obesity-related diseases. 
In addition to cardiovascular disease, obesity has been linked to higher rates of certain cancers, 
including renal cell carcinoma, colorectal, oesophageal, endometrial and breast cancer [1,2]. In 
addition, recent data suggest an association with cervical and vulvar cancer, too [3]. That is because 
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apart from being the main repository of energy in form of triglycerides in the human body, adipose 
tissue has been recognized to bear important endocrine, metabolic, and inflammatory regulatory 
functions. One of the factors responsible for the endocrine actions are adipokines, peptide hormones 
secreted by the adipose tissue into the bloodstream [4]. They provide information about satiety and 
energy status and influence many physiological processes like reproductive functions and immune 
response. Adipokines can functionally be divided into pro- and anti-inflammatory players. 
Expansion of adipose tissue induces a dominance of proinflammatory effects [5]. Adipokine 
dysregulation is often linked to metabolic disorders, i.e. cardiovascular diseases, and other health 
conditions. However, in recent years it has become clear that adipokines also play a critical role in 
cancer development and progression [6]. The first adipokine described in 1994 was leptin  [7] that, 
together with its functional “counterplayer” adiponectin, regulates energy balance by influencing 
appetite, satiety, and energy expenditure [8,9]. Furthermore, in cancer patients a low adiponectin to 
leptin ratio has been implemented as an indicator of tumour aggressiveness [10]. 

In solid tissues, adipokines exert their effects in the target tissue via specific membrane-bound 
adipokine receptors that are most often ubiquitously expressed [11–14]. 

Adipokine binding activates a variety of pathways, such as mitogen-activated protein kinase, 
leading to cell growth, inflammation and angiogenesis in the case of leptin, and insulin secretion and 
fatty acid oxidation in the case of adiponectin. In cancer, leptin receptor activation has been associated 
with proliferation and invasion [15], while adipoR1 has been shown to be overexpressed in both 
cancer tissue and cancer-associated immune cells, thereby modulating the anti-tumour immune 
response [11]. 

For the purpose of this study, we chose to analyse the receptors of two well-characterised 
adipokines with opposing functions, leptinR and adipoR1, in order to understand their role as 
potential biomarkers in two types of cancer with an established relationship with obesity, as well as 
in two types of cancer with a probable relationship with obesity. 

2. Materials and Methods 

2.1. Patients 

Four clinically well characterized tumour cohorts were included in this study (n=391 renal cell, 
n=155 cervical, n=107 vulvar and n=90 endometrial carcinomas). The patients underwent surgery and 
histopathological diagnosis at the University Hospital Bonn, Bonn, Germany, between 2002 and 
2017. A total of 743 patients were included. For clinicopathological information on patient cohorts see 
Table S1. 

The study was approved by the Ethic Committee of the University Hospital Bonn, #233/20 (RCC) 
[16], #208/21 (cervical cancer) [17], #228/15 (vulvar cancer) [18], #233/20 (endometrial cancer) [19]. 

2.2. Methods 

2.2.1. Tissue Microarray 

Tissue microarrays were constructed as described previously [17]. Core diameter was 1 mm, and 
every tumour was represented by 1-2 cores. In total 21 TMA plates were included (11 RCC, 4 cervical, 
3 vulvar, and 3 endometrial cancer). 

2.2.2. Immunohistochemistry 

All slides were freshly cut and immunostained in one day. Antibodies used were rabbit 
monoclonal (GT1233), (GeneTex, Inc., North America, dilution 1:100) for leptinR; for adipoR1, rabbit 
monoclonal (MAB19531), (abnova, Taiwan, dilution 1:50) was used. 

An automated staining system (BenchMark ULTRA; Ventana Medical Systems, Oro Valley, AZ, 
USA) was applied for deparaffinization, pretreatment with cell conditioning buffer (CC1 buffer, 
pH8), and primary antibody incubation. For signal detection, the UltraView DAB IHC Detection Kit 
(Ventana, Ventana Medical Systems, Oro Valley, AZ, USA) was used. The slides were counterstained, 
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dehydrated and coverslipped. Positive controls were performed for each staining (skeletal muscle 
and liver tissue). 

2.2.3. Evaluation of Immunohistochemistry 

The slides were scanned with Slide Scanner Panoramic midi (3DHistech, Budapest, Hungary) 
and read with the open source software for digital pathology image analysis quPath (version 0.5.0) 
[20]. Staining intensity was scored semiquantitatively. A four-tier scoring system was applied to 
categorize staining intensities (0: no staining, 1: weak staining, 2: moderate staining, 3: strong 
staining). If spots from the same patient differed in intensity, the maximum value was used for further 
analyses. 

2.2.4. TCGA PanCancer mRNA Data 

An in-silico analysis of leptinR and adipoR1 mRNA expression level from a publicly available 
database  [The Cancer Genome Atlas (TCGA), version: PanCancer available on cBioPortal] was used 
to complement the immunohistochemistry data. The mRNA expression z-scores relative to all 
samples were dichotomized by the median. The endpoint used for survival analysis was overall 
survival [21,22]. The results are based upon data generated by the TCGA Research Network: 
https://www.cancer.gov/tcga. TCGA PanCancer datasets used were Clear Cell RCC, Cervical Cancer 
and Endometrial Cancer [23]. No dataset of sufficient size was available for vulvar cancer. 

2.2.5. Statistics 

Statistical analysis was performed using R (version 4.3.2 The R Foundation for Statistical 
Computing) and RStudio (version 2023.12.0+369). Patients were dichotomized by the median 
expression of leptinR and adipoR1. For group comparisons, crossfield-tables, Mann-Whitney-U test, 
Spearman correlation, and Binomial test were used. Estimated hazard ratios (HR) with 95% 
confidence intervals were based on univariable Cox regression analyses. Survival analysis was 
performed using Kaplan-Meier plots, as well as uni- and multivariable Cox regression analysis, and 
the log-rank test. p-values < 0.05 were considered significant, and p-values between 0.05 and 0.1 were 
considered indicative of a statistical trend. The Bonferroni correction was applied to correct for 
multiple testing. 

3. Results 

3.1. TMA Staining Evaluation 

Of 1580 TMA spots on 21 slides, 1303 could be analyzed. This included 801 of 943 spots for the 
renal cell cancer cohort, 245 of 316 spots for the cervical cancer cohort, 102 of 129 spots for the vulva 
cancer cohort, and 155 of 192 spots for the endometrial cancer cohort. Control tissue was present on 
all TMA slides. 

3.1.1. Staining Patterns leptinR 

LeptinR immunoreactivity was detected in the cytoplasm and membrane of tumour cells, no 
nuclear staining was noted. Connective tissue cells and lymphocytes were consistently negative. 
Endothelial and plasma cells were weakly positive. Immunohistochemistry evaluation scheme is 
depicted in Figure 1. 

3.1.2. Staining Patterns adipoR1 

AdipoR1 immunoreactivity was detected in the cytoplasm of tumour cells, no nuclear staining 
was noted. Lymphocytes were consistently negative. Endothelial cells and fibroblasts were weakly 
positive. Immunohistochemistry evaluation scheme is depicted in Figure 1. Additional images of 
immunohistochemistry of the other tumour cohorts are given Figure S1. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 July 2024                   doi:10.20944/preprints202407.2385.v1

https://doi.org/10.20944/preprints202407.2385.v1


 4 

 

 
Figure 1. Immunohistochemistry evaluation scheme exemplarily in RCC cohort. Magnification: 20x, 
LeptinR: (A) negative, (B) weak (1+), (C) moderate (2+), (D) strong (3+) positivity. AdipoR1: (E) 
negative, (F) weak (1+), (G) moderate (2+), (H) strong (3+) positivity. 

3.3. Receptor Expression 

3.3.1. LeptinR 

In RCC 68 cases were negative (17.6%), 78 showed weak staining (20.2%), moderate 
immunoreactivity was seen in 118 cases (30.6%) and 122 stained strongly (31.6%). 

For cervical carcinoma 46 cases were negative (30.7%), 36 showed weak staining (24%), moderate 
immunoreactivity was seen in 37 cases (24.6%) and 31 stained strongly (20.7%). 

In vulvar carcinoma 21 cases were negative (21%), 29 showed weak staining (29%), moderate 
immunoreactivity was seen in 23 cases (23%) and 27 stained strongly (27%). 

In endometrial cancer 2 cases were negative (2.3%), 15 showed weak staining (17.2%), moderate 
immunoreactivity was seen in 25 cases (28.7%) and 45 stained strongly (51.7%). 

For statistics, leptinR staining was dichotomized by the median into low vs. high expression. 

3.3.2. AdipoR1 

In RCC 124 cases were negative (32.7%), 119 showed weak staining (31.4%), moderate 
immunoreactivity was seen in 94 cases (24.8%) and 42 stained strongly (11.1%). 

In cervical carcinoma 36 cases were negative (24.8%), 52 showed weak staining (35.9%), 
moderate immunoreactivity was seen in 42 cases (28.9%) and 15 stained strongly (10.4%). 
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In vulvar carcinoma 28 cases were negative (30.8%), 27 showed weak staining (29.7%), moderate 
immunoreactivity was seen in 33 cases (36.2%) and 3 stained strongly (3.3%). 

In endometrial cancer 18 cases were negative (20.7%), 22 showed weak staining (25.3%), 
moderate immunoreactivity was seen in 29 cases (33.3%) and 18 stained strongly (20.7%). 

Similar to LeptinR, AdipoR1 expression was divided into low and high expression based on the 
median. 

3.4. Associations and Correlations with Clinicopathological Parameters 

3.4.1. LeptinR 

RCC: 
High leptinR expression in RCC was significantly associated with low pathologic stage (66.9%, 

p < 0.01) and histological subtype (clear cell (57%) and papillary (86.7%), p < 0.01), with a trend toward 
association with negative lymph nodes (67.4%). No significant association was found for tumour 
grade, BMI, age, and sex. The association with tumour stage and subtype in RCC was confirmed in 
Spearman rank correlation analysis. The subtypes that showed a significant high leptinR expression 
were clear cell RCC (Binomial test p < 0.001) and papillary RCC (p < 0.001) (Tables S2 and S4). 
Cervical carcinoma: 

In cervical cancer, high leptinR expression was associated significantly with low FIGO stage 
(59.4%, p < 0.01) and negative lymph nodes (68.8%, p < 0.01). There was a trend towards an association 
with higher grades (57.4%, p = 0.03) and younger age (<60 years = 50.5%, p = 0.03). It was not 
significantly associated with BMI and HPV status. Correlation analysis confirmed this: FIGO: CC -
0.283, p < 0.001; Lymph node involvement: CC -0.375, p < 0.001 (Tables S2 and S4). 
Vulvar carcinoma: 

In vulvar cancer high leptinR expression was associated significantly with negative HPV status 
(57.4%, p < 0.01), but not with pathologic stage, lymph node involvement, grade, BMI or age (Tables 
S2 and S4). 
Endometrial carcinoma: 

In endometrial cancer high leptinR expression was associated significantly with lower grades 
(87.9%, p = 0.002), but not with pathologic stage, lymph node involvement, BMI or age. Correlation 
analysis confirmed this: Grade: CC -0.332, p = 0.002 (Tables S2 and S4). 

3.4.2. AdipoR1 

RCC: 
AdipoR1 expression in RCC was associated with subtype (low expression with clear cell (71.8%) 

and high expression with papillary (62.7%), p < 0.01), with a trend toward association between high 
receptor expression and low pathologic stage (39%, p = 0.06). The association with subtype in RCC 
was confirmed in Spearman rank correlation analysis: Subtype: CC 0.272, p < 0.001. A significant 
reduction of adipoR1 expression was found in ccRCC (p < 0.001) and a trend in high expression in 
papillary RCC (p = 0.067). There was no significant association with lymph node involvement, grade, 
BMI age, or sex (Tables S3 and S4). 
Cervical carcinoma: 

In cervical cancer, high AdipoR1 expression was significantly associated with low FIGO stage 
(47.8%, p = 0.02) and higher grades (65.4%, p < 0.01). It was not associated with lymph node 
involvement, BMI, age, or HPV infection. In correlation analysis, FIGO stage remained a significant 
parameter: CC -0.201, p = 0.015 (Tables S3 and S4). 
Vulvar carcinoma: 

Regarding vulvar, the receptor showed no significant association with pathologic stage, lymph 
node involvement, grade, BMI, age, or HPV status (Tables S3 and S4). 
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Endometrial carcinoma: 
High adipoR1 expression was associated with positive lymph nodes (75%, p = 0.04). Correlation 

analysis confirmed these results: lymph node involvement: CC 0.296, p = 0.039. The receptor was not 
associated significantly with pathologic stage, grade, BMI, or age (Tables S3 and S4). 

3.5. Survival Analysis of Immunohistochemical Data 

3.5.1. LeptinR 

Tumours with high leptinR expression showed a significantly longer overall survival in Kaplan-
Meier analyses in RCC, cervical and vulvar cancer (RCC: p = 0.004; cervical: p = 0.034 and vulvar: p = 
0.029; Figure 2). This was confirmed in multivariable Cox analyses for RCC (p = 0.03, HR = 0.62) and 
vulvar cancer (p = 0.01, HR = 0.37) but not cervical and endometrial cancer (Table 1). See Table S5 for 
univariable Cox analyses. 

3.5.2. AdipoR1 

AdipoR1 expression had no prognostic value in any of the tumour entities. The results of 
multivariable Cox analyses are given in Table 1. See Table S5 for univariable Cox analyses. 
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Figure 2. Prognostic value of receptor expression. Significant longer overall survival was evident with 
higher leptinR expression in RCC (p = 0.004), cervical (p = 0.034) and vulvar (p = 0.029) carcinoma. 
AdipoR1 expression showed no prognostic value. 

Table 1. Results of multivariable Cox regression survival analysis. RCC and vulvar carcinoma tissues 
with high leptinR expression showed a significantly longer overall survival. 

  Proteins 
Staining 
Intensity 

N 
(Low/High) 

Confounders 
Hazard 
Ratio 

95% CI 
p-Value 

(cox) 
Likelihood-
Ratio-Test 

RCC LeptinR 0–1+/2–3+ 73/133 
age, BMI, pT, 

subtype, grade 
0.62 0.40 - 0.96 0.03 <0.001 

 AdipoR1 0–1+/2–3+ 133/67 age, BMI, pT, 
subtype, grade 

1.02 0.63 - 1.63 0.95 <0.001 

ccRCC LeptinR 0–1+/2–3+ 65/95 age, BMI, pT, grade 0.64 0.40 - 1.01 0.06 <0.001 
 AdipoR1 0–1+/2–3+ 116/41 age, BMI, pT, grade 0.97 0.56 - 1.67 0.92 <0.001 

Cervical 
cancer 

LeptinR 0–1+/2–3+ 69/57 age, BMI, pT, grade 1.05 0.49 - 2.28 0.90 <0.001 

 AdipoR1 0–1+/2–3+ 73/48 age, BMI, pT, grade 0.93 0.42 - 2.05 0.85 <0.001 
Vulvar 
cancer 

LeptinR 0–1+/2–3+ 42/47 age, BMI, pT, grade 0.37 0.18 - 0.79 0.01 0.02 

 AdipoR1 0–1+/2–3+ 55/36 age, BMI, pT, grade 1.13 0.52 - 2.45 0.76 0.6 
Endometrial 

cancer 
LeptinR 0–1+/2–3+ 15/67 age, BMI, pT, grade 1.52 0.36 - 6.39 0.56 0.004 

 AdipoR1 0–1+/2–3+ 40/42 age, BMI, pT, grade 1.42 0.54 - 3.73 0.48 0.009 

3.6. Prognostic Value of Receptor mRNA Expression Using TCGA Databases 

3.6.1. LeptinR 

High expression of LeptinR mRNA was associated with longer overall survival in ccRCC (p = 
0.005). Contrarily, for cervical cancer high expression of leptinR mRNA was associated with shorter 
OS (p = 0.008). The mRNA expression level in endometrial cancer had no significant prognostic value. 
Kaplan-Meier curves are given in Figure 3. 

3.6.2. AdipoR1 

AdipoR1 mRNA expression had no prognostic value in any of the three tumour entities. Kaplan-
Meier curves are given in Figure 3. 
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Figure 3. TCGA Pan cancer survival analyses. Median of leptinR and adipoR1 mRNA expression z-
scores relative to all samples. High expression of leptinR mRNA was associated with longer overall 
survival in ccRCC (p = 0.005). For cervical cancer high expression of leptinR mRNA was associated 
with shorter OS (p = 0.008). The mRNA expression level in endometrial cancer had no significant 
prognostic value. AdipoR1 mRNA expression had no prognostic value in any of the three tumour 
entities. 

4. Discussion 

In recent years, the global surge in obesity rates has emerged as a critical public health concern, 
transcending mere cosmetic implications [24]. Beyond its well-established association with 
cardiovascular diseases and metabolic disorders, obesity has been identified as a significant risk 

LeptinR AdipoR1
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factor for the development of various types of cancer, including renal cell carcinoma [25,26] (RCC), 
cervical cancer [27], vulvar cancer [28], and endometrial cancer [29,30]. The intricate interplay 
between adipose tissue, metabolic dysregulation, and chronic inflammation creates a 
microenvironment conducive to tumorigenesis that is, at least in part, influenced by adipokines [31]. 

Adipokines, furthermore, play a crucial role in signalling of hunger and satiety. Differential 
expression of adipokines thereby have been linked to obesity and obesity related diseases. The by far 
best studied adipokine is leptin. Leptin serum levels are higher in obese individuals and have been 
associated with adverse outcomes in tumour patients meanwhile adiponectin acts in an opposite 
fashion [32,33]. In the present study, the expression of the adipokine receptors leptinR and adipoR1 
was examined in detail in four tumour entities, that have been epidemiologically linked to obesity. 
We had hypothesized to find a differential expression of these receptors in these tumours in 
correspondence to the BMI. Data on leptin serum levels were not available for our patients, but as 
patients with a higher BMI, namely > 30, show statistically higher levels of leptin, we used the BMI 
as a surrogate parameter. However, in none of the cohorts analysed, BMI and receptor expression 
did not show any significant association neither for leptinR, nor for adipoR1. Further studies with 
more detailed serum data of the respective adipokines are warranted to detect more subtle 
associations. 

Regarding our cohorts in detail, high expression of leptinR was associated with longer overall 
survival both for RCC as well as vulvar carcinoma. In addition, analysis of publicly available mRNA 
data supported the finding of leptinR presence being associated with longer survival in ccRCC. Our 
findings, supported by two large cohorts (Bonn cohort, TCGA) and different methodologies are 
different from previous analyses, that did not identify this prognostic value. In 2006, Horiguchi et al. 
found no prognostic value of leptinR expression in RCC. Possibly, the small size of their cohort (n=57) 
precluded a meaningful survival analysis [34]. Nevertheless, a significant association with 
clinicopathological parameters such as histologic type was found, which is in line with our data, 
showing a significant correlation between high leptinR expression and clear cell and papillary RCC. 
Perumal et al. analysed a similarly sized cohort and also found no association of leptinR expression 
with survival in ccRCC [35]. Although ccRCC has so far been best linked to be causally associated 
with obesity we found equally high leptinR in papillary RCC [36]. However, the impact of obesity on 
tumour initiation and progression depends on cofactors and differs between sexes and histologic 
subtypes of tumours, e.g. the strongest association with obesity was seen in clear cell RCC (ccRCC) 
[26,37]. 

Endometrial cancer was one of the first tumours for which an association between obesity and 
tumour development became evident. Increasing BMI is associated with increased incidence and 
negative oncologic outcomes [30]. Adipose tissue also synthesizes oestrogen and is the major source 
of oestrogen in postmenopausal women. Thus it is not surprising, that elevated oestrogen serum 
levels in obese women have been associated with the development of endometrial cancer [29]. Zhang 
et al. showed that higher levels of both leptin and leptinR are associated with high BMI, invasion, 
metastasis, and poor prognosis [38]. Conversely, leptinR expression was also significantly higher 
when tumour grades were low [38]. Those somewhat contradictory results may, partly, be explained 
by the small size of the study cohort. Another study with a similarly sized cohort found leptinR 
overexpression to be correlated with higher grades, and elevated serum leptin levels with BMI and 
higher grades [39]. In the present cohort, we could not confirm an association between leptinR in 
tumour tissue and BMI or show a prognostic impact but found that higher leptinR expression was 
correlated significantly with lower tumour grades. LeptinR mRNA expression in TCGA data did not 
show a significant impact on survival. As the majority of patients included in the study were > 60 
years old (62%, mean 63, SD 12 years), and age and receptor expression were not associated, a possible 
confounder of endogenous ovarian oestrogen synthesis can be rejected [29]. In addition, the effect of 
adipokines and steroids hormones does not appear to be mutually exclusive, as presence of 
progesterone was found to suppress leptinR mRNA expression, an interaction that may be subject to 
subsequent research activity [40]. Clearly, larger studies are necessary to resolve these discrepancies. 
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Recently, obesity was suggested to have a negative prognostic impact in vulvar carcinoma [28]. 
High BMI and metabolic syndrome were found to increase the risk of tumour development [41]. To 
the best of our knowledge, this study is the first to show a significantly longer survival of patients 
with vulvar carcinoma with high leptinR expression. This is in line with the data obtained in RCC 
where high leptinR expression was significantly associated with longer overall survival, too. 
Unfortunately, it was not possible to prove the results obtained by immunohistochemistry in an 
independent cohort, as TCGA data did not provide sufficient information on vulvar carcinoma. 

In squamous cell carcinomas of the gynaecologic tract, the influence of circulating oestrogen as 
well as obesity-related hormones and chemokines remains controversial as the impact of human 
papillomavirus infection is considered to be the most important causative agent. Out of these 
tumours, the most common is cervical cancer [42]. Although not statistically significant, high leptinR 
expression showed a strong trend toward a favourable overall survival in patients with cervical 
squamous cell carcinoma. Additionally, there was a strong and statistically significant association 
with favourable clinicopathological parameters such as low FIGO stage and absence of lymph node 
metastasis. Yuan et al. found worse differentiation and disease progression when leptin expression 
was high, so that one might hypothesize that an inverse relationship between leptin and leptinR exists 
[43]. However, further research is needed to understand the differential regulation processes. To our 
knowledge, this is the first study to investigate the relevance of the leptinR in cervical squamous cell 
carcinoma. 

Most cervical cancers, as well as a significant proportion of vulvar cancers are, at least in part, 
driven by high-risk human papillomavirus (HPV). Given the small number of HPV-negative cervical 
cancers in our cohort, any conclusions about HPV and leptinR correlations appear speculative. 
However, as with vulvar carcinoma, HPV-dependent tumours showed significantly lower expression 
of leptinR, raising the possibility of an interaction. Contrarily to immunohistochemical results, high 
leptinR mRNA expression in cervical cancer was associated with shorter overall survival. These 
contradicting results might show that leptinR expression and its regulation on mRNA and proteomic 
levels act different in this tumour entity or are influenced by other causative agents such as HPV 
infection. To clarify these opposing associations further investigations are needed. 

For adipoR1, no prognostic value could be demonstrated in any of the analysed tumour entities 
neither immunohistochemically nor on mRNA level in TCGA data. Consistent with previous 
findings, we confirmed a continuous increase in adipoR1 expression with increasing BMI in all our 
gynaecologic cancer cohorts. In obese patients adipoR1 expression is reduced in adipose tissue and 
increased after weight loss. Thereby obese subjects aggravate negative metabolic effects of low serum 
level adiponectin [44]. In RCC, adipoR1 expression was different depending on subtype with high 
levels in papillary RCC and low levels in ccRCC. Previously, it was found that patients with ccRCC 
had lower adiponectin serum levels, and hence the hormone level could be helpful to differentiate 
ccRCC from non-ccRCC in a non-invasive manner [45]. Moreover, other factors such as insulin-like 
growth factor or fibroblast growth factor have different secretion rates in different RCC subtypes, so 
one could argue that differential receptor expression is plausible [45]. In keeping with published data, 
adipoR1 expression was reduced in ccRCC [46]. Additionally, Kleinmann et al. demonstrated an 
underactivation of the entire adiponectin hormonal axis in ccRCC [46]. In 2008 Pinthus et al. showed 
that lower adiponectin levels were associated with tumour aggressiveness [47]. However, the 
literature is contradictory: Ito et al. postulated high levels of adiponectin were associated with tumour 
aggressiveness [48]. Regarding this discrepancy, multiple factors were suggested which might affect 
circulating adiponectin levels, like diabetes, racial background and diurnal variation [49,50]. 
Secondly, it was pointed out that adipoR1 was not associated with survival which is consistent with 
our findings [48]. An association between low serum adiponectin levels and the development of RCC 
and endometrial cancer has also been described [51,52]. 

Significant correlation of adipoR1 expression with lower FIGO stage but higher grades was 
found in cervical cancer. To the best of our knowledge, this study is the first to investigate adipoR1 
expression in a large cervical cancer cohort. Previous in vitro studies using HeLa cells showed that 
cells express adipoR1 and that adiponectin can induce apoptosis [53]. Other tumours associated with 
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obesity such as renal and colorectal cancer more frequently express adipoR1 than cervical squamous 
cell carcinoma, in which the role of obesity remains unclear [54]. Possible factors that determine this 
uncertain role are reliability and noncompliance of screening test in obese patients [55]. A pan-cancer 
analysis of a publicly available dataset identified adipoR1 upregulation as a risk factor for shorter 
disease-free survival in cervical cancer [11]. One might hypothesize that lower levels of adiponectin, 
which acts as an oncoprotective hormone, could lead to higher expression of adipoR1. However, in 
the context of our results, we could not confirm an effect of adipoR1 expression on overall survival. 
Possible confounding factors in tumorigenesis and progression, such as HPV infection as mentioned 
above and decreased screening compliance with increasing body weight, need to be kept in mind 
[55]. 

In both vulvar and endometrial cancers, none of the clinicopathological parameters examined 
nor the overall survival was significantly associated with the intensity of adipoR1 expression. In prior 
studies, a high BMI could be associated with shorter disease-free survival in vulvar cancer, 
suggesting an association with obesity [28]. 

There is evidence that adiponectin is a potent inhibitor of cell growth in endometrial cancer [56]. 
AdipoR1 expression is found in non-neoplastic as well as tumour tissues [56]. In addition, Yamauchi 
et al. demonstrated a strong association between decreased adipoR1/adipoR2 expression and tumour 
progression in terms of higher grading, growth, invasion, and metastasis [57]. Somewhat 
contradictorily, we found an increase in adipoR1 expression for both tumour stage and lymph node 
metastasis as well as shorter survival, although most of our findings did not reach statistical 
significance. 

Strengths of this study are the analysis of multiple tumour types and the careful in-depth 
statistical evaluation of the protein expression data including patient survival. Weaknesses are the 
descriptive nature of this analysis and the lack of serum adipokine data. 

5. Conclusions 

The role of adipokine receptor expression in cancer development and progression has only 
rarely been investigated. Consistent with leptinR being seen as a protective factor, high expression 
was associated with favourable clinicopathological parameters namely tumour stage, tumour grade, 
and absence of lymph node metastasis. Thus, high leptinR expression is a promising biomarker 
indicating favourable tumour outcome in obesity-related tumours. AdipoR1 did not show significant 
association with clinicopathological parameters. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org, Table S1: Additional information on patient cohorts; Table S2. Associations 
between clinicopathological parameters and leptinR in RCC, cervical, vulvar, and endometrial carcinoma, Table 
S3. Associations between clinicopathological parameters and adipoR1 in RCC, cervical, vulvar, and endometrial 
carcinoma, Table S4. Spearman correlation of receptors with clinicopathological parameters, Table S5. Results of 
univariable Cox regression survival analysis, Figure S1. Cervical, vulvar and endometrial cancer: 
Immunohistochemistry evaluation scheme. Magnification: 20x. 
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