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Abstract. Perirenal adipose tissue (PAT) has been implicated
in renal cell carcinoma (RCC). The expression of uncoupling
protein 1 (UCP1) is higher in PAT compared with that in back
subcutaneous adipose tissue (bSAT). The aim of the present
study was to determine UCP1 expression in different parts
of PAT and to analyze the correlation between UCP1 expres-
sion in PAT and RCC. PAT from the upper and lower renal
poles and bSAT samples were collected from 50 patients with
RCC (RCC group) and 54 patients with renal cysts (control
group) who had undergone renal surgery. Both UCP1 mRNA
and protein levels were found to be significantly higher and
adipocytes appeared to be smaller in the PAT of the RCC
group. Furthermore, the RCC group had more multilocular
UCPI1-positive adipocytes. UCP1 staining in the PAT was
significantly stronger in the RCC group, but there was no
significant difference in UCPI staining in the bSAT between
the two groups. Furthermore, Fuhrman grade and T stage were
higher in the high UCP1 expression group of RCC patients. In
conclusion, high UCP1 expression in the PAT may serve as an
indicator of poor prognosis in RCC.

Introduction

Renal cell carcinoma (RCC) is a common type of kidney
cancer in adults (1,2). The incidence of RCC is increasing
and ~270,000 cases are diagnosed on an annual basis world-
wide (3). Important risk factors for RCC include obesity,
hypertension, smoking and advanced kidney disease (4,5).
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In particular, a body mass index (BMI) >25 kg/m? has been
found to be significantly correlated with an increased risk of
RCC (6,7).

Apart from insulin signaling and insulin-like growth
factor, adipocytokines released from adipose tissue may repre-
sent a link between obesity and RCC (8-10). The inflammatory
marker tumor necrosis factor (TNF)-a is upregulated in RCC
patients and may promote RCC (11,12). Human perirenal
adipose tissue (PAT) is located in the retroperitoneum and
protects the kidneys and renal arteries from external mechan-
ical forces. Lamacchia et al (13) found that the thickness of
PAT may predict chronic kidney disease and hyperuricemia
in patients with diabetes. Furthermore, tumor invasion in the
PAT is an indicator of poor prognosis (14,15). However, the
role of PAT in RCC remains unclear.

Adipose tissue includes brown adipose tissue (BAT) and
white adipose tissue (WAT). While WAT serves as energy
storage, BAT dissipates the energy as heat. Uncoupling
protein 1 (UCP1) is a protein specifically expressed in BAT
to promote the uncoupling of the respiratory chain and the
conversion of energy to heat (16). BAT has been reported to be
involved in several human diseases, such as cancer-associated
cachexia (17-21). A previous study reported that PAT is a brown
fat-like deposit, and UCP1 expression in the PAT of hyper-
tensive patients is lower compared with that in controls (22).
However, to the best of our knowledge, the association between
UCP1 expression in PAT and RCC has not been reported to
date. The aim of the present study was to determine UCP1
expression in different parts of the PAT, and to analyze the
association between UCP1 expression in the PAT and RCC.

Patients and methods

Patients. A total of 50 RCC patients and 54 patients with renal
cyst undergoing retroperitoneal laparoscopic surgery were
recruited in the present study. Patients with chronic kidney
disease, musculoskeletal diseases, inflammatory or autoimmune
diseases and adrenal or other tumors were excluded from the
study. All RCC cases were confirmed as clear cell carcinoma
by postoperative pathological diagnosis. All renal cyst cases
were simple cysts, without infection or hemorrhage. Moreover,
renal cysts, unlike tumors, do not secrete any cytokines that may
affect PAT and bSAT. Therefore, renal cyst cases were used as
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the control group. The patients in both the RCC and control
groups were matched for age and BMI. PAT samples were
collected between February 2013 and October 2013, in order to
avoid the effect of winter on UCP1 expression in adipose tissue.
All the subjects stayed in the patients' ward, under a controlled
temperature at ~20-25°C for 3-4 days prior to surgery. When
undergoing elective surgery, the temperature of the operating
theater was also controlled at 20-25°C. PAT was analyzed
by dividing it into two different parts: Upper and lower renal
pole PAT. The different sources of PAT were removed using a
standard endoscopic retroperitoneal approach and bSAT was
removed using a scalpel; both were kept at -80°C. The Ethical
Board of Nanjing Medical University approved the study
protocols and all subjects provided written informed consent.

Clinical data, including age, gender, history of hypertension
and diabetes, smoking status, body mass index (BMI), waist
circumference (WC), basal body temperature (BBT), systolic
and diastolic blood pressure (SBP and DBP, respectively)
and resting heart rate (RHR), were collected from medical
records. Fasting blood samples were collected, and then the
plasma levels of glucose, creatinine (Cr), triglyceride (TG),
low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), total cholesterol (TC), as
well as the creatinine clearance rate (CCr), were measured on
a Hitachi 7600 automatic analyzer (Boehringer Mannheim).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) analysis. Total RNA was isolated from tissues using
TRIzol (Life Technologies; Thermo Fisher Scientific, Inc.).
Total RNA (2 ug) was reverse-transcribed with 200 U M-MLV
RT (Promega Corporation), in the presence of 0.5 mmol/l
deoxynucleotide triphosphate, 25 U RNase inhibitor and
0.5 mg N15 random primers, in a total volume of 25 ul. The
primers were designed by Primer 5 software (Premier, Inc.)
and are listed in supplementary Table SI. PCR was performed
in triplicate using a SYBR Green PCR Master kit (Toyobo Life
Sciences) in a 25-ul volume. The PCR program was designed
as follows: 60 sec at 95°C, followed by 40 cycles of 15 sec at
95°C, 15 sec at 60°C, 45 sec at 72°C, and 5 sec at 80°C on a
plate reader (Rotor Gene-3000; Corbett Research). Expression
levels were calculated based on the 242 method (23).

Western blot analysis. Tissues were incubated in RIPA buffer,
and equal amounts of lysates were separated by 10% SDS-PAGE
and transferred to a polyvinylidene difluoride membrane (EMD
Millipore). The membranes were incubated with primary
antibodies against UCP1 (rabbit polyclonal, 1:1,000; Abcam,;
ab10983) or tubulin (rabbit polyclonal, 1:5,000; Abcam;
ab59680) at 4°C for 12 h, and sequentially incubated with
secondary antibodies (sheep anti-rabbit polyclonal IgG labeled
with horseradish peroxidase, 1:20,000; Abcam; ab6795) at
room temperature for 2 h. Protein levels were quantified using
Quantity One software (Bio-Rad Laboratories, Inc.).

Immunohistochemical analysis. Tissues were fixed in 10%
formalin, embedded in paraffin, cut into 5-um sections and
stained with hematoxylin and eosin for morphological obser-
vation. The sections were then incubated with UCPI1 antibody
(rabbit polyclonal, 1:500; Abcam; ab10983) for 30 min, and
then with secondary antibody for UCP1 staining (sheep
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anti-rabbit polyclonal IgG labeled with horseradish peroxidase,
1:800; Abcam; ab6795). The staining results were analyzed
using CellSense Dimension software (Olympus Corporation).

Statistical analysis. Data were analyzed using SPSS v20.0
software (IBM Corp.). Continuous variables were analyzed
by t-test, and categorical variables were analyzed by y? test.
Spearman's correlation analyzed the association between the
variables and linear regression analysis assessed the strength
of the association. P<0.05 (two-tailed) was considered to
indicate a statistically significant difference.

Results

Expression levels of UCPI in different parts of PAT. PAT was
divided into two parts, namely upper and lower renal pole PAT,
and it was observed that the adipocytes in the two different
sources of PAT were similar (Fig. 1A and B), as were the cell
numbers (Fig. 1C). Moreover, there was no difference in UCP1
staining between the two sources (Fig. 1D and E). Furthermore,
there were no differences in UCP1 mRNA and protein levels
between the two sources (Fig. 1F-H). In addition, the expres-
sion of BAT genes, WAT genes, proinflammatory cytokines,
adipocytokines and mitochondrial genes were compared
between the two different sources of PAT, and no significant
differences were observed (Fig. IH-M).

The expression levels of UCPI are higher in PAT from RCC.
Next, the expression of UCPI in bSAT samples from the
RCC and control groups was examined, and no significant
differences in UCP1 mRNA expression (Fig. 2A) and other
mRNA expression (Fig. 2A-F) were observed. In addition,
the adipocytes were smaller in the PAT of the RCC group
compared with that of the control group (Fig. 3A and B) and
their number was significantly higher compared with the
control group (Fig. 3C). Furthermore, multilocular adipocytes
were significantly smaller and UCP1 staining was stronger in
the PAT from the RCC group (Fig. 3D and E), whereas both
the mRNA and protein levels of UCP1 were higher in the RCC
group compared with those in the control group (Fig. 3F-H).

Comparison of PAT gene expression between the control and
RCC groups. To analyze the associations between increased
expression of UCP1 and that of other BAT genes in PAT from
the RCC group compared with the control group, other BAT
genes were examined and no significant differences were
identified between the two groups (Fig. 3H).

In addition, no significant difference was found in TBXI1,
TMEM26 or CDI137 expression in PAT samples between the
two groups (Fig. 3I). However, the mRNA levels of HOXC8
and HOXC9 were lower in the RCC group compared with
those in the control group (Fig. 3J).

Furthermore, the expression of cytochrome ¢ oxidase
subunit VIIa polypeptide 1, cytochrome c-1, citrate synthase,
long-chain acyl-CoA dehydrogenase caldesmon and pyru-
vate dehydrogenase kinase isozyme 4 in PAT samples did
not differ significantly between the two groups (Fig. 3K).
The expression of the adipocytokines ADIPQ and LEP also
exhibited no significant difference between the two groups
(Fig. 3L). Moreover, the expression of the inflammatory
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Figure 1. Characterization of different parts of the PAT. (A) Morphology of the upper and lower renal poles. Representative hematoxylin and eosin (H&E)
staining images are shown (n=20). (B) Size of adipocytes in the upper and lower renal pole fat pads (magnification, x200). Data represent the mean + standard
deviation (SD), n=20. (C) Number of adipocytes in the upper and lower renal pole fat pads (magnification, x200). Data represent the mean + SD, n=20.
(D) UCP1 staining in the upper and lower renal poles. Representative images are shown (n=20). (E) Quantification of UCPI staining in the upper and lower
renal poles. Data represent the mean + SD, n=10. (F and G) Western blot analysis of the UCP1 level in the upper and lower renal poles (n=6). (H) RT-qPCR
analysis of the mRNA levels of UCPI and other BAT genes in the upper and lower renal poles (n=104). (I and J) RT-qPCR analysis of the mRNA levels of white
adipocyte and brown adipocyte genes in the upper and lower renal poles (n=104). (K-M) RT-qPCR analysis of the mRNA levels of metabolism-related genes
and mitochondrial genes in the upper and lower renal poles (n=104). PAT, perirenal adipose tissue; RT-qPCR, reverse transcription-quantitative polymerase
chain reaction; UCP1, uncoupling protein 1; BAT, brown adipose tissue.
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Figure 2. Expression of UCP1 and other genes in the bSAT of the RCC and control groups. (A) RT-qPCR analysis of UCP1 and other BAT genes in bSAT
(n=104). (B) RT-qPCR analysis of brown adipocyte genes in the RCC and control groups (n=104). (C) RT-qPCR analysis of white adipocyte genes in the RCC
and control groups (n=104). (D-F) RT-qPCR analysis of the mRNA levels of metabolism-related genes and mitochondrial genes in the RCC and control groups

(n=104). RCC, renal cell carcinoma; RT-qPCR, reverse transcription-quantitative
tissue; bSAT, back subcutaneous adipose tissue.

factors monocyte chemotactic protein-1 and TNF-a was not
significantly different between the two groups (Fig. 3M).

Comparison of baseline characteristics between the control
and RCC groups. The activation of BAT is affected by several
factors, such as sex, age, BMI and fasting blood glucose (24-26).
To validate whether the increased UCPI1 expression in the
PAT of the RCC group was associated with clinical factors,
clinical data from the two groups were analyzed; no significant
differences were identified (Table I).

Comparison of baseline characteristics of RCC between the
high and low UCPI expression groups. Several aspects of
RCC, such as Fuhrman grade, T stage, histopathology and

polymerase chain reaction; UCP1, uncoupling protein 1; BAT, brown adipose

necrosis, are involved in RCC tumorigenesis. The higher the
Fuhrman grade and T stage, the worse the tumor progres-
sion and patient prognosis. To determine the association
between UCP1 expression in the PAT and progression of
RCC, Spearman's correlation coefficients of UCP1 mRNA
expression with Fuhrman grade and T stage of RCC were
assessed using SPSS v20.0 software. The expression of
UCP1 mRNA was found to be significantly positively
correlated with Fuhrman grade and T stage in RCC (Figs. 4
and 5). The clinical characteristics of RCC patients with high
UCP1 expression were compared with those in patients with
low UCP1 expression, as defined using the median method.
The median cut-off point of UCP1 mRNA expression was
1.663; according to this, the 50 RCC patients were divided
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Figure 3. Higher UCP1 expression in the PAT of the RCC group. (A) Morphology of the PAT. Representative hematoxylin and eosin (H&E) staining images
are shown (n=20). (B) Size of adipocytes in the RCC and control groups (magnification, x200). Data are presented as the mean + standard deviation (SD),

n=20 (“"P<0.001). (C) Number of adipocytes in the RCC and control groups (magnification, x200). Data are presented as the mean + SD, n=20. (""P<0.001).
(D) UCPI1 staining in the PAT of the RCC and control groups. Representative images are shown (n=20). (E) Quantification of UCP1 staining in the RCC and
control groups. Data are presented as the mean + SD, n=10 (""P<0.001). (F and G) Western blot analysis of the UCP1 level in the PAT of the RCC and control
groups (n=8) (""P<0.001). (H) RT-qPCR analysis of the mRNA levels of UCP1 and other BAT genes in the RCC and control groups (“P<0.01) (n=104).
(I and J) RT-qPCR analysis of the mRNA levels of white adipocyte and brown adipocyte genes in the PAT of the RCC and control groups (n=104) ("P<0.05,
“"P<0.001). (K-M) RT-qPCR analysis of the mRNA levels of adipocyte metabolism-related genes and mitochondrial function genes in the PAT of the RCC and
control groups (n=104). PAT, perirenal adipose tissue; RCC, renal cell carcinoma; RT-qPCR, reverse transcription-quantitative PCR; UCP1, uncoupling protein 1.
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Table I. Description and comparison of clinical and biochemical characteristics of the study patients.

Characteristics Control group (n=54) RCC group (n=50) P-value
Age (years) 50.35+10.48 52.18+8.31 0.329
Male sex, n (%) 27 (50.00) 25 (50.00) 1.000
BMI (kg/m?) 24.49+3.29 24.30+2.93 0.766
WC (cm) 88.9449.15 90.08+11.08 0.569
Smoking, n (%) 10 (18.52) 12 (24.00) 0.494
Hypertension, n (%) 13 (24.07) 15 (30.00) 0.496
Diabetes, n (%) 3 (5.56) 4 (8.00) 0916
BBT (°C) 36.44+0.31 36.48+0.27 0.538
SBP (mmHg) 121.59+13.18 123.90+17.32 0.449
DBP (mmHg) 76.56+7.56 75.68+11.11 0.642
RHR (bpm) 72.98+7.34 74.26+6.86 0.362
FBG (mmol/l) 5.62+1.06 5.32+0.98 0.147
TG (mmol/l) 1.34+£0.43 1.34+0.50 0.946
TC (mmol/l) 4.44+0.80 4.53+0.83 0.591
LDL-C (mmol/l) 2911047 2.89+0.47 0.796
HDL-C (mmol/l) 1.24+0.24 1.31+£0.28 0.194
Cr (gmol/l) 71.15+14.03 73.68+23.46 0.510
CCr 90.93+17.09 84.98+20.17 0.106
B-blockers, n (%) 1(1.85) 2 (4.00) 0.946

Data were analyzed by unpaired t-tests. All values are expressed as mean + standard deviation for continuous variables and as number of
patients (percentage) for categorical variables. Continuous variables were analyzed by independent-sample t-tests; two-sided type I error of
0.05. Categorical variables were analyzed by y? tests. RCC, renal cell carcinoma; BMI, body mass index; WC, waist circumference; BBT,
basal body temperature; SBP, systolic blood pressure; DBP, diastolic blood pressure; RHR, resting heart rate; FBG, fasting blood glucose;
TG, triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Cr, creati-

nine; CCr, creatinine clearance rate.
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Figure 4. Association between UCP1 mRNA expression and Fuhrman grade.
There was an increase in UCP1 mRNA expression with advancing Fuhrman
grade. r is the Spearman correlation coefficient and P<0.05 indicates the
significance level (n=50). UCP1, uncoupling protein 1.

into two groups. No significant differences in sex, age, WC,
BMI, BBT, RHR, histopathology, necrosis and metastasis
were observed between the two groups (Table 1I). However,
Fuhrman grade and T stage were higher in the high UCP1
expression group compared with those in the low UCP1
expression group.

Figure 5. Association between UCP1 mRNA expression and T stage. There
was an increase in UCP1 mRNA expression with advancing T stage. r is the
Spearman correlation coefficient and P<0.05 indicates the significance level
(n=50). UCP1, uncoupling protein 1.

Discussion

In the present study, PAT samples were divided into upper and
lower renal pole samples. The results revealed no significant
difference in UCP1 expression and adipocyte morphology, or
the expression of other genes, between the two parts of the
PAT. Letizia et al (27) reported that leptin expression in adrenal
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Characteristics Low UCP1 group (n=29) High UCPI1 group (n=21) P-value
Age (years) 51.03+8.85 53.76+£7.42 0.256
Male sex, n (%) 14 (48.28) 11 (52.38) 0.774
BMI (kg/m?) 24.12+3.13 24.56+2.67 0.605
WC (cm) 89.41+11.87 91.00+10.10 0.622
BBT (°C) 36.53+0.26 36.40+0.28 0.084
RHR (bpm) 74.21£7.45 74.33+6.13 0.949
Fuhrman grade, n (%) 0.020
I-11 26 (89.66) 12 (57.14)
II-1v 3(10.34) 9 (42.86)
Histopathology, n (%) clear cell RCC 29 (100.00) 21 (100.00) 1.000
Necrosis, n (%) 10 (34.48) 6 (28.57) 0.658
T stage, n (%) 0014
<T2 28 (96.55) 14 (66.67)
>T2 1 (3.45) 7 (33.33)
Metastasis, n (%) 1.000
NO and MO 29 (100.00) 21 (100.00)
N1-2 or M1 0 (0.00) 0 (0.00)

Data were analyzed by unpaired t-tests. All values are expressed as mean + standard deviation for continuous variables and as number of
patients (percentage) for categorical variables. Continuous variables were analyzed by independent-sample t-tests, two-sided type I error
of 0.05. Categorical variables were analyzed by y*tests. RCC, renal cell carcinoma; UCP1, uncoupling protein 1; BMI, body mass index;

WC, waist circumference; BBT, basal body temperature; RHR, resting heart rate.

fat was significantly higher, while adiponectin expression in
adrenal neoplasia was significantly lower compared with that
in subcutaneous tissues and PAT in patients with Cushing's
syndrome. In the present study, patients with adrenal tumors
were excluded, so it may be hypothesized that normal adrenal
glands would not affect the properties of PAT.

Stier et al (14) reported that PAT invasion may predict
the prognosis of RCC patients. Bedke et al (15) found that
perinephric and renal sinus fat infiltration may indicate an
unfavorable prognosis of RCC. However, the role of PAT in RCC
remains unclear. The present results demonstrated that increased
UCPI1 expression in PAT was correlated with RCC. Furthermore,
it was found that the Fuhrman grade and T stage were higher in
the high UCP1 expression group compared with the low UCP1
expression group, while age, sex, BMI, WC, BBT, RHR, histopa-
thology, necrosis and metastasis were not significantly different
between the two groups. These results suggested that high UCP1
expression in PAT may serve as an indicator of poor prognosis.

Thermogenesis is a key property and function that leads to
the browning of adipose tissue. There have been a number of
studies demonstrating that an increase in UCP1 expression may
be involved in cancer-associated cachexia (CAC) (21,28,29).
In the present study, when the subjects were divided into
two groups by the median UCPI1 expression in PAT, it was
found that the number of patients with Fuhrman grade III-IV
and T stage >T2 was markedly increased in the high UCP1
expression group, while BMI exhibited no significant differ-
ence between the two groups. Furthermore, a correlation test
of UCPI1 levels in patients with RCC was performed. The
data demonstrated that the expression of UCP1 mRNA was

significantly positively correlated with Fuhrman grade and
T stage in RCC, whereas BMI exhibited no such correlations
(Figs. S1 and S2). Following a literature search, Kir et al (30)
reported that the browning effect of WAT could be observed
during the early stages of CAC, prior to the total weight loss.
Petruzzelli et al (31) also reported similar findings, and named
the mice at this stage as ‘precachectic’. It is known that RCC is
a type of low-grade malignancy. The majority of RCC patients
in the present study were within or even above the normal
BMI range (BMI 19.37-28.98 kg/m?), similar to precachetic
animals. Only in 1 female patient the BMI was 16.48 kg/m?,
and her UCP1 mRNA expression in PAT was 1.745. Therefore,
it was considered that, as a type of low-grade malignancy,
RCC patients seldom reach a cachectic stage, but a marked
browning of PAT may be observed from the very early stages.

Accumulating evidence has indicated that adipocytes
stimulate cancer cell growth (32,33). Adipocytes secrete adipo-
cytokines to promote the homing of ovarian cancer cells and
provide fuel for cancer cell growth (34). The induction of mito-
chondrial dysfunction via UCP expression in cancer-associated
fibroblasts also promotes cancer growth, but the induction of
mitochondrial dysfunction in epithelial cancer cells inhibits
cancer growth by inducing catabolism (35). In the present
study, no differences in the expression of adipocytokines and
proinflammatory cytokines between the control and RCC
groups were identified. However, it was observed that increased
UCPI expression was associated with low HOXC8 and HOXC9
expression in the PAT, which indicates that, with the diminished
properties of WAT, the browning of the PAT in patients with
RCC is increased. Whether increased UCP1 expression in the
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PAT could regulate the metabolism and growth of RCC cells by
supporting energy production remains to be investigated.

In conclusion, UCP1 expression is similar between
different parts of the PAT, and increased UCP1 expression in
the PAT is correlated with the development of RCC and may
be associated with a poor prognosis of patients with RCC.
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