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Abstract

Purpose Identification of reliable postoperative indicators for accurately evaluating prognosis of clear cell renal cell carci-
noma (ccRCC) patients remains an important clinical issue. This study determined the prognostic value of UBRS expres-
sion in ccRCC patients by combining with CD163* tumor-associated macrophages (TAMs) and the established clinical
parameters.

Methods The expression of UBRS5 was analyzed in ccRCC patients from TCGA databases. A total of 310 ccRCC patients
were randomly divided into the training and validation cohorts at a 3:2 or 1:1 ratio, and immunohistochemistry (IHC) and
statistical analyses were performed to examine the prognostic value of UBR5 and CD163* TAMs.

Results UBRS5 expression was commonly downregulated in human ccRCC specimens, which was associated with TNM
stage, SSIGN, WHO/ISUP Grading and poor prognosis of ccRCC patients. In addition, UBRS5 expression was negatively
correlated with CD163 expression (a TAM marker) in ccRCC tissues, and combining expressions of UBRS and CD163 bet-
ter predicted worse overall survival and progression-free survival of ccRCC patients. Even after multivariable adjustment,
UBRS5, CD163, TNM stage and SSIGN appeared to be independent risk factors. By time-dependent c-index analysis, the
integration of intratumoral UBRS and CD163 achieved higher c-index value than UBRS, CD163, TNM stage or SSIGN alone
in predicting ccRCC patients’ prognosis. Moreover, the incorporation of both UBRS and CD163 into the clinical indicators
TNM stage or SSIGN exhibited highest c-index value.

Conclusions Integrating intratumoral UBR5 and CD163* TAMs with the current clinical parameters achieves better accuracy
in predicting ccRCC patients’ postoperative prognosis.

Keywords Clear cell renal cell carcinoma - UBRS - CD163 - Tumor-associated macrophages - Prognosis

Introduction

Kidney cancer in the USA is the 6th and 8th most frequent
cancer type in men and women, respectively [1]. And clear
cell renal cell carcinoma (ccRCC) is the most common type
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suppressive genes and cancer stem-like cell (CSC) markers
can be applied to predict postoperative prognoses of patients
[5, 6]. However, these previous researches mainly focused
on the characteristics of tumor cells.

Recently, many studies have suggested that indicators in
the tumor microenvironment (TME) may more accurately
predict postoperative outcomes of cancer patients [7]. TME
has garnered much attention by scientists and clinicians due
to its vital role in facilitating tumor progression [8]. Stromal
markers in TME are associated with risk classification of
cancer patients [9]. A growing number of studies includ-
ing ours have reported that TAMs, one of the important
components of TME, constitute a special niche with tumors
through their interaction and promote the progression and
drug resistance of tumors [10]. Little has been reported
about whether integrating intratumoral markers and TAMs
may achieve better predictive value for postoperative prog-
nosis of ccRCC patients. Since CD163* TAMs are impor-
tant based on prognostic associations in cancers [11] and a
preliminary bioinformatics analysis of TCGA-derived gene-
associated survival data that we performed suggested that
genomic alterations of a novel molecule, ubiquitin—protein
ligase E3 component n-recognin 5 (UBRS5), may be linked
with poor ccRCC patient prognosis. Thus, in the present
study, we comprehensively investigated whether combining
with UBRS, CD163* TAMs and the current clinical param-
eters could serve as a useful biomarker for postoperative
prognosis of ccRCC patients.

UBRS5, one of the 29 members of the HECT-domain E3
ubiquitin—protein ligase family, has been reported to be
necessary for development and maintenance of pluripo-
tency [12]. UBRS exhibits a crucial role in homeostasis of
ubiquitin-mediated signaling after DNA damage [13]. UBRS
has been implicated in various types of cancers [14]. Data
from the Cancer Genome Atlas (TCGA) indicate that UBRS5
gene amplification is a familiar alteration in various types of
malignant tumors. Studies have shown that UBRS promotes
the growth and progression of malignant tumors including
colon cancer, breast cancer, ovarian cancer [15—17]. On the
other hand, UBR5 missense mutations also occur in some
cancers such as mantle cell lymphoma with recurrent UBR5
mutations [18]. However, the prognostic value of UBRS in
ccRCC remains unknown.

Materials and methods

Collection and analysis of public databases

Datasets from the Cancer Genome Atlas (TCGA) were
downloaded from National Cancer Institute GDC Data Por-

tal (https://portal.gdc.cancer.gov) using Firebrowse R pack-
age. We selected KIRC dataset from all TCGA cohorts and
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filtered out 533 samples from ccRCC patients with bar codes
and gene mRNA expression profiles.

Patients and specimens

A total of 310 ccRCC patients who underwent either
nephron-sparing surgery or radical nephrectomy at Chang-
hai Hospital between 2010 and 2014 were retrospectively
recruited in our study. Patients’ clinicopathologic data for
age, gender, WHO/ISUP Grading, TNM stage, SSIGN
and clinical outcomes were collected. Paired tumor tissues
and adjacent tissues of 310 ccRCC patients were obtained.
Another 60 paired ccRCC specimens were used for real-time
PCR analysis and 16 paired ccRCC samples for Western
blot analysis. This study followed the recommendations for
prognostic studies of tumor biomarkers (REMARK) [19].
All experiments were approved by the institutional ethical
review boards from the hospital, and all written informed
consents were obtained from the ccRCC patients. The clini-
cal characteristics of the ccRCC patients are summarized in
Supplementary Table S1.

Real-time polymerase chain reaction (real-time PCR)

The real-time PCR assay was performed as we reported
previously [10]. The primer sequences used in the study
are listed as follows: UBRS5 (forward primer, 5"-CCAGAC
AGATTGGAATTGGGTAA-3", and reverse primer, 5°-CAT
GGAGAGTCGCTTGTCCT-3%), GAPDH (forward primer,
5'-GGAAGGTGAAGGTCGGAGT-3', and reverse primer,
5'-CCTGGAAGATGGTGATGGG-3"). All results were nor-
malized to the expression of GAPDH and fold change rela-
tive to the mean value was determined by 2744,

Western blot analysis

Western blot was done as we previously reported [10]. The
following primary antibodies were used: rabbit anti-UBRS
antibody (NB100-1591, Novus Biologicals, Littleton, CO,
USA) and rabbit anti-GAPDH antibody (#2118S, Cell Sign-
aling Technology, Danvers, MA, USA).

Immunohistochemistry (IHC)

THC assay was carried out as described in our previous study
[20]. The following primary antibodies were used: rabbit
anti-UBRS antibody (NB100-1591, Novus Biologicals) and
rabbit anti-CD163 (#93498S, Cell Signaling Technology).
UBRS staining was scored by an H-score which was gener-
ated as a score of 0-3 intensity multiplied by the percentage
of positive cells (range 0-300) as described in our previous
study [20]. For CD163" TAMs, the counts of all cells were
defined as the number of nucleated stained cells per field and
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are presented as the density (cells/mm?). The scores of each
patient were calculated by two independent and experienced
pathologists in double blind way.

Cell culture

ccRCC cell lines used in the present study were obtained
from the Cell Bank of the Type Culture Collection of the
Chinese Academy of Sciences (Shanghai, China) in 2018.
HK-2 cells were maintained in DMEM (Gibco, Waltham,
MA, USA). ACHN cells were cultured in MEM (Gibco),
and 786-0, 769-P and OS-RC-2 cells were maintained in
RPMI-1640 medium (Gibco). The culture media of all cell
lines were supplemented with fetal bovine serum (FBS, 10%,
Gibco) and 1% penicillin/streptomycin (Gibco). ccRCC cell
lines were cultured at 37 °C in 5% Co,. Sunitinib-resistant
786-0 and 769-P cell lines (786-O-SR and 769-P-SR) were
established as described in our previous study [3], and the
established 786-O-SR and 769-P-SR cell lines were main-
tained in RPMI-1640 medium with 10% (v/v) FBS and
10 uM sunitinib.

Statistical analysis

Numerical data were expressed as the mean+ S.D. Two-
tailed Student’s ¢ test or Wilcoxon test was conducted for
continuous variables. Chi squared test or Fisher’s exact test
was conducted for categorical variables. Survival curves
were plotted using Kaplan—Meier analysis and compared
via log-rank test. Difference was considered significant at
p <0.05. Prognostic accuracy of the UBRS classifier and
other prognostic indicators was indicated by Harrell’s con-
cordance index using “rms” package(c-index). All the sta-
tistical analyses were performed using R software (version
3.5.2).

Results

UBRS5 expression negatively associates with tumor
stage and sunitinib resistance of ccRCC

UBRS expression was first analyzed in datasets from the
Cancer Genome Atlas (TCGA), which showed that UBRS
was decreased in ccRCC samples (Fig. 1a, b). In addition,
the mRNA and protein expressions of UBRS5 were lower
in ccRCC specimens than that in adjacent renal samples
(Fig. Ic, d). Consistent with the above results, a majority of
ccRCC displayed decreased UBRS expression as examined
immunohistochemistry (IHC), compared with paired adja-
cent tissues (Fig. 1e). These results indicate that UBRS is
usually downregulated in human ccRCC specimens.

Given the decreased expression of UBRS in ccRCC,
we postulated that UBRS might be negatively associated
with clinicopathological features of ccRCC. According
to the IHC assay, UBRS expression was lower in ccRCC
with TNM stage III or I'V than that in stage I or II (Fig. 1f).
In addition, higher UBRS expression was observed in the
metastatic ccRCC cell line ACHN than that in local ccRCC
cell lines (Fig. 1g, h). Furthermore, the protein and mRNA
expressions of UBRS were both lower in sunitinib-resistant
ccRCC cell lines (786-O-SR and 769-P-SR, as we described
previously [3, 20]) than that in naive ccRCC cells (Fig. 1i,
J)- These data demonstrate that decreased UBRS expression
in specimens is correlated with tumor stage and sunitinib
resistance of ccRCC.

Low UBRS5 expression is predictive of unfavorable
clinicopathological characteristics and poor
postoperative prognosis of ccRCC patients

To determine the relationship between UBRS expression and
clinicopathological features or prognosis of ccRCC patients,
specimens from 310 ccRCC patients were stochastically
divided into the training cohort (n=186) and validation
cohort (n=124) at a 3:2 ratio. First, IHC was performed to
determine the expression of UBRS (Fig. 2a), and the optimal
cutoff value for dividing ccRCC patients was determined
by time-dependent ROC analysis in the training cohort,
which showed that the best cutoff value was 130 (Fig. 2b).
By using this cutoff value, ccRCC patients in the training
cohort were divided into UBR5™#" and UBR5'" groups. As
shown in Table 1, low expression of UBRS5 predicted unfa-
vorable clinicopathological features such as higher WHO/
ISUP Grading, TNM stage and SSIGN score. Furthermore,
Kaplan-Meier survival analysis demonstrated that UBR5'"
subgroup presented worse OS and progression-free survival
(PFS), compared with that of UBR5"&" (Fig. 2c, d). We then
employed the validation cohort to corroborate above find-
ings using the cutoff value derived from the training cohort
(Fig. 2e, f; Supplementary Table S2).

To validate above results, the ccRCC patients were also
stochastically divided into the training cohort (n=155)
and validation cohort (n=155) at a 1:1 ratio. As shown in
Supplementary Tables S3-4, low expression level of UBRS
predicted unfavorable clinicopathological features and
worse prognosis of ccRCC patients in the training and vali-
dation cohorts (Fig. 2g-k). Moreover, the similar findings
were confirmed in the combined cohort (Supplementary
Table S5, Fig. 21-n). Thus, UBRS5 expression negatively
correlates with disease progression and short survival of
ccRCC patients.
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«Fig.1 Low UBRS expression negatively associates with tumor
stage and sunitinib resistance of ccRCC. a The expression of UBRS
in human ccRCC tissues (n=533) and normal renal tissues (n="72)
from TCGA datasets was compared. b The expression of UBRS was
analyzed the same way as described above between tumor tissues
(n=72) and paired normal tissues (n=72) in human ccRCC from
TCGA datasets. ¢ Real-time PCR was performed to assess the mRNA
expression of UBRS in tumor samples and their paired adjacent renal
tissues from ccRCC patients (n=60). d Western blot analysis was
performed to measure the protein expression of UBRS5 in ccRCC
specimens and their matched adjacent renal tissues (n=16). e Rep-
resentative images of hematoxylin and eosin (H&E) staining and
immunohistochemistry (IHC) staining for UBRS5 in ccRCC tissues
and the adjacent tissues of tissue microarrays are presented (n=310;
scale bar=20 pm). f Representative images of H&E and IHC stain-
ing for UBRS in ccRCC tissues with different TNM stages are shown
(scale bar=20 pm). g-h Western blot (g) or Real-time PCR (h) was
performed to analyze the protein expression of UBRS in a normal
cell line (HK-2), local and metastatic ccRCC cell lines. i—j Western
blot (i) or real-time PCR (j) was applied to detect the expression of
UBRS in 786-O-SR and 769-P-SR cells. All p values are defined as:
*p <0.05; **p <0.01 and **¥p <0.001 (SR: sunitinib-resistant)

Combining UBR5 and CD163* TAMs better predicts
prognosis of ccRCC patients

Given others and our previous studies have demonstrated
that combining expressions of intratumoral markers and
TAMs better predicts prognosis of tumor patients [10], we
next sought to determine the predictive value of concomitant
expression of UBR5 and CD163* TAMs in ccRCC patients
(Supplementary Fig. S1). First, the correlation analysis dem-
onstrated that UBRS5 expression was negatively correlated
with CD163 in ccRCC (Fig. 3a, b). Secondly, the ccRCC
patients were first stochastically divided into the training
cohort (n=186) and the validation cohort (n=124) at a
3:2 ratio, and time-dependent ROC analysis of CD163 in
the training cohort exhibited 15 (Fig. 3c). According to
the optimal cutoff of UBRS5 (Fig. 2b) and CD163 (Fig. 3c),
ccRCC patients in the training cohort were divided into four
groups. As shown in Table 2 and Supplementary Table S6,
UBRS5YCD163 "gh group presented unfavorable clinico-
pathological features and worst prognosis (Fig. 3d—g). These
findings were confirmed in the training cohort and valida-
tion cohort, which were randomly divided at a 1:1 ratio
(Fig. 3h-1; Supplementary Tables S7-8). Moreover, data
from the combined cohort also verified the above results
(Fig. 3m-o; Supplementary Table S9). Thus, combining low
UBRS expression and more infiltration of CD163* TAMs
predicts poor prognosis of ccRCC patients.

Combining UBR5, CD163* TAMs and the currently
established indicators yields superior prognostic
accuracy in predicting ccRCC patients’ postoperative
prognosis

To appraise the clinical significance of UBR5 and CD163*
TAMSs in postoperative ccRCC patients, univariate and mul-
tivariate Cox regression analyses were employed, which
showed that UBRS, CD163, TNM stage and SSIGN respec-
tively appeared to be an independent risk factor in the train-
ing and validation cohorts (whether according to 3:2 ratio
or 1:1 ratio) or in the combined cohort (Supplementary
Tables S10-15). Next, by using time-dependent concord-
ance index (C-index) analysis, the higher c-index value of
combining UBRS5 and CD163 was observed in OS and PFS
of ccRCC patients, compared with that of UBRS5, CD163 or
other currently molecular markers [21, 22] such as EZH2
or CXCR4 alone (Table 3; Supplementary Tables S14-19;
Supplementary Fig. S2). In addition, combining UBRS and
CD163 exhibited higher c-index value than TNM stage or
SSIGN score alone (Table 3; Supplementary Tables S16-
17). Moreover, the incorporation of both UBRS5 and CD163
into the clinical indicators TNM stage and SSIGN score
exhibited highest c-index value than other groups (Table 3
and Supplementary Tables S16-17). Taken together, bet-
ter prognostic accuracy could be completed by combining
UBRS5 and CD163* TAMs with the current clinical indica-
tors in predicting OS and PFS of ccRCC patients.

Discussion

Though many prognostic biomarkers have been demon-
strated to reflect the prognosis of postoperative ccRCC
patients [23], they may not be applicable to clinical practice.
The reason for this “dilemma” is that these markers only
focus on the features of tumors but neglect the microenvi-
ronment. Our present study integrates UBR5 and CD163™
TAMs into a prognostic model with the clinical parameters,
which exhibits the superiority in predicting ccRCC patients’
prognosis.

The biological role of UBRS as either an oncogene or
a tumor suppressor is based on the tumor type. UBRS5 has
been reported to exert oncogenic role in gallbladder, colo-
rectal, breast and gastric cancers [14]. Additionally, colo-
rectal cancer patients with high UBR5 mRNA levels, UBR5
gene amplification or high nuclear UBRS protein levels had
poor prognosis [24]. In contrast, loss-of-function mutations
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«Fig.2 Low UBRS expression is predictive of unfavorable clinico-
pathological characteristics and poor postoperative prognosis of
ccRCC patients. a Representative images of H&E and IHC staining
of UBRS in ccRCC specimens from the training cohort are presented
(scale bar=20 um). b A time-dependent receiver operating character-
istics (ROC) analysis was used to determine the optimum cutoff value
of UBRS5 to predict 5-year overall survival (OS) in the training cohort
(according to a 3:2 ratio). c—f Kaplan—Meier curves for OS and pro-
gression-free survival (PFS) of ccRCC patients were analyzed based
on the UBRS5 expression in the randomized training cohort (¢, d) and
the validation cohort (e, f) (3:2 ratio). g A time-dependent ROC anal-
ysis was used to calculate the optimum cutoff value of UBRS to pre-
dict 5-year OS in the training cohort (1:1 ratio). h—k Kaplan—-Meier
curves for OS and PFS of ccRCC patients were analyzed according to
UBRS expression in the randomized training cohort (h, i) and valida-
tion cohort (j, k) according to a 1:1 ratio. 1 A time-dependent ROC
analysis was used to examine the optimum cutoff value of UBRS
to predict 5-year OS in the combined cohort. m—n Kaplan—Meier
curves for OS and PFS of ccRCC patients were analyzed according to
UBRS expression in the combined cohort. All p values are defined as:
*p<0.05; *¥p <0.01 and ***p <0.001

of UBRS5 were found in mantle cell lymphoma [18], which
suggests that UBRS could play a tumor suppressive role in
malignant cancers. Moreover, UBR5-mediated ubiquitina-
tion of oncogene SOX2 in esophageal cancer also suggests
that UBRS5 has a tumor suppressive role [25]. Meanwhile,
data from TCGA have shown that there is a significant
advantage for overall survival of breast cancer patients with
normal UBRS expression in contrast to that with UBRS
mutations [16]. Our present study demonstrates that UBRS
expression is lower in ccRCC specimens, and low UBRS5
expression is associated with poor prognosis of ccRCC. The
underlying mechanism for the apparently conflicting results
in different cancers is presently unknown. Given its role
in DNA damage repair and in the maintenance of cellular
homeostasis [13], it is possible that sufficient UBRS5 may
be required for normal renal cell homeostasis and an insuf-
ficiency causes malignant changes in the kidney. Thus, the
UBRS down-expression or its genetic variants may indicate
certain underlying abnormal development at the cellular or
organismic level.

A large number of prognostic indicators including molec-
ular and genomic prognostic factors including VEGF, p53
and mutations of PBRM1, BAP1 have been reported for
ccRCC patients [26, 27], Additionally, integrated prognostic
scoring systems such as SSIGN score have been used to pre-
dict ccRCC patients’ prognosis due to the limited prognostic
value of TNM staging system. However, these indicators

Table 1 Correlation between UBRS5 expression and clinicopathologic
characteristics of patients with clear cell renal cell carcinoma in the
training cohort (n=186) (3:2 ratio)

Characteristic = UBRS Sum (186) p** value
Low High
expression®  expression*
(n=86) (n=100)
Age 0.620
<60 52 64 116
>60 34 36 70
Gender 0.890
Male 61 70 131
Female 25 30 55
WHO/ISUP 0.013
Grading
I-1I 59 84 143
I-1v 27 16 43
TNM stage 0.021
I-1I 68 91 159
I 18 9 27
SSIGN 0.028
0-4 75 96 171
>5 11 4 15

*UBRSM™ expression: H-scores of UBR5 < 130; UBR5™E" expres-
sion: H-scores of UBR5 > 130

**Statistical significance was calculated by Chi squared test or Fish-
er’s exact test for categorical/binary measures

P-value for this item is less than 0.05 and there is a statistical differ-
ence between the corresponding two groups of data

are based on ccRCC tissues and reflect only tumor-intrinsic
properties. Given the trend that integrated multiple biomark-
ers might exhibit superiority in predicating postoperative
prognosis of tumor patients [28], our present study dem-
onstrates that combining intratumoral UBRS5 expression,
CD163* TAMs and the established clinical indicators TNM
stage or SSIGN exhibit superior accuracy in predicting
ccRCC patients’ prognosis.

Some limitations remain in our study. Only postopera-
tive ccRCC patients were employed in the present study,
which could not determine whether the UBR5-CD163%
TAMs-TNM stage (or SSIGN) classifier serves as a poten-
tial TKI or immunotherapy response/resistance indicator
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«Fig.3 Combining UBRS5 and CD163* TAMs better predicts prog-
nosis of ccRCC patients. a Representative images of H&E and
IHC staining of UBRS5 and CD163 in ccRCC specimens are shown
(n=310; scale bar=20 um). b The correlation analysis between
UBRS and CD163 in ccRCC specimens is shown. ¢ A time-depend-
ent ROC analysis was applied to calculate the optimum cutoff value
of CD163 to predict 5-year OS in the training cohort (3:2 ratio). d—g
Kaplan—Meier curves for OS and PFS of ccRCC patients were ana-
lyzed based on the expressions of UBRS and CD163 in the training
cohort (d, e) and the validation cohort (f, g) (3:2 ratio). h A time-
dependent ROC analysis was used to examine the optimum cutoff
value of CD163 to predict 5-year OS in the training cohort (1:1 ratio).
i-1 Kaplan—Meier curves for OS and PFS of ccRCC patients were
analyzed according to expressions of UBRS and CD163 in the ran-
domized training cohort (i, j) and validation cohort (k, 1) (1:1 ratio).
m A time-dependent ROC analysis was used to examine the optimum
cutoff value of CD163 to predict 5-year OS in the combined cohort.
n-o Kaplan—-Meier curves for OS and PFS of ccRCC patients were
analyzed based on the expressions of UBRS and CD163 in the com-
bined cohort. All p values are defined as: *p <0.05; **p<0.01 and
*#%p <0.001

for ccRCC patients. Our future studies will involve more
ccRCC patients who have received TKI or immunotherapy,
and enroll more ccRCC patients who have therapy resist-
ance. Meanwhile, CD163* TAMs in Classical Hodgkin
Lymphoma was correlated with the immunosuppression of
T lymphocytes [29], which may be involved in the observed
unfavorable clinicopathological features of ccRCC patients
associated with the high expression of CD163. In addi-
tion, Song et al. [30] found that UBRS drove breast cancer
cell growth particularly through inhibiting the cytotoxic
response mediated by CD8" T lymphocytes, the major
subset of leukocytes in the tumor microenvironment. This
suggests that UBRS plays a profound role in the interac-
tion between tumor cells and different kinds of immune
cells. Thus, we will further examined the effects of UBRS
on the interaction of ccRCC cells and other immunocytes
in future studies.

Table 2 Correlation between

. Characteristic UBRS5/CD163 expression*

expressions of UBRS,

CD163 and clinicopathologic UBR5Me"  UBR5Me UBR5™Y UBR5'Y Sum (186)  p** value

characteristics of patients with CD163°Y  CD163"s"  CD163°%  CD163Meh

clear cell renal cell carcinoma (n=65) (n=35) (n=40) (n=46)

in the training cohort (n=186)

(3:2 ratio) Age 0.239
<60 44 20 28 24 116
>60 21 15 12 22 70
Gender 0.194
Male 41 29 27 34 131
Female 24 6 13 12 55
WHO/ISUP Grading 0.022
I-1I 58 26 29 30 143
I-1v 7 9 11 16 43
TNM stage 0.003
I-1I 64 27 32 36 159
I 1 8 8 10 27
SSIGN 0.004*
0-4 63 33 39 36 171
>5 2 2 1 10 15

*UBR5™Y expression: H-scores of UBRS < 130; UBRS_high expression: H-scores of UBRS > 130; CD163"w
expression: Density of CD163 < 15 cells/mm?; CD163"" expression: Density of CD163 > 15 cells/mm?

**Statistical significance was calculated by Chi squared test or Fisher’s exact test for categorical/binary
measures and ANOVA for continuous measures

P-value for this item is less than 0.05 and there is a statistical difference between the corresponding two

groups of data
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Table 3 C-index analysis of the prognostic accuracy of UBRS, CD163 and other variables for overall survival and progression-free survival in

the training and validation cohorts (3:2 ratio)

C-index (95% CI)

Overall survival

Progression-free survival

Training cohort (n=186) Validation cohort (n=124)

Training cohort (n=186) Validation cohort (n=124)

TNM stage 0.677 (0.634-0.72)

SSIGN 0.676 (0.644-0.709)
UBRS 0.705 (0.643-0.768)
CD163 0.683 (0.621-0.745)
UBR5+CD163 0.767 (0.697-0.837)

0.684 (0.646-0.722)
0.679 (0.65-0.707)
0.757 (0.694-0.82)
0.698 (0.633-0.764)
0.803 (0.732-0.874)

0.639 (0.61-0.669)

0.682 (0.663-0.701)
0.701 (0.656-0.745)
0.675 (0.631-0.719)
0.767 (0.717-0.816)

0.647 (0.622-0.672)
0.63 (0.612-0.648)
0.727 (0.682-0.771)
0.646 (0.6-0.693)
0.749 (0.699-0.8)

UBR5+CD163+TNM stage 0.804 (0.734-0.875)
UBR5+CD163 + SSIGN 0.801 (0.73-0.871)

0.851 (0.779-0.923)
0.852 (0.78-0.923)

0.801 (0.751-0.851)
0.84 (0.79-0.89)

0.802 (0.751-0.853)
0.791 (0.74-0.842)

Conclusions

In the present study, we have demonstrated that integrat-
ing UBRS3 expression and CD163" TAMs with the existing
clinical indicators presents obvious advantages compared to
using these markers individually in predicting the postopera-
tive value of ccRCC patients.
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