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Introduction

Renal cell carcinoma (RCC) is the most lethal cancer in 
the genitourinary system and the common form of kidney 
cancer in adults. It accounts for up to 85% of cancer cases 

in the kidney (1). RCC includes a heterogeneous group 

of cancers that can be divided into multiple histological 

subtypes, including clear cell RCC (ccRCC), papillary RCC 

(pRCC), chromophobe RCC (chRCC) (2). ccRCC is the 
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most common type (70% to 75%) of RCC (3). Although 
advances in diagnosis, screening, surgery, and drug therapy, 
have revolutionized the approach to RCC, the clinical 
outcome of RCC has only marginally improved. As a well-
known heterogeneous disease, exploring the precision 
molecular markers may contribute to individualized 
treatment options, clarifying the mechanism underlying the 
pathogenesis of RCC is an urgent need.

Protein tyrosine phosphorylation is a critical regulatory 
event that  is  involved in almost all aspects of cellular 
function, and its deregulation leads to health disorders, 
including cancer (4,5). Protein tyrosine phosphorylation 
is a reversible and dynamic process positively regulated by 
protein tyrosine kinases (PTKs) and negatively regulated 
by protein tyrosine phosphatases (PTPs) (5,6). The human 
genome encodes 107 PTPs that catalyze the removal of 
phosphate groups from tyrosine residues (4,5). They directly 
rival the actions of PTKs. Protein tyrosine phosphatase 
receptor type O (PTPRO), a member of receptor-type 
PTP of the R3 subtype (4), was initially identified as a 
podocyte-specific protein that might regulate glomerular 
structure and function (7-9). PTPRO was demonstrated to 
participate in multiple cellular and physiological functions, 
including synapse formation, neuron differentiation, and 
podocyte proliferation (7,9,10). Recently, PTPRO has been 
assumed to act as a putative tumor suppressor in several 
cancer types (6,11-13). Initially, it was discovered that 
PTPRO could suppress lung cancer (14). In another study, 
it was demonstrated that PTPRO inhibited hepatocellular 
carcinoma cells proliferation and promoted apoptosis 
by dephosphorylating signal transducer and activator of 
transcription 3 (STAT3) (13). By deletion of PTPRO in 
mouse mammary tumor virus (MMTV)-erb-b2 receptor 
tyrosine kinase 2 (ERBB2) transgenic mice, we found 
that loss of PTPRO accelerated breast tumor growth (6). 
PTPRO directly dephosphorylated ERBB2 at Y1248 and 
promoted endosomal internalization of ERBB2 in breast 
cancer (6). PTPRO was frequently methylated in various 
types of cancers, including lung cancer, hepatocellular 
carcinoma, breast cancer, and esophageal squamous cell 
carcinoma (15-18). We previously presented evidence that 
the hypermethylation of PTPRO was associated with poor 
survival of ERBB2-positive breast cancer patients (17). 
PTPRO was found to be methylated in peripheral blood, and 
its methylation could be used as a noninvasive biomarker 
for esophageal squamous cell carcinoma (18). However, the 
expression of PTPRO in RCC has not been investigated, 
neither its clinical significance in RCC.

In the present study, we set out to determine the 
expression status of PTPRO in RCC and its role in 
predicting oncologic outcomes in those patients with 
RCC, and explore the pathway that PTPRO may involve 
in. We found that PTPRO played a crucial role in ccRCC 
progression and was associated with the immune infiltrates. 
Thus, the PTPRO gene may be a potential molecular 
marker for the prediction of ccRCC and may serve as a 
target for the treatment of ccRCC. We present the following 
article in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/tcr-19-2808).

Methods

Analysis of PTPRO expression in various types of databases

The expression of PTPRO in multiple types of human 
tissues was obtained from The Genotype-Tissue Expression 
(GTEx) database (www.gtexportal.org) (19), via the Human 
Protein Atlas (www.proteinatlas.org). The expression data 
of PTPRO in a panel of renal cancer cell lines was obtained 
from the MERAV database (merav.wi.mit.edu) (20). The 
expression of PTPRO in various subtypes of renal cancer 
was identified in the Oncomine database (www.oncomine.
org) (21). Three RNA-sequence (RNA-seq) datasets of 
531 ccRCC, 289 pRCC, and 65 chRCC were downloaded 
from The Cancer Genome Atlas (TCGA) database (https://
cancergenome.nih.gov/). mRNA expression profiling by 
array of 72 ccRCC tumors in the GSE53757 dataset (22) and 
101 ccRCC tumors in the GSE40435 dataset (23) in Gene 
Expression Omnibus (GEO; www.ncbi.nlm.nih.gov/geo)  
was also included (24).

Methylation analysis of PTPRO

PTPRO was  submitted to  the  Cancer  Cel l  Line 
Encyclopedia (CCLE; www.broadinstitute.org/ccle) project 
database (25), to analyze PTPRO methylation status and 
mRNA expression in renal cancer cell lines. The correlation 
between of PTPRO methylation and mRNA expression 
in renal cancer cell lines was also analyzed using the 
above data. A DNA methylation microarray of ccRCC,  
GSE61441 (26), was downloaded from GEO and used 
to analyze the methylation of PTPRO in ccRCC and 
adjacent normal tissues. The paired methylation and 
mRNA expression data of PTPRO were obtained from the 
cBioPortal database (www.cbioportal.org) (27), and their 
correlation was analyzed.

http://dx.doi.org/10.21037/tcr-19-2808
https://cancergenome.nih.gov/
https://cancergenome.nih.gov/
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Gene ontology (GO) term enrichment analysis

The RNA-seq data of 531 ccRCC TCGA samples were 
stratified in two groups based on the median expression 
value of PTPRO (PTPROhigh and PTPROlow). Next, the 
differential expression of the candidate genes between 
PTPROhigh and PTPROlow was tested by the t-test. Those 
genes upregulated in the PTPROhigh group (≥1.5-fold, 
P<0.05) were subjected to GO (https://david.ncifcrf.gov) 
analysis for performing biological process enrichment.

TIMER database analysis

The correlation of PTPRO expression with the abundance 
of immune infiltrates, including B cells, CD8+ T cells, CD4+ 
T cells, macrophages, neutrophils, and dendritic cells, was 
analyzed in Tumor Immune Estimation Resource (TIMER; 
cistrome.shinyapps.io/timer) (28).

Gene set enrichment analysis (GSEA)

The mRNA profiles of 531 ccRCC and 72 normal kidney 
tissues in TCGA, and the mRNA profiles of 101 ccRCC 
and paired adjacent normal tissues in GSE40435 were 
processed and subjected to the GSEA using GSEA software 
(version 2.0.13), followed by the protocol available at GSEA 
website (www.broadinstitute.org/gsea/index.jsp).

Survival analysis

RNA-seq, clinical, and follow-up data of the 531 ccRCC, 
289 pRCC, and 65 chRCC patients were obtained from 
TCGA. The clinicopathological characteristics of the 
patients were summarized in Table S1. Kaplan-Meier 
survival analysis of mRNA for PTPRO was performed 
in the above patients (Those with survival data less than 
6 months were excluded from the analysis). The Cox 
proportional hazards regression model was done to evaluate 
the survival data (Ambiguous and missing variables were 
excluded from the analysis). Kaplan-Meier survival analysis 
of methylation for PTPRO was performed with the 
MethSurv database (https://biit.cs.ut.ee/methsurv/) (29).

Statistical analysis

Statistical analyses were carried out using the SPSS 17.0 
software (SPSS Inc., USA). The Student’s t-test was 
applied to compare the difference between the two groups. 

Pearson’s correlation coefficients were used to assess the 
correlations between PTPRO methylation and PTPRO 
mRNA expression in renal cancer cell lines and ccRCC 
specimens. All statistical results with a P value <0.05 were 
considered to be statistically significant.

Results

PTPRO was decreased in various subtypes of renal cancer

To explore the role of PTPRO in cancers, we first 
characterized the expression of PTPRO in different human 
tissues using the data obtained from The GTEx database 
(www.gtexportal.org) (19), via the Human Protein Atlas 
(www.proteinatlas.org). We found that PTPRO abundance 
was highest in the kidney (Figure 1A), supporting a critical 
physiological role of PTPRO in the kidney, as previously 
reported (7). Notably, all of 17 analyzed renal cancer cell 
lines had lower expression of PTPRO than the normal 
kidney tissues (MERAV database, merav.wi.mit.edu) (20) 
(P<0.001 for all, Figure 1B). In accordance, the expression 
of PTPRO was significantly lower in various subtypes of 
renal cancer compared to normal kidney tissues (Oncomine 
database, www.oncomine.org) (21) (P<0.01 for all,  
Figure 1C). These data altogether indicated that PTPRO 
was decreased in renal cancer.

PTPRO was associated with outcome for ccRCC patients

The downregulation of PTPRO in renal cancer was 
further verified in additional larger independent cohorts 
from GEO (www.ncbi.nlm.nih.gov/geo) (24), and TCGA 
(https://cancergenome.nih.gov/). Significant differences 
in the expression of PTPRO were observed between 
ccRCC and paired adjacent normal tissues (GEO dataset 
GSE53757 and GSE40435; P<0.001 for both, Figure 2A,B)  
or normal kidney tissues (TCGA dataset; P<0.001,  
Figure 2C). Similarly, the expression of PTPRO was found 
to be significantly downregulated in two other major 
RCC subtypes, pRCC, and chRCC (P<0.001 for both,  
Figure S1A,B). Of note, Kaplan-Meier analysis showed that 
ccRCC patients with lower expression of PTPRO had a 
shorter overall survival rate (P=0.038, Figure 2D). However, 
there was no significant difference observed in pRCC 
and chRCC patients (P>0.05 for both, Figure S1C,D). We 
further grouped the ccRCC cohort into early-stage (stage I/
II) and advanced stage (stage III/IV) and performed Kaplan-
Meier analysis. We did not find a significant difference in 
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overall survival in the early-stage group when comparing 
PTPRO expression (P=0.640, Figure 2E). In contrast, in 
advanced stage group, ccRCC patients with lower expression 
of PTPRO showed poor outcome (P=0.007, Figure 2F). 

Furthermore, multivariate cox regression analysis revealed 
that PTPRO was an independent prognostic predictor 
with a hazard ratio (HR) of 1.955 (P=0.005, 95% CI: 
1.224–3.122; Table 1) for ccRCC. Collectively, these results 

Figure 1 Loss of PTPRO in various subtypes of renal cancer. (A) The expression data of PTPRO in various human tissues was obtained 
from The Genotype-Tissue Expression (GTEx) database via The Human Protein Atlas (www.proteinatlas.org); (B) the expression of 
PTPRO in a panel of renal cancer cell lines and normal kidney tissues (n=17) were investigated using the MERAV database (merav.wi.mit.
edu). (C) The expression of PTPRO in various subtypes of renal cancer was analyzed using Oncomine (www.oncomine.org). Error bars 
indicate SEM. n.s., not statistically significant; *, P<0.05, **, P<0.01, ***, P<0.001 by Student’s t-test. chRCC, chromophobe renal cell 
carcinoma; ccRCC, clear cell renal cell carcinoma; pRCC, papillary renal cell carcinoma; RO, renal oncocytoma; RPUC, renal pelvis 
urothelial carcinoma.
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demonstrated that PTPRO was an independent predictor of 
poor prognosis in ccRCC patients, particularly for ccRCC 
patients at an advanced stage.

PTPRO was involved in the immune infiltration in ccRCC 
patients

Immune response has been demonstrated to be closely 
associated with clinical outcome in RCC (30). Consistent 
with this, immune pathway was enriched in ccRCC 
patients in two independent cohorts as revealed by GSEA 
[normalized enrichment score (NES) =–1.909, P=0.002; 
NES =–1.385, P=0.046, respectively; Figures 3A,S2]. To 
investigate whether PTPRO plays a role in this context, we 

analyzed the upregulated genes (≥1.5-fold) in PTPROhigh 
versus PTPROlow patients (in total online: http://cdn.
amegroups.cn/static/application/ff8dc8dda553942ad2fc6
2e3297f0844/10.21037tcr-19-2808-1.pdf), and found that 
PTPRO expression was positively associated with genes 
controlling immune signaling and immune cells activation 
and aggregation (Figure 3B). Further, immune pathway was 
found to be enriched in ccRCC patients with high PTPRO 
expression in two independent cohorts (NES =1.781, 
P=0.016; NES =1.347, P=0.075, respectively; Figure 3C,D). 
Intriguingly, the expression of PTPRO had significant 
positive correlations with infiltrating levels of B cells (r=0.33, 
P=4.01e–13), CD8+ T cells (r=0.23, P=1.19e–06), CD4+ 
T cells (r=0.242, P=1.46e–07), macrophages (r=0.496, 

Figure 2 The downregulation of PTPRO predicted poor survival in ccRCC. (A,B,C) The expression of PTPRO in ccRCC was investigated 
in the GEO dataset GSE53757 (A), GSE40435 (B), and TCGA dataset (Titled KIRC) (C); (D,E,F) the relationship between overall survival 
and expression of PTPRO in ccRCC by Kaplan-Meier survival analysis; then, the patients were then stratified into two groups, stage (I/II) 
(E) and stage (III/IV) (F). Horizontal lines indicate the mean in each group (C). ***, P<0.001 by Student’s t-test. ccRCC, clear cell renal cell 
carcinoma; KIRC, kidney renal clear cell carcinoma.
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P=3.73e–29), neutrophils (r=0.505, P=4.66e–31) and 
dendritic cells (r=0.483, P=4.99e–28) in ccRCC (Figure 3E, 
F,G,H,I,J), when analyzed in the TIMER (cistrome.
shinyapps.io/timer) (28). Together, these data strongly 
suggested that PTPRO played a critical role in immune 
infiltration in ccRCC, especially in those of macrophages, 
neutrophils and dendritic cells.

Methylation of PTPRO was associated with its expression 
and poor outcome

We and others reported that methylation is a crucial 
mechanism that determines PTPRO expression (15-18).  
We, therefore,  investigated whether PTPRO was 
methylated in renal cancer cell lines. Methylation data 
from the CCLE (www.broadinstitute.org/ccle) (25) project 
showed that PTPRO was methylated frequently in various 
renal cancer cell lines (Figure 4A). We then downloaded 
the methylation and expression data of those cell lines 
from CCLE and analyzed  the  correlation between  the 
methylation  status and expression of PTPRO. A strong 

positive correlation between PTPRO expression and 
methylation was revealed (r=–0.617, P=0.003, Figure 4B). 
Consistently, the methylation levels of PTPRO were higher 
in ccRCC patients compared to paired adjacent normal 
tissues (GEO dataset GSE61441; P<0.01, Figure 4C).  
Consistent with the observation in cell lines, in ccRCC 
patients tissues, the expression of PTPRO was significantly 
correlated with the methylation levels of PTPRO as 
analyzed the data obtained from cBioPortal (www.
cbioportal.org) (27) (r=–0.281, P=0.033, Figure 4D). 
Remarkably, ccRCC patients with high methylation of 
PTPRO exhibited lower overall survival (HR =1.771, 
P=0.004, Figure 4E), as revealed in the MethSurv database 
(https://biit.cs.ut.ee/methsurv/) (29). These data suggested 
epigenetic alteration was involved in the regulation of 
PTPRO, and the methylation status of PTPRO predicted 
the prognosis of ccRCC patients.

Discussion

The present study demonstrated that PTPRO was 

Table 1 Univariate and multivariate Cox proportional hazards model predicting survival in ccRCC patients

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age 0.017 0.160

>60 vs. ≤60 1.497 (1.074–2.085) 1.404 (0.875–2.253)

Gender 0.605 0.665

Male vs. female 0.914 (0.651–1.284) 1.112 (0.689–1.795)

T stage 0.000 0.111

T3/T4 vs. T1/T2 3.091 (2.215–4.314) 2.221 (0.831–5.933)

Lymph node metastasis 0.008 0.377

N1 vs. N0 2.853 (1.308–6.225) 1.459 (0.631–3.377)

Distant metastasis 0.000 0.002

M1 vs. M0 4.827 (3.441–6.769) 2.589 (1.421–4.717)

Clinical stage 0.000 0.849

III/IV vs. I/II 3.815 (2.694–5.403) 0.900 (0.302–2.680)

Grade 0.000 0.047

G4/G3 vs. G1/G2 2.650 (1.822–3.854) 1.709 (1.008–2.899)

PTPRO expression 0.039 0.005

Low vs. high 1.415 (1.017–1.969) 1.955 (1.224–3.122)

ccRCC, clear cell renal cell carcinoma; G, grade; T, tumor; N, node; M, metastasis; HR, hazard ratio; CI, confidence interval.
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Figure 3 PTPRO expression was associated with anti-tumor immune states in ccRCC. (A) GSEA plots of enrichment of ACTIVATION_
OF_IMMUNE_RESPONSE signatures in normal kidney tissues versus ccRCC tumors in TCGA dataset (Titled KIRC); (B) GO term 
enrichment analysis for top 20 biological processes controlled by upregulated genes among ccRCC patients with high PTPRO expression; 
(C,D) GSEA plots of enrichment of ACTIVATION_OF_IMMUNE_RESPONSE signatures in PTPROhigh versus PTPROlow tumors in 
TCGA dataset (Titled KIRC) (C) and GSE40435 (D); (E,F,G,H,I,J) the mRNA levels of PTPRO were significantly positively related to 
infiltrating levels of B cells (E), CD8+ T cells (F), CD4+ T cells (G), macrophages (H), neutrophils (I), and dendritic cells (J) in ccRCC. 
ccRCC, clear cell renal cell carcinoma; KIRC, kidney renal clear cell carcinoma; GO, gene ontology; NES, normalized enrichment score.
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decreased in renal cancer and associated with the overall 
survival of patients with ccRCC. More importantly, 
PTPRO served as an independent prognostic factor for 
overall survival in patients with ccRCC. Furthermore, 
our analyses showed that PTPRO was associated with the 
activation of the immune pathway, and PTPRO expression 
was correlated with the levels of immune infiltration. In 
this study, methylation of the PTPRO gene was frequently 

found in renal cancer cells and ccRCC tissues, and PTPRO 
methylation indicated poor overall survival in ccRCC 
patients.

PTPRO is a putative tumor suppressor and has been 
demonstrated to be downregulated in multiple types of 
cancer (6,11-13,17,18), involved in many cellular processes, 
including cell proliferation, apoptosis, and inflammation 
(6,13,31). In this study, using multiple databases, we 

Figure 4 PTPRO was frequently methylated in ccRCC and associated with poor outcomes. (A) The methylation data of renal cancer cell 
lines were obtained from Cancer Cell Line Encyclopedia (CCLE; www.broadinstitute.org/ccle) project; (B) the correlation between the 
methylation level and the mRNA level of PTPRO in renal cancer cell lines (n=21) was analyzed using the data downloaded from CCLE; (C) 
the methylation of PTPRO in ccRCC was analyzed in the GEO dataset GSE61441; (D) the correlation between the methylation level and 
the mRNA level of PTPRO in ccRCC tissues (n=58) was analyzed using the data downloaded from cBioPortal (www.cbioportal.org); (E) the 
relationship between overall survival and methylation of PTPRO in ccRCC was analyzed using MethSurv (https://biit.cs.ut.ee/methsurv/). 
**, P<0.01 by Student’s t-test. ccRCC, clear cell renal cell carcinoma; HR, hazard ratio.

CCLE (renal cancer cell lines)
Pearson r=−0.617

P=0.003

cBioPortal (ccRCC specimens)
Pearson r=−0.281

P=0.033

2

0

−2

−4

−6

−8

6

5

4

3

2

1

0

−1

P
TP

R
O

 m
R

N
A

 e
xp

re
ss

io
n

P
TP

R
O

 m
R

N
A

 e
xp

re
ss

io
n

PTPRO methylation

PTPRO methylation

Color range (methylation)

0.0  0.1  0.2 0.3 0.4 0.5  0.6  0.7 0.8  0.9 1.0

Bubble size (coverage)

12
:1

54
75

48
6

12
:1

54
75

49
0

12
:1

54
75

51
3

12
:1

54
75

59
2

12
:1

54
75

60
5

12
:1

54
75

60
8

12
:1

54
75

61
0

12
:1

54
75

61
1

12
:1

54
75

62
0

12
:1

54
75

62
6

12
:1

54
75

63
2

12
:1

54
75

76
8

12
:1

54
75

77
3

12
:1

54
75

79
0

12
:1

54
75

79
3

12
:1

54
75

79
9

12
:1

54
75

80
7

12
:1

54
75

81
6

12
:1

54
75

96
4

25+  20  15  10   5

A704
KMRC-3

TUHR4TKB
SNU-1272

KMRC-2
ACHN

CAL-54
VMRC-RCW

CAKI-1
KMRC-20

TUHR10TKB
BFTC-909

RCC10RGB
769-P

OSRC-2
VMRC-RCZ

UO31
KMRC-1

786-O
TUHR14TKB

A498
0.0    0.2      0.4        0.6 0.8

0.00  0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18

GSE61441

**

1.0

0.8

0.6

0.4

0.2

0.0

P
er

ce
nt

 s
ur

vi
va

l

PTPRO methylation
Low (n=160)
High (n=159)

P=0.004
HR =1.771

0.4

0.3

0.2

0.1

0.0

P
TP

R
O

 m
R

N
A

 m
et

hy
la

tio
n

Survival time (days)

0     1000    2000    3000    4000Adjacent
(n=46)

ccRCC
(n=46)

A B

C D E



4808 Gan and Zhang. PTPRO in ccRCC

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(8):4800-4810 | http://dx.doi.org/10.21037/tcr-19-2808

suggested that PTPRO was decreased in multiple 
independent RCC cohorts, which contained larger patient 
samples. In support, a recent report showed that the protein 
expression of PTPRO was decreased in ccRCC, as revealed 
by proteomic analysis (32). Of note, we showed that 
PTPRO could serve as a potential biomarker for predicting 
overall survival mainly in ccRCC patients, especially in 
the advanced stage ccRCC patients, suggesting PTPRO 
presumably contributed to tumor progression of ccRCC, 
especially in advanced stage ccRCC. Further validation in a 
series of ccRCC patients will enhance our understanding of 
the clinical significance of PTPRO in ccRCC.

The immune response is closely associated with 
clinical outcome in RCC, and the importance of immune 
infiltration for prognosis has been recognized (30,33). 
A recent study suggested a notable role of the truncated 
isoform of PTPRO in regulating the effector T cell (Teff)/
regulatory T cell (Treg) homeostasis in hepatocellular 
carcinoma (34). By interacting with toll like receptor 4 
(TLR4), PTPRO played a vital role in fulminant hepatitis 
in a mouse model (35). More recently, PTPRO was 
demonstrated to exaggerate inflammation in ulcerative 
colitis through the activation of the TLR4/nuclear factor-
κB (NF-κB) pathway (31). Consistently, in the ccRCC 
cohort, patients with higher expression of PTPRO showed 
active immune signaling, and higher immune infiltration 
levels, which might contribute to better outcomes of 
ccRCC patients. These findings suggested that PTPRO 
could be used as an indicator of immune infiltration in 
ccRCC. Intriguingly, programmed death-ligand 1 (PD-L1),  
an immune checkpoint protein, was reported to be 
phosphorylated by Janus kinase 1 (JAK1) at Tyrosine 
112, which enhanced PD-L1 stability and contributed 
to immunosuppression (36). Importantly, PTPRO was 
proved to down-regulate the JAK/STAT signaling (13), 
suggesting PTPRO may have a role in the regulation of 
PD-L1. The precise role of PTPRO in immune response in 
ccRCC and the underlying mechanism is worthy of further 
investigation.

We and others have found that various cancer specimens 
had dense hypermethylation in the CpG island of the 
PTPRO gene (15,17,18). Here, for the first time, we 
demonstrated that PTPRO was frequently methylated in 
renal cancer, and the methylation status was associated with 
the mRNA expression of PTPRO. In contrast, other genetic 
alterations of PTPRO in RCC were rare (Figure S3),  
suggesting methylation may be a significant mechanism 
that responsible for the loss of PTPRO in RCC, which 

needs further validation. Interestingly, the methylation of 
PTPRO predicted poor outcomes of ccRCC patients. In 
support, our previous study showed that PTPRO promoter 
hypermethylation in breast cancer was associated with poor 
survival in ERBB2-positive patients (17). We previously 
showed that methylated PTPRO could be utilized as a 
peripheral tumor biomarker for noninvasive diagnosis and 
disease monitoring for patients with esophageal squamous 
cell carcinoma and breast cancer (17,18). Given that liquid 
biopsy has emerged as a promising minimally invasive test 
for cancer diagnosis (37), whether PTPRO methylation 
is present in biofluids (such as blood, urine or saliva), and 
its potential as a noninvasive for diagnosis and outcome in 
RCC are worthy of further exploration.

Nonetheless, the results in the study were mainly 
derived from available datasets, further in vitro and in vivo 
studies are needed to characterize the biological function 
of PTPRO, and the underlying mechanisms also need to 
be explored. Besides, the expression and methylation of 
PTPRO need to be detected in ccRCC tissues to validate 
their clinical significance. These limitations have to be 
addressed further.

Conclusions

Our study provided new insight into the significance of 
PTPRO in RCC, especially in ccRCC. The loss expression 
of PTPRO was associated with a poor outcome and a 
decreased immune infiltration levels of the ccRCC patients. 
Methylation may be a mechanism responsible for the 
inactivation of PTPRO. Therefore, the present study 
supports PTPRO as a novel molecular marker and potential 
therapeutic target in ccRCC.
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Table S1 Clinicopathological characteristics of the three RCC subtype patients in TCGA

Variables ccRCC pRCC chRCC

Sample (n) 475 262 62

Age, n (%)

>65 224 (47.2) 143 (54.6) 17 (27.4)

≤65 251 (52.8) 117 (44.7) 45 (72.6)

Missing – 2 (0.7) –

Gender, n (%)

Male 309 (65.1) 196 (74.8) 36 (58.1)

Female 166 (34.9) 66 (25.2) 26 (41.9)

T stage, n (%)

T1 + T2 312 (65.7) 217 (82.8) 44 (71.0)

T3 + T4 163 (34.3) 42 (16.0) 18 (29.0)

TX – 3 (1.2) –

Lymph node metastasis, n (%)

N0 214 (45.1) 130 (49.6) 38 (61.3)

N1 + N2 12 (2.5) 22 (8.4) 4 (6.5)

Nx 249 (52.4) 110 (42.0) 20 (32.2)

Distant metastasis, n (%)

M0 396 (83.4) 188 (71.7) 48 (77.4)

M1 70 (14.7) 7 (2.7) 1 (1.6)

Mx 9 (1.9) 67 (25.6) 13 (21.0)

Clinical stage, n (%)

I + II 295 (62.1) 188 (71.7) 44 (71.0)

III + IV 178 (37.5) 56 (21.4) 18 (29.0)

Discrepancy 2 (0.4) – –

Missing – 18 (6.9) –

Grade, n (%)

G1 + G2 219 (46.1) NA NA

G3 + G4 250 (52.7) NA NA

Gx 4 (0.8) NA NA

Missing 2 (0.4) NA NA

Survival status, n (%)

Alive 332 (69.9) 220 (84.0) 53 (85.5)

Dead 143 (30.1) 42 (16.0) 9 (14.5)

Median overall survival (months) 45.7 26.7 86.9

The patients with survival data less than 6 months were excluded. Ambiguous and missing variables (Nx, Mx, discrepancy and Gx) in 
ccRCC were excluded from the Cox regression analysis. TCGA, The Cancer Genome Atlas; ccRCC, clear cell renal cell carcinoma; pRCC, 
papillary renal cell carcinoma; chRCC, chromophobe renal cell carcinoma; G, grade; T, tumor; N, node; M, metastasis; NA, non-available.

Supplementary



Figure S1 The downregulation of PTPRO was not associated with outcome in pRCC and chRCC. (A,B) The mRNA levels of PTPRO in 
pRCC (A) and chRCC (B) were analyzed in TCGA dataset (Titled KIRP and KICH, respectively); (C,D) Kaplan-Meier curve was generated 
based on overall survival for pRCC (C) and chRCC (D) patients with low and high PTPRO expression. Horizontal lines indicate the mean 
in each group (A,B). ***, P<0.001 by Student’s t-test. pRCC, papillary renal cell carcinoma; chRCC, chromophobe renal cell carcinoma; 
KIRP, kidney renal papillary cell carcinoma; KICH, kidney chromophobe.
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Figure S2 The immune response pathway was activated in ccRCC patients. GSEA plots of enrichment of ACTIVATION_OF_IMMUNE_
RESPONSE signatures in adjacent normal tissues versus ccRCC tumors in GEO dataset GSE40435. ccRCC, clear cell renal cell carcinoma; 
NES, normalized enrichment score.

Figure S3 Alteration of PTPRO in renal cancer. The alteration of the PTPRO gene in various renal cancer subtypes was analyzed using the 
cBioPortal database (www.cbioportal.org). pRCC, papillary renal cell carcinoma; chRCC, chromophobe renal cell carcinoma; ccRCC, clear 
cell renal cell carcinoma.


