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Background: Clear cell renal cell carcinoma (ccRCC) is the most common and aggressive 
type of primary kidney cancer worldwide. Transmembrane protein 45A (TMEM45A) has 
been reported to be closely associated with the progression of several cancers. However, the 
role of TMEM45A in ccRCC remains unclear. Our study intended to explore the potential 
role of TMEM45A in ccRCC.
Methods: Data on the expression of TMEM45A were obtained from multiple databases, 
including UCSC, GEPIA2, Oncomine and TIMER. Real-world samples of ccRCC and paired 
normal renal tissues were used to confirm the information obtained from the databases. In 
addition, the prognostic value of TMEM45A was evaluated. Loss-of-function assays were 
performed using TMEM45A-targeting lentivirus to evaluate the biological role of 
TMEM45A in renal cancer cells. Gene set enrichment analysis (GSEA) was performed to 
investigate the potential molecular mechanisms.
Results: TMEM45A was significantly overexpressed in patients with ccRCC and correlated 
with poor overall survival and disease-free survival. In addition, the expression of 
TMEM45A was closely associated with various clinicopathological parameters such as 
histological grade and TNM stage. Knockdown of TMEM45A inhibited the proliferation 
and migration and promoted the apoptosis of ccRCC cells in vitro. The results of the GSEA 
suggested that TMEM45A was potentially involved in the promotion of epithelial–mesench
ymal transition (EMT) and inflammatory response in ccRCC.
Conclusion: TMEM45A was overexpressed and associated with poor survival and acted as 
a tumour promoter in ccRCC; therefore, might be a potential prognostic marker and 
therapeutic target.
Keywords: biomarker, clear cell renal cell carcinoma, prognosis, TMEM45A

Introduction
Renal cell carcinoma (RCC) remains a significant global health challenge. 
Approximately 75% of the RCC cases are clear cell renal cell carcinoma (ccRCC), 
which is the major histological subtype.1 According to the cancer statistics data from 
the United States (2020), the number of newly diagnosed cases of ccRCC was 73,750, 
and 14,830 patients were predicted to die of the disease.2 A contrast-enhanced 
computed tomography or magnetic resonance imaging remains the mainstay for the 
clinical diagnosis of RCC. Surgery remains the major treatment for located RCC, 
whereas treatment of metastatic RCC is more challenging considering the resistance 
of cancer cells to radiotherapy and chemotherapy.3 Nearly half of the patients progress 
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to metastasis even undergo nephrectomy, and the 5-year 
survival rate of those with metastasis is less than 12%.4 

Although the introduction of tyrosine kinase inhibitors and 
immune checkpoint inhibitors have significantly improved 
the survival of patients with RCC, the outcomes remain 
unsatisfactory.5,6 Therefore, the identification of effective 
prognostic biomarkers and therapeutic targets remains 
essential for personalised treatment and follow-up.

Transmembrane transport is one of the vital mechan
isms of material transport in various biological processes. 
A transmembrane protein (TMEM) is a type of integral 
membrane protein that extends through the lipid bilayer of 
the plasma membrane or membrane-bound organelles. 
TMEMs mainly function as channels to permit the trans
port of specific substances across the biological mem
branes; however, their functions remain unknown.7 

Transmembrane protein 45A (TMEM45A) is a member 
of the TMEM family, which is located on chromosome 
3q12.2 and encodes a transmembrane protein of 275 
amino acids with five or seven transmembrane domains. 
Several studies have reported a close relationship between 
TMEM45A and the progression and chemoresistance of 
various cancers. Downregulation of TMEM45A could 
inhibit the proliferation, migration and invasion of glioma 
cells.8 In addition, TMEM45A was found to be essential 
for hypoxia-induced chemoresistance in breast and liver 
cancer cells.9 Upregulation of TMEM45A has been 
reported in ccRCC.10,11 However, there is a lack of in- 
depth studies on the biological functions and prognostic 
value of TMEM45A in ccRCC. In the present study, we 
explored the association between TMEM45A expression 
and the clinicopathological characteristics and survival of 
patients in an integrated manner by analysing multiple 
databases, real-world ccRCC samples and performing 
loss-of-function assays in cancer cell lines. Our study 
demonstrates that TMEM45A may act as a tumour pro
moter, and its overexpression predicts an unfavourable 
survival outcome in patients with ccRCC.

Methods
Data Collection
The gene expression profiles and clinicopathological data 
of ccRCC were downloaded from the University of 
California Santa Cruz Xena platform (https://xena.ucsc. 
edu/).12 A total of 535 tumour samples and 72 normal 
samples were obtained. After matching the clinical infor
mation and the respective gene expression data and 

removing the cases with a follow-up period of less than 
1 month, 518 patients were selected for the survival ana
lysis. Several other online databases, such as GEPIA2 
(http://gepia2.cancer-pku.cn/), Oncomine (https://www. 
oncomine.org/) and TIMER (https://cistrome.shinyapps. 
io/timer/) were used for external validation.13–15

Tissue Specimens
Surgical samples (paired ccRCC and normal renal tissues) 
were collected from 11 patients who underwent partial 
nephrectomy or nephrectomy at the Meizhou People’s 
Hospital between 2019 and 2021. The mean age of the 
patients was 54.9 years. Seven (63.6%) cases were histo
logically graded as well-differentiated (G1/2), whereas the 
remaining four (36.4%) cases were graded as poorly dif
ferentiated (G3/4). Most patients (n = 7, 63.6%) had loca
lized stage I/II tumors, and other four patients (36.4%) had 
stage III/IV tumors. Written informed consent was 
obtained from all patients in accordance with the 
Declaration of Helsinki. The Medical Ethics Committee 
of the Meizhou People’s Hospital approved our study 
(No. 2020-CY-06).

RNA Extraction and qPCR
We extracted the total RNA using an RNA extraction kit 
(Haigene Biotech Co., Ltd., China). RNA was reverse 
transcribed into complementary DNA using the 
PrimeScript RT reagent kit (Takara Bio Inc., Dalian, 
China) following the manufacturer’s protocol. We per
formed quantitative polymerase chain reaction (qPCR) 
with the SYBR Green PCR kit (Takara Bio Inc., Dalian, 
China) using the ABI 7500 fluorescent quantitative PCR 
system (Applied Biosystems Inc., Foster City, CA, USA). 
The primers used were as follows: TMEM45A (forward: 
GTTCACTTCCTGTGTCCTTAACC; reverse: CATTTC 
CCGGCCATGAGTGT), and GAPDH (forward: GTCAA 
GGCTGAGAACGGGAA; reverse: AAATGAGCCCC 
AGCCTTCTC). The 2−ΔΔCt method was used to measure 
the expression of TMEM45A.

Cell Culture and Transfection
The ccRCC cell line ACHN was obtained from the 
Chinese Academy of Sciences, and cultured in 
Dulbecco’s Modified Eagle Medium (DMEM) containing 
10% fetal bovine serum (Gibco, USA) and 1% penicillin– 
streptomycin at 37°C with 5% CO2 and 95% humidity. 
The short hairpin RNA (shRNA) target against the 
TMEM45A sequences (NM_001363876.2, NCBI) was 5ʹ- 
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CCTGTGTCCTTAACCAAGTTA-3ʹ. Recombinant 
TMEM45A-targeting lentivirus (LV-sh-TMEM45A) or 
control mock lentivirus (LV-sh-NC) constructed by 
GenePharma (Suzhou, China) were transfected into the 
RCC cells. After culturing for 48–72h, puromycin was 
used to obtain stable clones in which the TMEM45A 
gene was downregulated. We confirmed the stably trans
fected clones by quantitative reverse transcription PCR.

Cellular Experiments of Proliferation, 
Migration, and Apoptosis After 
TMEM45A Knockdown
The cell proliferation ability was assessed by the MTT 
assay. The cell migration ability was evaluated by the 
wound-healing assay. Apoptosis of cells was evaluated 
using the Annexin V-APC 7-AAD apoptosis kit 
(Biolegend, USA) according to the manufacturer’s instruc
tions. All the cellular experiments were performed on 
three groups (control, LV-sh-NC and LV-sh-TMEM45A).

Functional Enrichment Analysis
Functional enrichment analysis was performed to explore 
the potential molecular mechanisms of TMEM45A in 
ccRCC. First, we divided the patients with ccRCC in 
The Cancer Genome Atlas (TCGA) into high- and low- 
TMEM45A groups based on the median expression of 
TMEM45A. Next, we performed gene set enrichment 
analysis (GSEA) to identify the significantly enriched 
pathways. The sample-wise gene set activities of the dif
ferent pathways were calculated in GSVA using the “sin
gle-sample GSEA” (ssGSEA) method. Lastly, we detected 
the relationship between TMEM45A expression and the 
enriched pathways by the Spearman correlation method.

Statistics
All statistical analyses were performed using R software ver
sion 3.6.1 (the R Foundation for Statistical Computing, 
Vienna, Austria). Analysis of variance (ANOVA) or t-test 
was performed to assess the significant differences in 
TMEM45A expression among the different subgroups. The 
chi-square test or Fisher’s exact test was performed to evaluate 
the correlation between TMEM45A expression and the clin
icopathological parameters of ccRCC. The Kaplan–Meier 
method and Log rank test were considered for the survival 
analyses. Univariate and multivariate survival analyses were 
performed by a Cox regression model. Pearson’s correlation 

test was used in the correlation analysis. A p-value < 0.05 was 
considered statistically significant.

Results
TMEM45A Was Significantly Upregulated 
in ccRCC
First, we evaluated the expression level of TMEM45A in 
TCGA-KIRC cohort. The results revealed a significantly 
higher expression of TMEM45A in ccRCC tissues than in 
normal kidney tissues (p <0.001) (Figure 1A). Several other 
online databases, including GEPIA2, Oncomine and 
TIMER, were analysed to validate the results. The results 
confirmed the upregulation of TMEM45A in ccRCC tissues 
(Figure 1B–D). More details regarding the patients, in addi
tion to those presented in Figure 1D, could be found in 
Supplementary Table S1. An interesting finding was the 
significantly higher expression of TMEM45A in several 
other types of cancers, including breast cancer, oesophageal 
cancer, head and neck squamous cell carcinoma and lung 
squamous cell carcinoma (Figure 1D). We evaluated the 
expression of TMEM45A in 11 pairs of ccRCC tissues and 
the adjacent normal kidney tissues by qPCR to confirm the 
results obtained from the databases. As demonstrated in 
Figure 1E and F, the expression of TMEM45A in ccRCC 
was significantly higher than that in normal renal tissues (p = 
0.038). The American Joint Committee on Cancer (AJCC) 
staging method (7th edition) was used to denote the TNM 
stage of ccRCC,16 and subsequent analysis revealed that the 
expression of TMEM45A increased significantly with higher 
histological grade, increased T stage, distant metastasis and 
advanced TNM stage (p <0.001, Figure 1G–J).

The Prognostic Value of TMEM45A in 
ccRCC
We divided patients with ccRCC into high- and low- 
expression groups based on the median expression of 
TMEM45A to determine its prognostic value and relationship 
with clinicopathological characteristics. As shown in Table 1, 
the expression of TMEM45A was closely related to various 
vital clinicopathological parameters in patients with ccRCC, 
including cancer status (p <0.001), histological grade 
(p <0.001), T stage (p = 0.003), M stage (p = 0.001) and 
TNM stage (p <0.001). The Kaplan–Meier survival analysis 
revealed that patients with high TMEM45A expression exhib
ited poorer overall survival (OS) and disease-free survival 
(DFS) (p <0.001, Figure 2A and B). Analysis ofthe GEPIA2 
database revealed the same results (Figure 1C and D). 
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Considering that the histological grade and TNM stage play an 
important role in the prognosis of patients with cancer, we 
conducted an additional stratified analysis. The analysis 
revealed that patients in the high TMEM45A expression 
group had significantly poorer OS than those in the low- 
expression group with histological grade 1/2 (p = 0.037), 
grade 3/4 (p = 0.043) and stage I/II (p = 0.033) but not stage 
III/IV (p = 0.477) disease (Figure 2E–H). The results of DFS 
were consistent with those of OS (Figure 2I–L).

TMEM45A Knockdown Inhibited the 
Proliferation and Migration and Promoted 
the Apoptosis of ccRCC Cells in vitro
Considering the upregulation and significant correlation of 
TMEM45A with the prognosis and various clinicopatholo
gical features, we analysed the biological functions by 
knocking down TMEM45A in ccRCC cell lines. We estab
lished a stable knockdown model of TMEM45A expression 

Figure 1 Higher expression of TMEM45A in ccRCC tissues than in normal renal tissues. (A) Data of the 535 tumour samples and 72 normal renal samples from TCGA-KIRC 
cohort. (B) Data from the GEPIA2 (http://gepia2.cancer-pku.cn/) database. (C) Data from the Oncomine (https://www.oncomine.org/) database. (D) TMEM45A expression in the 
pan-cancer analysis from the TIMER (https://cistrome.shinyapps.io/timer/) database. (E) Upregulation of TMEM45A in eight of the eleven ccRCC samples compared with that in the 
paired normal renal samples. (F) Significant increase in TMEM45A expression in the tumour samples compared with that in the paired normal renal samples. (G–J) Significantly 
increased TMEM45A expression with higher histological grade and T stage, distant metastasis and advanced TNM stages. *p < 0.05, **p < 0.01, ***p < 0.001. 
Abbreviation: ccRCC, clear cell renal cell carcinoma.
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Table 1 Correlations Between the Expression of TMEM45A and Clinicopathologic Characteristics in ccRCC

Characteristics n (%) Expression of TMEM45A (%) p-value

High Low

Total 535 (100) 267 (49.91) 268 (50.09)

Age 0.931

≤ 60 years 267 (49.91) 134 (50.2) 133 (49.6)

> 60 years 268 (50.09) 133 (49.8) 135 (50.4)

Gender 0.785

Female 186 (34.77) 91 (34.1) 95 (35.4)
Male 349 (65.23) 176 (65.9) 173 (64.6)

Cancer status < 0.001
Tumor free 336 (62.8) 150 (56.2) 186 (69.4)

With tumor 148 (27.66) 94 (35.2) 54 (20.1)

Unknown 51 (9.53) 23 (8.6) 28 (10.4)

Race 0.883

White 463 (86.54) 233 (87.3) 230 (85.8)
Asian 8 (1.5) 4 (1.5) 4 (1.5)

Black 57 (10.65) 26 (9.7) 31 (11.6)

Unknown 7 (1.31) 4 (1.5) 3 (1.1)

Grade < 0.001
G1 14 (2.62) 4 (1.5) 10 (3.7)

G2 231 (43.18) 100 (37.5) 131 (48.9)

G3 207 (38.69) 108 (40.4) 99 (36.9)
G4 75 (14.02) 53 (19.9) 22 (8.2)

Unknown 8 (1.5) 2 (0.7) 6 (2.2)

T stage 0.003

T1 275 (51.4) 120 (44.9) 155 (57.8)

T2 70 (13.08) 32 (12.0) 38 (14.2)
T3 179 (33.46) 107 (40.1) 72 (26.9)

T4 11 (2.06) 8 (3.0) 3 (1.1)

N stage 0.441

N0 240 (44.86) 120 (44.9) 120 (44.8)

N1 16 (2.99) 10 (3.7) 6 (2.2)
Unknown 279 (52.15) 137 (51.3) 142 (53.0)

M stage 0.001
M0 424 (79.25) 198 (74.2) 226 (84.3)

M1 78 (14.58) 53 (19.9) 25 (9.3)

Unknown 33 (6.17) 16 (6.0) 17 (6.3)

TNM stage < 0.001

Stage I 269 (50.28) 116 (43.4) 153 (57.1)
Stage II 58 (10.84) 22 (8.2) 36 (13.4)

Stage III 123 (22.99) 74 (27.7) 49 (18.3)

Stage IV 82 (15.33) 54 (20.2) 28 (10.4)
Unknown 3 (0.56) 1 (0.4) 2 (0.7)

Abbreviation: ccRCC, clear cell renal cell carcinoma.
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in the ccRCC cell line ACHN via lentiviral shRNA- 
mediated infection. The qPCR results revealed that the 
expression of TMEM45A decreased significantly in the LV- 
sh-TMEM45A group compared with the LV-sh-NC group 
(p = 0.021, Figure 3A). The analysis revealed that knock
down of TMEM45A inhibited the migration and prolifera
tion abilities than that observed in the LV-sh-NC group 
(Figure 3B and C). Furthermore, the apoptosis of ACHN 
cells increased significantly after knockdown in the LV-sh- 
TMEM45A group (Figure 3D). The results suggested that 
TMEM45A acted as a tumour promoter in ccRCC cells.

Functional Enrichment Analysis
GSEA is a common method for functional enrichment analy
sis, which can determine significant differences between two 
biological statuses in a certain gene set.17 The results demon
strated that high TMEM45A expression was significantly 
associated with several cancer-related pathways, including 
epithelial–mesenchymal transition (EMT), IL-6-JAK-STAT3 
signaling pathway, inflammatory response, tumour necrosis 
factor alpha (TNF-α) signalling pathway and interferon-γ 
response (Figure 4A and B). EMT is an important character
istic of tumour metastasis, whereas interleukin-6 (IL-6), TNF- 
α and interferon-γ are important inflammatory factors, and 

Figure 2 The prognostic value of TMEM45A in ccRCC. (A and B) Overexpression of TMEM45A in patients with ccRCC correlated with poor overall survival (OS) and 
disease-free survival (DFS). (C and D) Validation of the association between TMEM45A expression and OS or DFS on the GEPIA2 platform. (E–H) Stratified survival analysis 
to determine the prognostic value of TMEM45A on OS based on the histological grade or stage. (I–L) Stratified analysis to determine the prognostic value of TMEM45A on 
DFS based on the histological grade or stage. 
Abbreviation: ccRCC, clear cell renal cell carcinoma.
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inflammation is closely associated with EMT.18–21 Therefore, 
we further analysed the relationship between the expression of 
TMEM45A and EMT and inflammatory response. The ana
lysis revealed that TMEM45A had a significantly positive 
correlation with EMT (r = 0.472, p <0.001) and the inflam
matory response pathway (r = 0.412, p <0.001) (Figure 4C 
and D). Moreover, the pan-cancer analysis revealed that the 
positive correlation between TMEM45A expression and 
EMT and inflammatory response was significant in most 
cancer types (Figure 4E and F).

Discussion
RCC is the most common and aggressive type of primary 
kidney cancer worldwide. The major histological subtype 

of the malignancy is ccRCC constituting approximately 
75% of the total cases, and is associated with the highest 
rate of metastasis, mortality and resistance to traditional 
chemotherapy and radiotherapy. Further understanding of 
the molecular mechanisms and identification of novel 
effective prognostic markers is essential for the therapy 
and prognosis of patients with ccRCC. In the present 
study, high-throughput RNA sequencing data were ana
lysed from TCGA, and the results were validated using 
qPCR on real-world samples. In addition, by performing 
loss-of-function cell assays in vitro, we found that the 
expression of TMEM45A significantly correlated with 
various clinicopathological factors, OS, DFS and biologi
cal functions (proliferation, migration, and apoptosis) of 

Figure 3 Effect of TMEM45A knockdown on the proliferation, migration, and apoptosis of renal cancer cells. (A) Confirmation of the knockdown efficiency by qPCR 
demonstrating significantly decreased expression of TMEM45A in the LV-sh-TMEM45A group compared with the LV-sh-NC group. (B) Wound healing assay results showing 
that TMEM45A knockdown significantly inhibited the migration of ACHN. (C) The results of the MTT assay showing that TMEM45A knockdown significantly inhibited the 
proliferation of ACHN. (D) TMEM45A knockdown significantly promoted the apoptosis of ACHN.
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ccRCC. The findings suggested that TMEM45A is 
a potential prognostic biomarker and therapeutic target 
for ccRCC.

TMEM45A, encoding a transmembrane protein, has been 
reported to be crucial in the progression of several cancers. 
Several studies have reported high expression of TMEM45A 
in liver, breast, ovarian cancers and glioma.8,9,22,23 Our study 

also revealed that the expression of TMEM45A was signifi
cantly increased in ccRCC, which is consistent with the 
results of previous studies.11 Moreover, recent studies have 
confirmed the prognostic value of TMEM45A in patients 
with cancer. Overexpression of TMEM45A correlated with 
higher histological grade and poorer survival in patients with 
glioma.8 Higher expression of TMEM45A was associated 

Figure 4 Functional enrichment analysis. (A) The results of the gene set enrichment analysis (GSEA). (B) The selected pathways enriched in the GSEA. (C) Significant 
positive correlation of TMEM45A expression with EMT in patients with ccRCC. (D) Significant positive correlation of TMEM45A expression with the inflammatory response 
pathway in patients with ccRCC. (E) Correlation analysis of TMEM45A and EMT in the pan-cancer analysis. (F) Correlation analysis of TMEM45A and the inflammatory 
response pathway in the pan-cancer analysis. 
Abbreviation: ccRCC, clear cell renal cell carcinoma.
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with chemoresistance and an unfavourable prognosis in 
patients with breast and liver cancer.9 In the current study, 
we observed a significantly increased expression of 
TMEM45A with higher histological grade and T stage, dis
tant metastasis and advanced TNM stages. Patients with 
ccRCC exhibiting high TMEM45A expression had signifi
cantly poorer OS and DFS. Consistently, our stratified ana
lysis based on the histological grade and TNM stage 
confirmed the aforementioned results. However, it should 
be noted that the survival difference did not exist in patients 
with TNM stage III/IV disease. The possible reasons may be 
the relatively lesser number of patients with TNM stage III/ 
IV disease in the low TMEM45A expression group and the 
highly aggressive nature of the tumour in the aforementioned 
stages.

It is known that ccRCC is the most common subtype of 
RCC that arises from the proximal tubular epithelium, and 
EMT is an important process during the metastasis of the 
malignancy.24,25 Previous studies have reported that 
TMEM45A plays an important role in the EMT and migra
tion of cancers. Liu et al disclosed that silencing TMEM45A 
could inhibit cell migration, invasion and EMT in human 
papilloma virus (HPV)-positive cervical cancer cells.26 Zhu 
et al demonstrated that knockdown of TMEM45A sup
pressed multi-drug resistance-enhanced migration, invasion 
and EMT in human colorectal cancer cells by inhibiting the 
transforming growth factor beta (TGF-β) signalling 
pathway.27 Consistently, the results of the GSEA performed 
in our study revealed that high expression of TMEM45A was 
associated with EMT, and the wound-healing assay con
firmed that knockdown of TMEM45A inhibited the migra
tion ability of ccRCC cells in vitro. Furthermore, we 
identified a significant relationship between TMEM45A 
and EMT in 32 of the 33 cancer types in the pan-cancer 
analysis. Additionally, IL-6-JAK-STAT3, TNF-α, inter
feron-γ and inflammatory response signalling were signifi
cantly enriched in the GSEA performed in this study. IL-6, 
TNF-α and interferon-γ are the common and vital inflamma
tory factors, and inflammation is another crucial parameter 
associated with cancer progression.28,29 The correlation ana
lysis performed in this study revealed that TMEM45A 
expression correlated significantly with the inflammatory 
response pathway in ccRCC. Similarly, a significant relation
ship existed between TMEM45A and the inflammatory 
response pathway in 20 of the 33 cancer types in the pan- 
cancer analysis. Moreover, previous studies have reported 
that TMEM45A may serve as a potential biomarker and drug 
target for the diagnosis and treatment of inflammatory bowel 

disease with arthritis.30 Our study supports the hypothesis 
that increased expression of TMEM45A can act as a tumour 
promoter that is involved in EMT and inflammation.

Although the present study indicated the prognostic 
value and biological function of TMEM45A in ccRCC, 
several limitations should be acknowledged. First, the 
survival analysis was chiefly based on the data from 
TCGA. Another cohort from the real world is necessary 
to validate the results. Second, the biological function of 
TMEM45A was only explored in vitro; therefore, in vivo 
experiments should be conducted in the future. Finally, the 
exact molecular mechanism by which TMEM45A induced 
EMT remains unclear and requires further basic research.

Conclusion
Our present study revealed that TMEM45A was signifi
cantly upregulated and associated with poorer survival in 
patients with ccRCC. Acting as a tumour promoter, 
TMEM45A might be a potential prognostic marker and 
therapeutic target of ccRCC, which could provide new 
clues and strategies to treat the malignancy.
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