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Introduction

Among women, cervical cancer is the fourth most 
frequently diagnosed tumor worldwide, with an estimated 
0.57 million cases and 0.31 million deaths according to the 
latest global cancer statistics (1). At present, the therapeutic 
strategies for cervical cancer include surgery, chemotherapy, 
radiotherapy and combined therapy. Although great 

improvements have been attained in the treatment of 
cervical cancer, the survival rate of patients with advanced 
disease remains poor (2). At present, a variety of molecular 
biology, genetics, targeted antitumor drugs and diagnostic, 
prognostic and predictive biomarkers are being sought. Ki-
67, cyclin D1, p53, p63 and p16INK4a are widely used in 
the clinical work but insufficient in differential diagnosis 
and prognosis estimation (3). Finding reliable genetic, 
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molecular and immunohistochemical markers for early 
diagnosis of cervical precancerous/cancerous lesions and 
neoplastic processes, as well as prognosis estimation remains 
an important task.

Post-translational modifications, such as isoaspartate 
in peptides and proteins, play various roles in the 
development of human disease. The protein-L-isoaspartate 
O-methyltransferase-1 (PCMT1), a member of the type II 
class of protein carboxyl methyltransferase enzymes, has been 
found to be involved in the repair of intracellular protein in 
multiple tissues via recognizing and converting L-isoaspartyl 
and D-aspartyl (4). Accumulating evidence indicates that 
PCMT1 is increased in brain tissue and is associated with 
Parkinson’s disease (5,6). Pyun et al. (7) reported that four 
polymorphisms in PCMT1 were also correlated with 
premature ovarian failure (POF). In human malignancies, 
PCMT1 was upregulated in bladder cancer tissues and 
function as an independent unfavorable prognostic 
factor for patients with bladder cancer (8). However, the 
expression of PCMT1 in cervical cancer is still unclear.

In  current  s tudy,  we  focus  on  the  a l tera t ions 
in  the  express ion of  PCMT1 in  cerv ica l  cancer. 
Immunohistochemistry (IHC) and public databases analysis 
were used to show the expression pattern of PCTM1 
in different pathological types of cervical tissues. The 
prognostic value in cervical cancer were also explored. 
To further understand the role of PCMT1 in cervical 
carcinogenesis, the potential related regulatory signaling 
pathways were explored. We present the following article in 
accordance with the REMARK reporting checklist (available 
at https://tcr.amegroups.com/article/view/10.21037/tcr-21-
2700/rc).

Methods

Bioinformatic analysis

We used the Gene Expression Omnibus (GEO) data, 
which are available in a public repository from the GEO 
website (https://www.ncbi.nlm.nih.gov/geo/), to evaluate 
the expression of PCMT1 in different cervical tissues. 
GSE7410 includes 35 patients with or without unfavorable 
prognostic factors of cervical cancer patients and 5 non-
cervical cancer patients who underwent hysterectomy 
for benign reasons. GSE6791 was used to analyze 
the expression of PCMT1 between 8 normal cervical 
epitheliums and 20 cervical cancer tissues. The Kaplan-
Meier plotter (https://kmplot.com/analysis/) was used to 

perform survival analyses of cervical cancer patients (9). 
Gene set enrichment analysis (GSEA) was used to evaluate 
various cancer-related pathways and biological process in 
transcriptome levels between high and low expression of 
PCMT1 in cervical cancer by GSEA v3.0 software (10,11). 
Gene Expression Profiling Interactive Analysis 2 (GEPIA2) 
platform (http://gepia2.cancer-pku.cn/#index) was used to 
analyze the correlation between the expression of PCMT1 
and carcinogenic signaling related genes (12).

Immunohistochemical analysis

The commercial human cervical tissue microarrays were 
purchased from Shanghai Qizhe Biotechnology (Shanghai, 
China). IHC staining for PCMT1 was performed according 
to standard protocols. Briefly, antigen retrieval was 
achieved by microwave using sodium citrate solution in 
95 ℃ for 10 min. The microarrays were incubated with 
PCMT1 polyclonal antibody (10519-1-AP, diluted to 
1:200; Proteintech, China) at 4 ℃ overnight. Then the 
microarrays were incubated with horseradish peroxidase-
conjugated secondary antibody for 1 h. All IHC microarrays 
were reviewed independently by two investigators. We 
scored PCMT1 expression as immunoreactivity score (IRS) 
according to the following criteria. The staining intensity 
(0, negative; 1, weak; 2, moderate; and 3, strong) and the 
staining intensity (0, no positive cells; 1, <10%; 2, 10–33%; 
3, 34–66%; and 4, ≥67%) that expressed PCMT1 were 
evaluated for each case. The IRS value was calculated by 
multiplying the staining extent by the staining intensity.

Statistical analysis

The Student’s t-test was used to compare the gene 
expression between different groups. Kaplan-Meier analysis 
was used to evaluate the survival rate of cervical cancer 
patients. Statistical analyses were performed in GraphPad 
Prism (version 8.0, GraphPad Software, La Jolla, CA, 
USA). A P value <0.05 (two-sided) indicated a statistically 
significant difference.

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The current 
study was approved by the Institutional Ethics Committee 
of Shanghai General Hospital (No. AF09). The participants 
gave informed consent before taking part.

https://tcr.amegroups.com/article/view/10.21037/tcr-21-2700/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-21-2700/rc
https://www.ncbi.nlm.nih.gov/geo/
http://kmplot.com/analysis/
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Results

The expression of PCMT1 in cervical tissues

To study the expression of PCMT1 in different pathological 
types of cervical tissues, we firstly examined the protein 
level of PCMT1 in normal cervix, cervical squamous 
intraepithelial lesion and cervical cancer tissues. As shown 
in Figure 1A, PCMT1-positive cells are found in almost all 
cervical cancer tissues and full thickness of the squamous 
epithelium of high-grade squamous intraepithelial lesion 
(HSIL). Cervical cancer (10.70±0.54) and HSIL (7.40±0.42) 
had higher IRS of PCMT1 compared to normal cervix 
(5.00±0.86) and low-grade squamous intraepithelial lesion 
(LSIL) (6.22±0.57) (P<0.05; Figure 1A,1B). Moreover, the 
positive staining of PCMT1 was increased with the rise of 
the grade of intraepithelial lesion (P<0.05), but there was 
no significant difference between normal cervix and LSIL 
(P>0.05; Figure 1A,1B).

The expression of PCMT1 in cervical cancer and adjacent 
non-cancerous tissues

In order to indicate the potential role of PCMT1 in cervical 
cancer, we next investigated the protein level of PCMT1 
in cervical cancer and paired adjacent non-cancerous 

tissues. Consistent with the expression pattern of PCMT1 
mentioned above, the IRS of PCMT1 in cervical cancer 
tissues was significantly higher than that in paired adjacent 
non-cancerous tissues (9.03±0.52 vs. 6.32±0.46, P<0.05; 
Figure 2A,2B). Additionally, we confirmed the above 
findings by analyzing the GEO databases. As demonstrated 
in Figure 2C,2D, the mRNA expression of PCMT1 was 
upregulated in cervical cancer compared to normal cervix 
tissues (P<0.05; GSE7410, GSE6791).

The expression of PCMT1 predicted worse survival of 
cervical cancer patients

To investigate the relationship between the expression of 
PCMT1 and the survival rate in cervical cancer patients, we 
studied the prognosis of cervical cancer patients from the 
Kaplan-Meier plotter database. The expression of PCMT1 
was highly associated with the overall survival (OS) of cervical 
cancer patients (P=0.0022; log-rank test). The PCMT1-
high group was correlated with worse survival in cervical 
cancer, whereas the PCMT1-low group had a better survival  
(Figure 3A). Moreover, the relapse-free survival (RFS) was 
also analyzed. As shown in Figure 3B, high expression of 
PCMT1 correlated with poor RFS, although there was no 
statistical difference (P=0.056; log-rank test).

Figure 1 The expression of PCMT1 in cervical tissues. (A) Representative pictures of normal cervix, LSIL, HSIL and cervical cancer 
tissues stained with PCMT1 by IHC analysis. Scale bar =500 μm (upper) and 50 μm (lower). (B) IRS of PCMT1 in different pathological 
types of cervical tissues. Error bar ± SD; *P<0.05; ns, no statistically significant. LSIL, low-grade squamous intraepithelial lesion; HSIL, 
high-grade squamous intraepithelial lesion; SCC, squamous cell carcinoma; IRS, immunoreactivity score; PCMT1, protein-L-isoaspartate 
O-methyltransferase-1; IHC, immunohistochemistry.
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The relationship between PCMT1 and oncogenic pathways 
in cervical cancer

To reveal the potential role of PCMT1 in cervical cancer, 
hallmark-related pathways and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway enrichment analysis 
are performed by using GSEA. We demonstrated that 
PCMT1 was involved in the unfolded protein response, Myc 
targets, mTORC1 signaling, oxidative phosphorylation, 

hypoxia, PI3K/Akt signaling, E2F targets, DNA repair, 
epithelial mesenchymal transition (EMT), etc. (Figure 4A). 
Furthermore, KEGG pathway enrichment showed the 
potential biological processes regulated by PCMT1. The 
expression of PCMT1 was positively enriched in cell cycle, 
ubiquitin mediated proteolysis, protein export, citrate cycle 
TCA cycle, p53 signaling pathway and DNA replication, 
whereas arachidonic acid metabolism, T cell and B cell 
receptor signaling pathway, primary immunodeficiency and 

Figure 2 The expression of PCMT1 in cervical cancer and adjacent non-cancerous tissues. (A) Representative pictures of cervical cancer 
and paired adjacent non-cancerous tissues stained with PCMT1 by IHC analysis. Scale bar =500 μm (upper) and 50 μm (lower). (B) IRS 
of PCMT1 in cervical cancer and paired adjacent non-cancerous tissues. Error bar ± SD; *P<0.05. (C) The mRNA expression of PCMT1 
between 35 cervical cancer tissues and 5 non-cervical cancer tissues (GSE7410). *P<0.05. (D) The mRNA expression of PCMT1 between 
20 cervical cancer tissues and 8 normal cervical epithelium tissues (GSE6791). *P<0.05. ANT, adjacent non-cancerous tissues; IRS, 
immunoreactivity score; PCMT1, protein-L-isoaspartate O-methyltransferase-1; CC, cervical cancer; IHC, immunohistochemistry.
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glycerophospholipid metabolism were negatively associated 
with the expression of PCMT1 (Figure 4B). Additionally, 
correlation analysis also showed that the expression of 
PCMT1 was significantly correlated with Myc target genes 
(including TCP1, HDAC1, PWP1, CDC20 and PTGES3; 
Figure 5A), PI3K/Akt/mTOR signaling (including CDK4, 
PDK1, ATF1, EIF4E and UBE2N; Figure 5B) and EMT 
signaling (including TGF-β1, MMP14, LGALS1, VEGFA 
and AREG; Figure 5C).

Discussion

In this study, we explored the expression pattern, prognostic 
value and potential function of PCMT1 in cervical cancer. 
We validated the protein level of PCMT1 in different 
pathological types of cervical tissues via IHC assays and 
analyzed relationships between its expression with survival 
rate of cervical cancer patient. GSEA had also been 
performed to show the signaling pathways potentially 
regulated by PCMT1.

Protein methyltransferases (PMTs) are classified 
into three classes according to their preferred amino 
acids (arginine, glutamine/aspartate, or lysine) for  
methylation (13). The biological roles of PMTs in 
mammalian cells have been widely studied, including 
aging, protein repair,  cell  response to stress,  and 
carcinogenesis, etc. (14). In multiple human solid tumors, 
including cervical cancer, the histone methyltransferase 
NSD2 is frequently over-expressed (15). The protein 
lysine methyltransferase SETD8 has been found to regulate 

cancer cell proliferation (16), metabolism (17), and stemness 
characteristics (18). The histone methyltransferase SMYD2 
facilitates cancer cell malignancy and drug resistance  
(19-21). The protein arginine methyltransferase PRMT5 
not only controls oncogenic processes, but also mediates 
tumor microenvironmental signaling pathways (22).  
As such, targeting PMTs has emerged as a potential 
therapeutic strategy with several chemical inhibitors and 
antagonists (14).

Protein iso-aspartate methyltransferases (PIMTs) that 
convert iso-aspartate to aspartate in proteins have been 
identified as important factors in Alzheimer’s disease and 
cancers (23). Strong PIMT expression was particularly 
observed in advanced stages of lung cancer, and was 
associated with a shorter survival rate (24). Lee et al. (25) 
reported that PIMT reduces the protein level of tumor 
suppressor protein p53 through carboxyl methylation, and 
suppresses the p53-mediated transcription of target genes 
in cancer cell lines. PCMT1 is one of the PIMT variant 
in human, and has been found over-expressed in bladder 
cancer (8). However, the expression alteration of PCMT1 
in cervical cancer is still unclear. In this research, we 
showed for the first time that PCMT1 was overexpressed 
in cervical high-grade intra-epithelial neoplasia and cervical 
cancer by using IHC and bioinformatic analysis. Moreover, 
high expression of PCMT1 was also correlated with worse 
OS rate of cervical cancer patients, which indicated that 
PCMT1 might be a potential predictive biomarker for 
cervical cancer.

According to GSEA, high expression of PCMT1 in 

Figure 3 The expression of PCMT1 predicted worse survival of cervical cancer patients. (A) Kaplan-Meier OS curves in PCMT1 high 
and low expression cervical cancer patients from the Kaplan-Meier plotter (https://kmplot.com/analysis/). (B) Kaplan-Meier RFS curves 
in PCMT1 high and low expression cervical cancer patients from the Kaplan-Meier plotter. OS, overall survival; PCMT1, protein-L-
isoaspartate O-methyltransferase-1; HR, hazard ratio; RFS, relapse-free survival.
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Figure 4 The relationship between PCMT1 and oncogenic pathways in cervical cancer. (A) GSEA showed the correlation between 
PCMT1 expression and HALLMARK gene sets in cervical cancer based on TCGA data. (B) GSEA showed the correlation between 
PCMT1 expression and KEGG pathway gene sets in cervical cancer based on TCGA data. FDR, false discovery rate; PCMT1, protein-L-
isoaspartate O-methyltransferase-1; GSEA, gene set enrichment analysis; TCGA, The Cancer Genome Atlas; KEGG, Kyoto Encyclopedia 
of Genes and Genomes.

cervical cancer was associated to a few gene sets that are 
closely related to carcinogenesis, including Myc targets, 
PI3K/Akt/mTOR signaling, E2F targets, DNA repair and 
EMT. Previous studies have confirmed that dysregulation 
of Myc targets, PI3K/Akt/mTOR signaling and EMT 
signaling could mediate the development and progression of 
cervical cancer (26-28). We found that PCMT1 expression 
was significantly associated with Myc target genes (such as 
TCP1, HDAC2 and PWP1), PI3K/Akt/mTOR signaling 
markers (such as ATF1, PDK1 and EIF4) and EMT 

signaling markers (such as TGF-β1, LAGLS1 and VEGFA), 
suggesting that these carcinogenic signaling could be 
further studied to understand the mechanism of PCMT1 in 
cervical cancer.

Although we have revealed the potential role of PCMT1 
in cervical cancer, there is still some limitations which 
could be future studied. Firstly, while clinical evidence 
indicated that PCMT1 might have influence on cervical 
carcinogenesis, we have not provided functional verification 
to confirm the role of PCMT1 in vivo or in vitro, which 
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might be different from its expression pattern. Secondly, 
although GSEA demonstrated that PCMT1 was related to 
multiple signaling pathways, more mechanistic studies need 
to confirm these findings.

In summary, our present study showed that the 
expression of PCMT1, both in the mRNA and protein 
level, was increased in cervical cancer tissues compared with 
that in normal cervix and adjacent non-cancerous tissues. 
Moreover, PCMT1 expression was significantly correlated 

with the OS of cervical cancer patients and a variety of 
distinct oncogenic pathways. Therefore, PCMT1 might 
serve as a biomarker and a potential therapeutic target for 
cervical cancer.
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cancer-pku.cn/#index) showed the correlation between the expression of PCMT1 and Myc target genes (TCP1, HDAC1, PWP1, CDC20 
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(CDK4, PDK1, ATF1, EIF4E and UBE2N) in cervical cancer. (C) GEPIA2 showed the correlation between the expression of PCMT1 and 
EMT signaling (TGF-β1, MMP14, LGALS1, VEGFA and AREG) in cervical cancer. PCMT1, protein-L-isoaspartate O-methyltransferase-1; 
TPM, transcripts per million; EMT, epithelial mesenchymal transition; GEPIA2, Gene Expression Profiling Interactive Analysis 2.
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