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Abstract: Protein L-isoaspartyl (D-aspartyl) methyltransferase (PIMT, gene name PCMT1) is an enzyme that repairs 
proteins with altered aspartate residues by methylation, restoring their normal structure and function. This study 
conducted a comprehensive analysis of PCMT1 in pan-cancer. The Cancer Genome Atlas, Human Protein Atlas 
website, and the Genotype-Tissue Expression were utilized in analysis of PCMT1 expression. We examined the as-
sociation between PCMT1 expression and various factors, including gene modifications, DNA methylation, immune 
cell infiltration, immunological checkpoints, drug susceptibility, tumor mutation burden (TMB), and microsatellite 
instability (MSI). Enrichment analyses determined the potential biological roles and pathways involving PCMT1. Our 
focus then shifted to the role of PCMT1 in breast invasive carcinoma (BRCA). We found that PCMT1 expression was 
aberrant in many tumors and significantly influenced the prognosis across several cancer types. Gene alterations 
in PCMT1 predominantly involved deep deletions and amplifications. A negative correlation was observed between 
DNA methylation and PCMT1 expression across all studied cancer types except thyroid carcinoma PCMT1 exhibited 
positive correlations with common lymphoid progenitor and CD4(+) T helper 2 cells, whereas it was inversely corre-
lated with central and effector memory T cells, memory CD8(+) T cells, and CD4(+) T helper 1 cells. In many cancer 
types, PCMT1 expression closely correlated with immunological checkpoint inhibitors, TMB, and MSI. It was also 
significantly linked to pathways involved in epithelial-mesenchymal transition (EMT), highlighting its role in cancer 
metastasis. PCMT1 emerged as a significant predictor of breast cancer progression. In vitro experiments demon-
strated that reducing PCMT1 expression decreased BRCA cell migration and invasiveness. Additionally, animal stud-
ies confirmed that inhibition of PCMT1 slowed tumor growth.
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Introduction

Globally, cancer remains a significant health 
concern and is a leading cause of mortality [1]. 
According to recent statistics, lung cancer is 
the most lethal, accounting for 18% of cancer-
related deaths, followed by colorectal cancer 
(9.4%), liver cancer (8.3%), stomach cancer 
(7.7%), and breast cancer (BC) in women (6.9%) 
[2]. Despite advances in cancer research that 
have improved prevention and treatment meth-
odologies, the overall cure rate for cancer 

patients remains low worldwide [3]. Immu- 
notherapy has become a focal point in oncolo-
gy, significantly improving patient prognosis. 
However, it faces several challenges, including 
unpredictable efficacy, limited response rat- 
es, and potential autoimmune reactions [4]. 
Therefore, there is a pressing need to identify 
more specific and sensitive biomarkers to eluci-
date the relationship between cancer and 
immunity and to understand the molecular pro-
cesses underlying cancer progression for early 
detection and treatment. The advancement of 
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bioinformatics and the availability of public can-
cer databases have facilitated pan-cancer 
studies, allowing for a more comprehensive 
and in-depth investigation of tumor progres-
sion mechanisms.

Under specific conditions, residues of L-aspar- 
tic acid (L-Asp) and L-asparagine (L-Asn) can 
transform into L-isoaspartic acid (L-isoAsp), 
D-isoaspartic acid (D-isoAsp), and D-aspartic 
acid (D-Asp), resulting in structurally dysfunc-
tional proteins [5]. These abnormal aspartic 
acid residues are addressed through specific 
repair pathways. An enzyme, protein L-isoas- 
partyl (D-aspartyl) methyltransferase (PIMT, 
gene name PCMT1), plays a crucial role by rec-
ognizing and methylating proteins containing 
these modified aspartate residues, which are 
then spontaneously reverted to normal aspar-
tate, thus restoring the protein’s normal struc-
ture and function [6]. PCMT1 is widely distrib-
uted across mammalian tissues, with high con-
centrations in the central nervous system 
(CNS), implicating its role in various neurologi-
cal disorders such as Alzheimer’s disease, 
Parkinson’s disease, and multiple sclerosis 
[7-11]. The human PCMT1 gene is polymorphic, 
with at least four known variants [12]. Re- 
search suggests that polymorphisms in the 
PCMT1 gene may contribute to premature ovar-
ian failure by impacting the reproductive cycle 
[13]. Additionally, PCMT1 influences metabolic 
processes, including cardiac energy metabo-
lism through interactions with nuclear receptor 
coactivators [14], amino acid metabolism [15], 
and regulation of hepatic gluconeogenesis [16].

Recent investigations have highlighted PCM- 
T1’s critical role in cancer, associating it with 
poorer prognosis in several malignancies in- 
cluding bladder cancer [17], lung adenocarci-
noma (LUAD) [18], BC [19], and ovarian cancer 
(OC) [20]. PCMT1 is known to inhibit apoptosis 
in SH-SY5Y neuroblastoma cells, potentially 
through cellular antioxidant mechanisms [21]. 
Furthermore, PCMT1 plays a crucial role in 
angiogenesis by mediating the effects of va- 
scular endothelial growth factor [22]. Studies 
have shown that PCMT1 is instrumental in 
tumor metastasis and invasion. Specifically, 
PCMT1 expression is an independent negative 
prognostic factor in bladder cancer and is sig-
nificantly associated with clinical stage, metas-
tasis, and tumor infiltration [17]. In bladder can-
cer, PCMT1 influences migration and invasive-

ness by regulating the expression of genes 
related to epithelial-mesenchymal transition 
(EMT) [17]. A recent study on OC suggests that 
PCMT1 drives metastasis and resistance to 
apoptosis, with the PCMT1-ECM protein LAMB3 
combination activating the integrin-FAK-Src 
pathway, thereby enhancing cancer cell adhe-
sion, migration, and invasion [20]. However, 
research on PCMT1 in the context of tumors is 
still limited, and its role across multiple cancer 
types has not been thoroughly explored.

Using data from the Cancer Genome Atlas 
(TCGA) and the Genotype-Tissue Expression 
(GTEx) projects, this study provides a compre-
hensive analysis of PCMT1 across various can-
cers. It examines its expression levels, clinical 
characteristics, prognostic value, and involve-
ment in biological processes and pathways.  
We also explore the association between 
PCMT1 expression and tumor immunity,  
immunological checkpoints, DNA methylation, 
genetic alterations, tumor mutational burden 
(TMB), and microsatellite instability (MSI) in a 
pan-cancer context. Additionally, a series of in 
vitro experiments were conducted to investi-
gate PCMT1’s biological functions in breast 
invasive carcinoma (BRCA) cells, focusing on 
tumor cell migration, invasion, and prolifera- 
tion.

Materials and methods

PCMT1 expression and data collection

To analyze PCMT1 expression across various 
cancers, we sourced RNAseq clinical data  
from the TCGA (https://www.portal.gdc.cancer) 
and GTEx (https://www.genome.gov/) data-
base, comprising 10,960 cancer samples  
from TCGA and 15,841 normal samples from 
GTEx. Statistical analyses were conducted 
using the “limma” and “ggpubr” packages in R 
software v4.0.3, with p-values <0.05 deemed 
statistically significant. Additionally, we explor- 
ed the specificity of PCMT1 mRNA expression 
across different tissues, single cell types, and 
tissue-specific cell types using data from the 
Human Protein Atlas (HPA, https://www.pro-
teinatlas.org/).

PCMT1 prognostic analysis

PCMT1 RNAseq expression profiles and associ-
ated clinical data for 33 cancer types were 
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obtained from TCGA. We utilized Kaplan-Meier 
(K-M) and univariate Cox regression analyses 
to investigate the association between PCMT1 
expression and overall survival (OS), disease-
free survival (DFS), and progression-free sur-
vival (PFS) across cancers, using the R packag-
es “survival” and “survminer”.

Immunological analysis of PCMT1 in pan-
cancer

Given the strong correlation between immuno-
logical cell infiltration and cancer progression 
[23], we conducted a correlation analysis 
between PCMT1 expression and levels of 
immunological cell infiltrates using the 
“immunedeconv” R package [24]. Correlation 
coefficients were calculated using the Spear- 
man method. Immunological checkpoint inhibi-
tor therapies (ICIs) have significantly extended 
patient survival across various tumor types 
[25]. TMB and MSI are known predictors of 
response to ICIs; TMB as an indicator of tumor 
mutational load [26] and MSI resulting from 
mismatch repair system defects [27]. In our 
study, we assessed the correlation be- 
tween PCMT1 expression and eight immuno-
logical checkpoints: CD274, SIGLEC15, CTLA- 
4, HAVCR2, PDCD1, LAG3, PDCD1LG2, and 
TIGIT. Further correlation analyses between 
PCMT1 and TMB and MSI were performed 
across pan-cancer, to elucidate the potential 
role of PCMT1 in tumor immunology.

Functional enrichment analysis of PCMT1-
related genes

We utilized the STRING database (https://
string-db.org/) to explore the co-expression 
network of PCMT1 in Homo sapiens. The net-
work was configured as follows: network type 
set to full STRING, edge meaning based on evi-
dence, active interaction sources limited to 
co-expression, minimum interaction score set 
at low confidence (0.150), and a maximum of 
50 interactors included. Additionally, the 
“Similar Gene Detection” module of GEPIA2 
(http://gepia2.cancer-pku.cn/) was used to 
extract the hundred genes most similarly ex- 
pressed to PCMT1 from a dataset containing 
9,736 tumor samples and 8,587 normal sam-
ples from TCGA and GTEx, respectively. Data 
from STRING and GEPIA2 were combined to 
perform Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) 

analyses using the “clusterProfiler” R package 
[30]. Further, the “Network” module of the 
Biological General Repository of Interaction 
Datasets (BioGRID) (https://thebiogrid.org/) 
helped generate a PCMT1-protein interaction 
network with a “concentric circles” topology.

Gene set cancer analysis (GSCA)

GSCA is a comprehensive platform integrat- 
ing genomic, immunogenomic, and pharma-
cogenomic cancer analyses. We accessed  
data on DNA methylation levels of PCMT1 pro-
vided by GSCA (http://bioinfo.life.hust.edu.cn/
GSCA/#/). The association between PCMT1 
DNA methylation and expression in human can-
cers was examined, along with the relationship 
between PCMT1 DNA methylation levels and 
cancer prognostic values. We also investigated 
the interaction between PCMT1 and prominent 
cancer-related pathways, including RTK, RAS/
MAPK, DNA Damage Response, Apoptosis, ER 
Hormone, AR Hormone, TSC/mTOR, EMT, Cell 
Cycle, and PI3K/AKT.

Genetic alteration analysis

We employed cBioPortal (https://www.cbiopor-
tal.org/) to obtain genetic alteration data for 
PCMT1. Using the “Cancer Type Summary” 
module, we calculated the gene mutation fre-
quency and PCMT1 copy number changes 
across all TCGA cancer types. Additionally, the 
“Mutation” module was utilized to generate a 
mutation site plot for PCMT1.

Correlation analysis of PCMT1 expression 
with clinical factors and immune infiltration in 
BRCA

We acquired RNAseq and clinical data from 
TCGA for BRCA projects. Univariate and multi-
variate Cox regression analyses were used to 
determine if PCMT1 serves as an independent 
predictive factor in BRCA. The diagnostic value 
of PCMT1 in BRCA was evaluated using the 
receiver operating characteristic curve (ROC), 
generated with the “pROC” and “ggplot2” pack-
ages in R. Additionally, we developed a nomo-
gram incorporating PCMT1 expression and 
clinicopathological features. Immune infiltra-
tion analysis was performed using the single 
sample GSEA (ssGSEA) method through the 
GSVA package, and the classification of the 24 
immune cell types referenced is detailed in 
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[31]. Correlations between PCMT1 and levels of 
immunological cell infiltration were assessed 
using Spearman’s technique and the Wilcoxon 
rank-sum test, with a p-value <0.05 indicating 
statistical significance.

Cell culture

Cell lines used in this study, including MCF-7, 
MDA-MB-231, MDA-MB-453, HCC1806, and 
T47D cells, were provided by Prof. Xuyu Zu of 
The First Affiliated Hospital of University of 
South China. MDA-MB-231, T47D, and MDA-
MB-453 cells were cultured in high-glucose 
DMEM (Gibco), while HCC1806 cells were main-
tained in RPMI 1640 medium (Gibco), and 
MCF-7 cells in MEM medium (Procell). All media 
were supplemented with 10% fetal bovine 
serum (FBS; Gibco) and cells were incubated in 
a 5% CO2 environment at 37°C.

Establishment of knockdown cell lines

To silence PCMT1 expression in BRCA cell lin- 
es, lentiviral vectors carrying shRNAs targeting 
PCMT1 (sh-PCMT1#1, sh-PCMT1#2, and sh-
PCMT1#3) and a control shRNA (sh-NC) were 
used, produced by Shanghai GeneChem 
(Shanghai, China). Cells were infected with len-
tivirus for 48 hours, followed by selection with 
puromycin to establish stable cell lines. Spread 
a certain number of cells evenly on a 6-well 
plate, add a certain concentration gradient of 
puromycin (0-15 μg/ml) to 3 mL of culture 
medium, and incubate for 48 hours. The  
selective culture medium should be changed 
every 2 days. Evaluate cell survival rate using 
trypan blue and stain every 2 days. After 3 to  
5 days of antibiotic selection, it was found  
that 2 μg/ml of puromycin was the minimum 
screening concentration for killing all cells, so 
this concentration was used for the selection 
plan.The sequences of these shRNAs are pro-
vided in Supplementary Table 1.

Quantitative real-time PCR

RNAiso Plus reagent (9108, Japan) was utiliz- 
ed to extract RNA from BRCA cells. RNA was 
then reverse transcribed into cDNA through 
PrimeScript™ RT Master Mix (RR036A, TaKaRa, 
Japan). qPCR was conducted on a real-time 
PCR detection system with TB Green®Premix  
Ex Taq™ II (RR820A, TaKaRa, Japan). Reaction 
occurred at 37.0°C for 15 minutes, followed by 
85.0°C for 5 s, and 4°C for 15 s. Expression 

levels were standardized to endogenous con-
trol β-actin. We calculated the relative expres-
sion of PCMT1 mRNA in BRCA cells using the 
2-ΔΔCt method. mRNA expression was analyz- 
ed via GraphPad Prism 8 software. The 
sequences of the primers were listed in 
Supplementary Table 1.

Western blot analysis

Total protein from BRCA cells was isolated 
using radio immunoprecipitation assay (RIPA) 
lysis buffer (01408/35020, CWBIO, Beijing, 
China), according to the manufacturer’s in- 
structions. Protein lysates (50 µg) were sepa-
rated on 12% SDS-PAGE gels for Western blot 
analysis and transferred onto 0.45 µm polyvi-
nylidene difluoride (PVDF) membranes. Mem- 
branes were incubated overnight with primary 
antibodies against β-actin (1:1000, 20536-1-
AP) and PCMT1 (1:1000, 10519-1-AP), follow- 
ed by HRP-conjugated secondary antibodies 
(1:3000, SA00001-2, Proteintech, USA). Dete- 
ction was performed using ECL ultra (P10100, 
NCM biotech, Suzhou, China).

Cell proliferation assay

MDA-MB-231 and HCC1806 cells infected with 
shRNA-PCMT1 lentivirus were trypsinized at 
90% confluency and seeded into a 96-well 
plate at 3×103 cells per well, with six replicat- 
es per group. The experiment included three 
groups: siPCMT1, empty vector, and treatment-
free. Cell viability was assessed at 0, 24, 48, 
72, and 96 hours using the Cell Counting Kit-8 
(CCK-8, AWC0114a, Abiowell, China).

Transwell migration and invasion assay

Migration assays were conducted using 
Transwell chambers without Matrigel, while 
invasion assays utilized chambers coated with 
Matrigel (Corning, USA). For invasion assays, 
30 µl of Matrigel was added to the upper  
chamber one day prior. Cells (5×104) in 300 µl 
of serum-free medium were placed in the upper 
chamber, and 500 µl of medium containing 
10% FBS was added to the lower chamber. 
After 48 hours at 37°C, cells on the lower sur-
face were fixed with 4% formaldehyde for 15 
minutes and stained with 0.1% crystal violet in 
ammonium oxalate solution (Solarbio, Beijing, 
China) for 10 minutes. Cells were then counted 
and imaged under an inverted microscope.



PCMT1 as a biomarker that contributes to breast cancer metastasis

3715 Am J Cancer Res 2024;14(8):3711-3732

Construction of subcutaneous tumors and me-
tastases in nude mice 

All animal experiments were conducted in com-
pliance with the “Guidelines for the Care and 
Use of Laboratory Animals” and approved by 
the Hospital’s Board of Directors. Female 
BALB/c nude mice (Slack and Jingda), aged 4-6 
weeks, were injected subcutaneously and via 
the caudal vein with 1×107/200 μL of BC cells 
(MDA-MB-231, HCC1806). Tumor growth was 
monitored every two days, and tumor size and 
weight were recorded. After three weeks, the 
mice were euthanized, and tissues including 
tumors, liver, lung, kidney, and brain were ana-
lyzed by HE staining.

Statistical analysis

Experimental data were analyzed by t-test, and 
one-way ANOVA using GraphPad Prism 9 
(Dotmatics, Boston, MA, USA) software. Forest 
plots, illustrating P values, hazard ratios (HRs), 
and 95% confidence intervals (CIs), were gener-
ated with the “forestplot” package in R. A p-val-
ue <0.05 indicated statistical significance.

Results

Expression levels of PCMT1 in human pan-
cancer and corresponding normal tissues

From TCGA, we initially examined differences in 
PCMT1 mRNA expression between tumor and 
non-tumor tissues across 33 different cancers. 
Violin plots (Figure 1A) revealed that PCMT1 
levels were significantly elevated in several 
cancers including BRCA, cervical squamous 
cell carcinoma and endocervical adenocarci-
noma (CESC), cholangiocarcinoma (CHOL), 
colon adenocarcinoma (COAD), diffuse large 
B-cell lymphoma (DLBC), esophageal carcino-
ma, head and neck squamous cell carcinoma 
(HNSCC), liver hepatocellular carcinoma (LIHC), 
lung squamous cell carcinoma, pancreatic  
adenocarcinoma (PAAD), pheochromocytoma 
and paraganglioma (PCPG), prostate adeno- 
carcinoma (PRAD), rectum adenocarcinoma 
(READ), skin cutaneous melanoma (SKCM), 
stomach adenocarcinoma (STAD), thyroid carci-
noma (THCA), thymoma (THYM), and uterine 
carcinosarcoma (UCS). Conversely, significant 
downregulation of PCMT1 was observed in glio-
blastoma multiforme, kidney chromophobe 
(KICH), kidney renal clear cell carcinoma (KIRC), 
kidney renal papillary cell carcinoma (KIRP), 

acute myeloid leukemia (LAML), lower grade 
glioma (LGG), LUAD, and testicular germ cell 
tumors (TGCT).

In addition, we analyzed the protein expression 
of PCMT1 between tumor and non-tumor tis-
sues in 10 different cancers. Results (Figure 
1B) illustrated that, PCMT1 levels were signifi-
cantly higher in nine malignancies, including 
BC, colon cancer, OC, uterine corpus endome-
trial carcinoma (UCEC), lung cancer, PAAD, 
HNSCC, glioblastoma, and liver cancer. 
However, a significant decrease in PCMT1 
expression was detected in clear cell renal cell 
carcinoma.

The HPA website was used to explore PCMT1 
mRNA expression levels in various human tis-
sues and cell lines. Analysis using a consensus 
dataset, which combines HPA transcriptomics 
and GTEx transcriptomics datasets, revealed 
that PCMT1 is broadly expressed across  
numerous tissues, although its expression 
specificity is low (Supplementary Figure 1A). 
PCMT1 was found to be highly expressed in  
different single cell types, with the highest lev-
els observed in early spermatids (Supple- 
mentary Figure 1B). Moreover, PCMT1 is  
mainly enriched in cardiomyocytes, early sper-
matids, and thyroid glandular cells across vari-
ous tissue-specific cell types (Supplementary 
Figure 1C).

Prognostic value of PCMT1 in pan-cancer

To evaluate the prognostic value of PCMT1 in 
pan-cancer settings, K-M survival and univari-
ate Cox regression analyses were conducted. 
K-M curves indicated that elevated PCMT1 
expression was associated with poorer OS in 
bladder cancer (BLCA), HNSCC, LIHC, BRCA, 
LUAD, and mesothelioma (MESO) (Figure  
2A-F). Conversely, reduced PCMT1 levels  
correlated with better OS in KIRC and READ 
(Figure 2G, 2H). Univariate Cox regression anal-
ysis further confirmed that PCMT1 overexpres-
sion served as a risk factor in BLCA, BRCA, 
LIHC, LUAD, MESO, and HNSCC, but acted as a 
protective factor in cancers such as KIRC and 
READ (Figure 3A). Forest plots from the Cox 
regression analysis (Figure 3B) revealed that 
PCMT1 expression significantly impacted DFS 
in KIRP, LGG, and THCA. For PFS, univariate 
analysis (Figure 3C) suggested that PCMT1 
played a protective role in KIRC, LGG, and 
THCA, while high PCMT1 expression was linked 
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Figure 1. PCMT1 was differentially expressed in tumor and normal tissues. A. The mRNA expression of PCMT1 in pan-cancerous tissues of the TCGA database. red 
meas tumor and green means normal (http://gepia2.cancer-pku.cn/). B. The protein expression of PCMT1 in pan-cancerous tissues of CPTAC samples, red meas 
tumor and blue means normal (https://ualcan.path.uab.edu). *P<0.05; **P<0.01; and ***P<0.001.
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Figure 2. The relationship between PCMT1 expression profile and overall survival (OS) of patients with different tumors was analyzed by Kaplan-Meier survival 
method. (A) BLCA, (B) BRCA, (C) HNSCC, (D) LIHC, (E) LUAD, (F) MESO, (G) KIRC, (H) READ. BLCA: bladder cancer, BRCA: breast invasive carcinoma, HNSCC: head and 
neck squamous cell carcinoma, LIHC: liver hepatocellular carcinoma, LUAD: lung adenocarcinoma, MESO: mesothelioma, KIRC: kidney renal clear cell carcinoma, 
READ: rectum adenocarcinoma.
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Figure 3. Association of PCMT1 expression and pan-cancer overall survival (OS), disease-free survival (DFS), progression-free survival (PFS), and disease-specific 
survival (DSS) based on univariate Cox regression analysis. A. Correlation between PCMT1 expression and OS. B. Correlation between PCMT1 expression and DFS. 
C. Correlation between PCMT1 expression and PFS. D. Correlation between PCMT1 expression and DSS.
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with worse PFS in ACC, BLCA, HNSC, and LIHC. 
Disease-specific survival (DSS) analysis indi-
cated that elevated PCMT1 expression was a 
risk factor in BLCA, BRCA, CESC, HNSC, LIHC, 
and LUAD (Figure 3D).

Genetic alterations and methylation land-
scapes of PCMT1 in different tumors

Data on PCMT1 genetic alterations were 
sourced from cBioPortal. The analysis showed 
that deep deletion and amplification were the 
primary modes of gene alteration across all 
TCGA tumor types, with high-frequency altera-
tions observed in UVM (7.50%, predominantly 
deep deletions), DLBC (6.25%, predominantly 
deep deletions), and SARC (Sarcoma) (5.88%, 
predominantly amplifications) (Supplementary 
Figure 2A). Missense mutations were the  
most common mutation type (Supplementary 
Figure 2B). Additionally, the GCSA database 
provided insights into the DNA methylation of 
PCMT1 across different tumors. A plot of asso-
ciations between DNA methylation levels and 
PCMT1 expression in pan-cancer demonstrat-
ed generally negative correlations, except in 
THCA (Supplementary Figure 2C). Elevated  
DNA methylation of PCMT1 was associated 
with better PFS in UCEC and BLCA, and worse 
PFS in HNSC, THCA, KIRC, and DLBC (Supple- 
mentary Figure 3A-F). For OS, increased DNA 
methylation levels of PCMT1 were linked to 
worse outcomes in HNSC, KIRC, and DLBC 
(Supplementary Figure 3G-I). For DSS, higher 
DNA methylation levels of PCMT1 correlated 
with worse DSS in HNSC and KIRC (Supple- 
mentary Figure 3J, 3K). Finally, for disease-free 
interval (DFI), elevated DNA methylation of 
PCMT1 was associated with worse DFI in KIRC 
and better DFI in UCEC (Supplementary Figure 
3L, 3M).

Correlation analysis of PCMT1 expression with 
tumor microenvironment and immune cell infil-
tration in pan-cancer

The heatmap analysis indicated a significant 
positive correlation between PCMT1 expres-
sion and CD8+ T cell infiltration in 14 different 
malignancies (Supplementary Figure 4A). In 
KIRC and LIHC, PCMT1 expression was posi-
tively associated with the infiltration levels of  
all six immunological cell types analyzed 
(Supplementary Figure 4A). Further analysis 
using the xCell algorithm revealed significant 

associations between PCMT1 expression and 
stromal scores, the microenvironment, and 
immune scores in most tumors (Supple- 
mentary Figure 4B). PCMT1 expression was 
also positively correlated with CD4+ T helper 2 
(Th2) cells and negatively correlated with  
central and effector memory T cells, CD8+ 
memory T cells, and CD4+ T helper 1 (Th1)  
cells in the majority of tumors (Supplementary 
Figure 4B). Notably, BRCA, KIRC, SKCM, TGCT, 
THCA, and THYM showed significant links to  
the majority of immunological infiltrate cells 
(Supplementary Figure 4B). These findings sug-
gest that PCMT1 expression is strongly related 
to immune infiltrations across cancers.

Correlation analysis of PCMT1 and immune 
checkpoints 

Heatmap results (Figure 4A) demonstrated cor-
relations between PCMT1 expression and eight 
immunological checkpoints across multiple 
tumors, highlighting potential targets for im- 
munotherapy. CD274 expression positively cor-
related with PCMT1 in multiple cancers, includ-
ing KIRP, BLCA, KIRC, LIHC, PAAD, LUAD, OV, 
PCPG, SKCM, PRAD, STAD, UCEC, KICH, and 
UVM (all p-values <0.05). Similarly, PCMT1 
expression was positively associated with 
CTLA4 in BLCA, KIRP, LIHC, LUAD, OV, PAAD, 
and UVM (all p-values <0.05). HAVCR2 expres-
sion was positively correlated with PCMT1 in 
ACC, BLCA, COAD, KIRC, LAML, LIHC, LUAD, OV, 
PAAD, PRAD, UCEC, and UVM (all p-values 
<0.05). LAG3 expression was positively linked 
with PCMT1 in seven cancers: BLCA, OV, LIHC, 
LUAD, UCEC, PAAD, and UVM (all p-values 
<0.05). PDCD1 expression correlated positi- 
vely with PCMT1 in UVM, LIHC, OV, LUAD,  
PAAD, THYM, and KIRP (all p-values <0.05). 
PDCD1LG2 expression also showed a positive 
relationship with PCMT1 in a broad range of 
tumors including BLCA, KIRC, COAD, HNSC, 
KICH, LIHC, KIRP, LUAD, OV, PAAD, PCPG, 
SKCM, UCEC, PRAD, and UVM (all p-values 
<0.05). A positive association was found 
between SIGLEC15 and PCMT1 in KICH, LAML, 
KIRC, OV, KIRP, PCPG, THCA, PRAD, and THYM 
(all p-values <0.05). Lastly, TIGIT expression 
positively correlated with PCMT1 in BLCA, KIRP, 
OV, LIHC, PAAD, LUAD, UCEC, and UVM (all 
p-values <0.05), further underlining the diverse 
immunological roles of PCMT1 across cancer 
types.
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Figure 4. Association between PCMT1 expression and various tumor immune checkpoint inhibitor therapies (ICIs). A. 
Relationship between PCMT1 expression and 8 immune checkpoint-related genes. B. Relationship between PCMT1 
expression and tumor mutational burden (TMB). C. Correlation between PCMT1 expression and microsatellite 
instability (MSI). *P<0.05; **P<0.01.
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Correlation between PCMT1 expression and 
TMB and MSI

TMB is an indicator of the mutation rate within 
a tumor, and MSI reflects a hypermutation pat-
tern due to defects in the mismatch repair sys-
tem [26, 27]. Both TMB and MSI are considered 
prognostic biomarkers for responsiveness to 
immune checkpoint inhibitors (ICIs) [28, 29]. 
Our analysis investigated the relationship 
between PCMT1 expression across various 
cancers with TMB and MSI. Results showed a 
strong positive correlation between PCMT1 
expression and TMB in ACC, BRCA, LUAD, 
SKCM, and STAD, with the strongest associa-
tion observed in ACC (Spearman’s R=0.399, 
P=3.36E-04) (Figure 4B). In contrast, PCMT1 
expression was negatively correlated with TMB 
in HNSC, THCA, and THYM. Regarding MSI, 
PCMT1 expression was positively correlated 
with MSI in KIRC, STAD, and UCEC, but nega-
tively associated in CHOL, LUAD, PCPG, and 
PRAD (Figure 4C). These findings underscore 
the complex interplay between PCMT1 expres-
sion and genetic instability markers, potentially 
influencing the effectiveness of immunothera-
py strategies.

Correlation analysis of PCMT1 and drug sus-
ceptibility

Analysis from the Genomics of Drug Sensiti- 
vity in Cancer (https://www.cancerrxgene.org/) 
database revealed that PCMT1 potentially  
influences the response to most drugs (all 
p-values <0.05); however, it was not signifi- 
cantly associated with FK866, CP466722, 
TG101348, or TPCA-1 (Figure 5A). Conversely, 
data from the Cancer Therapeutics Response 
Portal (CTRP) indicated that PCMT1 had no  
significant impact on most drugs, with a nota-
ble exception being a potential effect on 
LY2183240 (all p-values <0.05) (Figure 5B). 
These findings suggest that PCMT1 might  
modulate drug sensitivity and tolerance in vari-
ous cancers, though its role appears to vary 
depending on the specific agent.

Functional enrichment analysis of PCMT1-
related genes

To elucidate the molecular mechanisms of 
PCMT1 in tumorigenesis, a series of analyses 
were conducted. Initially, a co-expression net-
work was constructed using the STRING data-

base to identify 50 proteins interacting with 
PCMT1 (Figure 6A). Subsequently, the 100 
genes most similarly expressed to PCMT1  
were extracted from GEPIA2. These 150 gene 
combinations from STRING and GEPIA2 under-
went further enrichment analysis for GO and 
KEGG. As depicted in Figure 6B, the top GO  
biological process terms included antigen pro-
cessing and presentation. The cellular compo-
nents were primarily the proteasome complex, 
endopeptidase complex, and peptidase com-
plex, while the molecular functions focused  
on ubiquitin conjugating enzyme activity, ubiq-
uitin-like protein conjugating enzyme, and thre-
onine-type endopeptidase activity. The top 
KEGG pathways identified were Alzheimer’s  
disease, Parkinson’s disease, and pathways of 
neurodegeneration-multiple diseases (Figure 
6B). Furthermore, the PCMT1-protein interac-
tion network from the BioGRID 4.4 database 
highlighted significant interactions with TP53, 
CUL3, BRCA1, LMNA, MYC, and UBC (Figure 
6C). Analysis using the GCSA website revealed 
PCMT1’s close links to apoptosis, cell cycle, 
and EMTpathways (Figure 6D).

Clinical relevance and immune infiltration 
analyses of PCMT1 in BRCA

PCMT1 expression was notably elevated in 
BRCA and strongly associated with OS (Figure 
3A) and DSS (Figure 3D) in BRCA patients, indi-
cating a potential critical role in BRCA develop-
ment and progression. Univariate and mul- 
tivariate analyses identified high PCMT1 
expression as an independent risk factor for 
poor BRCA prognosis. Factors such as T stage, 
N stage, pathological stage, menopause sta-
tus, age, and radiation therapy also influenced 
OS (all P<0.05) (Supplementary Table 2). 
Additionally, a receiver operating characteristic 
(ROC) curve yielded an area under the curve 
(AUC) of 0.779, demonstrating the robust diag-
nostic value of PCMT1 in BRCA (Figure 7A). A 
nomogram and prediction model developed 
using Cox regression analysis for internal vali-
dation showed a c-index of 0.816 (95% CI: 
0.782-0.849) (Figure 7B). Furthermore, PCMT1 
expression inversely correlated with plasmacy-
toid dendritic cell (pDC) infiltration and positive-
ly with Th2 cells (P<0.001, Figure 7C, 7D). The 
correlation coefficients were -0.35 (Figure 7E) 
for PCMT1 and pDC, and 0.34 (Figure 7F) for 
PCMT1 and Th2 cells (R).
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Figure 5. Correlation analysis of PCMT1 and drug susceptibility. A. Genomics of Drug Sensitivity in Cancer (GDSC). B. Cancer Therapeutics Response Portal (CTRP).
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PCMT1 regulates BC cell migration and inva-
sion, yet displays no correlation with cell pro-
liferation

Our investigation revealed that PCMT1 modu-
lates BC cell migration and invasion, yet it does 

not influence cell proliferation. Notably, aber-
rant PCMT1 expression was significantly asso-
ciated with BRCA prognosis, yet its precise role 
in BRCA development remains elusive. To eluci-
date the biological function of PCMT1 in BRCA, 
we analyzed its expression in five distinct BC 

Figure 6. Functional enrichment analysis of PCMT1-related genes. A. The co-expression network consist of 50 
binding proteins to PCMT1 through the STRING website. B. Gene Ontology (GO) analysis and Kyoto Gene and 
Genome (KEGG) analysis for 150 genes combinations with the most similar expression pattern to PCMT1 from 
STRING and GEPIA2. C. PCMT1-protein interactions obtained by BioGRID. D. Generalization of the impact of PCMT1 
expression on the activity of 10 classical cancer pathways.

Figure 7. Clinical correlation and immune-related analyses of PCMT1 in BRCA. A. The receiver operating characteristic 
(ROC) curve of PCMT1. B. Prediction model of nomogram construction. C. The forest plot shows the correlation 
between PCMT1 expression level and 24 immune cells. The size of dots indicates the absolute value of Spearman 
r. D. The Wilcoxon rank sum test was used to analyze the difference of plasmacytoid pre-dendritic cells (pDC) and 
CD4+ T helper 2 (Th2) cells infiltration level between PCMT1 high and low expression groups. E. The correlation 
between PCMT1 expression and pDC was detected by Spearman correlation method. F. The correlation between 
PCMT1 expression and Th2 cells was detected by Spearman correlation method. *P<0.05; ***P<0.001.
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cell lines (MCF-7, MDA-MB-231, HCC1806, 
MDA-MB-453, T47D). Western blot analysis 
revealed high PCMT1 expression in all five cell 
types (Figure 8A). Based on this expression 
profile, we designed effective shRNAs to re- 
duce PCMT1 expression in MDA-MB-231 and 
HCC1806 cells. Knockdown efficiency was vali-
dated using western blot (Figure 8B) and qRT-
PCR (Figure 8C). The shRNA with the highest 
knockdown efficiency (shRNA-PCMT1#1) was 

chosen for further experiments. CCK-8 assays 
indicated that PCMT1 expression did not alter 
the proliferative capacity of MDA-MB-231 and 
HCC1806 cells (Figure 8D). To assess meta-
static potential, cell migration and invasion 
assays were performed. Transwell assays 
revealed that downregulation of PCMT1 signifi-
cantly reduced the migratory and invasive 
capabilities of MDA-MB-231 and HCC1806 
cells (Figure 8E, 8F).

Figure 8. PCMT1 affects the migration and invasion ability of breast cancer cells. (A) Western blot analysis of PCMT1 
protein expression in BRCA cell lines (MCF-7, MDA-MB-231, MDA-MB-453, HCC1806, T47D). Weston blot (B) and 
quantitative real-time PCR (C) were used to examine the knockdown efficiency of PCMT1 in MDA-MB-231 and 
HCC1806 cells. (D) Detection of proliferation of MDA-MB-231 and HCC1806 cells with the cell counting kit-8 (CCK-
8). (E, F) Reducing PCMT1 expression can inhibit the migration and invasion of MDA-MB-231 and HCC1806 cells 
(original magnification, ×100; scale bars, 275 μm). The histogram showed the number of cells, and the cell counts 
were statistically analyzed. ***P<0.001; ****P<0.0001. BRCA: breast invasive carcinoma.
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PCMT1 modulated BC tumor growth and me-
tastasis

In vitro experiments have established that 
PCMT1 regulates the migration and invasion of 
BC cells. To assess the impact of PCMT1 on 
tumor growth and metastasis in BRCA, we 
injected MDA-MB-231 and HCC1806 BC cells 
subcutaneously and intravenously into nude 
mice. Subcutaneous injection experiments 
demonstrated that reduced PCMT1 expression 
in these cells hindered tumor growth (refer to 
Figure 9A-D). HE staining revealed that  
PCMT1 inhibition induces vacuolar necrosis in 
tumor tissues (see Figure 9E, 9F), while immu-
nohistochemistry verified the effective knock-
down of shRNA-PCMT1 in both cell lines  
(Figure 9G-J). However, intravenous injection of 
these cells into nude mice indicated that 
PCMT1 does not influence tumor metastasis in 
vivo (Figure 9K, 9L).

Discussion

PIMT (gene name PCMT1) is a ubiquitous 
enzyme, yet most of its relevant investigations 
have been confined to non-oncological fields. 
Current studies exploring PCMT1’s role in 
tumors are limited to a select few cancer types, 
leaving its pan-cancer influence elusive [32]. 
Herein, we present a comprehensive analysis 
of PCMT1’s impact across various cancers.  
We systematically investigated PCMT1 expres-
sion in 33 human tumor types using TCGA and 
GTEx datasets, revealing its overexpression in 
most tumor tissues. Furthermore, we analyz- 
ed the prognostic value of PCMT1 in pan-can-
cer, encompassing OS, DFS, PFS, and DSS. 
Regarding OS, PCMT1 emerged as a risk fac- 
tor in several cancer types, including bladder 
cancer BLCA, BRCA, HNSC, LIHC, LUAD, and 
MESO, while exhibiting a protective role in  
KIRC and READ. This finding aligns with previ-
ous studies reporting PCMT1’s association  
with prognosis in cancers such as BLAC [17], 
LUAD [18], BC [19], and OC [20].

In our study, the findings revealed that both 
genetic variations and methylation of PCMT1 
significantly impacted PCMT1 expression. 
Notably, genetic alterations played a role in 
tumor metastasis [33]. Previous research indi-
cated that gene mutations could influence the 
prognosis and chemotherapy sensitivity of 
ovarian cancer [34]. DNA methylation is vital in 

cancer progression, regulating transcription in 
various cell types [35]. Our results showed a 
negative correlation between DNA methylation 
and PCMT1 expression in 32 tumor types, 
excluding THCA. Furthermore, we found that 
PCMT1’s DNA methylation levels correlated 
with the prognosis of certain cancers.

TME comprises the cytological milieu where 
tumor or cancer stem cells reside, encompass-
ing peripheral immune cells, vasculature, fibro-
blasts, extracellular matrix (ECM), lymphocyt- 
es, and signaling molecules [36-38]. Extensive 
research has linked the immunological cell  
infiltrate in the TME to tumor progression and 
prognosis [23, 39]. While PCMT1 has been sig-
nificantly associated with immunological infil-
trate in BC [19, 40], its relationship with tumor 
immunity in a pan-cancer context remains 
unexplored. In our study, PCMT1 displayed a 
positive correlation with common lymphoid  
progenitor and CD4(+) Th2 cells in several 
malignancies. Conversely, it exhibited a nega-
tive correlation with central and effector mem-
ory T cells, memory CD8(+) T cells, and CD4(+) 
Th1 cells. Cytokines produced by CD4+ Th1 
cells, such as IL-1β, IL-2, IL-12, TNF-α, and IFN- 
γ, are associated with favorable prognosis in 
hepatocellular carcinoma patients [41]. In con-
trast, cytokines secreted by CD4+ Th2 cells, 
including IL-4, IL-5, and IL-10, are linked to 
tumor growth or metastasis [42]. Memory 
CD8(+) T cells improve tumor prognosis by acti-
vating an immune response against tumor 
cells, recognizing specific antigens [43, 44]. 
Furthermore, CD4+ Th1 cells support CD8+ T 
cells by releasing IFN-γ and IL-2 [45]. Based  
on these findings, we hypothesize that PCMT1 
may contribute to tumor development by  
modulating the balance between Th1, Th2, and 
CD8+ memory T cells. The variability in the rela-
tionship between PCMT1 and tumor immunity 
across different tumor types could explain the 
diverse prognostic roles of PCMT1 expression.

Tumor therapeutic resistance remains a critical 
challenge in modern oncology. The develop-
ment of drug resistance in tumors is multifac-
eted, encompassing local immunosuppression, 
tolerance induction, and systemic T-cell signal-
ing malfunctions [46-49]. To combat this, 
tumors utilize diverse evasion mechanisms like 
immunological editing, immune deviation, and 
altered antigen presentation [50], necessitat-
ing the development of novel ICI therapies.
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Figure 9. PCMT1 affects the tumor growth and metastasis of breast cancer cells. A-D. Tumor growth. E, F. Tumor 
tissues (original magnification, ×100, ×200; scale bars, 400 μm, 100 μm). G-J. PCMT1 positive expression (original 
magnification, ×200; scale bars, 100 μm). K, L. Tumor metastasis (original magnification, ×100, ×200; scale bars, 
400 μm, 100 μm). *P<0.05.

In recent decades, neutralizing antibodies tar-
geting immunological checkpoints, such as 
T-lymphocyte-associated protein 4 (CTLA-4) 
and programmed cell death protein 1 (PD-1), 
have demonstrated promising therapeutic out-
comes [51]. However, the mainstream adop- 
tion of immunotherapy has been significantly 
hindered by low objective response rates, 
unique immune-related toxicities, hyperpro-
gression, and the absence of reliable predic- 
tive markers for treatment efficacy [52]. 
Furthermore, therapeutic combinations can 

optimize clinical efficacy. For example, combi-
nation therapy targeting both CTLA-4 and PD- 
1 has significantly improved median survival 
rates across various tumor types [53]. Curren- 
tly, TMB [28] and MSI [29] are regarded as 
potential biomarkers for predicting the effec-
tiveness of tumor immunotherapy. Therefore, 
combining these biomarkers could enhance 
the predictive accuracy of ICIs, facilitating bet-
ter treatment selection. This study explores the 
comprehensive correlation between PCMT1 
expression and response to ICIs biomarkers, 
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focusing on immunological checkpoint-associ-
ated genes, TMB, and MSI. Our findings reveal 
a strong association between PCMT1 expres-
sion and the presence of 8 immunological 
checkpoints (CD274, LAG3, HAVCR2, SIGLEC- 
15, CTLA4, PDCD1, PDCD1LG2, and TIGIT) 
across multiple tumor types. Additionally, we 
investigated the relationship between PCMT1 
expression and both TMB and MSI in a pan-
cancer analysis. Positive correlations between 
PCMT1 expression and TMB were observed in 
ACC, BRCA, LUAD, SKCM, and STAD, whereas 
negative correlations were found in HNSC, 
THCA, and THYM. Moreover, PCMT1 expression 
demonstrated positive correlations with MSI in 
KIRC, STAD, and UCEC, and negative associa-
tions in CHOL, LUAD, PCPG, and PRAD. These 
results suggest that PCMT1 could serve as a 
predictor for specific malignancies’ response to 
ICIs.

To investigate the potential role of PCMT1 in 
tumors, we utilized STRING and GEPIA2 to iden-
tify 150 genes that are co-expressed with 
PCMT1 and subsequently performed functional 
enrichment analyses. KEGG pathway analysis 
revealed that PCMT1 may function through 
pathways associated with Alzheimer’s disease, 
Parkinson’s disease, and neurodegenerative 
disorders, consistent with previous studies 
demonstrating PCMT1’s involvement in vari- 
ous CNS diseases, including Alzheimer’s dis-
ease [9], Parkinson’s syndrome [10], and mul-
tiple sclerosis [11]. In the PCMT1-protein inter-
action network, TP53, CUL3, BRCA1, LMNA, 
MYC, and UBC emerged as the most closely 
associated proteins. Notably, previous re- 
search has shown that PCMT1 can inhibit the 
oncogenic effects of P53 by modulating its 
expression, thereby suppressing tumor apopto-
sis [54]. Furthermore, our study analyzed the 
association between PCMT1 and 10 well-
known cancer-related pathways. The results 
indicated that PCMT1 is strongly linked to apop-
tosis, cell cycle, and EMT pathways. While EMT 
is crucial for normal embryogenesis, it plays a 
pivotal role in promoting malignancy develop-
ment and metastasis [55]. By regulating the 
expression of EMT-related genes, PCMT1 has 
been shown to influence bladder cancer migra-
tion and invasion [17].

In this bioinformatics analysis, PCMT1 was 
found to exhibit aberrantly elevated expression 

in BRCA and was significantly associated with 
BRCA prognosis, serving as an independent 
prognostic factor. Additionally, our research 
validated the high expression of PCMT1 in 
BRCA cell lines. To further elucidate the role of 
PCMT1 in BRCA development, we engineered 
lentiviruses to knockdown PCMT1 expression. 
The results revealed that reducing PCMT1 
expression inhibited breast cancer cell migra-
tion and invasion, while having no significant 
impact on cell proliferation. This study has sig-
nificantly advanced our understanding of the 
relationship between PCMT1 and human can-
cer. However, there are some limitations that 
should be noted. Firstly, this research relied on 
a retrospective analysis of the data. Secondly, 
the relatively small sample size for some less 
common tumor types may have led to poten- 
tial inaccuracies in the results. Future studies 
with larger and more diverse sample sizes are 
needed to validate our findings.

In conclusion, PCMT1 expression is aberrantly 
upregulated in numerous tumor tissues, and 
this upregulation is closely associated with 
tumor prognosis. Moreover, PCMT1 was  
strongly correlated with tumor immunity and 
response to ICIs, suggesting that PCMT1 may 
serve as a potential immunotherapeutic target 
for guiding personalized cancer immunothera-
py. Furthermore, our findings demonstrate that 
PCMT1 knockdown suppresses BC invasion 
and migration, highlighting PCMT1’s potential 
as a diagnostic and prognostic biomarker.
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Supplementary Table 1. Primers for qRT-PCR analysis and shRNA sequence targeting PCMT1
Name Sequences (5’-3’)
RT-qPCR primers
    PCMT1 F: CGCTGAAGGTGGTTCTGT; R: CATAGTGGGAGCGGTCTG
    β-actin F: CCTGGCACCCAGCACAAT; R: GGGCCGGACTCGTCATAC
shRNA sequences
    sh-PCMT1 #1 CAGTATGACAAGCTACAAGAT
    sh-PCMT1 #2 CCAGGCGCTAATAGATCAGTT
    sh-PCMT1 #3 GATCACATTAAAGAGCTAGTA
    sh-NC TTCTCCGAACGTGTCACGT
RT-qPCR: quantitative real-time reverse transcription polymerase chain reaction, shRNA: small interfering RNA, F: forward 
primer, R: reverse primer.

Supplementary Figure 1. Expression of PCMT1 mRNA in human cells and tissues. A. PCMT1 mRNA expression in 
different tissues from the consensus dataset, which consists of the HPA transcriptomics and the GTEx transcriptomics 
datasets. B. PCMT1 mRNA expression in different single cell types from the HPA database. C. PCMT1 mRNA 
expression in different tissue specific cell types from the HPA database.
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Supplementary Figure 2. Genetic alteration and DNA methylation of PCMT1 in various tumor types of TCGA. A. 
Mutation type summary of PCMT1 with its allocation in various cancers. B. Mutation site status of PCMT1. C. 
Correlation between DNA methylation levels and PCMT1 expression in multiple tumors.
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Supplementary Figure 3. Association between the PCMT1 methylation level and the disease-free survival patients 
(PFS) with various cancer patients. A. BLCA. B. DLBC. C. HNSCC. D. KIRC. E. THCA. F. UCEC. Association between 
the PCMT1 methylation level and the overall survival (OS) with various cancer patients. G. DLBC. H. HNSCC. I. 
KIRC. Association between the PCMT1 methylation level and the disease specific survival (DSS) with various cancer 
patients. J. HNSCC. K. KIRC. Association between the PCMT1 methylation level and the disease-free interval patients 
(DFI) with various cancer patients. L. THCA. M. UCEC. BLCA: bladder cancer, DLBC: diffuse large B-cell lymphoma, 
HNSCC: head and neck squamous cell carcinoma, KIRC: carcinoma, THCA: thyroid carcinoma, UCEC: uterine corpus 
endometrial carcinoma.
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Supplementary Figure 4. Correlation of PCMT1 with immune infiltrating cells in pan-cancer based on different algorithms. A. Correlation of PCMT1 expression with 
the proportion of 6 immune infiltrating cells using the TIMER algorithm. B. Analyzed of the correlation between the expression of PCMT1 and the proportion of 38 
immune infiltrating cells using the XCELL algorithm. *P<0.05; **P<0.01; ***P<0.001.
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Supplementary Table 2. Univariate and multivariate Cox regression analyses of various factors on overall survival in BRCA

Characteristics Total (N)
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value
T stage (T2 & T3 & T4 vs. T1) 1,079 1.482 (1.007-2.182) 0.046 1.139 (0.525-2.469) 0.743
N stage (N1 & N2 & N3 vs. N0) 1,063 2.239 (1.567-3.199) <0.001 0.922 (0.365-2.332) 0.864
ERBB2 (High vs. Low) 1,082 0.966 (0.702-1.328) 0.830
TP53 (High vs. Low) 1,082 1.360 (0.986-1.875) 0.061 1.060 (0.572-1.966) 0.854
Pathologic stage (Stage III & Stage IV vs. Stage I & Stage II) 1,059 2.391 (1.703-3.355) <0.001 5.607 (2.229-14.103) <0.001
ER status (Positive vs. Negative) 1,032 0.712 (0.495-1.023) 0.066 0.638 (0.247-1.649) 0.354
PR status (Positive vs. Negative) 1,029 0.732 (0.523-1.024) 0.068 0.620 (0.266-1.446) 0.268
HER2 status (Positive vs. Negative) 715 1.593 (0.973-2.609) 0.064 0.918 (0.439-1.919) 0.820
Menopause status (Post vs. Pre) 931 2.165 (1.302-3.600) 0.003 3.447 (1.205-9.856) 0.021
Age (>60 vs. ≤60) 1,082 2.020 (1.465-2.784) <0.001 2.101 (1.039-4.248) 0.039
Histological type (Infiltrating Lobular Carcinoma vs. Infiltrating Ductal Carcinoma) 977 0.827 (0.526-1.299) 0.410
Race (White vs. Asian & Black or African American) 993 0.912 (0.615-1.350) 0.644
radiation_therapy (Yes vs. No) 986 0.576 (0.394-0.841) 0.004 0.459 (0.248-0.850) 0.013
PCMT1 (High vs. Low) 1,082 1.512 (1.093-2.090) 0.012 2.088 (1.091-3.996) 0.026
BRCA: breast invasive carcinoma, ER: estrogen receptor.


