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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common 
tumor and the second leading cause of cancer-related death 
in the world (1). There will be 42,220 new cases and 30,200 
deaths of hepatocellular carcinoma in the United States in 

2021 (2). In spite of huge costs and intense efforts, HCC has 
a serious and negative influence on public health globally. 
Further researches on the new and effective therapeutic 
targets of HCC are needed urgently.

A growing number of studies have confirmed that 
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HNRNP family members are overexpressed in various tumor 
tissues and participate in the process of tumor proliferation 
and migration (3-5). HNRNPM has been found to be 
upregulated in breast cancer (6) and colorectal cancer than 
that in normal tissues (7). Upregulation of HNRNPM 
was correlated with the poor prognosis of Ewing sarcoma  
patients (8). Alter HNRNPM expression was reported to 
control CD44 alternative splicing forms to promote EMT in 
breast cancer (6). HNRNPM could also interact with lncRNA 
to promote the proliferation abilities and tumorigenicity (9). 
However, few studies focus on the expression pattern and 
prognostic value of HNRNPM in HCC.

This paper explored The Cancer Genome Atlas (TCGA) 
to demonstrate that HNRNPM was overexpressed in 
HCC tissues as opposed to normal tissues. High level of 
HNRNPM was proved to be a poorly independent factor 
for overall survival (OS) of HCC. Moreover, knockdown of 
HNRNPM could inhibit the proliferation and migration of 
HCC cells in vitro. Last, we discussed that HNRNPM could 
alter MAPK/AKT signaling pathway and be a component of 
spliceosome to take part in process of HCC. We present the 
following article in accordance with the MDAR reporting 
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-21-2484/rc).

Methods

TCGA dataset analysis

The clinical information regarding TCGA-LIHC was 
downloaded from the website (www.tcga.org/). We 
ultimately obtained 373 cases after excluding 1 case without 
clinical and pathological data, including 121 women and 
252 men. Among 373 cases, 201 patients were older than 
60 years old, and 172 patients were younger than 60 years 
old. 173 patients were diagnosed as TNM (tumor, node, 
metastasis) stage I, 87 were stage II, 85 were stage III, 
and 6 were stage IV. The median follow-up duration was  
27.13 months. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013).

Clinical samples

We obtained the HCC tissue microarrays (LivH180Su07 
and LivH180Su14), including 180 cases of tumor tissues 
and the corresponding normal liver tissues from Shanghai 
Outdo Biotech (Shanghai, China). The pathologic diagnosis 
was determined by experienced pathologists.

Immunohistochemistry (IHC)

Xylene was used to deparaffinize the two tissue microarray 
sections. Then the sections were put into graded ethanol. 
Antigen retrieval, antibody incubation and other specific 
steps were reported in the previous manuscript (10). 
The sections were incubated with monoclonal mouse 
monoclonal mouse anti-HNRNPM (sc-20002, Santa, USA) 
at 1:1,000 dilution. Experiments were performed under a 
project license (No. 2018-226) granted by Animal Ethics 
Committee of the Second Affiliated Hospital of Xi’an 
Jiaotong University, in accordance with the Guide for the 
Care and Use of Laboratory Animals (Eighth Edition, 2011, 
National Research Council, Washington, DC, USA). 

Cell culture

Hep3B and HepG2 cell lines were purchased from Cell 
bank of Chinese academy of sciences (Shanghai, China). 
The detailed cell culture conditions were described in a 
previous study (11).

Cell transfection

The siRNA and corresponding scrambled siRNA were 
synthesized by GenePharma (Shanghai, China) and were 
transfected into the HCC cells with a final oligonucleotide 
concentration of 20 nmol/L. The cell transfections were 
performed with Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA). The shRNA targeting human HNRNPM and the 
negative control (NC) shRNA were cloned to GV112 
vector (GeneChem, Shanghai, China) carrying puromycin 
resistance gene. All of the cell transfections were performed 
by following the manufacturer’s instructions.

Cell proliferation assay

HepG2 and Hep3B cells (4×103) were plated into 96 well 
plates. The detailed protocol was described in a previous 
study (11). Proliferation rates were determined at 0, 24, 48, 
72 and 96 hours after plating.

Cell migration assay

HepG2 and Hep3B cells (2.5×105) were re-suspended in 
FBS-free medium and plated in upper chambers of 24-well 
Costar Transwell Chamber System with 8 μm. The detailed 
protocol was described in a previous study (11). 

https://tcr.amegroups.com/article/view/10.21037/tcr-21-2484/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-21-2484/rc
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Western blot

The detailed protocol was described in a previous study (11). 
The primary antibodies used were specific for HNRNPM 
(1:4,000 dilution, sc-20002, Santa Cruz), E-cadherin 
(1:1,000 dilution, #3195, Cell Signaling Technology), 
N-cadherin (1:1,000 dilution, #13116, Cell Signaling 
Technology), β-catenin (1:5,000 dilution, ab32572, Abcam). 
To verify equal protein loadings, monoclonal rabbit anti-
GAPDH (Proteintech, Chicago, USA) at 1:5,000 was used 
as a loading control.

Network analysis

All TCGA-LIHC cases were divided into HNRNPM 
high and low groups by median expression, and Gene Set 
Enrichment Analysis (GSEA) was performed to identify the 
pathway in which HNRNPM participated.

Statistical analyses

We performed each experiment three times independently. 

SPSS statistical software (Version 21.0) and GraphPad 
Prism software (Version 7.0) were utilized to analyze 
the statistics and pictures. The OS curve was plotted by 
Kaplan-Meier and compared with the log-rank test. Cox 
regression analysis was used to analyze the prognostic value 
of HNRNPM in hepatocellular carcinoma. The variance 
analysis test was used to compare the HNRNPM expression 
differences between gender groups. The differences 
between the two groups were assessed using Student’s t-test. 
P<0.05 was considered as significantly.

Results

The prognostic value of HNRNPM in hepatocellular 
carcinoma

To clarify the biological role of HNRNPM in HCC, 
Kaplan-Meier analysis was employed and the findings 
i l lus t ra ted  that  h igher  expressed  HNRNPM  was 
associated with shorter OS of HCC patients (Figure 1A).  
Cox regression multivariate analysis further indicated that 
HNRNPM was an independent prognostic factor for the OS 

Figure 1 Prognostic values of HNRNPM in TCGA hepatocellular carcinoma cohort. The prognostic values of HNRNPM in (A) all HCC 
patients, (B) male HCC patients, (C) female HCC patients, (D) HCC patients with hepatitis virus, (E) HCC patients without hepatitis virus, 
(F) HCC patients with alcohol consumption and (G) HCC patients without alcohol consumption. HR, hazard ratio; TCGA, The Cancer 
Genome Atlas; HCC, hepatocellular carcinoma.
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Table 1 COX regression multivariate analysis of overall survival in 
hepatocellular carcinoma

Subtype Hazard ratio (95% CI)P value

Univariate analysis

Sex

Female 1

Male 0.794 (0.557–1.131) 0.201

Age (years)

<60 1

≥60 1.114 (0.786–1.577) 0.545

TNM stage 

I 1

II 1.459 (0.899–2.369) 0.126

III 2.740 (1.796–4.181) <0.001*

IV 5.216 (1.860–14.627) <0.001*

Risk factors

None 1

Alcohol consumption 1.057 (0.678–1.648) 0.806

Hepatitis B 0.763 (0.461–1.265) 0.295

Hepatitis C 0.773 (0.383–1.564) 0.475

Nonalcoholic fatty liver disease 0.518 (0.125–2.155) 0.366

Other 0.867 (0.459–1.638) 0.659

HNRNPM expression

< median 1

≥ median 1.669 (1.171–2.378) 0.005*

Multivariate analysis

TNM stage

I 1

II 1.399 (0.861–2.273) 0.176

III 2.455 (1.595–3.779) <0.001*

IV 6.169 (2.176–17.492) <0.001*

HNRNPM expression

< median 1

≥ median 1.678 (1.152–2.444) 0.007*

*, P<0.05. CI, confidence interval; TNM, tumor, node, metastasis.

of HCC, which was independent of TNM stage (Table 1).  
In male patients, the higher HNRNPM expressed, the 
poorer the prognosis. Whereas, it did affect survival time 
in female patients (Figure 1B,1C). We also analyzed the 
value of HNRNPM in HCC patients with different risk 
factors. With or without hepatitis virus, HNRNPM still 
affected the survival time (Figure 1D,1E). And with or 
without alcohol consumption, HNRNPM still affected the 
OS (Figure 1F,1G). 

Protein level of HNRNPM in HCC and its association with 
the clinicopathological features of HCC patients

Two tissue microarrays were purchased to test HNRNPM 
protein expression in HCC, and we found that HNRNPM 
protein was overexpressed in tumor tissues than that in 
noncancerous samples (Figure 2A-2C). We further tested the 
correlation of HNRNPM protein expression and clinical 
pathologic data and the results suggested that HNRNPM 
protein expression was related to gender and sex. Male or older 
patients tended to express higher HNRNPM (Figure 2D,2E).  
Protein expression of HNRNPM was not associated with 
OS of HCC patients, which might be due to lacking of 
samples with advanced disease (Figure S1). The above two 
parts confirmed the high expression of HNRNPM in liver 
cancer tissues compared with normal liver tissues, implying its 
important roles in HCC. 

Downregulation of HNRNPM inhibits HCC cell 
proliferation, migration and epithelial-mesenchymal 
transition (EMT)

The CCK8 assay results demonstrated that Hep3B-shRNA-
HNRNPM cells grew much slower than Hep3B-shRNA-
NC cells. The proliferation rate of HepG2-shRNA-NC was 
obviously faster than that of HepG2-shRNA-HNRNPM 
(Figure 3A,3B). Migration assays showed that HNRNPM 
downregulation significantly impeded the migration of 
Hep3B and HepG2 cell lines (Figure 3C-3F). Western blot 
data revealed that knockdown of HNRNPM decreased the 
expression of the mesenchymal biomarkers of N-cadherin 
and β-catenin and increased the levels of Vimentin  
(Figure 4A-4D).

https://cdn.amegroups.cn/static/public/TCR-21-2484-supplementary.pdf
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Figure 2 IHC results of HNRNPM in hepatocellular carcinoma tissue microarray. Examples of IHC staining of HNRNPM in (A) 
hepatocellular carcinoma tissues and (B) normal liver tissues (left, 40×, right 200×). (C) Protein expression patterns of HNRNPM in HCC 
tissues as compared to normal liver tissues (****, P<0.0001). (D) HNRNPM was overexpressed in patients over 60 than in patients under  
60 years old. (E) HNRNPM was overexpressed in male patients than in female patients. IHC, immunohistochemistry; HCC, hepatocellular 
carcinoma.

The signaling pathways HNRNPM involved in 
hepatocellular carcinoma

Previous evidence has proved that several HNRNP family 
members were involved in MAPK and AKT signaling 
pathway in hepatocellular carcinoma (12,13). A previous 
study found that HNRNPM could participate in Akt 
signaling pathways in Ewing sarcoma (8). The role of 
HNRNPM in MAPK and AKT signaling pathway in HCC 
needs to be further detected. Hence, we performed Western 
blot for verification. Downregulation of HNRNPM 
reduced the phosphorylation ratio of ERK and Akt in 
Hep3B cells (Figure 4E,4F), while knockdown HNRNPM 
in HepG2 cells altered the phosphorylation ratio of ERK 
and JNK (Figure 4G,4H). Together, our results indicated 
that HNRNPM might participate in several identical 
pathways in HCC and downregulation of HNRNPM 

could both alter the MAPK and AKT signaling pathway. 
Table S1 showed us the enriched KEGG gene sets with 
P value <0.05, FDR <0.1. GSEA analysis revealed that 
HNRNPM-high-expression group were enriched in 
KEGG SPLICEOSOME, KEGG CELL CYCLE, KEGG 
RNA DEGRADATION and KEGG PYRIMIDINE 
METABOLISM, with the NES (normalized enrichment 
score) and normalized P values shown in Figure 5. 

Discussion

HNRNP family, as vital members of spliceosome, has been 
reported to participate in alternative splicing programs 
and is attracting increasing attention with respect to 
the association with cancer occurrence and progression 
(14,15). Previous studies have confirmed that HNRNP 
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Figure 3 Downregulation of impairs the cell proliferation and migration of hepatocellular carcinoma cell lines. (A) Downregulation of 
HNRNPM impairs proliferation of Hep3B and (B) HepG2 (**, P<0.01; ***, P<0.001; ****, P<0.0001). (C,D) Transwell migration assays 
showing different migration abilities of Hep3B and (E,F) HepG2 (scale bar =200 μm, crystal violet staining, *, P<0.05; ****, P<0.0001).

family members are altered in numerous types of tumors, 
including lung cancer (16), gastric cancer (17) and Merkel 
cell carcinoma (18). Expression pattern and prognostic 
value of HNRNPM in HCC still remains unknown.

First, public databases were employed to identify the 
prognostic value of HNRNPM, and the evidence showed 

that overexpression of HNRNPM was a negative prognostic 
factor for HCC patients’ OS, independent of TNM stage. 
We further stratified the samples according to gender and 
risk factors for HCC and discussed the prognostic values 
of HNRNPM in different stratification. Overexpression 
of HNRNPM predicted shorter OS in whether male or 
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Figure 4 Downregulation of HNRNPM regulates expression of EMT-related proteins and alters the MAPK/AKT signaling pathway. 
(A,B) Western blot analysis of EMT markers in Hep3B cell lines (Hep3B-M1:Hep3B-siRNA-HNRNPM1, Hep3B-M2:Hep3B-siRNA-
HNRNPM2, *, P<0.05; ***, P<0.001; ****, P<0.0001) and (C,D) HepG2 cell lines (HepG2-M1:HepG2-siRNA-HNRNPM1, HepG2-
M2:HepG2-siRNA-HNRNPM2, **, P<0.01; ****, P<0.0001). (E,F) Downregulation of HNRNPM could inhibit the proportion of 
p-ERK/ERK and pAKT/AKT in Hep3B and (G,H) HepG2 cell lines (**, P<0.01, ***, P<0.001). NC, negative control; EMT, epithelial-
mesenchymal transition.

female patients, or in patients with or without hepatitis B 
or alcohol consumption. Thus, through public data mining, 
we concluded that HNRNPM might participate in the 
pathological process of HCC.

To examine the HNRNPM protein expression in HCC, 
2 tissue microarrays were obtained and the data showed 
that HNRNPM protein was overexpressed in tumor tissues 
than that in noncancerous samples. Previous researches 
showed that the protein level of HNRNPM was discovered 
to be significantly correlated with clinical stage in prostatic  
cancer (19). It has been revealed that high HNRNPM 
expression predicts poor prognosis of breast cancer and high 
risk of lymph node metastasis (20). The result demonstrated 
that protein level of HNRNPM was correlated with age and 
gender of HCC patients, suggesting HNRNPM had altered 
functions in females or males and in different ages. Previous 
paper has revealed that HNRNPM is connected with 
finishing steps of sperm maturation and fitness (21). All the 
evidence implied that HNRNPM might play a fundamental 
role in males’ physiological and pathological process. 

Unfortunately, Kaplan-Meier univariate survival analysis 
showed that HNRNPM protein expression had no effect on 
the prognosis of HCC patients, which may be explained by 
the lack of advanced HCC tissue specimens in the cohort. 

Subsequently, we explore the biological functions of 
HNRNPM in HCC by performing a series of assays. Our 
data showed that downregulation of HNRNPM could 
weaken the abilities of proliferation and migration and alter 
EMT process. Studies have investigated that HNRNPM 
promotes the transformation of breast cancer CD44 from 
epithelial isomer (CD44v) to mesenchymal isomer (CD44s) 
through alternative splicing, promoting the EMT process 
of breast cancer and thus promoting the metastasis of 
breast cancer (6,22). Previous report has confirmed that 
the expression of HNRNPM is correlated with cell cycle 
regulators p21, p27 and apoptosis regulators PTEN and 
PUMA, implying that HNRNPM can regulate cell cycle of 
ovarian epithelial cancer (23). The above evidence suggested 
downregulation of HNRNPM could impair malignant 
biological behaviors and act as a tumor promotor in HCC. 
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Figure 5 The potential mechanisms of HNRNPM in the development of HCC. GSEA analysis of HNRNPM in TCGA. KEGG, Kyoto 
Encyclopedia of Genes and Genomes; NES, Normalized Enrichment Score; HCC, hepatocellular carcinoma; GSEA, Gene Set Enrichment 
Analysis; TCGA, The Cancer Genome Atlas.

Preceding evidence have proposed that HNRNPM 
functions as an oncogenic gene in HCC. Thus, we decided 
to further uncover the specific signaling pathways of 
HNRNPM in HCC. Studies have proposed that alterations 
of HNRNP family expression can activate MAPK and 
AKT pathways to promote development and progression 
of tumor (8,13). Klingenberg has reported that HNRNPL 
is involved in AKT signaling through proteomics and 
bioinformatics in hepatocellular carcinoma (12). Shilo et al. 
has noted that overexpression of HNRNPA2 can shift the 
alternative splicing models of A-Raf, resulting in activation 
of the Raf-MEK-ERK pathway in HCC (24). Our data 
showed that knockdown HNRNPM could both decrease 
phosphorylation proportion of ERK, JNK and Akt in in 
HCC. These data indicated that HNRNPM took part in 
HCC through MAPK/AKT pathways.

HNRNPM, a member of RNA-binding proteins, has 
been demonstrated to have three RNA recognition domains 
and combine with other genes to form splicing complexes 
to alter RNA metabolism (25). Statello et al. has suggested 
that HNRNPM can assist exosomal-shuttle RNA transport 

from cytoplasm to exosomes and maintain exosomal  
RNA (26). Russo et al. has found that HNRNPM is an 
important regulatory gene for post-transcriptional mRNA 
localization (27). Bioinformatics analysis and previous 
studies have indicated that HNRNPM, as RNA binding 
proteins, can highly likely act as important parts of 
spliceosome. However, the precise mechanisms that how 
HNRNPM is involved in alternative splicing process in 
HCC still remains unknown. It is important to determine 
the specific downstream target genes of HNRNPM in 
HCC in the further study. 

Conclusions

In summary, this paper demonstrates that high expression 
of HNRNPM is a poor independent prognostic factor of 
HCC. The paper also determines that downregulation of 
HNRNPM can partially reverse the malignant phenotype 
of hepatocellular carcinoma cells by regulating MAPK 
and Akt signaling pathway genes. Last, we suppose that 
HNRNPM might form spliceosome to function in HCC. It 
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provides a new direction and theoretical basis for potential 
targets of HCC therapy in the future.
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Supplementary

Table S1 Gene set enrichment analysis of HNRNPM in KEGG genesets

KEGG gene sets name Size NES P value

KEGG_SPLICEOSOME 123 2.509394 0

KEGG_CELL_CYCLE 124 2.404002 0

KEGG_RNA_DEGRADATION 55 2.37708 0

KEGG_PYRIMIDINE_METABOLISM 94 2.312553 0

KEGG_NUCLEOTIDE_EXCISION_REPAIR 44 2.276061 0

KEGG_PURINE_METABOLISM 150 2.273012 0

KEGG_HOMOLOGOUS_RECOMBINATION 27 2.263864 0

KEGG_BASE_EXCISION_REPAIR 34 2.205231 0

KEGG_MISMATCH_REPAIR 23 2.17423 0

KEGG_DNA_REPLICATION 36 2.127939 0

KEGG_UBIQUITIN_MEDIATED_PROTEOLYSIS 133 2.100534 0.001984

KEGG_OOCYTE_MEIOSIS 108 2.093884 0

KEGG_BASAL_TRANSCRIPTION_FACTORS 32 2.081933 0

KEGG_RNA_POLYMERASE 28 2.031649 0

KEGG_THYROID_CANCER 29 1.942894 0

KEGG_AMINOACYL_TRNA_BIOSYNTHESIS 41 1.933486 0.00616

KEGG_PROGESTERONE_MEDIATED_OOCYTE_MATURATION 84 1.906034 0

KEGG_PATHOGENIC_ESCHERICHIA_COLI_INFECTION 55 1.819869 0.011811

KEGG_RIBOSOME 87 1.749618 0.015123

KEGG_CYTOSOLIC_DNA_SENSING_PATHWAY 40 1.721275 0.015625

Figure S1 The prognostic value of HNRNPM in our cohort.


