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Heterogeneous nuclear ribonucleoproteins (hnRNPs) are emerging as a crucially
important protein family in tumors. However, it is unclear which family members are
essential for cancer progression, and their diverse expression patterns and prognostic
values are rarely reported. In this work, we found that the expression levels of hnRNPs
were all upregulated in colon adenocarcinoma (COAD) and rectal adenocarcinoma
(READ) tissues. Immunohistochemical staining revealed that hnRNPA1, hnRNPA2B1,
hnRNPC, hnRNPK, hnRNPR, and hnRNPU are overexpressed in colorectal
adenocarcinoma. Additionally, the promoter methylation levels of hnRNPs were
significantly elevated or decreased, and multiple genetic alterations of hnRNPs were
found in colorectal adenocarcinoma patients. Correlation analysis showed that the
expression levels of hnRNPs were positively correlated with each other. Furthermore,
we demonstrated that high expressions of hnRNPA1, hnRNPK, hnRNPR, and hnRNPU
were associated with better overall survival rates for colorectal adenocarcinoma patients.
The co-expression network and functional prediction analysis indicated that hnRNPK/A1/
R/U was involved in cellular gene transcription and translation. Moreover, hnRNPK/A1/R/
U complex was identified and confirmed by mass spectrometry and co-
immunoprecipitation. RNA sequencing analysis revealed that the transcription factor
hnRNPK regulated transcription and translation of related genes. Finally, through
establishment of stable cell lines in vitro, we verified that hnRNPK was a favorable
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HNRNPK/A1/R/U complex is a biomarker

factor in human colorectal adenocarcinoma which promoted immune cell infiltration and
inhibited tumor growth. Our findings illustrate that the hnRNPK/A1/R/U complex is a
favorable prognostic biomarker for human colorectal adenocarcinoma. Targeting
hnRNPK during transcription and translation could be a promising therapeutic strategy
for colorectal adenocarcinoma treatment.

Keywords: colorectal adenocarcinoma, hnRNPK complex, prognosis, biomarker, transcription, translation

INTRODUCTION

Colorectal cancer (CRC) is one of the most aggressive malignant
tumors in the world. In 2018, the morbidity and mortality of CRC
were 10.2% and 9.2%, respectively, ranking the third and the second
in all human cancers (1). CRC patients in China account for 24.3%
of new global CRC cases, with 28% incidence and 13% mortality (2,
3), seriously affecting public health. Colorectal adenocarcinoma is
the most common histopathological type of CRC, and mainly
includes colon adenocarcinoma (COAD) and rectal
adenocarcinoma (READ). Owing to the rapid growth and strong
invasiveness of COAD and READ cells, so far, the prognosis of
patients with colorectal adenocarcinoma is still poor (4). Currently,
few targeting molecules are effective in CRC clinical trials (5).
Therefore, the identification of new biomarkers for diagnosis and
treatment of colorectal adenocarcinoma is essential and urgent.

Heterogeneous nuclear ribonucleoproteins (hnRNPs) are a
family of nucleic acid-binding proteins (6). Recently, the role of
hnRNPs in cancer development has attracted attention. In many
types of cancers, the expression levels of hnRNPs are significantly
altered, suggesting its crucial role in tumorigenesis. It has been
reported that hnRNPs are involved in multiple tumor-associated
events, such as regulating cell survival, migration, metabolism, and
stress response (7, 8). However, the role of hnRNPs in digestive
system tumors, especially in colorectal adenocarcinoma, has not
been fully elucidated. So far, the mechanism of action and clinical
value of hnRNPs in colorectal adenocarcinoma remain unclear, but
are important to understand for diagnosis and targeted therapy of
colorectal adenocarcinoma.

Currently, eight hnRNPs members (hnRNPA1, hnRNPA2B],
hnRNPC, hnRNPD, hnRNPF, hnRNPK, hnRNPR, and hnRNPU)
seem to be more relevant to cancer development, according to
reported literature (6-8). In detail, hnRNPA1 is a multifunctional
RNA binding protein which is involved in pre-mRNA splicing,
export of mature transcripts from the nucleus, nRNA turnover, and
internal ribosome entry site (IRES)-mediated translation. Recently,
hnRNPAL1 is indicated as the oncogene in the pathogenesis of
hepatocellular cancer and colon cancer, and hnRNPA1 promotes
cell proliferation by regulating translation of diverse antiapoptotic
proteins (9-11). HnRNPK is located in the nucleoplasm and has
three repeats of KH domains that binds to RNAs. This protein is a
conserved pre-mRNA-binding protein that is involved in multiple
processes of gene expression, including chromatin remodeling,
transcription, and mRNA splicing, translation, and stability.
HnRNPK is also identified as an oncogene and is associated with
prognostic survival in various types of malignancies, but recently
hnRNPK is identified as a tumor suppressor in hematologic

malignancies, due to its regulation of the p53/p21 signaling
pathway activation (12). HnRNPR is a member of the
spliceosome C complex, which functions in pre-mRNA
processing and transport. During the development of gastric
cancer, hnRNPR overexpression can promote the cancer cell
survival and metastasis (13). HnRNPU is a component of
ribonucleosomes localized in cytoplasmic mRNP granules
containing untranslated mRNAs. Similarly, high hnRNPU levels
are also observed in gastric cancer tissues and predict poor
prognosis in gastric cancer patients, suggesting that hnRNPR and
hnRNPU may be tumor-promoting factors in gastric cancer cells
(14). Generally, the eight hnRNPs may function as oncogenes or
tumor suppressors in tumorigenesis. However, the underlying
mechanisms by which hnRNPs are activated or inhibited are
unclear, and the specific functions of the eight hnRNPs are still
unknown. Importantly, it is unclear which family members are
essential for cancer progression, and their diverse expression
patterns and prognostic values are rarely reported.

To date, bioinformatics has not been used to investigate the role
of hnRNPs in colorectal adenocarcinoma. In this work, to obtain
expression patterns, functions, and prognostic values of hnRNPs in
colorectal adenocarcinoma. A complex bioinformatics analysis
through online webtools was performed. Additionally,
immunohistochemistry (IHC), co-immunoprecipitation (Co-IP),
western blot (WB), RNA sequencing (RNA-seq), IncuCyte
system, and other in vitro experiments were used to verify the
diverse expression patterns and prognostic values. The aim of this
work was to provide promising therapeutic targets for colorectal
adenocarcinoma treatment.

MATERIALS AND METHODS

Cell Culture and Construction of Stable
Cell Lines

The human colorectal adenocarcinoma cell lines (HCT116, SW480,
and SW620) and human normal colonic epithelial cells (FHC) were
obtained and authenticated from Cell Bank of Chinese Academy of
Sciences (Shanghai, China) and cultured in RPMI-1640 medium
supplemented with 10% fetal bovine serum. All cells were
maintained in an incubator with a humidified atmosphere of 5%
CO,. The lentiviruses of hnRNPK knockdown (cat# GIDL0235518,
shl: 5°-3’AGATTTGGCTGGATCTATT, sh2: 5"-3'CGTTATTG
TTGGTGGTTTA) and hnRNPK overexpression (cat#
GCD0235440) were purchased from Shanghai GeneChem Co.
(Shanghai, China). Negative control shRNA cells (shNC: 5'-3"
TTCTCCGAACGTGTCACGT) and empty vector-infected cells
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(vector) were established as controls. Stable cell lines were
established via selection with 1 pg/mL puromycin for 4 weeks.

Silver Staining and Mass Spectroscopy
(MS)

The protein gel was immersed in stationary liquid with 10%
acetic acid, 50% ethanol and 40% water at room temperature on
a shaker overnight, and the protein bands were subsequently
visualized using the Protein Fast Silver Stain Kit from Beyotime
Co. (Shanghai, China) according to the manufacturer’s
instruction, and binding proteins were analyzed via mass
spectrometry (MS) from Wininnovate Co. (Shenzhen, China).

Co-IP and WB

Nucleoprotein extracts were treated with RNase (Solabio, China)
and incubated with antibodies for hnRNPK (1:50) or IgG for 24 h
on a rotating wheel. Thereafter, the Sepharose-conjugated protein-
A/G beads were added and incubated at 4°C for another 24 h on a
rotating wheel. After extensive rinsing with cold PBS, the beads were
boiled, and the precipitated proteins were separated via SDS-PAGE
and transferred onto PVDF membranes. The membranes were
blocked with 5% non-fat milk for 2 h at room temperature and
subsequently incubated with primary and secondary antibodies, and
protein bands were detected via enhanced chemiluminescence. The
primary antibodies used were as follows: hnRNPK (Proteintech,
#11426-1-AP, 1:1000), IgG (CST, #2729, 1:1000), hnRNPA1
(Proteintech, #11176-1-AP, 1:5000), hnRNPR (Proteintech,
#15018-1-AP, 1:1000), hnRNPU (Proteintech, #16365-1-AP,
1:5000), Histone H3 (Abclonal, #A2348, 1:1000) and B-Actin
(Proteintech, #20536-1-AP, 1:2000).

Cell Proliferation and Colony Formation

For cell proliferation, cells were cultured in 96-well plates and
placed in the IncuCyte live-cell imaging system (Essen
BioScience, USA). Cells were observed using phase microscopy
(NiKon, #MRH00101) and calculated by IncuCyte analysis
software. For colony formation, cells were seeded at a density
of 500 cells per well in 6-well plates and incubated. Two weeks
later, cells were fixed with 4% paraformaldehyde and stained by
crystal violet. The images of the colonies were captured, and the
numbers of the colonies were counted by the software Image-Pro
Plus 6.0.

RNA-seq

In vitro, stable hnRNPK-knockdown (5"-3'AGATTTGGCTG
GATCTATT) cell lines (HCT116 and FHC) were established.
Negative control cells (shNC: 5°-3'TTCTCCGAACGT
GTCACGT) were established as controls. Total cellular RNA was
extracted for quality control and obtaining RNA-seq loading
samples. RNA-seq was performed as DGE on an Illumia HiSeq
platform and 50 bp paired-end reads were generated by BGI Co.
(Shenzhen, China). The deep sequencing data and processed data
were submitted to the NCBI Gene Expression Omnibus (GEO) data
repository under the accession number GSE186371 (HCT116 shNC
cells and HCT116 shhnRNPK cells) and GSE198445 (FHC shNC
cells and FHC shhnRNPK cells).

Immunohistochemical (IHC) staining

Fresh human tumor tissues and adjacent normal tissues were
obtained from 10 patients diagnosed with colorectal
adenocarcinoma between April 2020 and June 2021 at the First
Affiliated Hospital of Zhengzhou University. Written informed
consent was obtained from each patient involved in the study,
and the study was approved by the ethics committee of the First
Affiliated Hospital of Zhengzhou University. The paraffin-
embedded samples were prepared at 4 um thickness. All the slides
were through deparaffinization and rehydration. The slides were
then incubated with primary antibodies overnight. The primary
antibodies used were as follows: hnRNPK (Proteintech, #11426-1-
AP, 1:100), hnRNPA1 (Proteintech, #11176-1-AP, 1:50), hnRNPR
(Proteintech, #15018-1-AP, 1:100), hnRNPU (Proteintech, #16365-
1-AP, 1:50), hnRNPA2B1 (Proteintech, #14813-1-AP, 1:100),
hnRNPD (Proteintech, #12770-1-AP, 1:150), hnRNPF
(Proteintech, #14974-1-AP, 1:150) and hnRNPC (Proteintech,
#11760-1-AP, 1:100). Finally, HRP-labeled secondary antibody
(Santa Cruz, CA, USA) was incubated for 1h and
immunodetection was performed using diaminobenzidine on the
next day. The sections were rehydrated with xylene and ethanol,
mounted in mounting resin, and examined with a microscope
(Olympus, Japan). Two independent pathologists blinded to
clinicopathological outcome calculated immunostaining reactions
by multiplying the intensity and proportion of positive tumor cells.
Briefly, the percentage (0-100%) of stained tumor cells was
multiplied by the intensity (1, no or weak staining; 2, moderate
staining; 3, strong staining; and 4, very strong staining) to achieve a
score between 0 and 400. All the cases were divided into low
expression and high expression subjected to the total
score (median).

ONCOMINE Analysis

The transcript level of hnRNPs in diverse types of colorectal cancer
tissues was ascertained by the ONCOMINE webtool (https://www.
oncomine.org/), with a threshold set as such that P < 1E-04, fold
change >2, top gene rank 10% (15). The mRNA levels of hnRNPs in
cancer tissues were compared with that in normal tissues. Two one-
sided t-tests were used to evaluate the differences. The cutoft of P
value was defined as 0.01, and the cutoff of fold change value was
identified as 1.

UALCAN and GEPIA analysis

The UALCAN (http://ualcan.path.uab.edu) webtool of TCGA gene
expression was used to analyze the promoter DNA methylation
levels of hnRNPs in colorectal adenocarcinoma tissues and normal
tissues (16). The methylation levels of hnRNPs in cancer tissues
were compared with that in normal tissues. Two one-sided t-tests
were used to evaluate the differences. The GEPIA (http://gepia.
cancer-pku.cn) webtool of TCGA gene expression was used to
analyze the expression of hnRNPs in tumor tissues and normal
tissues (17). Two one-sided t-tests were used to evaluate the
differences. The overall survival (OS) of patients was also assessed
in GEPIA by Kaplan-Meier survival plot, using a log-rank test to
evaluate the differences.
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CBioPortal Analysis

CBioPortal webtool of 382 colorectal adenocarcinoma patients
(TCGA, Firehouse Legacy) was used to further visualize and
analyze multidimensional cancer genomics data of the eight
hnRNPs (www.cbioportal.org) (18, 19). Based on TCGA
database, genetic alterations and correlations of the hnRNPs
was obtained from cBioPortal. mRNA expression z scores (RNA
Seq V2 RSEM) were obtained using a z score threshold of +2.0.
Protein expression z scores (RPPA) were obtained using a z score
threshold of +2.0. The analysis methods were according to the
cBioPortal’s online instruction.

Human Protein Atlas (HPA) analysis

The eight hnRNPs were analyzed at the protein and RNA levels in
the HPA webtool (https://www.proteinatlas.org/), which contained
IHC stained images of 597 clinical colorectal adenocarcinoma
patients and their survival information with 275 females and 322
males (20, 21). The OS of patients with colorectal adenocarcinoma
was assessed by a Kaplan-Meier survival plot, using a log-rank test
to evaluate the differences.

Coexpedia and DAVID analysis

Coexpedia webtool was used to establish the co-expression
networks of the genes in mammals (http://www.coexpedia.org/)
(22). To investigate the interaction between genes associated with
hnRNPK/A1/R/U, a co-expression network related to
hnRNPK/A1/R/U was constructed. The visualization of the
network was ranked according to Coexpedia’s online
instructions. DAVID 6.8 (https://david.ncifcrf.gov/home.jsp) is a
comprehensive, functional annotation website that helps
investigators better clarify the biological function of submitted
genes. The functional prediction of hnRNPK/A1/R/U was
evaluated by Gene Ontology (GO) term analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway analysis
in the DAVID webtool (23, 24). In our study, the correlated genes
(top99) of hnRNPK/A1/R/U were directly obtained from
CBioPortal webtool, the analysis was visualized with R project
using a “ggplot2” package and P < 0.05 was set as the cut-off
criterion. Biological processes (BP), cellular components (CC),
and molecular function (MF) were included in the GO enrichment
analysis. All the analyses were performed according to DAVID’s
online instructions.

TIMER analysis

The Tumor Immune Estimation Resource (TIMER2.0) (http://
timer.cistrome.org/) is a public webtool for comprehensive
assessments of abundance of tumor-infiltrating immune cells
(TIICs) according to gene expression profiles (25). We mainly
performed hnRNPK expression in tumors and the correlation
between gene expression and abundance of immune infiltrates,
involving B cells, CD8+ T cells, and CD4+ T cells, macrophages,
neutrophils, dendritic cells (DCs), compared with purity in tumors.

Statistical analysis
Statistical analyses were performed by SPSS 22.0 software, and
the results were presented as the mean + standard deviation

(SD). Student’s t-test was performed to detect significant
differences between groups. Analyses with more than two
groups were performed by the one-way ANOVA test. The
correlation was assessed using Spearman rank correlation
analysis, and OS curves were assessed using Kaplan-Meier
analysis. P < 0.05 was considered statistically significant.

RESULTS

The expression levels of hnRNPs were
upregulated in colorectal adenocarcinoma
tissues

We first observed the transcriptional levels of hnRNPs in cancer
samples by using ONCOMINE webtool (Figure 1A and Table 1).
As shown, the expression levels of hnRNPs were upregulated in
CRC tissues compared with the normal tissues. In the ONCOMINE,
overexpression of hnRNPA1 was found in colorectal adenocarcinoma
compared with normal samples as follows: COAD with fold change =
2.424, rectal adenoma with fold change = 2.120 and rectal mucinous
adenocarcinoma with fold change = 1.620 (26-28). Similarly, high
hnRNPK levels were also observed in colorectal adenocarcinoma
compared with normal samples (COAD with fold change = 1.574,
colorectal carcinoma with fold change = 1.462, and rectosigmoid
adenocarcinoma with fold change = 1.215) (26, 28, 32). In Kaiser’s
dataset (28), hnRNPR was overexpressed in the colorectal
adenocarcinoma types compared with that in the normal samples
(COAD with fold change = 1.386, rectosigmoid adenocarcinoma with
fold change = 1.688, and cecum adenocarcinoma with fold change =
1.436). Another increased mRNA expression factor was hnRNPU
with a fold change = 1.657 in patients with COAD, fold change =
1.900 in patients with colon carcinoma, and fold change = 2.151 in
patients with rectal adenoma (27, 29, 34). For hnRNPA2B1/C/D/F, a
similar trend was found. The levels of hnRNPA2B1/C/D/F were
upregulated in colorectal adenocarcinoma tissues with certain fold
changes (27-34). Furthermore, through GEPIA, UALCAN, and
TIMER webtools, we revealed that the transcripts per million
(TPM) levels of hnRNPA1/A2B1/C/D/F/K/R/U were upregulated
in COAD and READ tissues compared with normal tissues
(Figures 1B, C). By using THC staining of 10 human colorectal
adenocarcinoma specimens, we confirmed that hnRNPA1,
hnRNPA2B1, hnRNPC, hnRNPK, hnRNPR, and hnRNPU were
mainly localized in the nucleus and had higher expressions in
colorectal adenocarcinoma tissues compared with adjacent normal
tissues (ANT) (Figures 2A, B).

Promoter methylation level, genetic
alteration and correlation analysis of
hnRNPs were evaluated in human
colorectal adenocarcinoma

As demonstrated above, the expression levels of hnRNPs were
upregulated in colorectal adenocarcinoma tissues. We further
evaluated the promoter DNA methylation levels in colorectal

adenocarcinoma tissues. In the UALCAN webtool, we found that
hnRNPA1, hnRNPA2B1, hnRNPF, and hnRNPK had higher
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FIGURE 1 | The expression levels of hnRNPs were upregulated in colorectal adenocarcinoma tissues. (A) The transcriptional levels of \nRNPs were observed in
cancer samples by using ONCOMINE databases. As shown, the expression levels of hnRNPs were upregulated in colorectal cancer tissues compared with the
normal tissues. (B) In GEPIA database, the transcripts per million (TPM) levels of hnRNPA1/A2B1/C/D/F/K/R/U were upregulated in COAD and READ tissues. (C) In
UALCAN databases, the TPM levels of hnRNPA1/A2B1/C/D/F/K/R/U were upregulated in COAD tissues compared with the normal tissues. In READ tissues, the
TPM levels of hnRNPA1/C were statistically upregulated, and hnRNPA2B1/D/F/K/R/U exhibited the upregulated trends.

promoter methylation levels in COAD tissues, while hnRNPU had
lower promoter methylation levels. In READ tissues, hnRNPC,
hnRNPK, hnRNPF, and hnRNPU had lower promoter methylation
levels (Figures 3A, B). We then analyzed the hnRNPs mutations
and correlations by using the cBioPortal webtool. The data showed
that hnRNPs were altered in 119 samples out of 382 colorectal
adenocarcinoma patients (31%). Two or more alterations were
found in almost a third of the samples (36 samples) (Figure 3C).
The distribution patterns of the alteration frequency of hnRNPs in
colorectal adenocarcinoma were presented. Specifically, the
predominant form of genetic alteration occurred in COAD and
READ was mRNA upregulation, followed by mRNA
downregulation, amplification, and deep deletion (Figure 3D). In

addition, the correlations of the eight hnRNPs mRNA levels were
also analyzed. Pearson’s correlation coefficients revealed that the
mRNA levels of hnRNPs with each other were positively
correlated (Figure 3E).

High expressions levels of hnRNPA1,
hnRNPK, hnRNPR, and hnRNPU were
significantly associated with better OS
rates in colorectal adenocarcinoma
patients

The HPA webtool was used to examine the relationship between the
expression levels of hnRNPs and the survival rates of 597 patients
with colorectal adenocarcinoma. The Kaplan-Meier survival
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TABLE 1 | The changes of hnRNPs expression between diverse types of colorectal cancer and colorectal tissues (ONCOMINE webtool).

Types of colorectal cancer vs. Normal Fold change P value t-test Ref
hnRNPA1 Colon Adenocarcinoma vs. Normal 2.424 3.47E-08 6.497 Alon (26)
Rectal Adenoma vs. Normal 2.120 8.92E-06 8.530 Sabates-Bellver (27)
Rectal Mucinous Adenocarcinoma vs. Normal 1.620 2.93E-04 6.438 Kaiser (28)
hnRNPA2B1 Colon Carcinoma vs. Normal 4.242 5.98E-09 14.508 Skrzypczak (29)
Rectal Adenocarcinoma vs. Normal 1.167 1.35E-07 6.242 Kurashina (30)
hnRNPC Colon Adenocarcinoma vs. Normal 1.769 1.01E-07 5.737 Ki (31)
Rectal Adenoma vs. Normal 2.079 1.22E-11 13.006 Sabates-Bellver (27)
Rectal Mucinous Adenocarcinoma vs. Normal 2147 3.22E-04 6.707 Kaiser (28)
hnRNPD Colon Carcinoma vs. Normal 2.033 3.65E-08 10.841 Skrzypczak (29)
Colorectal Carcinoma vs. Normal 1.813 6.34E-08 8.049 Hong (32)
Rectal Adenocarcinoma vs. Normal 1.181 6.99E-04 3.269 Gaedcke (33)
hnRNPF Colon Adenocarcinoma vs. Normal 1.802 3.71E-07 6.226 Notterman (34)
Rectal Adenoma vs. Normal 2.142 1.06E-05 8.500 Sabates-Bellver (27)
hnRNPK Colon Adenocarcinoma vs. Normal 1.574 4.36E-04 3.570 Alon (26)
Colorectal Carcinoma vs. Normal 1.462 1.54E-04 4.557 Hong (32)
Rectosigmoid Adenocarcinoma vs. Normal 1.215 1.00E-03 3.694 Kaiser (28)
hnRNPR Colon Adenocarcinoma vs. Normal 1.386 4.91E-04 4.903 Kaiser (28)
Rectosigmoid Adenocarcinoma vs. Normal 1.688 1.17E-04 6.930 Kaiser (28)
Cecum Adenocarcinoma vs. Normal 1.436 2.20E-04 4.637 Kaiser (28)
hnRNPU Colon Carcinoma vs. Normal 1.900 1.80E-06 7.662 Skrzypczak (29)
Colon Adenocarcinoma vs. Normal 1.657 1.00E-03 3.366 Notterman (34)
Rectal Adenoma vs. Normal 2.151 3.41E-05 7.377 Sabates-Bellver (27)
A B
hnRNPA1 hnRNPA2B1 hnRNPC hnRNPD
X X Sl o }a- 5 =

Colorectal adenocarcinoma

Adjacent Normal Tissues

Colorectal adenocarcinoma

Adjacent Normal Tissues

expression score

expression score

FIGURE 2 | IHC staining of hnRNPs family members in 10 human colorectal adenocarcinoma specimens. By using IHC staining of 10 human colorectal
adenocarcinoma specimens, we confirmed that hnRNPA1, hnRNPA2B1, hnRNPC, hnRNPK, hnRNPR, and hnRNPU were mainly localized in the nucleus and had
higher expressions in colorectal adenocarcinoma tissues compared with adjacent normal tissues (ANT). *P < 0.05.
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lower promoter methylation levels. In READ tissues, hnRNPC, hnRNPK, hnRNPF, and hnRNPU had lower promoter methylation levels. (C) The hnRNPs mutations
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in colorectal adenocarcinoma were presented. Specifically, the predominant form of genetic alteration occurred in COAD and READ was mRNA upregulation,
followed by mRNA downregulation, amplification, and deep deletion. (E) The correlations of the eight hnRNPs mRNA levels were analyzed. Pearson’s correlation
coefficients revealed that the mRNA levels of hnRNPs with each other were positively correlated.

hnRNPR

hnRNPU

analysis demonstrated that high expressions of hnRNPK and
hnRNPR were significantly associated with better OS rates for
COAD patients (Figure 4A). Moreover, high expressions of
hnRNPA1, hnRNPK, hnRNPR, and hnRNPU were significantly
associated with better OS rates for READ patients (Figure 4B).
Collectively, high expressions of hnRNPA1, hnRNPK, hnRNPR,
and hnRNPU were significantly associated with better OS rates for
colorectal adenocarcinoma patients (Figure 4C). To confirm the
reliability of the results, another independent GEPIA webtool was
selected to further examine the survival of 181 COAD patients and
181 READ patients. Similarly, high expression of hnRNPK was

associated with better OS rates. Although there were no statistical
significances, high expression of hnRNPA1, hnRNPR, and
hnRNPU also exhibited the same trends (Figure 4D).

The hnRNPK/A1/R/U network in colorectal
adenocarcinoma modulated transcription
and translation

We then constructed a gene co-expression network for hnRNPA1,
hnRNPK, hnRNPR, and hnRNPU. The network displayed that the
transcription-related and translation-related genes, such as DHX9,
MRPL3, SFPQ, CPSF6, RAD23b, and NCBP1, were closely
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FIGURE 4 | High expressions levels of hnRNPA1, hnRNPK, hnRNPR, and hnRNPU were significantly associated with better OS rates in colorectal adenocarcinoma
patients. (A) The HPA database was used to examine the relationship between the expression levels of hnRNPs and the survival rates of 597 patients with colorectal
adenocarcinoma. The Kaplan-Meier survival analysis demonstrated that high expressions of hnRNPK and hnRNPR were significantly associated with better OS rates
for COAD patients. (B) High expressions of hnRNPA1, hnRNPK, hnRNPR, and hnRNPU were significantly associated with better OS rates for READ patients. (C)
High expressions of hnRNPA1, hnRNPK, hnRNPR, and hnRNPU were significantly associated with better OS rates for colorectal adenocarcinoma patients. (D) The
GEPIA database was selected to further examine the survival of 181 COAD patients and 181 READ patients. Similarly, high expression of hnRNPK was associated

associated with the hnRNPK/A1/R/U network (Figure 5A).
Additionally, the GEPIA webtool revealed that the TPM levels of
hnRNPK/A1/R/U with each other were positively correlated
(Figure 5B). The functional predictions of hnRNPK/A1/R/U
network were analyzed in the DAVID webtool. The GO analysis

results showed that transcription, translation, and ribosomal large
subunit assembly were significantly regulated by the hnRNPK/A1/
R/U alterations in colorectal adenocarcinoma (Figure 5C).
Furthermore, ribosomal subunit, nucleotide binding, structure
constituent of ribosome, and poly(A) RNA-binding were also
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FIGURE 5 | The hnRNPK/A1/R/U network in colorectal adenocarcinoma modulated transcription and translation. (A) A gene co-expression network for hnRNPAT,
hnRNPK, hnRNPR, and hnRNPU was constructed. The network displayed that the transcription-related and translation-related genes, such as DHX9, MRPL3,
SFPQ, CPSF6, RAD23b, and NCBP1, were closely associated with the hnRNPK/A1/R/U network. (B) The GEPIA database revealed that the TPM levels of hnRNPK/
A1/R/U with each other were positively correlated. (C, D, E, F) The functional predictions of hnRNPK/A1/R/U network were analyzed in the DAVID database. The
GO analysis results showed that transcription, translation, and ribosomal large subunit assembly were regulated by the hnRNPK/A1/R/U. Furthermore, ribosomal
subunit, nucleotide binding, structure constituent of ribosome, and poly(A) RNA-binding were also enriched. The KEGG analysis results showed that DNA replication
and ribosomes were enriched, suggesting that hnRNPK/A1/R/U modulated the process of transcription and translation.

significantly controlled by the hnRNPK/A1/R/U alterations
(Figures 5D, E), and all of these components are well-known
processes associated with cell transcription and translation.
Finally, through KEGG analysis, ten pathways related to the
hnRNPK/A1/R/U network in colorectal adenocarcinoma were
identified (Figure 5F). More importantly, DNA replication and
ribosomes were enriched among these pathways, suggesting that
hnRNPK/A1/R/U modulated the process of transcription
and translation.

HNRNPK/A1/R/U complex was identified
and validated in human colorectal
adenocarcinoma cell lines

To identify whether hnRNPK/A1/R/U was existed in human
colorectal adenocarcinoma, nuclear proteins of HCT116, SW480,

and SW620 cells were extracted, with FHC as the control. After
SDS-PAGE and silver staining, a differential protein band with a
molecular weight of 50-55 kDa was observed (red rectangle). In
detail, more enrichment was observed in SW620 cells and less
enrichment was observed in SW480 and HCT116 cells.
Importantly, the total enrichment amount of colorectal
adenocarcinoma cells (HCT116, SW480, and SW620) was
elevated compared with normal cells (Figure 6A). Subsequently,
the protein band in red rectangle was excised, trypsinized, and
analyzed by MS. With the best peptide-spectrum sequences in the
mass spectra (Figure 6B), hnRNPA1 (P09651), hnRNPK (P61798),
hnRNPR (043390), and hnRNPU (Q00839) were identified.
Furthermore, WB assays were performed to validate the
expressions of hnRNPA1, hnRNPK, hnRNPR, and hnRNPU in
the nucleus, with histone H3 as the control. The results showed that
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hnRNPA1, hnRNPK, hnRNPR, and hnRNPU in the nucleus had
higher expressions in colorectal adenocarcinoma cells compared
with FHC cells (Figure 6C). The interaction between hnRNPK and
hnRNPA1/R/U proteins was confirmed by Co-IP in HCT116 cells,
ascertaining the existence of hnRNPK/A1/R/U complex in
colorectal adenocarcinoma cells. To confirm the reliability of this
result, the interaction between hnRNPU and hnRNPA1/R/K
proteins was further confirmed in HCT116 cells. In FHC cells,
the interaction between hnRNPK and hnRNPA1/R/U proteins was
observed, which revealed that the hnRNPK/A1/R/U interaction was
not specific to cancer cells (Figure 6D).

RNA-seq in HCT116 cell lines revealed
that hnRNPK from hnRNPK/A1/R/U
complex mainly regulated cellular
transcription and translation

HnRNPK was a transcription factor among hnRNPA1, hnRNPK,
hnRNPR, and hnRNPU, so we speculated that hnRNPK was the
core component in the hnRNPK/A1/R/U complex. To identify the
biological functions of hnRNPK in colorectal adenocarcinoma cells,
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FIGURE 6 | HnRNPK/A1/R/U complex was identified and validated in human colorectal adenocarcinoma cell lines. (A) Nuclear proteins of HCT116, SW480, and
SW620 cells were extracted, with FHC as the control. After SDS-PAGE and silver staining, a differential protein band with a molecular weight of 50-55 kDa was
observed (red rectangle). In detail, more enrichment was observed in SW620 cells and less enrichment was observed in SW480 and HCT116 cells. Importantly, the
total enrichment amount of colorectal adenocarcinoma cells was elevated compared with normal cells. (B) The protein band in red rectangle was excised, trypsinized,
and analyzed by MS. With the best peptide-spectrum sequences, hnRNPA1 (P09651), hnRNPK (P61798), hnRNPR (043390), and hnRNPU (Q00839) were identified.
(C) WB assays were performed to validate the expressions of hnRNPA1, hnRNPK, hnRNPR, and hnRNPU in the nucleus, with histone H3 as the control. The results
showed that hnRNPA1, hnRNPK, hnRNPR, and hnRNPU in the nucleus had higher expressions in colorectal adenocarcinoma cells compared with FHC cells. (D) The
interaction between hnRNPK and hnRNPA1/R/U proteins was confirmed by Co-IP in HCT116 cells. To confirm the reliability of this result, the interaction between
hnRNPU and hnRNPA1/R/K proteins was further confirmed in HCT116 cells. In FHC cells, the interaction between hnRNPK and hnRNPA1/R/U proteins was observed,
which revealed that the hnRNPK/A1/R/U interaction was not specific to cancer cells.

the primary biological processes that hnRNPK is involved in were
analyzed by RNA-seq in HCT116 cells. The heatmap revealed that
3514 and 3321 genes (upregulated and downregulated, respectively)
were differentially expressed after the hnRNPK knockdown
(Figure 7A). By GO analysis of these differential genes, regulation
of transcription by RNA polymerase II was identified as the primary
biological function of hnRNPK (Figure 7B). In addition, hnRNPK
was also involved in regulation of cell cycle, phosphorylation and
protein transport. Next, gene set enrichment analysis (GSEA) was
also analyzed. Similarly, the regulation of transcription by RNA
polymerase II and translation by ribosome were identified as the
primary biological processes (Figures 7C, D). Altogether, our
results showed that hnRNPK from the hnRNPK/A1/R/U complex
mainly regulated cellular transcription and translation. In FHC cells,
the primary biological functions of hnRNPK were further analyzed
by RNA-seq. By GO analysis of the differential genes, regulation of
DNA binding was identified as the primary biological function of
hnRNPK. KEGG pathway analysis confirmed that the differential
genes were mainly enriched in metabolism signaling pathway
(Figures 7E, F). Therefore, the hnRNPK-mediated transcription
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and translation processes are specific to cancer cells but not to the
normal cells.

HnRNPK was a favorable factor in human
colorectal adenocarcinoma, promoting
immune cell infiltration and inhibiting
tumor growth

To study the function of hnRNPK in vitro, we established stable
hnRNPK-knockdown and hnRNPK-overexpressed cell lines
(HCT116, SW480, and FHC) by lentiviral infection. WB revealed
that the expression of hnRNPK was downregulated or upregulated
in a stable manner (Figure 8A). For hnRNPK overexpression
detection, the upper band showed the overexpression of hnRNPK
and the lower band showed its basic expression. We then validated
the effect of hnRNPK on cell proliferation and clonogenicity. In
HCT116 and SW480 cells, the data showed that the cell
clonogenicity was promoted after hnRNPK knockdown and
attenuated after hnRNPK overexpression. In FHC cells, we found
that hnRNPK knockdown or overexpression did not affect the cell
clonogenicity (Figures 8B, C). Therefore, the hnRNPK-regulated
tumor growth is specific to cancer cells but not to the normal cells.
Furthermore, IncuCyte-based analysis was used to accurately
monitor the cell proliferation. The data revealed that cell
proliferation was also increased after hnRNPK knockdown and
attenuated after hnRNPK overexpression (Figure 8D). The
relationship between hnRNPK expression and infiltration of six
immune cell types was analyzed to estimate the effect of hnRNPK
on the colorectal adenocarcinoma microenvironment. A
significantly positive correlation was observed between hnRNPK
overexpression and infiltration of the B cells, CD4" T cells,
macrophages and neutrophil cells (P < 0.05) (Figure 8E). Next,
T-cell lymphoma cell line (H9) was used to preliminarily investigate
the interaction between cancer cells and T cells. After treatment
with the supernatant of hnRNPK knockdown cells, cell proliferation
of H9 was significantly inhibited (Figure 8F). Our results suggested
that hnRNPK was a favorable factor against human colorectal
adenocarcinoma, promoting immune cell infiltration and
inhibiting tumor growth.

DISCUSSION

Abnormal gene expressions of hnRNP family have been
observed in multiple tumor types (6-8, 35). Recently, the roles
of hnRNPs in the occurrence and progression of some tumors
have been reported (36-40), but informatic analysis of hnRNPs
has not been accomplished. This work is the first to analyze the
diverse expression patterns and prognostic values of the most
important hnRNPs members, and to validate their expressions in
colorectal adenocarcinoma. The aim of this study is to improve
treatment for patients with colorectal adenocarcinoma.

Among the hnRNPs, most studies were focused on hnRNPA1
in tumors. For instance, hnRNPA1 was highly expressed in oral
squamous carcinoma cells, and this overexpression controlled
the alternative splicing of CDK2 exon 5, affecting the regulation
of the G2/M cell cycle phase and cell proliferation (41).

Moreover, hnRNPA1 promoted cell invasion by inducing EMT
transition and was a promising molecular target in gastric cancer
cells (42). In colorectal adenocarcinoma, hnRNPA1 was
identified as a potential biomarker and contributed to tumor
growth by enhancing aerobic glycolysis (43, 44). In this study, we
illustrated that the expression of hnRNPA1 was elevated in
colorectal adenocarcinoma tissues, which was in line with the
previous findings (45). Moreover, mRNA amplification and
DNA methylation levels of hnRNPA1 were increased in tumor
tissues, indicating that hnRNPA1 overexpression was closely
related to the progression of cancers. However, high expression
of hnRNPA1 predicted better OS rates in colorectal
adenocarcinoma patients, suggesting that hnRNPA1 might be
an antitumor factor in tumorigenesis. Therefore, it seems that the
function of hnRNPAL1 is a double-edged sword, and requires
more attention in future studies.

HnRNPA2B1/C/D/F activations are oncogenic events in
some human cancers. HnRNPA2BI1 interacted and regulated
oncogenic KRAS signaling in pancreatic ductal adenocarcinoma
cells (40). Additionally, hnRNPC and hnRNPF enhanced cell
survival and EMT in breast cancer and bladder cancer by
controlling the stabilization of mRNAs (46, 47), and the
detection of hnRNPC suggests a negative prognosis in oral
squamous carcinoma patients (39). In our work, we found that
the expression levels of hnRNPA2B1/C/D/F were upregulated in
colorectal adenocarcinoma tissues. Furthermore, the expression
levels were positively correlated with each other, which revealed
that the hnRNPA2B1/C/D/F network was involved in colorectal
adenocarcinoma carcinogenesis. However, the expression levels
were not associated with the clinical outcomes of colorectal
adenocarcinoma patients, suggesting that hnRNPA2B1/C/D/F
were not distinct prognostic biomarkers in colorectal
adenocarcinoma. The analysis of clinical outcomes requires
larger sample size which is pivotal to the precision and
specificity of research.

Based on the results listed above, the prognostic value and
functions of hnRNPK/A1/R/U were further investigated.
HnRNPs are known to act as tumor suppressor or oncogene in
specific cell type manner irrespective of their expression pattern.
Most research has verified hnRNPK as an oncogene (12). In
bladder cancer, pancreatic cancer and renal cancer, studies have
found that hnRNPK promotes cancer cell proliferation (48-50).
Moreover, translocation of hnRNPK into nucleus promotes
tumor metastases by up-regulating matrix metalloproteinase
(51, 52). Recently, hnRNPK was also validated as a tumor
suppressor in gastric and hematological tumors (53). In our
study, we found that the expression of hnRNPK was enhanced in
colorectal adenocarcinoma tissues, which was identical with the
findings of Wang et al. (54). But contrary to the results of a study
by Carpenter et al. (55), we found that patients with high levels of
hnRNPK had better OS rates. The FHC cells are established from
human fetal normal colonic mucosa. Because of their origin from
normal fetal colon and their relative resistance to the induction
of apoptosis, FHC cells have been considered as a valuable
experimental control for various studies. Compared with FHC
cells, we showed that high expression of hnRNPK reduced the
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FIGURE 8 | HnRNPK was a favorable factor in human colorectal adenocarcinoma, promoting immune cell infiltration and inhibiting tumor growth. (A) Stable
hnRNPK-knockdown and hnRNPK-overexpressed cell lines (HCT116, SW480, and FHC) were established by lentiviral infection. WB revealed that the expression of
hnRNPK was downregulated or upregulated in a stable manner. (B, C) In HCT116 and SW480 cells, the data showed that the cell clonogenicity was promoted after
hnRNPK knockdown and attenuated after hnRNPK overexpression. In FHC cells, we found that hnRNPK knockdown or overexpression did not affect the cell
clonogenicity. (D) IncuCyte-based analysis was used to accurately monitor the cell proliferation. The data revealed that cell proliferation was increased after hnRNPK
knockdown and attenuated after hnRNPK overexpression. (E) The relationship between hnRNPK expression and infiltration of six immune cell types was analyzed to
estimate the effect of hnRNPK on the colorectal adenocarcinoma microenvironment. A significantly positive correlation was observed between hnRNPK
overexpression and infiltration of the B cells, CD4+ T cells, macrophages and neutrophil cells. (F) After treatment with supernatant of hnRNPK-knockdown cells, the
cell proliferation of H9 was inhibited. (G) Proposed model for the role of hnRNPK/A1/R/U complex in human colorectal adenocarcinoma. *P < 0.05.
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cancer cell proliferation, so we speculated that the patients with
higher hnRNPK levels might have lower cell proliferation rates
and stronger immune infiltrations, thus prolonging their survival
times. Exploring the proliferation regulation mechanism of
hnRNPK in colorectal adenocarcinoma was imperative. In this
study, many genetic alterations of hnRNPs occurred, in which
mRNA upregulation was predominant. We found that the DNA
methylation level of hnRNPK was decreased or increased. The
upstream mechanism of the expression of hnRNPK needed to be
studied further. In addition, hnRNPK is a transcriptional
cofactor of p53 in response to DNA damage (56), but the
function of hnRNPK is also reported to be independent of p53
status (57, 58). The relationship between hnRNPK and p53 status
in colorectal adenocarcinoma will be conducted in our
future research.

HnRNPR was reported as a pro-oncogene in gastric cancer
development and promoted the transcription of the c-fos oncogene
(13). Our data first demonstrated that high expression of hnRNPR
existed in colorectal adenocarcinoma and predicted increased OS
rates, indicating that hnRNPR is a prognostic biomarker for human
colorectal adenocarcinoma. HnRNPU participates in the regulation
of multiple biological processes such as chromatin structure and
dynamics, telomere recombination, genomic stability, post-
translation and modification (59). In cancer progression, an
hnRNPU axis regulated chromatin looping, cell apoptosis, and
chemotherapy response (14). But until now, the expression and
role of hnRNPU in colorectal adenocarcinoma has been unclear. In
the present study, we discovered that the expression of hnRNPU in
colorectal adenocarcinoma was increased, while the DNA
methylation level of hnRNPU was decreased. DNA methylation
is a pivotal epigenetic modification that is involved in control
mechanisms of gene expression regulation (60). Owing to the
classical regulatory processes happening at gene promoter
regions, we hypothesized that certain tumor-specific protein
molecules bound specifically to the hnRNPU promoter to
downregulate the DNA methylation. Unlike other members,
DNA methylation of hnRNPU might be modulated by several
complex factors, and the molecular mechanisms should be
further explored.

The modifications of hnRNP proteins are frequently focused
on post-translational levels. It is still unclear about the
transcriptional modifications of hnRNPs. Recently, the role of
DNA methylation in controlling the activities of gene promoters,
whether CpG islands or non-CpG islands, has been extensively
investigated. In mammals, DNA methylation in promoters is
well known to suppress gene expression and is the presumed
therapeutic target of methylation inhibitors (61). In READ
tissues, hnRNPC, hnRNPK, hnRNPF, and hnRNPU had lower
promoter methylation levels and higher expression levels, which
was consistent with this view. In addition, the transcriptional
activity of a gene is also controlled by the packaging of the
template within chromatin. Chromatin is the natural substrate
for the control of gene expression. Chromatin contains DNA and
structural proteins such as histones. DNA methylation and
histone modification can alter the nucleosomal infrastructure
to repress or activate transcription (62). Therefore, DNA

methylation and chromatin are critical for the transcription
initiation and gene expression. In this work, hnRNPAI,
hnRNPA2B1, hnRNPF, and hnRNPK had higher promoter
methylation levels and higher expression levels in COAD
tissues. We hypothesized that their higher methylation levels
might simultaneously modulate the chromatin structure and
make the upstream regulators or activators getting access to
the DNA and enhancing their transcription. The transcription of
hnRNPs may be a result of the interaction between DNA
promoter methylation and chromatin structure. Nevertheless,
we have no evidences for the possible regulatory relationship
between expressions and DNA methylation levels of hnRNPs.
The current databases are unable to analyze and provide the
correlation data. The potential regulatory molecular mechanisms
will be investigated in our future studies.

Cancer cells require high levels of transcription to survive and
maintain their cancerous phenotype. In the tumorigenesis of
colorectal adenocarcinoma, chromosome instability, hypoxia and
transcription inhibitors used in the treatment of cancer may
generate a stress situation in which the cancer cell responds by
overexpressing hundreds of genes (63). The levels of hnRNPK/A1/
R/U were significantly correlated with and associated with better OS
rates, while the levels of hnRNPs were increased. These seemingly
contradictory results may be a stress response, causing the up-
regulation of hnRNPK/A1/R/U. Immune response is the frontline
of defense against cancer. A dynamic and coordinated gene
expression program lies at the heart of the immune response.
Alternative splicing and mRNA stability have been shown to be
regulated during the immune response and participate in
modulating gene expression in a specific manner (64, 65).
HnRNPs are nucleic acid-binding proteins which mainly regulate
alternative splicing and mRNA stability. In this work, we observed
an obvious correlation between hnRNPK overexpression and
immune infiltrations. Therefore, we hypothesized that the
increased levels of hnRNPs might be emerging as cascade
response of the immune process. The possible evidences will be
explored in the future. We also identified and validated the existence
of hnRNPK/A1/R/U complex by proteomic technology. In our
results, many transcription and translation genes were identified to
be associated with the hnRNPK/A1/R/U network. Gene expression
is generally dependent on protein synthesis, in which ribosomes
recognize and decode mRNA templates via translation initiation,
extension, and termination. The ribosome is a complex organelle
composed of many different proteins and nucleic acids, and is
responsible for protein synthesis in living cells (66). Moreover, the
poly(A)-binding process plays pivotal roles in the translation and
stability of the mRNA (67). Therefore, we speculated that the
hnRNPK/A1/R/U network processed the transport and
stabilization of mRNAs in the cytoplasm, and modulated mRNA
translation in the ribosome. The GO and KEGG analysis results
validated that translation and transcription were the predominant
processes regulated by the network.

HnRNPK was the only transcription factor among hnRNPA1,
hnRNPK, hnRNPR, and hnRNPU. Moreover, from the survival
analysis results in HPA and GEPIA webtools, only hnRNPK was
associated with better OS rates for colorectal adenocarcinoma
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patients. Therefore, we hypothesized that hnRNPK might be the
core component in the hnRNPK/A1/R/U complex. The GO and
GSEA analysis data by RNA-seq validated that hnRNPK mainly
regulated cellular transcription and translation, which was
identical to the function of hnRNPK/A1/R/U network. The
above results indicated that hnRNPK was a primary regulatory
factor for development of colorectal adenocarcinoma. In vitro,
we preliminarily investigated the role of hnRNPK in colorectal
adenocarcinoma. The data showed that a positive correlation was
observed between hnRNPK overexpression and infiltration levels
of B cells, CD4+ T cells, macrophages and neutrophil cells.
Hence, we hypothesized that the overall immune infiltration
levels of hnRNPK/A1/R/U complex might be enhanced. T-cell
lymphoma cell line (H9) was used to investigate the interaction
between cancer cells and T cells. After treatment with the
supernatant of hnRNPK-knockdown cells, cell proliferation of
H9 was significantly inhibited. Through proliferation test, we
preliminarily identified that hnRNPK was a favorable factor
against human colorectal adenocarcinoma and promoted
immune infiltration, thus inhibiting tumor growth. Notably,
the biological functions and molecular mechanisms of
hnRNPK/A1/R/U complex in colorectal adenocarcinoma still
need future investigations.

CONCLUSION

As summarized in Figure 8G, we systematically evaluated the
expression profiles and prognostic values of the eight most
important subtypes of hnRNPs in colorectal adenocarcinoma, and
presented thorough findings of the potential molecular biological
characteristics of hnRNPs. Our results illustrated that the elevated
levels of hnRNPK/A1/R/U in colorectal adenocarcinoma tissues
exert critical roles in the tumorigenesis of colorectal
adenocarcinoma. Importantly, we validated that the hnRNPK/A1/
R/U complex is a favorable prognostic biomarker of colorectal
adenocarcinoma. Targeting transcription factor hnRNPK during
transcription and translation could be a promising therapeutic
potential for colorectal adenocarcinoma treatment.

REFERENCES

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2018) 68
(6):394-424. doi: 10.3322/caac.21492

2. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer Statistics in
China, 2015. CA Cancer ] Clin (2016) 66(2):115-32. doi: 10.3322/caac.21338

3. Chen W, Sun K, Zheng R, Zeng H, Zhang S, Xia C, et al. Cancer Incidence and
Mortality in China, 2014. Chin ] Cancer Res (2018) 30(1):1-12. doi: 10.21147/
j.issn.1000-9604.2018.01.01

4. Thrumurthy SG, Thrumurthy SS, Gilbert CE, Ross P, Haji A. Colorectal
Adenocarcinoma: Risks, Prevention and Diagnosis. BMJ (2016) 354:i3590.
doi: 10.1136/bmj.i3590

5. Zhai Z, Yu X, Yang B, Zhang Y, Zhang L, Li X, et al. Colorectal Cancer
Heterogeneity and Targeted Therapy: Clinical Implications, Challenges and
Solutions for Treatment Resistance. Semin Cell Dev Biol (2017) 64:107-15.
doi: 10.1016/j.semcdb.2016.08.033

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of The First Affiliated Hospital of
Zhengzhou University. The patients/participants provided their
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

ZG and YQ conceived and designed the study. YL obtained
information from the informatic tools. YL, HW, QM, and JW
performed the experiments and acquired the result data. ZG and
YL drafted the manuscript. ZG and QM critically revised the
manuscript and supervised the study. All authors contributed to
the article and approved the submitted version.

FUNDING

This work was supported by the funds from the National Natural
Science Foundation of China (Grant No. 81902833, 82103113),
the Henan Provincial Science and Technology Research Project
(Grant No. 212102310112, LHGJ20210286) and the Certificate
of Postdoctoral Research Grant of Henan Province.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2022.
845931/full#supplementary-material

6. Das U, Nguyen H, Xie J. Transcriptome Protection by the Expanded
Family of hnRNPs. RNA Biol (2019) 16(2):155-9. doi: 10.1080/15476286.
2018.1564617

. Geuens T, Bouhy D, Timmerman V. The hnRNP Family: Insights Into Their
Role in Health and Disease. Hum Genet (2016) 135(8):851-67. doi: 10.1007/
500439-016-1683-5

. Kedzierska H, Piekietko-Witkowska A. Splicing Factors of SR and hnRNP
Families as Regulators of Apoptosis in Cancer. Cancer Lett (2017) 396:53-65.
doi: 10.1016/j.canlet.2017.03.013

9. Fujiya M, Konishi H, Mohamed Kamel MK, Ueno N, Inaba Y, Moriichi K,

et al. microRNA-18a Induces Apoptosis in Colon Cancer Cells via the

Autophagolysosomal Degradation of Oncogenic Heterogeneous Nuclear

Ribonucleoprotein Al. Oncogene (2014) 33(40):4847-56. doi: 10.1038/

onc.2013.429

Ke RS, Zhang K, Lv LZ, Dong YP, Pan F, Yang F, et al. Prognostic Value and

Oncogene Function of Heterogeneous Nuclear Ribonucleoprotein Al

Overexpression in HBV-Related Hepatocellular Carcinoma. Int ] Biol

Macromol (2019) 129:140-51. doi: 10.1016/j.ijbiomac.2019.02.012

~

ol

10.

Frontiers in Oncology | www.frontiersin.org

July 2022 | Volume 12 | Article 845931


https://www.frontiersin.org/articles/10.3389/fonc.2022.845931/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.845931/full#supplementary-material
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21338
https://doi.org/10.21147/j.issn.1000-9604.2018.01.01
https://doi.org/10.21147/j.issn.1000-9604.2018.01.01
https://doi.org/10.1136/bmj.i3590
https://doi.org/10.1016/j.semcdb.2016.08.033
https://doi.org/10.1080/15476286.2018.1564617
https://doi.org/10.1080/15476286.2018.1564617
https://doi.org/10.1007/s00439-016-1683-5
https://doi.org/10.1007/s00439-016-1683-5
https://doi.org/10.1016/j.canlet.2017.03.013
https://doi.org/10.1038/onc.2013.429
https://doi.org/10.1038/onc.2013.429
https://doi.org/10.1016/j.ijbiomac.2019.02.012
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Lietal

HNRNPK/A1/R/U complex is a biomarker

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Roy R, Huang Y, Seckl MJ, Pardo OE. Emerging Roles of Hnrnpal in
Modulating Malignant Transformation. Wiley Interdiscip Rev RNA (2017) 8
(6):1-18. doi: 10.1002/wrna.1431

Wang Z, Qiu H, He J, Liu L, Xue W, Fox A, et al. The Emerging Roles of
hnRNPK. J Cell Physiol (2020) 235(3):1995-2008. doi: 10.1002/jcp.29186
Chen EB, Qin X, Peng K, Li Q, Tang C, Wei YC, et al. HnRNPR-CCNB1/
CENPF Axis Contributes to Gastric Cancer Proliferation and Metastasis.
Aging (Albany NY) (2019) 11(18):7473-91. doi: 10.18632/aging.102254

Jiao W, Chen Y, Song H, Li D, Mei H, Yang F, et al. HPSE Enhancer RNA
Promotes Cancer Progression Through Driving Chromatin Looping and
Regulating hnRNPU/P300/EGR1/HPSE Axis. Oncogene (2018) 37
(20):2728-45. doi: 10.1038/s41388-018-0128-0

Rhodes DR, Yu J, Shanker K, Deshpande N, Varambally R, Ghosh D, et al.
ONCOMINE: A Cancer Microarray Database and Integrated Data-Mining
Platform. Neoplasia (2004) 6(1):1-6. doi: 10.1016/s1476-5586(04)80047-2
Chandrashekar DS, Bashel B, Balasubramanya SAH, Creighton CJ, Ponce-
Rodriguez I, Chakravarthi B, et al. UALCAN: A Portal for Facilitating Tumor
Subgroup Gene Expression and Survival Analyses. Neoplasia (2017) 19
(8):649-58. doi: 10.1016/j.ne0.2017.05.002

Tang Z, Li C, Kang B, Gao G, Li C, Zhang Z. GEPIA: A Web Server for Cancer
and Normal Gene Expression Profiling and Interactive Analyses. Nucleic
Acids Res (2017) 45(W1):W98-W102. doi: 10.1093/nar/gkx247

Gao ], Aksoy BA, Dogrusoz U, Dresdner G, Gross B, Sumer SO, et al.
Integrative Analysis of Complex Cancer Genomics and Clinical Profiles Using
the Cbioportal. Sci Signal (2013) 6(269):pll. doi: 10.1126/scisignal. 2004088
Cerami E, Gao J, Dogrusoz U, Gross BE, Sumer SO, Aksoy BA, et al. The Cbio
Cancer Genomics Portal: An Open Platform for Exploring Multidimensional
Cancer Genomics Data. Cancer Discovery (2012) 2(5):401-4. doi: 10.1158/
2159-8290.cd-12-0095

Pontén F, Jirstrom K, Uhlen M. The Human Protein Atlas-a Tool for
Pathology. J Pathol (2008) 216(4):387-93. doi: 10.1002/path.2440

Uhlen M, Zhang C, Lee S, Sjostedt E, Fagerberg L, Bidkhori G, et al. A
Pathology Atlas of the Human Cancer Transcriptome. Science (2017) 357
(6352):eaan2507. doi: 10.1126/science.aan2507

Yang S, Kim CY, Hwang S, Kim E, Kim H, Shim H, et al. COEXPEDIA:
Exploring Biomedical Hypotheses via Co-Expressions Associated With
Medical Subject Headings (MeSH). Nucleic Acids Res (2017) , 45(D1):
D389-96. doi: 10.1093/nar/gkw868

Huang DW, Sherman BT, Tan Q, Kir J, Liu D, Bryant D, et al. DAVID
Bioinformatics Resources: Expanded Annotation Database and Novel
Algorithms to Better Extract Biology From Large Gene Lists. Nucleic Acids
Res (2007) 35(Web Server issue):W169-75. doi: 10.1093/nar/gkm415

Huang da W, Sherman BT, Lempicki RA. Bioinformatics Enrichment Tools:
Paths Toward the Comprehensive Functional Analysis of Large Gene Lists.
Nucleic Acids Res (2009) 37(1):1-13. doi: 10.1093/nar/gkn923

Li T, Fu J, Zeng Z, Cohen D, Li J, Chen Q, et al. Timer2.0 for analysis of
tumor-infiltrating immune cells. Nucleic Acids Res (2020) 48(W1):W509-14.
doi: 10.1093/nar/gkaa407

Alon U, Barkai N, Notterman DA, Gish K, Ybarra S, Mack D, et al. Broad
Patterns of Gene Expression Revealed by Clustering Analysis of Tumor and
Normal Colon Tissues Probed by Oligonucleotide Arrays. Proc Natl Acad Sci
U.S.A. (1999) 96(12):6745-50. doi: 10.1073/pnas.96.12.6745

Sabates-Bellver ], van der Flier LG, de Palo M, Cattaneo E, Maake C, Rehrauer
H, et al. Transcriptome Profile of Human Colorectal Adenomas. Mol Cancer
Res (2007) 5(12):1263-75. doi: 10.1158/1541-7786.mcr-07-0267

Kaiser S, Park YK, Franklin JL, Halberg RB, Yu M, Jessen W], et al.
Transcriptional Recapitulation and Subversion of Embryonic Colon
Development by Mouse Colon Tumor Models and Human Colon Cancer.
Genome Biol (2007) 8(7):R131. doi: 10.1186/gb-2007-8-7-r131

Skrzypczak M, Goryca K, Rubel T, Paziewska A, Mikula M, Jarosz D, et al.
Modeling Oncogenic Signaling in Colon Tumors by Multidirectional
Analyses of Microarray Data Directed for Maximization of Analytical
Reliability. PLoS One (2010) 5(10):e13091. doi: 10.1371/journal.pone.
0013091

Kurashina K, Yamashita Y, Ueno T, Koinuma K, Ohashi J, Horie H, et al.
Chromosome Copy Number Analysis in Screening for Prognosis-Related
Genomic Regions in Colorectal Carcinoma. Cancer Sci (2008) 99(9):1835-40.
doi: 10.1111/.1349-7006.2008.00881.x

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Ki DH, Jeung HC, Park CH, Kang SH, Lee GY, Lee WS, et al. Whole Genome
Analysis for Liver Metastasis Gene Signatures in Colorectal Cancer. Int J
Cancer (2007) 121(9):2005-12. doi: 10.1002/ijc.22975

Hong Y, Downey T, Eu KW, Koh PK, Cheah PY. A 'Metastasis-Prone'
Signature for Early-Stage Mismatch-Repair Proficient Sporadic Colorectal
Cancer Patients and its Implications for Possible Therapeutics. Clin Exp
Metastasis (2010) 27(2):83-90. doi: 10.1007/s10585-010-9305-4

Gaedcke J, Grade M, Jung K, Camps J, Jo P, Emons G, et al. Mutated KRAS
Results in Overexpression of DUSP4, a MAP-Kinase Phosphatase, and
SMYD3, a Histone Methyltransferase, in Rectal Carcinomas. Genes
Chromosomes Cancer (2010) 49(11):1024-34. doi: 10.1002/gcc.20811
Notterman DA, Alon U, Sierk AJ, Levine AJ. Transcriptional Gene Expression
Profiles of Colorectal Adenoma, Adenocarcinoma, and Normal Tissue
Examined by Oligonucleotide Arrays. Cancer Res (2001) 61(7):3124—
30.doi: 10.1097/00002820-200104000-00012

Han SP, Tang YH, Smith R. Functional Diversity of the hnRNPs: Past,
Present and Perspectives. Biochem ] (2010) 430(3):379-92. doi: 10.1042/
bj20100396

Li L, Yan S, Zhang H, Zhang M, Huang G, Chen M. Interaction of hnRNP K
With MAP 1b-LC1 Promotes TGF-B1-Mediated Epithelial to Mesenchymal
Transition in Lung Cancer Cells. BMC Cancer (2019) 19(1):894. doi: 10.1186/
512885-019-6119-x

Chen Y, Zeng Y, Xiao Z, Chen S, Li Y, Zou J, et al. Role of Heterogeneous
Nuclear Ribonucleoprotein K in Tumor Development. ] Cell Biochem (2019)
120(9):14296-305. doi: 10.1002/jcb.28867

Yang H, Zhu R, Zhao X, Liu L, Zhou Z, Zhao L, et al. Sirtuin-Mediated
Deacetylation of hnRNP A1l Suppresses Glycolysis and Growth in
Hepatocellular Carcinoma. Oncogene (2019) 38(25):4915-31. doi: 10.1038/
541388-019-0764-z

Kumar M, Matta A, Masui O, Srivastava G, Kaur J, Thakar A, et al. Nuclear
Heterogeneous Nuclear Ribonucleoprotein D is Associated With Poor
Prognosis and Interactome Analysis Reveals its Novel Binding Partners in
Oral Cancer. ] Transl Med (2015) 13:285. doi: 10.1186/s12967-015-0637-3
Barcelo C, Etchin J, Mansour MR, Sanda T, Ginesta MM, Sanchez-Arévalo
Lobo V], et al. Ribonucleoprotein HNRNPA2B1 Interacts With and Regulates
Oncogenic KRAS in Pancreatic Ductal Adenocarcinoma Cells.
Gastroenterology (2014) 147(4):882-92.¢8. doi: 10.1053/j.gastro.2014.06.041
Yu C, Guo J, Liu Y, Jia J, Jia R, Fan M. Oral Squamous Cancer Cell Exploits
hnRNP Al to Regulate Cell Cycle and Proliferation. J Cell Physiol (2015) 230
(9):2252-61. doi: 10.1002/jcp.24956

Chen Y, Liu J, Wang W, Xiang L, Wang J, Liu S, et al. High Expression of
Hnrnpal Promotes Cell Invasion by Inducing EMT in Gastric Cancer. Oncol
Rep (2018) 39(4):1693-701. doi: 10.3892/0r.2018.6273

Lan Z, Yao X, Sun K, Li A, Liu S, Wang X. The Interaction Between IncRNA
SNHG6 and Hnrnpal Contributes to the Growth of Colorectal Cancer by
Enhancing Aerobic Glycolysis Through the Regulation of Alternative Splicing
of PKM. Front Oncol (2020) 10:363. doi: 10.3389/fonc.2020.00363

Ma YL, Peng JY, Zhang P, Huang L, Liu WJ, Shen TY, et al. Heterogeneous
Nuclear Ribonucleoprotein Al is Identified as a Potential Biomarker for
Colorectal Cancer Based on Differential Proteomics Technology. J Proteome
Res (2009) 8(10):4525-35. doi: 10.1021/pr900365e

Park WC, Kim HR, Kang DB, Ryu JS, Choi KH, Lee GO, et al. Comparative
Expression Patterns and Diagnostic Efficacies of SR Splicing Factors and
HNRNPAL1 in Gastric and Colorectal Cancer. BMC Cancer (2016) 16:358.
doi: 10.1186/512885-016-2387-x

Wu Y, Zhao W, Liu Y, Tan X, Li X, Zou Q, et al. Function of HNRNPC in
Breast Cancer Cells by Controlling the dsSRNA-Induced Interferon Response.
EMBO ] (2018) 37(23):299017. doi: 10.15252/embj.201899017

Li F, Zhao H, Su M, Xie W, Fang Y, Du Y, et al. HnRNP-F Regulates EMT in
Bladder Cancer by Mediating the Stabilization of Snaill mRNA by Binding to
its 3' UTR. EBioMedicine (2019) 45:208-19. doi: 10.1016/j.ebiom.2019.06.017
Chen X, Gu P, Xie R, Han J, Liu H, Wang B, et al. Heterogeneous Nuclear
Ribonucleoprotein K is Associated With Poor Prognosis and Regulates
Proliferation and Apoptosis in Bladder Cancer. ] Cell Mol Med (2017) 21
(7):1266-79. doi: 10.1111/jcmm.12999

He D, Huang C, Zhou Q, Liu D, Xiong L, Xiang H, et al. HnRNPK/miR-223/
FBXW?7 Feedback Cascade Promotes Pancreatic Cancer Cell Growth and
Invasion. Oncotarget (2017) 8(12):20165-78. doi: 10.18632/oncotarget.15529

Frontiers in Oncology | www.frontiersin.org

July 2022 | Volume 12 | Article 845931


https://doi.org/10.1002/wrna.1431
https://doi.org/10.1002/jcp.29186
https://doi.org/10.18632/aging.102254
https://doi.org/10.1038/s41388-018-0128-0
https://doi.org/10.1016/s1476-5586(04)80047-2
https://doi.org/10.1016/j.neo.2017.05.002
https://doi.org/10.1093/nar/gkx247
https://doi.org/10.1126/scisignal.2004088
https://doi.org/10.1158/2159-8290.cd-12-0095
https://doi.org/10.1158/2159-8290.cd-12-0095
https://doi.org/10.1002/path.2440
https://doi.org/10.1126/science.aan2507
https://doi.org/10.1093/nar/gkw868
https://doi.org/10.1093/nar/gkm415
https://doi.org/10.1093/nar/gkn923
https://doi.org/10.1093/nar/gkaa407
https://doi.org/10.1073/pnas.96.12.6745
https://doi.org/10.1158/1541-7786.mcr-07-0267
https://doi.org/10.1186/gb-2007-8-7-r131
https://doi.org/10.1371/journal.pone.0013091
https://doi.org/10.1371/journal.pone.0013091
https://doi.org/10.1111/j.1349-7006.2008.00881.x
https://doi.org/10.1002/ijc.22975
https://doi.org/10.1007/s10585-010-9305-4
https://doi.org/10.1002/gcc.20811
https://doi.org/10.1097/00002820-200104000-00012   
https://doi.org/10.1042/bj20100396
https://doi.org/10.1042/bj20100396
https://doi.org/10.1186/s12885-019-6119-x
https://doi.org/10.1186/s12885-019-6119-x
https://doi.org/10.1002/jcb.28867
https://doi.org/10.1038/s41388-019-0764-z
https://doi.org/10.1038/s41388-019-0764-z
https://doi.org/10.1186/s12967-015-0637-3
https://doi.org/10.1053/j.gastro.2014.06.041
https://doi.org/10.1002/jcp.24956
https://doi.org/10.3892/or.2018.6273
https://doi.org/10.3389/fonc.2020.00363
https://doi.org/10.1021/pr900365e
https://doi.org/10.1186/s12885-016-2387-x
https://doi.org/10.15252/embj.201899017
https://doi.org/10.1016/j.ebiom.2019.06.017
https://doi.org/10.1111/jcmm.12999
https://doi.org/10.18632/oncotarget.15529
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Lietal

HNRNPK/A1/R/U complex is a biomarker

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Otoshi T, Tanaka T, Morimoto K, Nakatani T. Cytoplasmic Accumulation of
Heterogeneous Nuclear Ribonucleoprotein K Strongly Promotes Tumor
Invasion in Renal Cell Carcinoma Cells. PLoS One (2015) 10(12):e0145769.
doi: 10.1371/journal.pone.0145769

Chung IC, Chen LC, Chung AK, Chao M, Huang HY, Hsueh C, et al. Matrix
Metalloproteinase 12 is Induced by Heterogeneous Nuclear Ribonucleoprotein K
and Promotes Migration and Invasion in Nasopharyngeal Carcinoma. BMC
Cancer (2014) 14:348. doi: 10.1186/1471-2407-14-348

Zhu XH, Wang JM, Yang SS, Wang FF, Hu JL, Xin SN, et al. Down-Regulation
of DAB2IP Promotes Colorectal Cancer Invasion and Metastasis by
Translocating hnRNPK Into Nucleus to Enhance the Transcription of
MMP2. Int ] Cancer (2017) 141(1):172-83. doi: 10.1002/ijc.30701

Gallardo M, Lee HJ, Zhang X, Bueso-Ramos C, Pageon LR, McArthur M, et al.
hnRNP K Is a Haploinsufficient Tumor Suppressor That Regulates
Proliferation and Differentiation Programs in Hematologic Malignancies.
Cancer Cell (2015) 28(4):486-99. doi: 10.1016/j.ccell.2015.09.001

Wang F, Zhang P, Shi C, Yang Y, Qin H. Immunohistochemical Detection
of HSP27 and hnRNP K as Prognostic and Predictive Biomarkers for
Colorectal Cancer. Med Oncol (2012) 29(3):1780-8. doi: 10.1007/s12032-
011-0037-3

Carpenter B, McKay M, Dundas SR, Lawrie LC, Telfer C, Murray GL
Heterogeneous Nuclear Ribonucleoprotein K is Over Expressed, Aberrantly
Localised and is Associated With Poor Prognosis in Colorectal Cancer. Br |
Cancer (2006) 95(7):921-7. doi: 10.1038/sj.bjc.6603349

Moumen A, Masterson P, O'Connor MJ, Jackson SP. hnRNP K: An HDM2
Target and Transcriptional Coactivator of P53 in Response to DNA Damage.
Cell (2005) 123(6):1065-78. doi: 10.1016/j.cell.2005.09.032

Xiao Z, Ko HL, Goh EH, Wang B, Ren EC. hnRNP K Suppresses Apoptosis
Independent of P53 Status by Maintaining High Levels of Endogenous
Caspase Inhibitors. Carcinogenesis (2013) 34(7):1458-67. doi: 10.1093/
carcin/bgt085

Huang WS, Xu FM, Zeng QZ, Liu XH, Gao XJ, Liu LX. ERK1/2-Mediated
Cytoplasmic Accumulation of hnRNPK Antagonizes TRAIL-Induced
Apoptosis Through Upregulation of XIAP in H1299 Cells. BioMed Environ
Sci (2017) 30(7):473-81. doi: 10.3967/bes2017.063

Zhang L, Song D, Zhu B, Wang X. The Role of Nuclear Matrix Protein
HNRNPU in Maintaining the Architecture of 3D Genome. Semin Cell Dev
Biol (2019) 90:161-7. doi: 10.1016/j.semcdb.2018.07.006

Koch A, Joosten SC, Feng Z, de Ruijter TC, Draht MX, Melotte V, et al.
Analysis of DNA Methylation in Cancer: Location Revisited. Nat Rev Clin
Oncol (2018) 15(7):459-66. doi: 10.1038/s41571-018-0004-4

61. Neri F, Rapelli S, Krepelova A, Incarnato D, Parlato C, Basile G, et al.
Intragenic DNA Methylation Prevents Spurious Transcription Initiation.
Nature (2017) 543(7643):72-7. doi: 10.1038/nature21373

Jones PL, Wolffe AP. Relationships Between Chromatin Organization and
DNA Methylation in Determining Gene Expression. Semin Cancer Biol (1999)
9(5):339-47. doi: 10.1006/scbi.1999.0134

Cruz-Ruiz S, Uriostegui-Arcos M, Zurita M. The Transcriptional Stress
Response and its Implications in Cancer Treatment. Biochim Biophys Acta
Rev Cancer (2021) 1876(2):188620. doi: 10.1016/j.bbcan.2021.188620
Guillemin A, Kumar A, Wencker M, Ricci EP. Shaping the Innate Immune
Response Through Post-Transcriptional Regulation of Gene Expression
Mediated by RNA-Binding Proteins. Front Immunol (2021) 12:796012.
doi: 10.3389/fimmu.2021.796012

Kalamohan K, Rathinam D, Panneerpandian P, Ganesan K. Coexpressed
Modular Gene Expression Reveals Inverse Correlation Between Immune
Responsive Transcription and Aggressiveness in Gastric Tumours. Cancer
Immunol Immunother (2017) 66(7):941-54. doi: 10.1007/s00262-017-1998-7
Pelletier J, Thomas G, Volarevic S. Ribosome Biogenesis in Cancer: New
Players and Therapeutic Avenues. Nat Rev Cancer (2018) 18(1):51-63.
doi: 10.1038/nrc.2017.104

Esencan E, Kallen A, Zhang M, Seli E. Translational Activation of Maternally
Derived mRNAs in Oocytes and Early Embryos and the Role of Embryonic
Poly(A) Binding Protein (EPAB). Biol Reprod (2019) 100(5):1147-57.
doi: 10.1093/biolre/ioz034

62.

63.

64.

65.

66.

67.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Li, Wang, Wan, Ma, Qi and Gu. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

July 2022 | Volume 12 | Article 845931


https://doi.org/10.1371/journal.pone.0145769
https://doi.org/10.1186/1471-2407-14-348
https://doi.org/10.1002/ijc.30701
https://doi.org/10.1016/j.ccell.2015.09.001
https://doi.org/10.1007/s12032-011-0037-3
https://doi.org/10.1007/s12032-011-0037-3
https://doi.org/10.1038/sj.bjc.6603349
https://doi.org/10.1016/j.cell.2005.09.032
https://doi.org/10.1093/carcin/bgt085
https://doi.org/10.1093/carcin/bgt085
https://doi.org/10.3967/bes2017.063
https://doi.org/10.1016/j.semcdb.2018.07.006
https://doi.org/10.1038/s41571-018-0004-4
https://doi.org/10.1038/nature21373
https://doi.org/10.1006/scbi.1999.0134
https://doi.org/10.1016/j.bbcan.2021.188620
https://doi.org/10.3389/fimmu.2021.796012
https://doi.org/10.1007/s00262-017-1998-7
https://doi.org/10.1038/nrc.2017.104
https://doi.org/10.1093/biolre/ioz034
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	The hnRNPK/A1/R/U Complex Regulates Gene Transcription and Translation and is a Favorable Prognostic Biomarker for Human Colorectal Adenocarcinoma
	Introduction
	Materials and methods
	Cell Culture and Construction of Stable Cell Lines
	Silver Staining and Mass Spectroscopy (MS)
	Co-IP and WB
	Cell Proliferation and Colony Formation
	RNA-seq
	Immunohistochemical (IHC) staining
	ONCOMINE Analysis
	UALCAN and GEPIA analysis
	CBioPortal Analysis
	Human Protein Atlas (HPA) analysis
	Coexpedia and DAVID analysis
	TIMER analysis
	Statistical analysis

	Results
	The expression levels of hnRNPs were upregulated in colorectal adenocarcinoma tissues
	Promoter methylation level, genetic alteration and correlation analysis of hnRNPs were evaluated in human colorectal adenocarcinoma
	High expressions levels of hnRNPA1, hnRNPK, hnRNPR, and hnRNPU were significantly associated with better OS rates in colorectal adenocarcinoma patients
	The hnRNPK/A1/R/U network in colorectal adenocarcinoma modulated transcription and translation
	HnRNPK/A1/R/U complex was identified and validated in human colorectal adenocarcinoma cell lines
	RNA-seq in HCT116 cell lines revealed that hnRNPK from hnRNPK/A1/R/U complex mainly regulated cellular transcription and translation
	HnRNPK was a favorable factor in human colorectal adenocarcinoma, promoting immune cell infiltration and inhibiting tumor growth

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


