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Abstract: Background: Heterogeneous nuclear ribonucleoproteins (hnRNPs), a large family of RNA-
binding proteins, have been implicated in tumor progression in multiple cancer types. However, the
expression pattern and prognostic value of hnRNPs in five gastrointestinal (GI) cancers, including gas-
tric, colorectal, esophageal, liver, and pancreatic cancer, remain to be investigated.

Objective: The current research aimed to identify prognostic biomarkers of the hnRNP family in five
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Plotter were used to explore the hnRNPs expression levels concerning clinicopathological parameters
and prognostic values. The protein level of hnRNPU was validated by immunohistochemistry (IHC) in
human tissue specimens. Genetic alterations of hnRNPs were analyzed using cBioportal, and Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were performed to
illustrate the biological functions of co-expressed genes of hnRNPs.

Results: The vast majority of hnRNPs were highly expressed in five types of GI cancer tissues com-
pared to their adjacent normal tissues, and mRNA levels of hnRNPA2BI1, D, Q, R, and U were signifi-
cantly different in various GI cancer types at different stages. In addition, Kaplan-Meier analysis re-
vealed that the increased hnRNPs expression levels were correlated with better prognosis in gastric
and rectal cancer patients (log-rank p < 0.05). In contrast, patients with high levels of hnRNPs exhibit-
ed a worse prognosis in esophageal and liver cancer (log-rank p < 0.05). Using immunohistochemis-
try, we further confirmed that hnRNPU was overexpressed in gastric, rectal, and liver cancers. In addi-
tion, hnRNPs genes were altered in patients with GI cancers, and RNA-related processing was corre-
lated with hnRNPs alterations.

Conclusion: We identified differentially expressed genes of hnRNPs in tumor tissues versus adjacent
normal tissues, which might contribute to predicting tumor types, early diagnosis, and targeted thera-
pies in five major types of GI cancer.

Keywords: RNA-binding proteins, early diagnosis, GI tract cancers, gene ontology, kyoto encyclopedia of genes and genomes.

1. INTRODUCTION

The five major types of gastrointestinal cancer, including
gastric, colorectal, esophageal, liver, and pancreatic cancer,
account for 26.3% (4.8 million) of the global cancer inci-
dence and 35.4% (3.4 million) of all cancer-related deaths
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[1]. Although most gastrointestinal cancers develop sporadi-
cally due to a combination of genetic predisposition and
environmental influences, patients with hereditary gastroin-
testinal cancers also represent a substantial fraction of the
overall affected population [2]. In recent years, biomarkers
of gene mutations and epigenetic modifications have been
discovered and applied in clinical practice [3-5]. However,
patients with gastric, esophageal, liver, and pancreatic can-
cer are usually diagnosed at an advanced stage with a poor
prognosis [6]. Diagnoses and treatment are still challenging
due to the poor prognosis and late stage of most cancers.

Heterogeneous nuclear ribonucleoproteins (hnRNPs)
represent a group of genes that encode a large family of
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RNA-binding proteins [7] and act as key proteins in nucleic
acid metabolism, including alternative splicing, mRNA sta-
bilization as well as transcriptional and translational regula-
tion [8]. The hnRNPs include at least twenty-three members
and are named alphabetically from hnRNP Al to hnRNP U
[9]. The expressions of hnRNPs are upregulated in many
human malignancies, including glioblastoma [10], oral
squamous cancer [11], myeloid leukemia [12], lung cancer
[13], bladder cancer [14], breast cancer [15], ovarian cancer
[16], prostate cancer [17], and gastrointestinal cancer [18-
22]. To date, twenty-three hnRNPs named hnRNPA1, A3,
A/B, A2B1, C, D, DL, El, E2, F, G (RBMX), H1, H2, H3, I
(PTBP1), K, L, LL, M, P (FUS), Q (SYNCRIP), R, and U
have been identified [9]. HnRNPs have been reported to
play important roles in human GI cancers [23]. However, to
the best of our knowledge, the expression pattern, prognosis,
and underlying mechanism of hnRNPs in gastrointestinal
cancers have not been fully elucidated. Therefore, the role
of hnRNPs in gastrointestinal cancers has yet to be explored
by bioinformatics analysis.

We investigated the expressions and mutations of
hnRNPs based on thousands of genes published online.
Moreover, we confirmed the expression of hnRNPU by IHC
in gastric, rectal, and liver cancers. The differentially ex-
pressed genes may serve as biomarkers for early clinical
diagnosis of GI tract cancers. Among them, the prognosis-
related genes, as well as their co-expression genes, were
analyzed by GO functional annotation and KEGG pathway
enrichment to find the underlying mechanisms and possible
therapeutic targets.

2. MATERIALS AND METHODS
2.1. Patients and Samples

Twelve pairs of cancer and normal adjacent tissues from
surgically resected stomach adenocarcinoma, rectal adeno-
carcinoma, and liver hepatocellular carcinoma samples were
collected in the Affiliated Hospital of Qingdao University in
2021. Patients were included in this experiment upon giving
informed consent. The study was carried out according to
the principle of the declaration of Helsinki and approved by
the Institutional Review Board of the Ethics Committee of
the Affiliated Hospital of Qingdao University (QYFY
WZLL 26689).

2.2. Oncomine Analysis

Oncomine (https://www.oncomine.org) is a publicly ac-
cessible online cancer microarray database providing ge-
nome-wide expression analysis, which is used to determine
the mRNA levels of distinct hnRNPs in five major types of
gastrointestinal cancers. The transcriptional levels of
hnRNPs in gastrointestinal cancer and normal specimens
were compared by Student’s t-test. The cut-offs of p-value
and fold change were defined as 1E-4 (the minimum P-
value that oncomine can select) and 2, respectively.

2.3. GEPIA Dataset

Gene Expression Profiling Interactive Analysis (GEPIA,
http://gepia.cancer-pku.cn) is a newly developed interactive
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web server containing high-throughput RNA sequencing
data from The Cancer Genome Atlas (TCGA) and the Geno-
type-Tissue Expression (GTEX) projects [24]. Differentially
expressed hnRNPs genes and pathological stages of cancers
were analyzed using GEPIA.

2.4. The Kaplan-Meier Plotter

Kaplan Meier-plotter (KM-plotter, https://kmplot.com) is
a meta-analysis web port for the discovery and validation of
survival biomarkers [25]. Sources for the databases include
Gene Expression Omnibus (GEO), the European Genome-
phenome Archive (EGA), and TCGA. We used this online
tool to evaluate the prognostic value of hnRNPs in GI tract
cancers. Patient samples were divided into two groups by
Auto-select the best cut-off values (high expression groups
versus low expression groups). Only the JetSet best probe
set of hnRNPs was chosen for our analysis. The hazard ratio
(HR) with 95% confidence intervals (CIs) and log-rank p-
value was calculated in each plot. P-value < 0.05 was con-
sidered statistically significant.

2.5. cBioPortal and TCGA

The cBio Cancer Genomics Portal (cBioPortal,
http://www.cbioportal.org) is a publicly available resource
for interactive exploration of multidimensional cancer ge-
nomics data sets, providing access to data from 20 cancer
studies [26, 27]. The stomach adenocarcinoma (The Cancer
Genome Atlas, Firehose Legacy) dataset, colorectal adeno-
carcinoma (The Cancer Genome Atlas, Firechose Legacy)
dataset, esophageal adenocarcinoma (The Cancer Genome
Atlas, PanCancer Atlas) dataset, and hepatocellular liver
carcinoma (The Cancer Genome Atlas, Firechose Legacy)
dataset were selected separately for further analyses. The
genomic profiles included data for mutations, mRNA ex-
pression Z scores (RNAseq V2 RSEM), protein expression
Z scores (reverse phase protein array [RPPA]), and putative
copy number alterations (CNA) from genomic identification
of significant targets in cancer (GISTIC). Co-expressed
genes were calculated according to the cBioPortal’s online
instructions, and the intersection was obtained based on the
Venn diagram (http://bioinformatics.psb.ugent.be/webtools/
Venn/).

2.6. GO and KEGG Pathway Analysis

The Database for Annotation, Visualization, and Inte-
grated Discovery (DAVID v6.8, https://david.ncifcrf.gov) is
a comprehensive set of functional annotation tools [28].
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway of hnRNPs were analyzed using
DAVID. FDR < 0.001 and P < 0.05 were considered as the
cut-off criterion of GO and KEGG with significant differ-
ences, respectively. The horizontal bar chart and bubble
chart of GO and KEGG from the DAVID database were
performed by bioinformatics (http://www.bioinformatics.
com.cn).

3. EXPERIMENTAL SECTION

Immunohistochemistry (IHC): Tissue sections were
baked at 60°C and deparaffinized with xylene, followed by
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rehydration and antigen retrieval using decreased gradient
concentrations of alcohol and citrate (10 mM, pH 6) buff-
ers, respectively. Sections blocked endogenous peroxidase
by 3% hydrogen peroxidase/methanol solution. To de-
crease non-specific antibody binding, tissue sections were
blocked with 10% serum for 30 minutes at 37°C and incu-
bated overnight at 4°C with hnRNPU antibody (1:500 dilu-
tion; Abcam #ab172608). Following washes in PBS, the
tissues were incubated with a second antibody, detected
with DAB and counterstained with hematoxylin. Then, the
sections were dehydrated with increased gradient concen-
trations of alcohol, cleared in xylene and sealed with neu-
tral resin.

4. RESULTS

4.1. Transcriptional Levels of hnRNPs in Patients with
Five Major Types of Gastrointestinal Cancer

Transcriptional levels of hnRNPs were compared be-
tween five major GI cancer tissues and normal samples via
Oncomine database, as shown in Fig. (1) (fold change > 2,
p-value < 0.0001). We found that hnRNPs (except hnRNPQ
and U) showed some degree of tumor-specificity in different
types of GI cancer. In detail, the mRNA expression levels of
hnRNPA1, A2B1, C, D, DL, F, and G increased in colorectal
cancer, while hnRNPA3 was upregulated in esophageal can-
cer compared to corresponding normal tissues. HnRNPR
was increased in liver cancer. In addition, hnRNPH1, H3, I,
and L were found to be highly expressed in patients with
gastric cancer, while hnRNPH?2 levels increased in pancreat-
ic cancer. Besides, hnRNPQ was highly expressed in colo-

GENE SUMMARY THRESHOLD (P-VALUE) : 1E-4 THRESHOLD (FOLD CHANGE) : 2
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rectal, esophageal, gastric, and liver cancer tissues, and
hnRNPU was increased in colorectal, gastric, liver and pan-
creatic cancer tissues (Fig. 1). We also found that the levels
of hnRNPE1 and E2 decreased in cancer tissues compared
to normal esophagus and colorectum, respectively (Fig. 1).
Taken together, these results suggested that hnRNPs exhibit
tumor specificity and vary in different gastrointestinal can-
cer types. As revealed by multiple datasets, the mRNA ex-
pression levels of most hnRNPs were significantly upregu-
lated in patients with gastrointestinal cancers. Details, in-
cluding specific tumor type, references, and p-value are
listed in Table 1A-E.

4.2. Correlation between the Expression of hnRNPs and
Tumor Stage of Patients with Five Major Types of Gas-
trointestinal Cancer

The mRNA levels of hnRNPs were then compared be-
tween GI tract cancer tissues and normal GI tract tissues by
using the GEPIA database. We found that the mRNA ex-
pression levels of hnRNPA1, A2B1, C, D, F, G, H2, H3, 1,
L, Q, R, and U were higher in GI cancer tissues than in
normal tissues; however, the expression level of hnRNPA3,
DL, and H1 decreased in cancer tissues (Fig. 2A-E). Next,
we analyzed the correlation between hnRNPs mRNA ex-
pression and tumor stage. We found that in colon cancer,
hnRNPA2B1 and D increased in tumor stages I and III (Fig.
3B). In addition, hnRNPQ, R, and U increased in tumor
stage III but decreased in tumor stage IV in liver cancer
(Fig. 3E). However, in gastric, rectal, esophageal, and pan-
creatic cancer, no change was observed in the expression
levels of hnRNPs at different tumor stages (Fig. 3A-F).
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Fig. (1). Transcription levels of hnRNPs in five major types of gastrointestinal cancer (Oncomine). The color is determined by the best gene
rank percentile for the analyses within the cell. The red color indicates gene expression upregulation, and the blue color indicates gene ex-
pression downregulation. The digits within the cell represent the number of studies. (4 higher resolution / colour version of this figure is

available in the electronic copy of the article).
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Table 1A. Changes and datasets of hnRNPs expression in transcription level between colorectal cancer tissues and normal colorectal
tissues (Oncomine).

Gene Type of Colorectal Can;ie;l;:::sus Normal Colorectal Fold Change p-Value t-Test Source and/or References
Colon Adenocarcinoma vs. Normal 2.424 3.47E-08 6.497 Alon Colon [34]
Al Colon Adenocarcinoma vs. Normal 2.534 1.32E-08 7.183 Notterman Colon [35]
Rectal Adenoma vs. Normal 2.120 8.92E-06 8.530 Sabates-Bellver Colon [36]
Colon Carcinoma Epithelia vs. Normal 2.064 2.59E-08 11.573 Skrzypczak Colorectal 2 [37]
Al Colon Carcinoma vs. Normal 4.242 5.98E-09 14.508 Skrzypczak Colorectal 2 [37]
Rectal Adenoma vs. Normal 2.079 1.22E-11 13.006 Sabates-Bellver Colon [36]
D Colon Carcinoma vs. Normal 2.033 3.65E-08 10.841 Skrzypczak Colorectal 2 [37]
Colon Carcinoma vs. Normal 2.039 1.72E-09 15.329 Skrzypczak Colorectal 2 [37]
P Rectal Adenoma vs. Normal 2.104 4.10E-06 7.425 Sabates-Bellver Colon [36]
F Rectal Adenoma vs. Normal 2.142 1.06E-05 8.500 Sabates-Bellver Colon [36]
Rectosigmoid Adenocarcinoma vs. Normal 3.269 1.81E-12 13.299 TCGA Colorectal
Cecum Adenocarcinoma vs. Normal 2.180 2.97E-13 10.328 TCGA Colorectal
G Colon Mucinous Adenocarcinoma vs. Normal 2.001 1.39E-11 8.988 TCGA Colorectal
Rectal Adenocarcinoma vs. Normal 2.045 6.32E-13 10.948 TCGA Colorectal
Rectal Adenoma vs. Normal 2.022 6.29E-05 6.957 Sabates-Bellver Colon [36]
Rectosigmoid Adenocarcinoma vs. Normal 2.663 2.91E-07 9.205 Kaiser Colon [38]
Colon Mucinous Adenocarcinoma vs. Normal 2.436 2.61E-07 8.746 Kaiser Colon [38]
Rectal Adenocarcinoma vs. Normal 2.305 3.03E-05 6.427 Kaiser Colon [38]
Cecum Adenocarcinoma vs. Normal 2.388 2.79E-07 9.517 Kaiser Colon [38]
Q Colon Adenocarcinoma vs. Normal 2.425 7.13E-07 10.763 Kaiser Colon [38]
Colon Carcinoma vs. Normal 2.174 6.99E-11 19.513 Skrzypczak Colorectal 2 [37]
Colon Adenoma vs. Normal 2.000 7.67E-08 14.319 Skrzypczak Colorectal 2 [37]
Colorectal Carcinoma vs. Normal 2.154 2.55E-11 10.589 Hong Colorectal [39]
Colon Adenoma vs. Normal 2.204 6.66E-11 8.104 Sabates-Bellver Colon [36]
U Rectal Adenoma vs. Normal 2.151 3.41E-05 7.377 Sabates-Bellver Colon [36]

Al, hnRNPA1; A2B1, hnRNPA2B1; C, hnRNPC; D, hnRNPD; DL, hnRNPDL; F, hnRNPF; G, hnRNPG; Q, hnRNPQ; U, hnRNPU; TCGA, The Cancer Genome Atlas.

Table 1B. Changes and datasets of hnRNPs expression in transcription level between gastric cancer tissues and normal gastric tis-
sues (Oncomine).

Gene Type of Gastric Cancer versus Normal Gastric Tissues | Fold Change p-Value t-Test Source and/or References
H1 Gastric Mixed Adenocarcinoma vs. Normal 2.933 6.05E-06 5.186 DErrico Gastric [40]
H3 Gastric Mixed Adenocarcinoma vs. Normal 2.289 4.00E-06 8.904 DErrico Gastric [40]

1 Gastric Intestinal Type Adenocarcinoma vs. Normal 2.011 4.06E-10 7.408 DErrico Gastric [40]
L Gastric Intestinal Type Adenocarcinoma vs. Normal 5.148 4.74E-11 8.045 DErrico Gastric [40]
Q Gastric Intestinal Type Adenocarcinoma vs. Normal 2.116 1.74E-10 7.808 DErrico Gastric [40]
U Gastric Intestinal Type Adenocarcinoma vs. Normal 2.173 1.96E-10 7.600 DErrico Gastric [40]

HI, hnRNPH1; H3, hanRNPH3; I, hnRNPI; L, hnRNPL; Q, hanRNPQ; U, hnRNPU.
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Table 1C. Changes and datasets of hnRNPs expression in transcription level between esophageal cancer tissues and normal esopha-
geal tissues (Oncomine).

Type of Esophageal Cancer versus Normal Esophageal
Gene i Fold Change p-Value t-Test Source and/or References
Tissues
A3 Esophageal Adenocarcinoma vs. Normal 3.266 9.07E-06 5.708 Hao Esophagus [41]
Q Barrett's Esophagus vs. Normal 2.789 1.29E-06 5.648 Hao Esophagus [41]

A3, hnRNPA3; Q, hnRNPQ.

Table 1D. Changes and datasets of hnRNPs expression in transcription level between liver cancer tissues and normal liver tissues

(Oncomine).
Gene Type of Liver Cancer versus Normal Liver Tissues Fold Change p-Value t-Test Source and/or References
Q Hepatocellular Carcinoma vs. Normal 2.031 6.48E-46 16.136 Roessler Liver 2 [42]
R Hepatocellular Carcinoma vs. Normal 2.019 6.05E-53 17.700 Roessler Liver 2 [42]
U Hepatocellular Carcinoma vs. Normal 3.064 5.62E-11 8.445 Wurmbach Liver [43]

Q, hnRNPQ; R, hnRNPR; U, hnRNPU

Table 1E. Changes and datasets of hnRNPs expression in transcription level between pancreatic cancer tissues and normal pancreat-
ic tissues (Oncomine).

Type of Pancreatic Cancer versus Normal Pancreatic
Gene . Fold Change p-Value t-Test Source and/or References
Tissues
H2 Pancreatic Ductal Adenocarcinoma vs. Normal 2.066 5.52E-06 7.391 Buchholz Pancreas [44]
. . Tacobuzio-Donahue Pancreas 2
U Pancreatic Adenocarcinoma vs. Normal 2.211 6.11E-05 5.271 [45]

H2, hnRNPH2; U, hnRNPU.

4.3. Correlation between hnRNPs and Prognosis Altera-
tions in Patients with Five Major Types of Gastrointesti-
nal Cancer

We further explored the impacts of hnRNPs on patient
survival in different types of GI tract cancers. Kaplan-Meier
Plotter database was used to analyze the relationship be-
tween the mRNA levels of hnRNPs and patient outcomes
[29-31], except for colon cancer, due to lack of the survival
data in the Kaplan-Meier Plotter database. The Kaplan-
Meier curve and log-rank test analyses revealed that patients
with increased hnRNPs mRNA levels had a better prognosis
(log-rank p < 0.05) in gastric and rectal cancer (Fig. 4A and
B). On the contrary, in esophageal and liver cancer, patients
with upregulated hnRNPs were identified with a worse
prognosis (log-rank p < 0.05) (Fig. 4C and D). Specifically,
among patients with gastric cancer, hnRNPL and Q were
significantly associated with the overall survival (OS), first
progression (FP) and post-progression survival (PPS);
hnRNPH3 and I were significantly associated with PPS; and
hnRNPU was significantly associated with the OS and FP
(log-rank p < 0.05) (Fig. 4A). Higher hnRNPU was related
to the longer OS in gastric cancer patients [32]. In rectal
cancer, hnRNPA1, G, Q, and U were related to OS and
hnRNPG was associated with relapse-free survival (RFS) of

patients (log-rank p < 0.05) (Fig. 4B). In addition, hnRNPQ
was correlated with the OS in patients with esophageal can-
cer (log-rank p < 0.05) (Fig. 4C), while hnRNPR and U
were associated with OS and RFS, respectively, in liver can-
cer patients (log-rank p < 0.05) (Fig. 4D). The upregulation
of hnRNPU was related to poor prognosis in liver cancer
patients [33]. In contrast, expression of hnRNPs did not cor-
relate with survival prognosis in patients with pancreatic
cancer (Fig. 4E). Taken together, in colorectal and gastric
cancer, patients with increased hnRNPs had a better progno-
sis. On the contrary, in esophageal and liver cancer, patients
with upregulated hnRNPs were identified with a worse
prognosis (Table 1A-E).

4.4. Validation of the Expression of hnRNPU Protein in
Gastric, Rectal, and Liver Cancer by IHC

The mRNA expression levels of hnRNPQ and hnRNPU
were increased in multiple GI tract cancers versus normal
GI tract tissues (Oncomine). Besides, hnRNPQ was signifi-
cantly associated with prognosis in gastric, rectal, and
esophageal cancers and hnRNPU was significantly associat-
ed with prognosis in gastric, rectal, and liver cancers
(Kaplan-Meier Plotter). Due to the higher morbidity and
mortality of liver cancer than esophageal cancer [6], we
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Fig. (3). Correlation between hnRNPs expression and tumor stage in patients with different types of gastrointestinal tract cancer (GEPIA).
(A) Gastric cancer. (B) Colon cancer. (C) Rectal cancer. (D) Esophageal cancer. (E) Liver cancer. (F) Pancreatic cancer. (The red asterisk: P
< 0.05) (A4 higher resolution / colour version of this figure is available in the electronic copy of the article).

validated the protein expression level of hnRNPU in gastric,
rectal, and liver cancer tissues compared to normal adjacent
tissues by THC. We collected twelve pairs of cancer and
normal adjacent tissues from surgically resected stomach
adenocarcinoma, rectal adenocarcinoma, and liver hepato-
cellular carcinoma samples. THC analysis showed that
hnRNPU was expressed in both three types of GI cancers
and normal tissues, however, the staining intensity was sig-

nificantly higher in caner tissues than normal tissues (Fig.
5).

4.5. HnRNPs-related Genes and Pathways in Patients
with Five Major Types of Gastrointestinal Cancer

We analyzed the hnRNPs levels whose alterations were
closely correlated with prognosis in patients with gastric,
colorectal, esophageal, and liver cancer using the cBioPortal

online tool. HnRNPH3, I (PTBP1), L, Q, and U were altered
in 172 samples of 478 patients with gastric adenocarcinoma
(36%); hnRNPA1, G (RBMX), Q (SYNCRIP), and U were
altered in 90 samples of 636 patients with colorectal adeno-
carcinoma (14%); hnRNPQ were altered in 13 samples of
182 patients with esophageal adenocarcinoma (7%);
hnRNPR and U were altered in 86 samples of 360 patients
with liver hepatocellular carcinoma (24%) (Fig. 6A). We
then evaluated the correlation of mRNA expressions (RNA
seq V2 RSEM) of hnRNPH3, I, L, Q, and U in gastric can-
cer and hnRNPA1, G, Q, and U in colorectal cancer via the
cBioPortal online tool, followed by Pearson’s correlation
analysis. The results indicated significant correlations (pear-
son > 0.4) between hnRNPs and different types of cancers in
the following: hnRNPH3 with I, Q, and U, hnRNPI with L,
Q, and U, hnRNPQ with U in gastric cancer; hnRNPA1 with
G and U, hnRNPQ with U in colorectal cancer (Fig. 6B).
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Fig. (4). The prognostic value of hnRNPs in a patient with different types of gastrointestinal tract cancer (Kaplan-Meier Plotter). The red
line indicates gene expression upregulation, and the black line indicates gene expression downregulation. (A) Gastric cancer. (B) Rectal
cancer. (C) Esophageal cancer. (D) Liver cancer. (E) Pancreatic cancer. (The red asterisk: Log-rank P < 0.05) (4 higher resolution / colour
version of this figure is available in the electronic copy of the article).

We then performed gene co-expression analysis for func-
tional classification by identifying 100 highly ranked co-
expressed genes of hnRNPH3, I, L, Q, and U (spearman >
0.5, p < 5.5e-4) in stomach adenocarcinoma and 100 most
highly co-expressed genes with hnRNPA1, G, Q and U

(spearman > 0.4, p < 1.7¢e-16) in colorectal cancer using
cBioPortal, followed by the intersection of all above-
mentioned genes, as shown in Venn diagram (Fig. 6C).

DAVID database was then used to predict the functions
of hnRNPs and their highly ranked co-expressed genes. GO
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Fig. (5). The expression of hnRNPU protein in gastric, rectal, and liver cancer by IHC. (4 higher resolution / colour version of this figure is

available in the electronic copy of the article).
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annotations include three aspects, such as biological pro-
cesses (BP), cellular components (CC), and molecular func-
tions (MF). We found that mRNA splicing, cell division,
mitotic division, RNA, protein and ATP binding, efc., were
associated with hnRNPH3, I, L, Q, U and their co-expressed
genes in gastric cancer (Fig. 7A). Translation, RNA-related
processing and RNA and protein binding processes were

correlated with hnRNPA1, G, Q, U, and their co-expressed
genes in colorectal cancer (Fig. 7B). Furthermore, KEGG
pathway analysis revealed related functions and pathways
due to hnRNPs expression alterations. In gastric cancer, six
KEGG pathways were significantly involved, including cell
cycle, spliceosome, P53 signaling pathway, ribosome bio-
genesis in eukaryotes, progesterone-mediated oocyte matu-
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ration, and oocyte meiosis (Fig. 7C), while in colorectal
cancer, hnRNPs were significantly correlated with functions
of ribosome and spliceosome (Fig. 7D).

5. DISCUSSION

In this study, we comprehensively analyzed the expres-
sion level, tumor stage, prognostic values, gene mutations,
and biological function of hnRNPs in five GI cancers. Stud-
ies from Oncomine (Fig. 1) showed that, excluding
hnRNPQ and U, each isoform of hnRNPs that upregulated
in five major gastrointestinal cancers exhibited cancer type-
specific expression pattern. Whereas no tumor-specific
hnRNPs expression was found in other studies, for example,
hnRNPA1 promoted the aggressiveness of colorectal, gas-
tric, and liver cancer [46-48]. We suggested that the reason
behind this phenomenon may lie in the significant difference
among each hnRNPs in different types of gastrointestinal
cancers, as we defined the cut-offs of p-value and fold
change as 1E-4 and 2 in Oncomine, respectively. Therefore,
by setting up a certain threshold, hnRNPs may predict the
exact GI cancer types.

Interestingly, although most hnRNPs were increased in
five GI cancer tissues, the expression levels of hnRNPEI1
and E2 were higher in the normal esophagus and colorectum

tissues, respectively, which have been reported to show tu-
mor-suppressing rather than tumor-promoting effects [49-
52]. We explored the possible reason for this phenomenon
and found that hnRNPE1 and E2 were structurally com-
posed of three homologous K-homology (KH) domains,
lacking RNA recognition motif (RRM) that ubiquitously
expressed in hnRNPA1, A2B1, A3, C, D, DL, F, G, H1, H2,
H3, I, L, and Q [9]. HnRNPU was another structurally
unique molecule in the hnRNPs family, which lacked both
RRM and KH domain but was also highly expressed in gas-
tric, rectal, and liver cancer, possibly due to the that hnRN-
PU had an arginine and glycine-rich RGG box at the C-
terminus. Taken together, RRM and arginine and glycine-
rich RGG box may play a key role in the progress of GI
cancer.

We found that most hnRNPs, including hnRNPAI,
A2B1,C, D, F, G, H2, H3, I, L, Q, R, and U were highly
expressed in GI cancer tissues than in normal tissues by
GEPIA, which was consistent with our results from On-
comine and existing literature reports [18, 33, 46, 53-58].
The vast majority of increased hnRNPs were correlated with
patient survival. In our study, the increased hnRNPs were
correlated with better prognosis in patients with gastric or
rectal cancer. However, authors have reported the contrary
results [54, 59, 60]. In liver cancer, hnRNPQ, R, and U were
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significantly different at the tumor stage, and hnRNPR and
U were related to survival, hnRNPR and U may play an
important role in tumor progression. Pancreatic cancer is a
highly lethal type of cancer [61, 62], despite advances in
surgery and immunotherapy [63, 64]. We attempted to find
key hnRNPs, which might be involved in pancreatic cancer,
yet no prognostic targets of hnRNPs were identified in this
study. Whereas, in other reports, increased hnRNPH2 and U
were correlated with worse prognosis in patients with pan-
creatic cancer [57, 58].

In the present study, IHC staining was performed to con-
firm the expression of hnRNPU based on our bioinformatics
analysis in gastric, rectal, and liver cancer tissues compared
to normal adjacent tissues. These results indicated that
hnRNPU preotein was highly expressed in caner tissues
compared to normal tissues, which was consistent with data
mining results in Oncomine and GEPIA, indicating the ac-
curacy and reliability of our bioinformatic study. In addition,
we analyzed the gene alterations in GI tract cancer, the re-
sults indicated that hnRNPs may be associated with heredity
and represent a substantial fraction of patients. Besides,
there may exist interactions between hnRNPs molecules.
The co-expresssed genes of hnRNPs with functional predic-
tion showed that the biological process mainly enriched in
RNA-related processing. These results showed that the al-
terations in hnRNPs and hnRNPs-mediated RNA metabo-
lism might play important roles in GI tract cancer.

CONCLUSION

We conducted a systemic analysis of the expression and
prognostic value of hnRNPs in five major types of GI can-
cer and gained comprehensive insights into the molecular
features of hnRNPs. Novel molecular biomarkers were also
identified with the potential to specifically diagnose five GI
cancers in their early stages. Simultaneously, we predicted
the possible underlying molecular mechanism. Taken to-
gether, we hope that our study offers new perspectives in
identifying new biomarkers of hnRNPs family for early di-
agnosis and targeted therapy.
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