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Abstract

Background: Colorectal adenoma (CRA) is a classical premalignant lesion, with high
incidence and mainly coexisting with hyperplastic polyp (HPP). Hence, this study
aimed to distinguish CRA from HPP by molecular expression profiling and advance
the prevention of CRA and its malignance.

Methods: CRA and paired HPP biopsies were collected by endoscopy. Through RNA-
sequencing (RNA-seq), the differentially expressed genes (DEGs) were obtained.
Functional enrichment analysis was performed based on the DEGs. The STRING da-
tabase and Cytoscape were used to construct the protein-protein interaction (PPI)
network and perform module analysis. Hub genes were validated by real-time quan-
titative PCR (RT-gPCR) and immunohistochemistry. The ROC curve was drawn to es-
tablish the specificity of the hub genes.

Results: 485 significant DEGs were identified including 133 up-regulated and 352
down-regulated. The top 10 up-regulated genes were DLX5, MMP10, TAC1, ACAN,
TAS2R38, WNT2, PHYHIPL, DKK4, DUSP27, and ABCA12. The top 10 down-regulated
genes were SFRP2, CHRDL1, KBTBD12, RERGL, DPP10, CLCA4, GREM2, TMIGD1, FEV,
and OTOP3. Wnt signaling pathway and extracellular matrix (ECM) were up-regulated
in CRA. Three hub genes including WNT2, WNT5A, and SFRP1 were filtered out via
Cytoscape. Further RT-gPCR and immunohistochemistry confirmed that WNT2 was
highly expressed in CRA. The area under the ROC curve (AUC) at 0.98 indicated the
expression level of WNT2 as a candidate to differ CRA from HPP.

Conclusion: Our study suggests Wnt signaling pathway and ECM are enriched in CRA,
and WNT2 may be used as a novel biomarker for distinguishing CRA from HPP and
preventing the malignance of CRA.
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1 | INTRODUCTION

Colorectal adenoma (CRA) is a benign tumor originating from the
glandular epithelium of the colorectal mucosa. Its pathological clas-
sification includes tubular adenoma, villous adenoma, and villous tu-
bular adenoma. About 85% of colorectal cancers (CRCs) are sporadic
and progress slowly by accumulating multiple genetic mutations
(APC, KRAS, p53, and SMADA4) in precancerous lesions (CRA).* This
process is referred to as adenoma-carcinoma sequence, which usu-
ally takes 5-15 years.2 Presently, adenomas are divided into two cat-
egories, namely low-risk adenoma and high-risk adenoma. High-risk
adenomas are larger than 10 mm in diameter, villous or tubulovillous
adenoma, and/or exhibit high-grade dysplasia, which are considered
to be clinical precursors of CRC. The incidence of CRA is gradually
increasing for different risk factors, such as genetic background, diet,
smoking, alcohol, and exercise.’> Most CRAs are found in the distal
part of the colon, which includes the sigmoid colon and rectum.*

Hyperplastic polyp (HPP) is benign, non-cancerous lesions, usu-
ally with a maximum size of 1-5 mm. Recent studies have shown that
hyperplastic polyps often coexisted with adenoma and adenocarci-
noma and had biological commonalities with colorectal cancer, such
as secretion of peptides and mucin.>® So, we need to pay attention
to HPP for the same characteristics with CRC even though its malig-
nant potential is low.

Currently, the pathologic diagnosis of HPP and CRA mainly
relies on histopathological examination to observe epithelial mor-
phological changes, lacking specific diagnostic markers. Some re-
searches have reported the microRNA profiles and gene signature
between HPPs, serrated polyps/adenomas, and CRCs.”® However,
the difference in gene expression profiles between HPP and CRA
is still unclear and has not been elaborated in detail. Studying the
natural history of HPP and CRA, including how HPP evolves into
CRA, is challenging because once HPP and CRA are found during
the examination, they will be removed endoscopically. So, the gene
expression differences between HPP and CRA, and which signaling
pathways and genes play vital roles in the transition from HPP to
CRA or progression of CRA are not yet known.

RNA-sequencing is used to analyze differentially expressed

genes (DEGs) at the whole transcriptome level to determine the

TABLE 1 Clinical information of biopsy samples for RNA-seq

Sex Age Size (mm)
P1 Female 53 6x6
10x 15
P2 Man 65 5x5
25x 30
P3 Man 65 4x5
12x15
P4 Man 68 3x4
8x 10

Abbreviation: P, patient.

Location

Descending colon
Sigmoid colon

Descending colon
Descending colon
Descending colon
Descending colon
Sigmoid colon

Sigmoid colon

specific expression profiles of the studied samples. Based on RNA-
sequencing results, bioinformatics can conduct functional en-
richment analysis and select hub genes from DEGs to distinguish
different clinical samples, such as tumor and adjacent normal tissue.
So, it is of great significance to study the differential expression pro-
files of HPP and CRA and explore colon tumor progression in depth
using bioinformatics.

We hypothesized that RNA-sequencing can effectively obtain
the differential expression profile of HPP and CRA, and bioinfor-
matic analysis further can find specific biomarkers. In this study, we
aimed to detect the differences in transcriptome between HPP and
CRA by RNA-sequencing and identify differential functional path-
ways or hub genes between CRA and HPP, which may shed light on
the pathogenesis and evolution of HPP and CRA.

2 | MATERIALS AND METHODS

2.1 | Tissues

Fresh CRA and paired HPP biopsies were collected from the
Endoscopy Center of Huashan Hospital, Fudan University, after
pathologic identification by two independent pathologists (Table 1).
Histopathological sections CRA and HPP were obtained from the
Department of Pathology, Huashan Hospital, Fudan University
(Table S1).

This research was conducted according to the Declaration of
Helsinki and was approved by the Ethical Committee of Huashan
Hospital, Fudan University (2018-182). Informed consent had been
obtained from all subjects involved and the project.

2.2 | RNA-sequencing (RNA-seq)

RNA was extracted using RNeasy Mini Kit (Qiagen) following
manufacturer's instructions and then converted into cDNA library
by GoscriptTM reverse transcription system (Promega) for high-
throughput sequencing. More than 45 million reads were received

per sample from HiSeq platform for 4 biological replicates. The

Pathology

Hyperplastic polyp

Tubular adenoma

Hyperplastic polyp

Tubular adenoma

Hyperplastic polyp

Tubular adenoma with intraepithelial neoplasia
Hyperplastic polyp

Tubular adenoma
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RNA-seq data were uniquely mapped to the Hg19 genome by HISAT
(V0.1.6-beta) and only the uniquely mapped reads were used to es-
timate the expression values in gene level by RPKM. Expression val-

ues were assigned to gene level by RSEM (v1.2.12)7

2.3 | Identification of DEGs among RNA-seq data

To investigate DEGs among HPP and CRA, the limma package in R
was used with the cutoff criteria of |log 2-fold-change [FC]| >1 and
p-value <0.05. The differential genes co-expressed by functional
pathway analysis and MCODE module 1 were obtained from http://

bioinformatics.psb.ugent.be/webtools/Venn/.

24 | GO (Gene Ontology) and KEGG (Kyoto
Encyclopedia of Genes and Genomes) pathway
enrichment analysis

To explore the biological functional roles of DEGs, the Database for
Annotation, Visualization, and Integrated Discovery (DAVID, https://
david.ncifcrf.gov/) was used to perform functional enrichment anal-
ysis to identify GO categories. With reference from KEGG pathways,
the DAVID database was also applied for pathway enrichment analy-

sis. p-value <0.05 was considered statistically significant.

2.5 | Gene set enrichment analysis

DEGs between hyperplastic polyp and adenoma were analyzed by
gene enrichment analysis to characterize adenoma by comparing the
obtained gene sets to known disease-related gene sets. Gene set en-
richment analysis (GSEA; http://software.broadinstitute.org/gsea/)
was employed to classify and highlight functionally distinct biologic
features of the colorectal adenomas.

2.6 | Establishment of PPl network

To construct the PPl network, the STRING (version 11.0; http://
string-db.org/; Szklarczyk et al., 2020) online database was used.
Cytoscape (version 3.8.2) software (http://www.cytoscape.org/)
was used to visualize and analyze the PPl network. The MCODE
plug-in of the Cytoscape software was used to screen important

modules of the entire network.

2.7 | RT-gPCR and immunohistochemistry

Total RNA of HPPs and CRAs was extracted utilizing the RNeasy
Protect Mini Kit (Qiagen). The GoscriptTM reverse transcription sys-
tem (Promega) was used to reverse transcription of RNA. Each PCR
was carried out in a 15 pL volume using SYBR Green Master mix

(Vazyme) for 15 min at 95°C for initial denaturing, followed by 40
cycles of 95°C for 30 s and 60°C for 1 min in the 7500 fast real-time
PCR system (Applied Biosystems). Primers used were listed in Table
S2.

5 pm adenoma and hyperplastic polyp sections were prepared for
hematoxylin-eosin staining for morphological analysis. Sections were
orderly deparaffinized in a series of xylene baths, then rehydrated
using a graded alcohol series, and retrieved in sodium citrate buffer
(pH 6.0) via pressure cooker heating for 15 min. The WNT2 antibody
was used for IHC at a 1:300 dilution incubated at 4°C overnight.
Secondary antibody was incubated at room temperature for 60 min,
and the horseradish peroxidase solution was incubated for 30 min and
performed with diaminobenzidine (DAB) according to manufacturer's
recommendations (GBI, USA) and subsequently counterstained with
hematoxylin. The IHC staining scores were classified into four score

ranks: O, negative; 1, weak; 2, moderate; and 3, strong.10

2.8 | ROCand AUC

SPSS software was used for ROC analysis of WNT2 (version 20.0,
SPSS Inc). ROC and AUC were utilized to evaluate the predictive
value of WNT2 for CRA.

2.9 | Statistical analysis

We employed Student's t test to analyze the experimental results.
Data analysis was performed by GraphPad Prism 7 statistical soft-
ware. Statistical significance was considered at p < 0.05.

3 | RESULTS

3.1 | DEGs between CRA and HPP

Four CRA and paired HPP with histologic diagnosis were enrolled
for gene expression profiles analysis (Figure 1A). By integrated bio-
informatics analysis between CRA and HPP (Figure 1B), 485 DEGs
were identified, including 133 up-regulated genes and 352 down-
regulated genes in CRA, compared with HPP. The volcano plot and
heatmap of DEGs were constructed (Figure 1C, 1D), indicating the
variance of molecular expression profiles between CRA and HPP.

The top 10 up- and down-regulated genes were listed in Table 2.

3.2 | Wntsignaling pathway, stem-related
genes, and extracellular matrix genes are
significantly enriched in CRA

To gain insight into the molecular function of DEGs, GO
and KEGG pathway enrichment analysis were implemented.

In GO analysis, the main terms included proteinaceous
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FIGURE 1

A2 A4 A1 A3 H1 H3 H4 H2

Identification DEGs between HPP and CRA via bioinformatics. (A). Bright-field images of hyperplastic polyp and adenoma

taken by endoscopy in the colon. (B). Flow diagram of the present study. (C). Volcano plots of the distribution of DEGs in RNA-seq. (D).
Expression heatmap of the robust DEGs (133 up-regulated genes; 352 down-regulated genes). |Fold change| >1. A, colorectal adenoma;

DEGs, differentially expressed genes; H, hyperplastic polyp

extracellular matrix (p = 1.91384E-12), serine-type endopeptidase
activity (p = 4.54499E-09), and immune response (p = 1.17644E-06)
(Figure 2A). In addition, KEGG analysis indicated that Wnt signaling
pathway (p = 0.0004), Chemokine signaling pathway (p = 0.0101),
and cytokine-cytokine receptor interaction (p = 0.0212) were the
significantly enriched pathways (Figure 2B). Subsequently, GSEA
was performed to predict the biological function of DEGs. The re-
sults showed that NANOG, SOX2, and extracellular matrix were sig-
nificantly enriched in CRA (Figure 3A-C).

3.3 | Significant hub genes are selected by PPI
network construction and MCODE

To further explore the biological roles of these DEGs, the STRING
database was used to create a PPl network based on significant dif-
ference genes (Top 50) (Figure 4A). In this network, there were 19
up-regulated and 31 down-regulated genes. Then, using MCODE,
the top 1 module was identified from the whole network (Figure 4B),
which was made up of 11 nodes and 26 edges. Significant hub genes
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TABLE 2 The list of top 20 up-regulated and down-regulated differentially expressed genes

WILEY-L2°™

Rank Symbol Average of HPP Average of CRA Log2FoldChange p-value Significance
1 DLX5 3.501009477 4.756421158 4.180038889 1.20E-08 up

2 MMP10 5.051111908 6.509282601 4.009207984 1.29E-06 UP

3 TAC1 3.066136511 3.996374331 3.841876875 0.00087753 up

4 ACAN 3.406017057 4.358215265 3.770304802 0.00017328 up

5 TAS2R38 3.642724232 4.620123178 3.53158358 9.75E-07 up

6 WNT2 4.527152153 5.831657474 3.42505357 7.76E-07 UP

7 PHYHIPL 3.686947777 4.539733517 3.296953498 0.00053998 up

8 DKK4 3.242646697 3.957578361 3.284117569 0.00050348 up

9 DUSP27 4.367751787 5.85584151 3.05784227 0.00115139 up

10 ABCA12 4.838709294 6.343218871 2.938013634 0.00014315 upP

11 SFRP2 6.592489901 4.764402889 -6.765548095 0.00013468 DOWN
12 CHRDL1 6.678674414 4.758218521 -5.979011071 4.58E-05 DOWN
13 KBTBD12 8.923494797 6.542188724 -5.967411777 3.21E-07 DOWN
14 RERGL 3.976659705 3.167491788 -5.634827035 0.00026457 DOWN
15 DPP10 7.118850115 5.163112407 -5.587270037 1.65E-05 DOWN
16 CLCA4 13.46809858 11.44562085 -5.584244147 6.06E-05 DOWN
17 GREM2 7.919251962 5.65555548 -5.454708921 3.29E-07 DOWN
18 TMIGD1 9.967178495 7.708848642 -5.330780732 8.39E-06 DOWN
19 FEV 5.27739316 4.02263553 -5.251395778 1.83E-06 DOWN
20 OTOP3 4.607076228 3.196882483 -5.098981126 3.29E-12 DOWN

Abbreviations: CRA, colorectal adenoma; HPP, hyperplastic polyp.

were selected from the top 1 module including SAA1, CCL19, CCXR3,
NPY, WNT2, WNT5A, SFRP1, SFRP2, SOX2, AXIN2, and PTGERS.

Through GO and KEGG analysis, we found Wnt signaling
pathway (p = 0.0004) and proteinaceous extracellular matrix
(p=1.91 % 107*?) contributed to the progression of CRAs (Figure 4C).
To identify novel DEGs in adenomas, the two pathways (marked in
red in Figure 2 A and B) and MCODE module 1 were overlapped
by the Venn diagram. Through screening, we finally identified three
genes (WNT2, WNT5A, and SFRP1) that might be specific biomarkers
for CRAs (Figure 4D).

3.4 | Both mRNA and protein levels of WNT2
in primary human CRA samples are up-regulated
compared with those in HPP samples

The differential genes expression results were verified by RT-gPCR.
RT-gPCR of these selected genes (WNT2, WNT5A, and SFRP1) was
performed in 10 pairs of HPP and CRA. The results indicated the
mMRNA level of WNT2 was similarly up-regulated to the bioinformatic
analysis, while the WNT5A and SFRP1 had none significant differ-
ence despite the changing trend (Figure 5A-C). We next analyzed
the predictive power of WNT2 expression levels for diagnostic pur-
poses by generating ROC curves and c statistic (AUC; Figure 5D).
Area under the curve values of 0.98 was observed for WNT2. To fur-
ther validate difference in WNT2 between HPP and CRA at protein

level, we measured its expression in 20 subjects including HPP (n =
9) and CRA (n = 11) by immunohistochemistry. Hematoxylin-eosin
staining showed morphological changes from HPP to CRA. In ad-
enomas, the glands were tightly arranged, and the lumen area was
reduced (Figure 5E). Notably, robust WNT2 expression was ob-
served in most of adenomas, while its expression in HPP is relatively
low. Immunohistochemistry scores for WNT2 expression in HPP
and CRA (p = 0.0147) were shown in Figure 5F. Altogether, these
data indicate that the expression of WNT2 increases from HPP to
adenoma.

4 | DISCUSSION

In this study, we focused on the gene expression profiles of spo-
radic hyperplastic polyps and adenomas through comprehensive
bioinformatic analysis and discovered significant enrichment sign-
aling pathways and hub genes. GO and KEGG showed Wnt signal-
ing pathway and extracellular matrix (ECM) were highly expressed
in CRA. Besides, GSEA indicated stem-related genes (NANOG and
SOX2) and ECM were highly expressed in CRA. The top regulated
genes including MMP10, TAC1, ACAN, WNT2, DKK4, and SFRP2
were involved in Wnt signaling pathway and ECM. It has already
been shown that these genes play important roles in different
cancers. For example, stromal MMP10 drives invasive growth of
hypoxic pancreatic ductal adenocarcinoma.!’ SFRP2 modulates
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epithelial-mesenchymal transition and stemness via Wnt/p-catenin
signaling in choriocarcinoma.*?

Extracellular matrix (ECM) is a complex extracellular mixture
of a variety of biological molecules and fibers secreted by cells in
multicellular biological tissues. The intestinal stem cell (ISC) sur-
rounding environment, namely the ISC niche, crucially maintains ISC
homeostasis. This niche consists of the supportive mesenchymal
cells, fibroblasts as the dominant population, and the differentiated
epithelial progeny, all secreted factors including ECM tightly regulat-
ing ISC self-renewal, as well as the proliferation and differentiation

processes along the crypt.’® Under pathological contexts, such as
chronic inflammation or cancer, ECM biomechanical properties are
extremely modified, involving in the development and progression
of inflammatory bowel disease and colorectal cancer.***> The tumor
microenvironment (TME) mainly includes stem and differentiated
cancer cells, and the extracellular matrix.'® The microenvironment
provides a superior condition for the initiation, proliferation, and
metastasis of cancers. Cancer stem cells (CSCs) have a strong self-
renewal ability and expand through symmetrical split to excessively
increase cell growth, ultimately leading to tumor formation.” As
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curves with corresponding AUC values for WNT2 when classifying CRA and HPP. (E). Hematoxylin-eosin staining showed the morphologic
structures of hyperplastic polyp and adenoma; Immunohistochemical (IHC) staining showed the expression status of the WNT2. (F). IHC
score of WNT2 in hyperplastic polyps and adenoma. (p-value <0.01). *** indicates p < 0.001. * indicates p < 0.05. NS, no significance; Black

scale bar, 200 pm

an integral part of the microenvironmental niche, the ECM compo-
nents play important roles in anchoring the CSCs to the niche and
maintaining stem cell homeostasis.’® In the TME, ECM has different
compositions, organization, and posttranscriptional modification
from the surrounding normal tissue and greatly affects the signal
transduction, transport mechanism, cell motility, metastasis, and im-
mune response.?22 The ECM components such as collagen and hy-
aluronan form a significant part of the pancreatic tumor.?® From HPP
to CRA, ECM signaling pathway was activated, which could provide
unique biochemical, biophysical, and biomechanical properties for
CSC niche homeostasis and proliferation of epithelium. Overactive
ECM may contribute to the evolution of HPP into CRA and the pro-
gression of CRA.

Nanog and SOX2, well-known stem cell markers, contribute to
the development of CRC.?* The inhibition of Nanog and SOX2 can
reduce the proliferation of colorectal cancer stem cells.?>2¢ Here,
we identified Nanog and SOX2 were enriched in adenomas, suggest-
ing that they may contribute to the development and evolution of
adenomas.

Wt signaling pathway can be activated by extracellular secreted
proteins (such as some members of the Wnt family). Wnt ligands bind
to Frizzled (Fzd) receptors and low-density lipoprotein receptor-
related proteins 5 and 6 co-receptors, which lead to the activation
of canonical and non-canonical pathways.27 Wht signaling is tightly
regulated in embryonal development and tissue homeostasis.?® The
gastrointestinal epithelium depends on the accurate regulation of
the Wnt signaling pathway to regulate stem cell maintenance, pro-
liferation, and cell lineage differentiation.?? WNT2 protein has an
important role in tumorigenesis of several human cancers including
ovarian cancer, esophageal cancer, non-small-cell lung cancer, pan-
creatic cancer, and gastrointestinal cancer.3932 Activation of the
Whnt pathway contributes to an increase in proliferation rate, which
is sufficient to initiate CRA formation, and mutations in key com-
ponents of the Wnt pathway are found inmore than90% of colon
cancer.%® In our study, GO analysis revealed that ECM was enriched
in CRA. By overlapping MCODE module 1, Wnt signaling pathway,
and ECM, we obtained hub genes (WNT2, WNT5A, and SFRP1).
Compared with HPPs, WNT2 transcription and protein level were
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highly expressed in adenomas confirmed by RT-qPCR and immu-
nohistochemistry. WNT2 can effectively distinguish between HPP
and CRA. Meanwhile, as a ligand of the Wnt family, WNT2 can
effectively activate the Wnt/beta-catenin signaling pathway. So,
WNT2 may promote the proliferation of polyp epithelium and its
evolution into adenoma.

Bioinformatics can screen possible biomarkers for tumor and
predict its prognosis. It can be used as prediction, with the aim to
guide further investigation. It can also be used to analyze the data,
provided that the study design is hypothesis-driven. Based on the
RNA-seq of HPP and CRA, we screened out the significant gene
WNT2 and enrichment pathways (Wnt signal pathway and ECM)
via bioinformatics, which provide a reliable theoretical basis for the
functional research of our target genes and enrichment pathways.

Although our research mainly focuses on revealing the different
molecular expression profiles between HPP and CRA and screening
of significant biomarkers, this will promote our next research prog-
ress. We will further study the role of Wnt signaling pathway in the
progress of CRA and to characterize the relevance of WNT2 expres-
sion to cancer development and its biological functions in the transi-
tion from HPP to CRA. For example, whether knockdown of WNT2
in CRA could prohibit adenoma proliferation, and overexpression of
WNT2 in HPP promotes its evolution to adenoma. In addition, we
will clarify the role of ECM in the progression of adenomas by co-

incubating polyp epithelial cells with stromal cells.

5 | CONCLUSION

Collectively, we found that the Wnt-related stem pathway and ECM
enriched in CRAs through the bioinformatic analysis of the DEGs
between HPP and CRA. Meanwhile, we identified that WNT2 was
highly expressed in CRA, which may be as a novel biomarker for
CRA. As a ligand of the Wnt pathway, and WNT2 may promote the
transformation of HPP to adenoma and contribute to the prolifera-
tion of CRA.
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