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Abstract

BACKGROUND

Colorectal cancer (CRC) causes many deaths worldwide. Synaptotagmin binding
cytoplasmic RNA interacting protein (SYNCRIP) is an RNA-binding protein that
plays an important role in multiple cancers by epigenetically targeting some

genes. Our study will examine the expression, potential effect, biological function
and clinical value of SYNCRIP in CRC.

AIM
To examine the expression, potential effect, biological function and clinical value
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of SYNCRIP in CRC.

METHODS

The expression of SYNCRIP was examined by immunohistochemistry arrays and high-throughput data. The effect
of SYNCRIP gene in CRC cell growth was evaluated by CRISPR-Cas9 technology. The target genes of SYNCRIP
were calculated using various algorithms, and the molecular mechanism of SYNCRIP in CRC was explored by
mutation analysis and pathway analysis. The clinical value of SYNCRIP in prognosis and radiotherapy was re-
vealed via evidence-based medicine methods.

RESULTS

The protein and mRNA levels of SYNCRIP were both highly expressed in CRC samples compared to nontumorous
tissue based on 330 immunohistochemistry arrays and 3640 CRC samples. Cells grew more slowly in eleven CRC
cell lines after knocking out the SYNCRIP gene. SYNCRIP could epigenetically target genes to promote the
occurrence and development of CRC by boosting the cell cycle and affecting the tumor microenvironment. In
addition, CRC patients with high SYNCRIP expression are more sensitive to radiotherapy.

CONCLUSION

SYNCRIP is upregulated in CRC, and highly expressed SYNCRIP can accelerate CRC cell division by exerting its
epigenetic regulatory effects. In addition, SYNCRIP is expected to become a potential biomarker to predict the
effect of radiotherapy.

Key Words: Synaptotagmin binding cytoplasmic RNA interacting protein; Colorectal cancer; Radiotherapy; Cell mitosis;
Immune microenvironment

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Synaptotagmin binding cytoplasmic RNA interacting protein (SYNCRIP) is regulated by enhancers and POLR2A
and highly expressed in colorectal cancer (CRC). Highly expressed SYNCRIP can reduce CD8+ T cells and accelerate CRC
cell division by exerting its epigenetic regulatory effects. These CRC cells are sensitive to radiation therapy. Finally,
SYNCRIP is expected to become a biomarker in CRC patients.
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INTRODUCTION

Colorectal cancer (CRC) accounts for approximately ten percent of diagnosed cancers and ranks second in total cancer
deaths according to Cancer Statistics 2022[1]. The proximal colon is the most common site of all CRC, accounting for
approximately 41%, with the distal colon accounting for 22% and the rectum accounting for 28%[2]. The risk factors for
CRC include increasing age and genetic, lifestyle, diet and environmental factors[3-5]. In China, the incidence of CRC
increases rapidly in individuals of all ages, especially in people over 50, and it shows an increasing tendency year by year
[6]. The prevailing therapeutic methods for CRC are surgery, neoadjuvant chemotherapy, adjuvant chemotherapy and
radiotherapy. Surgery is the major treatment for patients with early CRC, but it lacks sufficient effect in advanced cases
with metastasis or lymphatic metastasis[7,8]. And molecular genetic material can predict and influence the occurrence
and development of malignant tumors[9-13]. Therefore, it is important to explore the pathogenesis of CRC and find a
potential therapeutic target for patients with CRC.

Synaptotagmin binding cytoplasmic RNA interacting protein (SYNCRIP), also known as hnRNP-Q or NSAPI, is an
RNA-binding protein (RBP) with extensive expression in multiple organisms and tissues and plays a role in several
cellular pathways and diseases[14,15]. SYNCRIP participates in many biological processes, such as neuronal, myeloid
leukemia stem cell and muscular development. It is usually differentially expressed in various tissues and associated with
immune response disorders, cardiomyopathies and neuronal degeneration disorders[16-18]. Additionally, SYNCRIP has
been reported to be associated with cancers[19]. In particular, the expression of SYNCRIP is associated with a poor pro-
gnostic marker for hepatocarcinoma and pancreatic cancer[19,20]. HnRNP-Q1 is an isoform of the SYNCRIP gene, and a
study reported that upregulated hnRNP-Q1 is positively correlated with human CRC[21]. Thus, we assume that SYNCRIP
is correlated with CRC and serves as an unfavorable biomarker for CRC.
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MATERIALS AND METHODS

High-throughput tissue microarray of CRC

Our study was approved by the medical ethics committee of the First Affiliated Hospital of Guangxi Medical University.
The tissue microarray was purchased from Antomics, Inc. (Richmond, CA, United States), and all the patients had co-
mpleted the informed consent form. The polyclonal antibody against SYNCRIP (1:100 dilution; catalog No. ab214034) was
provided by Abcam Biotechnology, Inc. (Cambridge, MA, United States). Patient information and tissue type, such as
primary site and invasion, were included in the tissue microarray. Inmunohistochemistry (IHC) staining was indepen-
dently assessed by two pathologists (Yi-Wu Dang and Gang Chen) who were blinded to the data. The protein level of
SYNCRIP in IHC was determined by the proportion of stained cells (0 score: Stained cells < 5%; 1 score: 5%-25%; 2 score:
25%-50%; 3 score: 50%-75%; 4 score: Stained cells > 75%) and the staining degree of SYNCRIP-positive cells (0 score: No
positive staining; 1 score: Light yellow or yellow; 2 score: Dark yellow or brown; 3 score: Dark brown). The difference in
SYNCRIP in CRC and normal tissue was tested. In addition, the expression difference of SYNCRIP in various clinical
events was also explored.

High-throughput arrays and sequences of CRC

Acquisition and integration of RNA-seq and RNA-array data of CRC: To summarize the expression level of SYNCRIP
in CRC and nontumor tissues, SYNCRIP expression profiles were assembled from multiple high-throughput platforms.
The search strategies were set to ((colorectal) OR (colon) OR (rectum)) AND ((carcinoma) OR (cancer) OR (malignant)).
The inclusion criteria were as follows: (1) Homo species; (2) Primary CRC tissue; (3) Nontumorous samples as the control
group; and (4) A sample size greater than or equal to three. The original or processed expression matrix of CRC was
downloaded from websites. All the expression matrices were standardized by logarithmic transformation. After ex-
tracting the expression matrix of CRC, the batch effects in the same platforms were obliterated by the combat algorithm of
sva packages.

The search strategy was also used to screen the epigenetic regulation data of CRC. The inclusion criteria for chromatin
immunoprecipitation (ChIP)-seq or assay for transposase-accessible chromatin (ATAC)-seq were as follows: (1) Homo
species; (2) primary CRC tissue or cell lines; and (3) ChIP-seq data modified by H3K27ac and H3K4mel. The Cistrome
Data Browser (http://cistrome.org/db/#/) online database could manage the epigenetic data.

SYNCRIP expression in CRC: The data distribution of SYNCRIP in each dataset was determined and tested by the
Kolmogorov-Smirnov test. The expression difference of SYNCRIP between CRC and noncancerous tissue in each exp-
ression matrix was calculated by ¢ test and visualized using a boxplot. The receiver operating characteristic (ROC) curve
and the area under the curve (AUC) were utilized to assess the classification performance of SYNCRIP in CRC. Then, the
standard mean deviation (SMD) model was used to summarize the expression matrices of SYNCRIP between CRC and
nontumor tissues. A fixed effects model or random effects model was used according to the heterogeneity of the SMD
model. A funnel plot was used to evaluate the public bias. Finally, to integrate the discriminative power of SYNCRIP in
CRC, cutoff values based on maximum likelihood in each ROC curve were screened to calculate tp, fp, fn, and tn. The
summary receiver operating characteristic (SROC) curve is based on the tp, fp, fn, and tn used to reflect the overall
performance of SYNCRIP. In addition, to obtain all the differentially expressed genes in CRC, the expression of total
protein gene-coding genes was calculated by the SMD algorithm with a random effects model.

The growth effect of SYNCRIP in CRC

The CRC cell lines were obtained from Dep Map database (https://depmap.org/portal/). Gene effect score of SYNCRIP
was calculated by CERES algorithm to evaluate the effect of SYNCRIP gene on the survival and proliferation in CRC cell
lines. A negative gene effect score implies that knocking out the SYNCRIP gene suppresses the growth of CRC cell lines.

The molecular mechanism of SYNCRIP in CRC

The mutation status of SYNCRIP in CRC: To detect the mutation status (nonsense mutation, base replacement, base
deletion, copy number variation, and so on) of SYNCRIP in multiple CRC cohort studies based on genomics, we used the
cancer genome atlas (TCGA)-based online tool cBioPortal (http://www.cbioportal.org/) to calculate the mutation rate
and generate the diagram. The prognostic value of SYNCRIP-mutated patients with CRC was also calculated and shown
by Kaplan-Meier plots.

The association between SYNCRIP and decisive factors of CRC: The decisive factors affecting the development and
onset of CRC include the tumorous immune microenvironment, tumor mutational burden (TMB), and microsatellite
instability (MSI). In this study, we explored the correlation between SYNCRIP and carcinogenic factors to determine the
cause of the carcinogenesis process of CRC.

Recent studies have shown that TMB is a significant index to evaluate the degree of tumor mutation. Accordingly, the
somatic mutation data of colon adenocarcinoma (COAD) and rectum adenocarcinoma (READ) were downloaded from
GDC-TCGA; the TMB of COAD and READ were assessed via the maftools package in R software. The correlation of
SYNCRIP and TMB in the COAD and READ cohorts was computed using Pearson correlation analysis; the results are
shown on scatter diagrams via the ggplot2 package.

MSI is known as a risk factor for CRC; hence, the association between MSI and SYNCRIP was revealed based on high-
throughput data. COAD and READ datasets from TCGA were used to calculate MSI, and the relationship between
SYNCRIP and MSI was assessed by Pearson correlation analysis.
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COAD and READ datasets from TCGA were used to calculate the immune microenvironments, such as CD8* T cells,
CD4" T cells, and neutrophils, which were estimated by the CIBERSORT algorithm. The expression difference of immune
items in CRC and nontumorous samples was calculated by t test, and the relation between SYNCRIP and immune items
was calculated by Pearson correlation analysis. The immune items that were only differentially regulated in CRC and
associated with SYNCRIP were considered pivotal immune microenvironments.

SYNCRIP target genes and potential pathways in CRC: As an RNA binding protein, SYNCRIP combines with genes and
regulates their expression. To reveal the potential pathways regulated by SYNCRIP in CRC, the SYNCRIP target genes
were first extracted. Genes co expressed with SYNCRIP were calculated based on the TCGA-GTEx dataset. The genes
binding by SYNCRIP were predicted via the RNAct database (https://rnact.crg.eu/), and genes with a predictive score
greater than 23 were considered SYNCRIP combined genes. Ultimately, ChIP-seq data marked by SYNCRIP of CRC were
retrieved in a public high-throughput database, and the SYNCRIP binding genes were calculated. The Fragments Per
Kilobase of exon model per Million mapped fragments value in the ChIP-seq was standardized by Z-transform, and
genes with more than twice the standard deviation value were seen as the SYNCRIP binding genes. The most reliable
SYNCRIP target genes were intersected via coexpressed genes of SYNCRIP, highly expressed genes in CRC and SYNCRIP
binding genes.

These target genes were utilized to identify the potential pathways and biological functions regulated by SYNCRIP.
The BP, cellular component and molecular function categories were summarized by gene ontology (GO) analysis and
used to represent the biological function of SYNCRIP in CRC. The potential pathways based on the Kyoto Encyclopedia
of Genes and Genomes (KEGG) and Reactome databases were applied for the SYNCRIP targets.

Regulatory patterns of SYNCRIP in CRC: To further explore the mechanism of SYNCRIP in CRC, regulatory patterns at
the transcriptome level were determined via high-throughput data. The Cistrome Data Browser (http://cistrome.org/
db/#/) includes multiple epigenetic data and was used to excavate the regulatory patterns of SYNCRIP in CRC. The
upstream transcription factors (TFs) of SYNCRIP were mined via a series of ChIP-seq data. The chromatin accessibility
and transcriptional activity of SYNCRIP in CRC were explored by using ATAC-seq, H3K27ac-marked ChIP-seq and
H3K4mel-marked ChIP-seq. SYNCRIP is regulated by enhancers only when the peaks are enriched in the promoter
region of SYNCRIP.

Clinical value of SYNCRIP in CRC

Prognostic value of SYNCRIP in CRC: By mining TCGA and various high-throughput datasets, large volumes of data
concerning the prognosis of SYNCRIP in patients with CRC were acquired. The patients with a higher expression of
SYNCRIP were grouped into the high-risk group, and the rest were evenly defined as the low-risk group. A Cox propor-
tional hazards model was used to calculate the hazard risk between the high-risk group and the low-risk group, and the
log-rank test was used to test the prognostic value of SYNCRIP. Hazard ratio > 1 and log-rank at P < 0.05 illustrated that
SYNCRIP was a risk factor in patients with CRC. All tests and Kaplan-Meier curves were carried out using the R
packages survival and survminer.

SYNCRIP expression profiles in CRC with radio resistance: To understand the therapeutic implications of SYNCRIP in
CRC, high-throughput sequencing data of radio-treated CRC were retrieved from global laboratories. The retrieval
keywords were set as follows: [(colon) OR (rectal) OR (colorectal)] AND [(carcinoma) OR (cancer) OR (malignant) OR
(tumor) OR (adenoma)] AND [(radio) OR (radiotherapy) OR (radiation)]. Strict inclusion criteria were used to ensure the
reliability of the data. They included: (1) Homo species; (2) Primary CRC tissue; (3) CRC cell lines; (4) Available detailed
information on radiation; (5) CRC samples not treated except for radiation; (6) a sample size of the experimental and
control groups greater than or equal to three; and (7) Available SYNCRIP expression.

After a series of filtrations, we enrolled available high-throughput data and stratified the samples into radioresistant
and radiosensitive groups. The radiosensitivity of CRC tissues was assessed using the tumor regression score of the
National Comprehensive Cancer Network guideline V2018, in which a Tumor Regression Grading score of 0 was defined
as radiosensitive. In contrast, scores between 1 and 3 were radioresistant. The difference in the expression of SYNCRIP in
the two groups was calculated.

Statistical analysis

The statistical analysis in our study was performed by SPSS 22.0, R software, STATA 12.0 and Graph Pad Prism 9.0. For
the statistical description, the ratio was used to describe the classification variable, and the mean * SD or median +
quartile was used to describe the continuous variable. The y* test and Fisher’s exact test were used to compare the
differences in classification variables, and the ¢ test and Mann-Whitney U test were used to compare the differences in
continuous variables. For correlation analysis, Pearson’s method or Spearman’s method was selected according to the
data distribution type. Two-sided P < 0.05 indicated a significant difference.

RESULTS
High-throughput tissue microarray of CRC

A total of 175 cases of CRC and 155 noncancerous cases were included in the tissue microarray. The protein level of
SYNCRIP in CRC was higher than that in normal colorectal tissue (P < 0.0001) (Figure 1A), and the AUC of the ROC
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Figure 1 The protein level of synaptotagmin binding cytoplasmic RNA interacting protein in colorectal cancer based on staining scores.
A: The expression of synaptotagmin binding cytoplasmic RNA interacting protein (SYNCRIP) protein in colorectal cancer (CRC) samples (black bar) was higher than
in non-tumorous tissues (gray bar) with P < 0.0001; B: SYNCRIP could satisfactorily distinguish the CRC and non-tumorous tissue. ?P < 0.0001. SYNCRIP:
Synaptotagmin binding cytoplasmic RNA interacting protein; AUC: Area under the curve.

curve was 0.9562 (Figure 1B). We randomly selected three IHC samples of both CRC and normal tissue to demonstrate
the level of SYNCRIP, and the staining intensity of SYNCRIP in CRC was obviously stronger than that in normal tissue
(Figure 2). In addition, SYNCRIP was expressed at low levels in CRC with lymphatic invasion compared to noninvasive
CRC (P = 0.0059) but was not different in the vascular invasion group (P = 0.4361).

High-throughput data of CRC

Collection of CRC expression data: The flow chart of high-throughput data is listed in Supplementary Figure 1. The
expression matrix of the RNA-array was pretreated and normalized according to the platform, and the expression matrix
of RNA-seq was standardized using transcripts per kilobase of exon model per million mapped reads. A total of 22 da-
tasets were enrolled in our study after removing the batch effects from the same platforms (Supplementary Table 1). Up
to 2324 CRC samples and 1316 nontumorous samples were included in the datasets. The pathological type of CRC
consists of adenocarcinoma, cystadenocarcinoma and signet-ring cell carcinoma, and nontumorous tissue includes
normal colorectal tissue, paracancerous colorectal tissue and inflammatory colorectal tissue.

SYNCRIP expression in CRC: In the 25 expression matrix, the expression of SYNCRIP was close to a Gaussian distri-
bution (Figure 3A). SYNCRIP was highly expressed in the CRC group with prominent statistical significance in 14 da-
tasets and had no significant differences in 11 datasets (Figure 3B). Hence, the SMD model was used to explore the
expression tendency. Interestingly, SYNCRIP was definitely highly expressed in the CRC group compared to the non-
tumor group, with an SMD of 1.20 (95%CI: 1.12-1.27, I = 90.3%) (Figure 3C). A random effect model was used to control
the heterogeneity. There was no public bias in the SMD model from the results of the funnel plot (Supplementary Figure
2). SROC showed that the expression of SYNCRIP could preeminently discriminate CRC and nontumorous samples with
AUC = 0.86 (95%CI: 0.83-0.89). The sensitivity of the SROC was 0.76 (95%CI: 0.70-0.81), and the specificity was 0.85
(95%CI: 0.77-0.91).

Knockdown of SYNCRIP hinders CRC cell growth

We explored CRISPR knockout screens derived from Dep Map to identify the effect of SYNCRIP on the proliferation of
CRC cells. The gene effect score of SYNCRIP in eleven CRC cell lines was shown in Figure 4. The result revealed that
SYNCRIP gene promoted cell growth in these eleven CRC cell lines.

The molecular mechanism of SYNCRIP in CRC

The mutation status of SYNCRIP in CRC: Three clinical cohorts of CRC with gene mutation information were utilized to
examine the mutation status of SYNCRIP. The mutation frequency of SYNCRIP was 4%, 1.8% and 1.9% in the Dana-
Farber Cancer Institute (Cell reports 2016), TCGA (Firehose Legacy) and TCGA (Nature 2012) cohorts, respectively
(Supplementary Figure 3). The results showed that SYNCRIP was not widely mutated in CRC.

The relationship between SYNCRIP and the tumor microenvironment: The expression of COAD and READ was
downloaded from GDC-TCGA, and the TMB score was calculated (Supplementary Figure 4A and B). There was no
correlation between SYNCRIP and the TMB of CRC (Supplementary Figure 4C and D). SYNCRIP did not disturb the
mutation status of CRC. The MSI status of CRC was downloaded from the cBio Portal database, and there was no
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Figure 2 The protein level of synaptotagmin binding cytoplasmic RNA interacting protein in colorectal cancer is higher than in non-
tumorous tissue. We randomly select two colorectal cancer (CRC) tissue and non-cancerous tissue to show. A-C: CRC sample with the magnification is x 10, x
40 and x 100; D-F: Another CRC sample with the magnification is x 10, x 40 and x 100; G-I: Non-tumorous colorectal sample with the magnification is x 10, x 40 and
x 100; J-L: The other non-tumorous colorectal sample with the magnification is x 10, x 40 and x 100.
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Figure 3 The expression of synaptotagmin binding cytoplasmic RNA interacting protein mRNA in colorectal cancer is higher than in non-
tumorous tissue based on high-throughput array and sequence data. A: 22 datasets were obtained and integrated. The expression distribution of each
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dataset was close to Gaussian distribution; B: The expression of synaptotagmin binding cytoplasmic RNA interacting protein (SYNCRIP) in each dataset was
calculated, and the high expression tendency of SYNCRIP in colorectal cancer (CRC) with significant statistical value in 14 datasets. Blue boxes were the CRC
samples and the red boxes were the normal samples. 2P < 0.05; °P < 0.01; °P < 0.001; 9P < 0.0001; C: According to the standard mean deviation (SMD) model,
SYNCRIP was exactly up-regulated in CRC compared to non-cancerous tissue with SMD = 1.20 (95%Cl: 1.12-1.27, 12 = 90.3%). The blue diamond represented the
effect size of SYNCRIP in each dataset, and the red line was the error bar; D: The summary receiver operating characteristic curve and area under the curve (AUC)
were calculated. Blue points were the datasets and the red curve were the boundary of AUC. SYNCRIP: Synaptotagmin binding cytoplasmic RNA interacting protein.
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Figure 4 Gene effect score of synaptotagmin binding cytoplasmic RNA interacting protein mRNA gene in 11 colorectal cancer cell lines
showed knockdown of synaptotagmin binding cytoplasmic RNA interacting protein mRNA gene colorectal cancer cell growth was
inhibited.

difference in the expression of SYNCRIP in the high-MSI group, low-MSI group and MSS group (Supplementary Figure
5).

The immune microenvironment scores in COAD and READ were evaluated by using the TCGA-GTEx dataset. As
Figure 4 and Figure 5 shows, in COAD and READ, SYNCRIP was positively related to naive B cells, macrophages,
neutrophils and monocytes, and SYNCRIP was negatively related to CD8" T cells and regulatory T cells (Figure 5).
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Figure 5 The relationship between synaptotagmin binding cytoplasmic RNA interacting protein mRNA and immune microenvironments in
colorectal cancer. The blue line was the fit line and the gray region was the 95% error range. In colon adenocarcinoma: A: Positively correlated to naive B cell; B:
Negatively correlated to CD8" T cell; C: Positively correlated to MO macrophage; D: Positively correlated to M1 macrophage; E: Positively correlated to neutrophil; F:
Negatively correlated to regulatory T cell, in rectum adenocarcinoma; G: Positively correlated to M1 macrophage; H: Positively correlated to monocyte.

SYNCRIP target genes and potential pathways in CRC: To obtain the target genes of SYNCRIP, the co-expressed genes,
SYNCRIP binding genes and highly expressed genes of CRC were calculated and intersected. A total of 15702 genes were
conspicuously related to SYNCRIP with P < 0.05. A total of 2085 potential target genes with the structural domain of
SYNCRIP were predicted by the RNAct database, and 6818 genes were regulated by SYNCRIP according to ChIP-seq
data. After integration with 8427 highly expressed genes of CRC, a total of 180 genes were considered the most credible
genes targeted by SYNCRIP.

For the GO analysis, a total of 15 items were significant, and the top three were regulation of cellular response to stress,
cellular macromolecule biosynthetic process and mitotic cell cycle process (Figure 6A). For the pathway analysis, only
three pathways were considered crucial pathways regulated by SYNCRIP: cell cycle (R-HSA-1640170), ubiquitin-
mediated proteolysis (hsa04120) and cellular responses to stress (R-HSA-2262752) (Figure 6B). Cell cycle-related functions
and stress response functions appeared in GO and pathway analyses simultaneously.

The upstream regulatory mechanism of SYNCRIP in CRC: The two major factors affecting SYNCRIP expression were
enhancers and TFs. To explore the regulatory status of enhancers, an ATAC-seq sample (GEO number: GSM2719725) was
used to explore the chromatin accessibility of SYNCRIP. The results showed that SYNCRIP had notable transcriptional
activity in CRC (Figure 7A). SYNCRIP was regulated by enhancers in CRC because the peaks of H3k27ac (GEO number:
GSM883684) and H3k4mel (GEO number: GSM883659) were abundantly enriched in the promoter region of SYNCRIP
(Figure 7A). POLR2A was the strongest regulatory TF for SYN-CRIP in CRC based on a series of ChIP-seq data
(Figure 7B).

Clinical value of SYNCRIP in CRC
A total of five cohorts with outcome information on CRC were enrolled to explore the prognostic value of CRC. SYNCRIP
had no prognostic value in patients with CRC (Supplementary Figure 6).

After filtering, the radiotherapy datasets were downloaded and processed. A total of nine datasets were used,
including six clinical cohorts and three cytology experiments, with 218 radioresistant samples and 121 radiosensitive
samples. SYNCRIP was a radiosensitivity gene in CRC with an SMD = -0.42 (95%ClI: -0.66 to -0.19) (Figure 8A). No hetero-
geneity existed in the SMD model, and the fixed effects model was used (Figure 8B).

DISCUSSION

In our study, SYNCRIP was considered an oncogene in CRC based on its high protein and mRNA expression levels. As
an RBP, SYNCRIP can target various genes and promote tumor onset and development by affecting the cell cycle and
stress response-related pathways and affecting the immune microenvironment. In epigenetics, highly expressed
SYNCRIP is regulated by enhancers and POLR2A. In addition, SYNCRIP may accelerate the sensitivity of radiotherapy
for patients with CRC.
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Figure 6 Enrichment analyses based on gene ontology and the Kyoto Encyclopedia of Genes and Genomes items. A: Gene ontology (GO)
enrichment analysis. The size was the genes enriched in the items and the red color meant high statistical significance. The top ten items in GO database were
displayed in the bubble chart; B: The left semicircle was the genes enriched in the pathways in the chord diagram. Only three pathways had the statistical

significance.

All the biological functions of SYNCRIP, such as regulating alternative splicing and epigenetic events, are embodied in
protein[22,23]. Therefore, the protein level of SYNCRIP in CRC was examined and verified by IHC. From the pathomor-
phology, we can clearly observe that the SYNCRIP protein level in CRC is higher than that in nontumorous tissue.
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Furthermore, we used a nonparametric test to examine the difference in IHC as a semiquantitative method. The protein
level was transformed to a score based on staining intensity and staining percentage. The high level of SYNCRIP in CRC
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Figure 7 The regulatory mechanism of synaptotagmin binding cytoplasmic RNA interacting protein mRNA in colorectal cancer were
explored based on assay for transposase-accessible chromatin-seq and chromatin immunoprecipitation-seq. A: Assay for transposase-
accessible chromatin-seq showed the prominent enrichment in the promotor region of synaptotagmin binding cytoplasmic RNA interacting protein mRNA (SYNCRIP).
And the promotor region of SYNCRIP were also enriched in chromatin immunoprecipitation-seq (ChIP-seq) with H3K4me1 and H3K27ac marked samples; B: In the
POLR2A marked ChlP-seq data, the promotor region of SYNCRIP were also enriched and SYNCRIP might be regulated by POLR2A.

compared to nontumorous tissue was confirmed by statistical analysis.

In addition to our in-house IHC data, public data should also be used based on evidence-based medicine. High-
throughput array and sequence methods have been widely used for gene expression profiling in recent years. Therefore,
the expression of SYNCRIP mRNA was also explored by high-throughput data. We excavated multiple RNA arrays and
RNA-seq data of CRC from various technology platforms. In the field of evidence-based medicine, heterogeneity often
leads to biased results. Hence, the batch effects of datasets from the same platform were erased, and each dataset
represented one high-throughput platform. The SMD model is always used in evidence-based medicine, and it was also
used in our study. The SMD = 1.2 > 1 means that SYNCRIP is highly expressed in CRC. CRISPR-Cas9 viability screens
has been used to discover new therapeutic targets for cancer in recent years. Therefore, the dependency score of
SYNCRIP was calculated by CERES algorithm to identify the effect of SYNCRIP in CRC cell lines. In our study, we found
that knockdown of the SYNCRIP gene inhibited the proliferation of eleven CRC cell lines. To date, the high expression
status of SYNCRIP in CRC has been verified by protein, mRNA and gene-dependency analyses. Hence, we think that
SYNCRIP can promote the tumorous process in CRC.

To understand the molecular mechanism of SYNCRIP in CRC, we first calculated the mutation status of SYNCRIP in
CRC. SYNCRIP had no significant mutation in CRC and had no significant relation to the TMB of CRC. Therefore, we
think that SYNCRIP can steadily play a role in CRC patients. Then, the immune microenvironments and the potential
pathways of SYNCRIP were calculated. Interestingly, SYNCRIP is negatively related to CD8+ T cells in CRC. CD8+ T
cells play an antitumor role in many malignant tumors[24,25], and SYNCRIP may reduce CD8+ T cells to promote tumor
proliferation in CRC. Because SYNCRIP is an RNA binding protein, it epigenetically targets some genes and promotes
cancer proliferation in CRC. Thus, the target genes of SYNCRIP were identified by computational biology methods and
utilized to carry out GO and KEGG analyses. We clearly observed that in both GO enrichment analysis and KEGG
pathway analysis, SYNCRIP and its target genes participate in cell cycle-related functions. An active cell cycle is the
necessary condition for proliferation and migration in all cancers[26,27]. Therefore, SYNCRIP can reduce CD8+ T cells
and target some genes to boost tumor cell mitosis and promote proliferation and invasion in CRC.
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Figure 8 Synaptotagmin binding cytoplasmic RNA interacting protein mMRNA was highly expressed in radio-sensitivity colorectal cancer
samples according to the standard mean deviation model. A: Based on evidence-based medicine, total nine datasets including radiotherapy information
were enrolled and calculated the expression of synaptotagmin binding cytoplasmic RNA interacting protein mRNA (SYNCRIP). SYNCRIP was highly expressed in
radio-sensitivity group compared to radio-resistance group; B: Funnel plot showed no public bias in the standard mean deviation model. SMD: Standard mean
deviation.

After probing the downstream regulatory pattern and molecular mechanism of SYNCRIP, the upstream regulatory
mechanism of SYNCRIP was extended. The mutation status of SYNCRIP in CRC is stable, so it is possibly regulated by
epigenetic regulation, such as enhancers and TFs. To confirm the regulation of SYNCRIP and enhancers and TFs, both
potential enhancers and TFs were investigated by using high-throughput ChIP-seq data. H3k27ac and H3K4mel are
specific biomarkers of active enhancers[28,29], and the promoter region of SYNCRIP is enriched by H3k27ac- and
H3K4mel-marked ChIP-seq samples. Therefore, the expression of SYNCRIP is heightened by enhancers in CRC. We
previously reported that enhancers can promote CLDNT1 levels in CRC and increase sensitivity to radiation by affecting
the cell cycle pathway, so enhancers are considered radio-related biomarkers in CRC patients[28]. In addition, from the
ChIP-seq data, we also observed that SYNCRIP is regulated by POLR2A. As a TF, POLR2A encodes the largest subunit of
RNA polymerase II and plays an important role in many tumors[30-32]. POLR2A is an oncogene and has been proven to
be a therapeutic target in a variety of malignant tumors, especially in CRC[33-35]. In our study, the expression of
SYNCRIP was boosted by enhancers and POLR2A, and it may become a potential target for predicting and treating CRC.
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Radiotherapy is the frequently used method to kill tumor cells in CRC. Some studies have reported that low levels of
CD8+ T cells and an active mitotic state in CRC can increase sensitivity to radiation therapy. Dayson Moreira et al
reported that in head and neck squamous cell carcinoma, the CD8+ T-cell level is reduced when patients undergo
radiotherapy[36]. The CD8+ T-cell level is also significantly lower in CRC patients with radiation treatment[37]. In
addition, tumor cells in the mitotic stage are conspicuously sensitive to radiation[38,39]. Then, the expression of SYNCRIP
in CRC patients treated with radiotherapy was calculated. Interestingly, the expression of SYNCRIP in the radio-
sensitivity group was higher than that in the radio-resistance group. Therefore, we consider that SYNCRIP can reduce
CD8+ T cells and activate CRC cells into a high-rate division status to increase sensitivity to radiation. In future clinical
work, we can use SYNCRIP staining IHC to determine the sensitivity of CRC patients to radiotherapy.

CONCLUSION

In conclusion, SYNCRIP is regulated by enhancers and POLR2A and highly expressed in CRC. Highly expressed
SYNCRIP can reduce CD8+ T cells and accelerate CRC cell division by exerting its epigenetic regulatory effects. These
CRC cells are sensitive to radiation therapy. Finally, SYNCRIP is expected to become a biomarker in CRC patients.
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