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Abstract
Background

The role of the m®A-binding protein YTHDC2 in the occurrence and development of colorectal cancer
(CRC) is unclear. We aimed to explore the molecular mechanisms underlying this process and clarify the
signaling pathway involved.

Methods

Firstly, the relationship between YTHDC2 and CRC in TCGA database was analyzed to identify relevant
signaling pathways and biological processes. Then, western blot was used to analyze expression of
YTHDC2 in HCT116 and Caco2 cells. After knockdown or overexpression of YTHDC2 in the above cells,
RT-PCR and western blot were used to analyze p38MAPK, p-p38MAPK, and downstream apoptosis-related
proteins in the MAPK signaling pathway. Flow cytometry was performed to detect changes in apoptosis.

Results

And the results were shown that the expression of YTHDC2 was significantly lower in tumor tissues than
in normal tissues. Increased expression of YTHDC2 was associated with better overall survival among
patients with CRC. Gene set enrichment analysis revealed that YTHDC2 regulates the MAPK signaling
pathway. Flow cytometry revealed apoptosis was significantly reduced and enhanced in response to
YTHDC2 knockdown and overexpression, respectively. There was no significant change in the expression
of p38MAPK, while p-p38MAPK was significantly increased in response to overexpression and decreased
in response to knockdown. Gene Expression Profiling Interactive Analysis showed apoptotic protein
expression to be positively correlated with YTHDC2 expression, consistent with the results of RT-PCR and
western blot.

Conclusion

In general, apoptosis of CRC cells is promoted by YTHDC2 via activation of the exogenous death receptor
and endogenous mitochondrial apoptosis-related pathways in the p38MAPK signaling pathway.

Background

Colorectal cancer (CRC) accounted for 6.1% of all cancers worldwide in 2018, with a mortality rate of
9.2%, which was second only to lung cancer!l. Temporal profiles and demographic projections indicate

that the global burden of CRC is likely to increase by 60% by 2030[2l. In China particularly, the incidence
and mortality of CRC have increased in recent decades. A large number of studies have the development
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and metastasis of CRC to occur via complex processes involving multiple genes. Therefore, the
identification of genetic and molecular markers related to the development of CRC, as well as the study of
their association with the pathogenesis and biological characteristics, will enable evaluation of the
prognosis of CRC.

The N8-methyladenosin (m®A) modification is the most common post-transcriptional modification of
eukaryotic RNAB!L This modification occurs in a well-defined RNA motif, DRACH (D can be A, C or U; R can
be either A or G; and H can be A, C or U)4l. The formation of the m®A modification has been demonstrated
to be a dynamic process, and its function is determined by “Writer”, “Eraser”, and “Reader” enzymes.
Writer, also referred to as the methyltransferase complex, is composed of components include

methyltransferase-like 3 (METTL3)®] METTL146] and WTAP. Eraser refers to demethylases, including
ALKBH5!8 and FTO], and Reader—also called m®A-binding protein—recognizes the m®A modification.
Currently, the m®A-binding proteins include members of the YTH-domain protein family (YTHDF1,
YTHDF2, YTHDF3, YTHDCT1, and YTHDCZ)[1 ol and the heterogeneous nuclear ribonucleoprotein (HNRNP)
family (HNRNPA2B1 and HNRNPC)['']. By regulating the stability, shear, transport, localization, and
translation of RNA at the post-transcriptional level, the m®A plays a key role in the dynamic regulation of
cell stemness, differentiation, and energy balance.

The evolutionarily conserved YTH domain contained in the YTH protein family can selectively recognizes
mOAl'2l. In the cytoplasm, YTHDF3 promotes protein synthesis in synergy with YTHDF1113l,
Destabilization of m®A-containing RNA is carried out by YTHDF2 through direct recruitment of the carbon
catabolite repressor 4-negative on TATA (CCR4-NOT) deadenylase complex, which accelerates mRNA
degradation['. In the nucleus, YTHDC1 regulates the splicing of target mRNAI'3]. The biological function
of the final member of the YTH protein family, YTHDC?2, is still not fully understood. A study by
Kretschmer et al.['®! demonstrated that YTHDC2 is mainly enriched in the perinuclear space and interacts
with the small ribosomal subunit to improve the efficiency of translation. Hsu et al.!*! reported the
translation efficiency of the target gene Smc3 to be decreased by 37% in the testicular tissue of YTHDCZ2-
knockout mice. Other studies have shown that the recognition of m®A by YTHDC2 is crucial for
embryonic differentiation!”- 18], Furthermore, YTHDC2 may be a susceptibility gene for pancreatic
cancer!'® and plays an important role in the development of liver cancer%l. However, there has been little
research into the relationship between YTHDC2 and CRC.

The present research aimed to study the role of the m®A-binding protein YTHDC2 in CRC, explore the
underlying molecular regulatory mechanism, and clarify the signaling pathway involved. The purpose of
this was to elucidate comprehensive information regarding the important role of this protein in the
occurrence and development of CRC. The results presented here may provide a new direction for the
development of drug treatment for CRC.

Methods
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Antibodies and plasmids

The Anti-YTHDC2 (ab220160), Anti-p38MAPK (ab31828), Anti-p-p38MAPK (ab4822), Anti-Fas (ab82419),
Anti-Caspase-8 (ab25901), Anti-Caspase-9 (ab32539), Anti-Bax (ab32503), Anti-Cytochrome C (ab13575),
and Anti-Glyceraldehyde 3-phosphate dehydrogenase (Anti-GAPDH; ab8245) antibodies were purchased
from Abcam (USA); Anti-Fas Ligand (bs-0216R) and Anti-Caspase-12 (bs-0967R) were purchased from
Bioss (Beijing, China); Horseradish peroxidase (HRP)-conjugated secondary antibodies were purchased
from Cell Signaling Technology (CST, USA). Fluorescein isothiocyanate (FITC)- and tetramethylrhodamine
(TRITC)-labeled secondary antibodies were purchased from Earthox LLC. (USA). The pCMV3-YTHDC2-
Flag and pCMV3-C-Flag plasmids were synthesized by Sino Biological (SB, Beijing, China), and si-
YTHDC2 was synthesized by GenePharma (Suzhou, China).

Cell culture and plasmid transfection

The HCT116 and Caco?2 cell lines were purchased from the American Type Culture Collection (ATCC) and
cultured in Dulbecco’s Modified Eagle Medium (HyClone, USA) with 10% fetal bovine serum (Thermo
Fisher Scientific, USA), streptomycin (100 pg/mL) and penicillin (100 units/mL) at 37°C in a saturated
humidity atmosphere containing 5% CO,. When the cell density reached 80%—-90%, they were divided into
four groups according to the subsequent treatment: the YTHDC2 group was transfected with the pCMV3-
YTHDC2-Flag plasmid, the siYTHDC2 group was transfected with si-YTHDC2, the con-YTHDC2 group was
transfected with pCMV3-C-Flag, and the NC-siYTHDC2 group was transfected with si-NC as a control
group. Transfection with plasmids and siRNA was carried out using the Lipofectamine™ 2000 reagent
(Invitrogen, USA).

Bioinformatics data analysis

The relationship between CRC and YTHDC2 in The Cancer Genome Atlas (TCGA) was analyzed using
tools on the websites of The Human Protein Atlas (https://www.proteinatlas.org/) and Gene Expression
Profiling Interactive Analysis (GEPIA; http://gepia.cancer-pku.cn/). Then, CRC-related gene expression and
clinical data were downloaded from the cBioPortal (http://www.cbioportal.org) and the University of
California Santa Cruz Xena (https://xena.ucsc.edu/) databases, while annotated gene sets were
downloaded from the Kyoto Encyclopedia of Genes and Genomes (KEGG;
http://www.genome.jp/kegg/pathway.html) and Gene Ontology (GO; http://www.geneontolog y.org/)
databases. Data were enriched and analyzed using gene set enrichment analysis (GSEA) software to
investigate the signaling pathways and biological processes potentially regulated by YTHDC2 in CRC.

Immunofluorescence analysis

Immunofluorescence was used to evaluate the localization of YTHDC2 in Caco?2 cells. A single-cell
suspension of Caco?2 cells was aliquoted into 24-well plates. When the cell density reached 85%-100%,
cells were fixed with 4% paraformaldehyde for 20 min at room temperature then drilled with 0.3% TritonX-
100 for 1 h. After blocking with 5% bovine serum albumin for 30 min, cells were incubated with Anti-
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YTHDC2 for 1 h and then with FITC- and TRITC-labeled secondary antibodies in dark conditions for 0.5-1
h. Finally, cells were counterstained with 4’, 6-diamidino-2-phenylindole (DAPI, Southern Biotechnology
Associates, USA) and observed under a confocal microscope (Nikon, Japan).

Flow cytometry

Transfected HCT116 and Caco? cells were resuspended and 5 x 10° cells were counted and collected by
flow cytometry. Binding buffer (500 pl), Annexin V-FITC reagent (5 pl) and propidium iodide reagent (5 pl)
were added successively, and the mixture incubated in dark conditions for 5-15 min at room temperature.
The excitation wavelength (Ex) = 488 nm and emission wavelength (Em) = 530 nm. Cells were detected
within 1 h.

Wound healing

At 24h post-transfection, a straight scratch was made in the center of each well using a micropipette tip.
Free suspended cells were washed with aseptic phosphate-buffered saline, and the solution imaged using
a microscope at 0, 12, 24, and 48 h after scratching.

Reverse transcriptase-polymerase chain reaction

After transfection, total RNA was isolated using the TRIzol Reagent Kit (Invitrogen) was used to isolate
total RNA, and cDNA was reverse transcribed using the Quantscript RT kit (Tiangen, China). Transcript
quantification was then performed using the SYBR RT-PCR kit (Tiangen) and specific RNA primers.
Details of the RNA primers (SBS Genetech Co., Beijing, China) are provided in Table 1. The thermocycler
program was: 95°C for 15 min, then 40 cycles of 95°C for 10 s, and an annealing step of 60°C for 32 s.
Expression levels of target genes were normalized using the 2722t method with GAPDH as an internal
control.

Western blot

Transfected HCT116 and Caco?2 cells were harvested and lysed using radioimmunoprecipitation assay
(RIPA) lysis buffer (KeyGEN BioTECH, Jiangsu, China). After measuring the total protein concentration,
the protein samples were separate by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE), and then, electrotransferred to polyvinylidene fluoride membranes (PVDF). The PVDF membranes
were blocked with 5% fat-free milk, and incubated with the primary antibody at 4°C overnight, then with
the secondary antibody for 1 h at room temperature. Finally, the Chemi Doc XRS System (Bio-Rad,
Hercules, CA, USA) was used to analyze the protein bands with GAPDH as an internal control.

Statistical analysis

We used the SPSS 23.0 software (IBM Corp., Armonk, NY, USA) for statistical analysis. An independent
samples ttest was used to compare two groups, while one-way analysis of variance (ANOVA) was used
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to compare three or more groups, and the least-square difference method was used for pairwise
comparison after ANOVA. We considered P< 0.05 as statistically significant.

Results

Bioinformatics analysis

Survival analysis of TCGA samples using The Human Protein Atlas showed high expression of YTHDC2
to be associated with higher overall survival in patients with colon cancer (P = 1.0x107), rectal cancer (P
= 1.5x107), or both (P = 1.8x107°) (Figure 1A). The results of GEPIA analysis showed the expression of
YTHDC2 in tumor tissues of patients with CRC to be decreased compared with normal tissues (P> 0.05,
Figure 1B) and positively correlated with tumor stage (P = 0.06, Figure 1C); however, the difference was
not statistically significant.

The results of KEGG enrichment analysis showed the expression of YTHDC2 in CRC to be related to the
mitogen-activated protein kinase (MAPK) signaling pathway (effect size [ES] = 0.44, false discovery rate
[FDR] = 0.118, P=0.028), while GO enrichment analysis indicated YTHDC2 to be related to the intrinsic
apoptotic signaling pathway (ES = 0.47, FDR = 0.053, P= 0.013), regulation of extrinsic apoptotic
signaling pathway (ES = 0.45, FDR = 0.069, P=0.019), and cell cycle arrest (ES = 0.46, FDR = 0.057, P=
0.01) (Figure 1D). Since the p38MAPK signaling pathway is mainly related to apoptosis, YTHDC2 may
promote apoptosis of CRC cells via regulation of the p38MAPK signaling pathway.

Analysis the correlation between YTHDC2 and various apoptotic proteins downstream of the MAPK
signaling pathway using the GEPIA website revealed that, in the exogenous death receptor activation
pathway, representative apoptotic proteins Caspase 8 (P=0,R = 0.53), Fas (P=0,R=0.44) and Fas L (P
= 3.2x10%, R = 0.24) were significantly positively correlated with YTHDC2. In the endogenous
mitochondrial apoptosis-related pathway, representative apoptosis proteins including Bax (P = 3.5x10°% R
= 0.24), Caspase 9 (P=2.2x10%, R = 0.24) and Cytochrome C (P=3.9x10°, R = 0.21) were found to be
significantly positively correlated with YTHDC2, although the correlation coefficient was relatively small.
However, in the endoplasmic reticulum apoptosis pathway, the correlation coefficient of the apoptotic

protein Caspase 12 was small (P=1.9x102, R = 0.12). Therefore, YTHDC2-mediated apoptosis may be
mainly related to the exogenous death receptor activation pathway and the endogenous mitochondrial
apoptosis-related pathway.

Localization of YTHDC2 in Caco2 cells

The Caco2 cell line exhibited high expression of YTHDC2 and was used for immunofluorescence
experiments, which showed YTHDC2 to be mainly located in the nucleus and perinuclear region (Figure
2A).

Significantly promotion of apoptosis was induced by YTHDC2

Page 6/18



In HCT116 cells, the apoptosis rate of the YTHDC2 group was significantly higher (18.44%) than that of
the con-YTHDC2 (11.94%) and siYTHDC2 (7.13%) groups. The apoptosis rate of the siYTHDC2 group
was decreased compared with that of the NC-siYTHDC2 (9.46%) group. Similar results were observed for
Caco? cells; the apoptosis rate in the con-YTHDC2, YTHDC2, NC-siYTHDC2, and siYTHDC2 groups were
11.96%, 16.40%, 10.73%, and 9.62%, respectively (Figure 2B). These results indicate that YTHDC2
promotes apoptosis of CRC cells.

Metastasis and invasion ability of HCT116 and Caco2 cells is reduced by YTHDC2

Wound healing analysis revealed that the growth of HCT116 cells was significantly different between all
transfection groups (P = 0.000). After 48 h, the growth velocity of the YTHDC2 group was significantly
lower than that of the con-YTHDC2 and NC-siYTHDC2 groups (P = 0.003), while the growth rate of the
siYTHDC2 group was significantly higher than that of the NC-siYTHDC2 group (P = 0.000). The difference
between the YTHDC2 and siYTHDC2 groups was highly significant (P = 0.000). In Caco?2 cells, the
differences between each group were also significant (P = 0.000) (Figure 2C). These results showed that
YTHDC2 inhibited the metastasis and invasion of tumor cells and promoted the prognosis of CRC, which
was consistent with the results of bioinformatics analysis.

Overexpression of YTHDC2 promotes activation of p-p38MAPK

Western blot analysis revealed that the relative expression level of p38MAPK was not significantly
different among the four groups in either HCT116 or Caco2 cells (HCT116: P=0.775; Caco2: P=0.851);
while p-p38MAPK levels were significantly different (HCT116: P=0.002; Caco2: P= 0.037); the YTHDC2
group showed significantly higher expression than the con-YTHDC2 (HCT116: P= 0.046, Caco2: P=
0.035) or siYTHDC2 groups (HCT116: P=0.000, Caco2: P=0.007). The p-p38MAPK level of the
siYTHDC2 group was significantly lower than the that of NC-siYTHDC2 group in HCT116 cells (P =
0.002). In Caco?2 cells, consistent with HCT116 cells, the siYTHDC2 group showed decreased expression
compared with the NC-siYTHDC2 group, although this was not statistically significant (P=0.106), (Figure
3). These results indicate that, although YTHDC2 does not promote the basic expression of p38MAPK, it
significantly increases the activation of p38MAPK, causing overactivation of the p38MAPK signaling
pathway and promoting of tumor cell apoptosis.

Up-regulation of apoptosis-related proteins downstream of the MAPK signaling pathway is induced by
YTHDC2.

In the exogenous death receptor activation pathway, the mRNA and protein expression of Caspase 8 was
not statistically differentin HCT116 cells (P = 0.667; P = 0.229), while this difference was significant in
Caco?2 cells (P=0.000; P=0.000). The results of RT-PCR and Western blot revealed significant
differences in the mRNA and protein expression of apoptin Fas in both HCT116 (P = 0.000; P = 0.000)
and Caco?2 cells (P=0.000; P=0.001). For Fas L, the mRNA expression was significantly increased in the
YTHDC2 group and significantly decreased in the siYTHDC2 group in both HCT116 and Caco2 cells (P=
0.002; P=0.000). In addition, Western blot showed the expression of Fas L to be unchanged with
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changes in YTHDC2 expression, and no significant differences were detected among the four groups in
HCT116 cells (P= 0.874). In Caco2 cells, the expression of Fas L protein was not significantly different to
that of YTHDC2 or Caspase 8 (P=0.010). The difference in expression levels of Caspase 8 and Fas L in
HCT116 and Caco2 cells may be due to different expression levels of YTHDC2 between these two cell
lines (Figure 4A, 4B).

In the endogenous mitochondrial apoptosis-related pathway, the mRNA and protein expression of Bax in
HCT116 cells was significantly different in each group (P = 0.000; P=0.004). This was also observed for
Caco?2 cells (P=0.000; P=0.001). The mRNA expression of Caspase 9 was not statistically different
between the siYTHDC2 and NC-siYTHDC2 groups in either cell line (P = 0.446; P = 0.129), but a significant
difference was observed among the other groups (all P< 0.05). The protein expression of Caspase 9
differed among the groups in both HCT116 and Caco2 cell lines (P=0.008; P=0.007). In HCT116 cells,
there was no significant difference in Cytochrome C mRNA expression among any groups (all P> 0.05),
except for the YTHDC2 and siYTHDC2 groups (P=0.011). In Caco2 cells, the mRNA expression of
Cytochrome C was similar to that of Caspase 9 (P = 0.000). Furthermore, the protein expression of
Cytochrome C was significantly affected by changes in YTHDC2 expression in HCT116 and Caco?2 cells
(P=0.000; P=0.003). Although not all apoptotic proteins showed statistically significant differences, the
variations in expression were found to reflect changes in YTHDC2 expression, indicating that changes in
YTHDC2 affect the endogenous mitochondrial apoptosis-related pathway (Figure 4C, 4D).

In the endoplasmic reticulum apoptosis pathway, RT-PCR (HCT116: P=0.519; Caco2: P= 0.665) and
Western blot (HCT116: P=0.213; Caco2: P= 0.847) revealed that the expression of apoptin Caspase 12
was not significantly different among the four groups in HCT116 or in Caco?2 cells. Therefore, the
expression of Caspase 12 does not change in line with changes in YTHDC2 expression, indicating that
YTHDC2-mediated promotion of apoptosis of CRC cells is not effected via the endogenous endoplasmic
reticulum apoptosis pathway (Figure 4E, 4F).

Discussion

As an m®A-binding protein, YTHDC2 is involved in a variety of biological processes. Many studies have
indicated YTHDC2 to be crucial for fertility in both male and female mice, with particular importance in
spermatogenesis(2' =241 Other studies have indicated that YTHDC2 may be related to autism spectrum
disorder(?%], hepatitis Cl?"], pancreatic adenocarcinomal?®!, and CRCI27]. The present research
demonstrates that the expression of YTHDC2 is negatively correlated with overall survival and tumor
stage in CRC. Overexpression of YTHDC2 causes the apoptosis rate to increase in HCT116 and Caco2
cells, and to reduce the growth rate of CRC cells. These results indicate that YTHDC2 can inhibits the
metastasis and invasion of tumor cells, improving the prognosis of CRC and acting as a protective factor
for this disease. However, this is in contrast to the results of Tanabe et al.27], who suggest that YTHDC2
may contribute to colon cancer metastasis by promoting the translation of hypoxia-inducible factor-1
alpha (HIF-1a), the expression of which is positively correlated with tumor stage. This discrepancy may

be due to the different targets of YTHDC2 compared with HIF-1K.
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The MAPKs are Ser/Thr protein kinases which are found in a wide variety of cell types. Multiple parallel
MAPK signaling pathways have been identified in mammalian cells, including the extracellular-signal-
regulated kinase 1/2 (ERK1/2)27], c-Jun N-terminal kinase/stress-activated protein kinase (JNK/SAPK)
[29] h38MAPKI3% and extracellular-signal-regulated kinase 5/Big MAP kinase | (ERK5/BMKI)137]
pathways. Activation of p38MAPK—a key component of the MAPK signaling pathway—depends on
phosphorylation of Tyr and Thr sites; phosphorylated p38MAPK plays an important role in the regulation
of cell proliferation, differentiation, migration, apoptosis, and death. Studies have shown that targeted
inhibition of p38MAPK activity can alleviate rheumatoid arthritis32], asthmal®3], and other inflammation-
associated diseases. Other studies have indicated that excessive activation of p38MAPK can
significantly promote apoptosis of hepatocellular carcinoma cells, thus improving the prognosis of
hepatocellular carcinomal®4l. The p38MAPK signaling pathway regulates apoptosis via Fas/Fas L-
mediated apoptosis, induction of the translocation of Bax, and enhancement of C-myc expression and
p53 phosphorylation, among other mechanisms. Our results of GSEA enrichment analysis demonstrate
that YTHDC2 is significantly correlated with the MAPK signaling pathway in CRC and regulates biological
processes such as the intrinsic apoptotic signaling pathway, regulation of extrinsic apoptotic signaling
pathway, and cell cycle arrest. On the one hand, p38MAPK was found to be closely related to apoptosis in
the MAPK signaling pathway, where it initiates cell apoptosis and is related to cell cycle quiescence. On
the other hand, cytological research revealed that up- or downregulation of YTHDC2 and phosphorylation
of p38MAPK change with altered YTHDC2 expression. Flow cytometry and wound healing assays also
showed that YTHDC2 promotes apoptosis of CRC cells. Taken together, these findings indicate that
YTHDC2 promotes apoptosis of CRC cells through the p38MAPK signaling pathway.

There are three kinds of apoptotic signaling pathways: the exogenous death receptor activation pathway,
the endogenous mitochondrial apoptosis-related pathway, and the endoplasmic reticulum apoptosis
pathway, each with their own specific apoptotic proteins. In the exogenous death receptor activation
pathway these are Fas, Fas L, and Caspase 8; in the endogenous mitochondrial apoptosis-related
pathway, Bax, Caspase 9, and Cytochrome C; in the endoplasmic reticulum apoptosis pathway, Caspase
12. We found expression of the above apoptosis-related proteins to be positively correlated with that of
YTHDCZ2; the correlation coefficients of Fas, Fas L, and Caspase 8 were generally large while those of Bax,
Caspase 9, and Cytochrome C were relatively small. The correlation coefficient of Caspase 12 was found
to be the smallest. These findings were reflected by the results of Western blot and RT-PCR, suggesting
that YTHDC2 promotes apoptosis of CRC cells through activation of the exogenous death receptor and
endogenous mitochondrial apoptosis-related pathways, rather than the endoplasmic reticulum apoptosis
pathway.

Conclusion

In conclusion, overexpression of YTHDC2 can promote apoptosis of CRC cells and improve the prognosis
of patients with CRC by regulating the p38MAPK signaling pathway. The apoptosis is effected by
activation of the exogenous death receptor and endogenous mitochondrial apoptosis-related pathways.
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Further research into the mechanisms underlying YTHDC2-mediated apoptosis may inform the
development of new strategies for the treatment of CRC.
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YTHDC2: YTH-domain containing. p38MAPK: p38 mitogen-activated protein kinase. CRC: colorectal
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repressor 4-negative. HNRNP: heterogeneous nuclear ribonucleoprotein family. Anti-GAPDH: Anti-
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isothiocyanate. TRITC: tetramethylrhodamine. ATCC: American Type Culture Collection. TCGA: The
Cancer Genome Atlas. KEGG: Kyoto Encyclopedia of Genes and Genomes. GO: Ontology. GEPIA: Gene
Expression Profiling Interactive Analysis GSEA: gene set enrichment analysis. DAPI: 6-diamidino-2-
phenylindole. RIPA: radioimmunoprecipitation assay. SDS-PAGE: sodium dodecyl sulfate polyacrylamide
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discovery rate. JNK/SAPK: c-Jun N-terminal kinase/stress-activated protein kinase. ERK5/BMKI:
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Oligonucleotide sequence (5’-3")

Tm value (°C)

YTHDC2
Forward
Reverse

Casp9
Forward
Reverse

Bcl-2
Forward
Reverse

BAX
Forward
Reverse

CYCS
Forward
Reverse

Casp 8
Forward
Reverse

FAS
Forward
Reverse

FASL
Forward
Reverse

Caspl2
Forward
Reverse

GAPDH
Forward

Reverse

5’-AGATAAGCAGGGATGGGCAG -3’

5-AAGACGTTCCCATAACTGGAGC -3’

5’-CACTGGCTCCAACATCGACT -3’

5’-CACCGAAACAGCATTAGCGAC -3’

5-GTGAACTGGGGGAGGATTGT -3’

5-CCGTACAGTTCCACAAAGGCA -3’

5-ACTGAAGCGACTGATGTCCC -3’

5-CTCCCGCCACAAAGATGGT -3’

5-ATTATGAAGTGTTCCCAGTGCC -3’

5-GCTGTGTAAGAGTATCCAGGGG -3’

5’- CTGCCTACAGGGTCATGCTC-3’

5-ACAACTCCTCCCCTTTGCTG -3’

5-GGACCCTCCTACCTCTGGTT -3’

5’- GAGGACAGGGCTTATGGCAG -3’

5-GGTTCTGGTTGCCTTGGTAGGA -3’

5-CTGTGTGCATCTGGCTGGTAGA -3’

5-TTGACCTTTTGGGGATGCGA -3’

5-GCTTGGTCCCACAGATTCCA -3’

5-GTCTCCTCTGACTTCAACAGCG-3’

5-ACCACCCTGTTGCTGTAGCCAA-3’

59.23

60.35

60.04

60.20

59.30

60.81

59.75

60.00

58.64

59.9

60.18

59.89

59.96
60.18

62.21

62.31

59.89

59.96

60.92

64.41

Figures
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Figure 1

4.0

T T T T T T T
1.0 15 20 25 30 35 40

log2(YTHDCZ TPM)

10 15 20 25 30 35 40
log2(YTHDCZ TFM)

1.0 15 20 25 0 35 a0

log2(YTHDC2 TPM)

Bioinformatics analysis. A) Survival analysis of the YTH-domain family protein YTHDC2 in patients with
colon cancer, rectal cancer, or colorectal cancer patients. B) Expression levels of YTHDC2 in tumor tissues
of patients with colorectal cancer. C) The relationship between YTHDC2 and tumor stage. D) Gene set
enrichment analysis. E) Correlation between the expression levels of YTHDC2 and apoptotic proteins of
the exogenous death receptor activation pathway. F) Correlation between the expression of YTHDC2 and
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apoptotic proteins of the endogenous mitochondrial apoptosis-related pathway; G) Correlation between

the expression of YTHDC2 and apoptotic proteins of the endoplasmic reticulum apoptosis pathway.
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Figure 2

Changes in apoptosis, metastasis, and invasion of colorectal cancer cell lines. A) Representative
microscopy images showing the localization of YTHDC2 in Caco2 cells. B) Changes in the level of
apoptosis in relation to knockdown or overexpression of YTHDC2. C) Changes in the invasion and
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metastasis abilities in response to knockdown and overexpression YTHDC2.
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Figure 3
The influence of YTHDC2 on the p38 mitogen-associated protein kinase signal pathway: Levels of p38

mitogen-associated protein kinase (MAPK) and p-p38MAPK protein in response to knockdown or
overexpression YTHDC2.
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Figure 4

The influence of YTHDC2 on apoptosis-related proteins of the mitogen-associated protein kinase
signaling pathway. A) Changes in the expression of apoptotic proteins of the exogenous death receptor
activation pathway in HCT116 cells. B) Changes in the expression of apoptotic proteins of the exogenous
death receptor activation pathway in Caco2 cells. C) Changes in the expression of apoptotic proteins of
the endogenous mitochondrial apoptosis-related pathway in HCT116 cells. D) Changes in the expression
of apoptotic proteins of the endogenous mitochondrial apoptosis-related pathway in Caco?2 cells. E)
Changes in the expression of apoptotic proteins of the endoplasmic reticulum apoptosis pathway in
HCT116 cells. F) Changes in the expression of apoptotic proteins of the endoplasmic reticulum apoptosis
pathway in Caco?2 cells.
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