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METTL1 promotes colorectal cancer cell
proliferation by attenuating
CHEK2-induced G1/S phase arrest
Colorectal carcinoma (CRC), the third most commonly
diagnosed cancer, accounts for 9.7% of all newly diagnosed
cancer cases and 9.4% of cancer-related deaths globally.1

Recent studies have demonstrated that post-transcriptional
RNA modifications, such as N6-methyladenosine, N5-meth-
ylcytosine, and N7-methylguanosine, play critical roles in
the regulation of mRNA stability and translation, primary
microRNA processing, and lncRNA-protein complex that
contributes to the progression of human cancer.2,3 Here, we
found that the expression of the member of methyl-
transferase-like (METTL) family-METTL1, the m7G “writers”,
was remarkably up-regulated in colorectal cancer tissue and
positively correlated with poor prognosis. METTL1 knock-
down suppressed colorectal cancer cell growth and G1/S
phase transition. Further functional experiments indicate
that METTL1 could directly interact with checkpoint kinase
2 (CHEK2) and suppress its protein expression, which was
abrogated by BML-277, the CHEK2 inhibitor. Our data un-
cover that METTL1 plays an important supportive role in
colorectal cancer proliferation and progression, providing a
potential therapeutic target for colorectal cancer.

We first analyzed the expression profiles of METTL
family genes using the data from The Cancer Genome Atlas
database and single-cell sequencing (GSE196006) (Table
S1). The results indicated that METTL1 was remarkably up-
regulated in colorectal cancer tissues compared with
normal tissues (Fig. 1A, B). Immunohistochemistry staining
was further used to validate the expression of METTL1 by
tissue micro-array analysis for a large cohort with 93 tumor
tissues and 87 non-tumor tissues. The result showed that
METTL1 expression was up-regulated in colorectal cancer
tissues compared to matched adjacent normal intestinal
epithelial tissues (Fig. S1 and Table S2). KaplaneMeier
analysis showed that the elevated METTL1 expression
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was significantly positively correlated with shortened
overall survival of colorectal cancer patients (P Z 0.017)
(Fig. 1C).

To explore the biological functions of METTL1 in the
progression of colon cancer, we overexpressed and inhibited
the expression of METTL1 in HCT116 and RKO cell lines. The
results showed that METTL1 promoted CRC cell growth and
cell cycle progression (Fig. S2, 3). The impact of METTL1 was
further investigated in BALB/c nude mice who were subcu-
taneously inoculated with HCT116 and RKO cells stably
expressing shMETTL1 or shNC. The tumor growth was
remarkably inhibited in mice bearing shMETTL1, with a
striking decrease in tumor size (Fig. 1D). The lowered
expression of Ki67 from immunohistochemistry staining was
also observed in shMETTL1 xenograft tumors (Fig. S4), sug-
gesting decreased cell proliferation of METTL1 knockdown
xenograft tumors compared with control tumors. Taken
together, these findings indicated that METTL1 promoted
colon cancer cell proliferation both in vitro and in vivo.

Global gene expressions of siMETTL1-1, siMETTL1-2, and
siNC cells were sequenced to explore the mechanism of
METTL1 on colon cancer development. A total of 3701
differentially expressed genes were identified with 1572 up-
regulated genes and 2129 down-regulated genes (Fig. S5A).
Kyoto Encyclopedia of Genes and Genomes pathway
enrichment analysis showed that METTL1 participated in
cell cycle regulation (Fig. S5B), with the significantly up-
regulated cell cycle-related gene CHEK2 in siMETTL1 cells,
which mutations were detected in several familial cancers4

(Fig. S5C, D). Moreover, the protein levels of CHEK2 and its
downstream genes were detected by Western blot assays.5

The results showed that the protein expressions of CHEK2
and p21 were significantly induced in METTL1-suppressed
HCT116 and RKO cells, accompanied by decreased expres-
sion levels of CDC25C and p-CDC25C (Fig. S5E). The Western
blot results in METTL1-overexpressed HCT116 and RKO cells
were in line with those in corresponding METTL1 knockdown
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Figure 1 METTL1 promoted colorectal cancer cell progression by down-regulating CHEK2. (A) The mRNA expression profile of
METTL family genes from single-cell sequencing (GSE196006). (B) The relative expression of METTL1 from Gene Expression Profiling
Interactive Analysis database. (C) KaplaneMeier survival curve analysis of CRC patients with high or low METTL1 expression. (D)
ShMETTL1 and shNC HCT116 cells were subcutaneously injected into BALB/c-nude mice. Seven days after cell inoculation, the
tumor was measured twice a week. Tumor volumes were calculated. (E) RIP-seq in METTL1-suppressed HCT116 cells showed the
interaction between METTL1 and CHEK2. (F) RIP-qPCR analysis of CHEK2 in METTL1-suppressed HCT116 cells. (G) After treatment
with BML-277 (40 nM) for 24 h, followed by transfection for 4 h, cells were collected and detected by Western blot. All values are
the average of triplicate experiments with standard deviation indicated by the error bars. *P < 0.05, ***P < 0.001.
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cells (Fig. S5F). Therefore, the results indicated that
METTL1 could promote CRC cell cycle progression, with the
down-regulated level of CHEK2.

Given that METTL1 could promote CRC cell proliferation
and G1/S transition and inhibit the expression level of
CHEK2, we further evaluated whether METTL1-induced cell
proliferation and G1/S translation were CHEK2-dependent.
The results of RIP-seq in METTL1-suppressed RKO cells
showed a direct interaction between METTL1 and CHEK2,
which was validated by RIP-qPCR (Fig. 1E, F). BML-277, an
ATP-competitive inhibitor of CHEK2, was used in METTL1-
suppressed HCT-116 cells. The results showed BML-277
treatment (40 nM) promoted cell proliferation and G1/S
transition which was reduced by METTL1 inhibition in
HCT116 cells (Fig. S6AeC). Furthermore, increased p21
protein level and decreased CDC25C and p-CDC25C protein
levels were all abrogated by treatment of BML-277 in
HCT116 cells (Fig. 1G). Taken together, our results sup-
ported that METTL1 promoted CRC cell proliferation and
G1/S translation in a CHEK2-dependent manner.
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