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YTHDC1, a key protein in the m6A-related regulatory network within cells, is involved in multiple 
cellular processes such as chromatin-related regulation, RNA splicing, and nuclear export. 
Understanding its role in colorectal cancer (CRC) development and DNA damage repair is critical for the 
advancement of treatment strategies. Our study found that YTHDC1 was highly expressed in high-
malignancy CRC tissues compared with low-malignancy ones. Upon silencing YTHDC1, we observed a 
pronounced suppression of the proliferation of CRC cell lines, accompanied by a substantial increase in 
cell apoptosis. Furthermore, we identified RAD51 as a crucial downstream target of YTHDC1. Knocking 
down YTHDC1 led to a notable decrease in RAD51 protein levels, and silencing RAD51 also inhibited 
cancer cell proliferation. Interestingly, RNA-sequencing data indicated that the YTHDC1 deletion 
did not affect RAD51 transcription. However, Western blot revealed that this deletion increased the 
ubiquitination of RAD51, likely due to the upregulated E3 ligase UBE3A. Ubiquitination experiments 
subsequently confirmed that RAD51 is indeed one of the substrates of UBE3A. In summary, our 
study provides novel insights into how YTHDC1 modulates the expression of RAD51 through post-
translational modifications. These findings offer valuable information that may potentially contribute 
to the development of more effective therapeutic strategies for CRC.
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N6-methyladenosine (m6A) modification is one of the most important epigenetic modifications of RNA1,2. 
Structural research has shown that YTH domain-containing proteins are vital m6A readers3,4. These proteins 
exert multiple biological functions by precisely recognizing and binding to m6A modification on RNA. YTHDC1, 
a member of the YTH family, exhibits distinct features compared to other family members such as YTHDF1/2/3 
and YTHDC2. Localized in the cell nucleus, YTHDC1 has been reported to participate in chromatin-associated 
regulation5,6, RNA splicing modulation7, and nuclear-cytoplasmic transport8. Moreover, it is also linked to DNA 
replication and DNA damage repair mechanisms9–11. In contrast to YTHDF1/2/3, which have been extensively 
explored in the context of tumor research, YTHDC1 has received relatively less attention in tumor-related 
studies12. YTHDC1 has been shown to regulate gene expression by influencing the transcriptional stability of 
genes and facilitating the nuclear localization of circular RNA. These regulatory effects impact processes such 
as acute myeloid leukemia (AML) cell proliferation, neuronal viability, and the initiation and progression of 
colorectal cancer (CRC)9,13–15. Collectively, these investigations indicate that YTHDC1 is indispensable for 
tumorigenesis and tumor development, and its regulatory mechanisms are both diverse and intricate.

Homologous recombination (HR) repair is a highly precise DNA repair mechanism that plays a crucial role 
in DNA damage response and replication. RAD51, one of the key recombinases involved in this process, plays a 
central and indispensable role16,17. Emerging evidence has demonstrated that m6A modification and YTHDC1 
have significant implications in DNA damage repair, particularly in the homologous recombination repair 
pathway11,18,19. For instance, YTHDC1 safeguards transcribed RNA by forming DNA-RNA hybrids upon its 
recruitment to UV-induced DNA damage sites10. Additionally, studies have shown that in breast cancer cells, the 
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epidermal growth factor (EGF) transcript undergoes m6A modification catalyzed by METTL3. Subsequently, 
YTHDC1 recognizes and binds to the m6A-modified EGF transcript, leading to enhanced EGF and RAD51 
expression, ultimately augmenting the efficiency of homologous recombination11. However, the specific 
regulatory mechanisms by which YTHDC1 exerts its effects in this process remain incompletely understood.

In this study, we found that high expression levels of YTHDC1 were positively correlated with poor 
overall survival outcomes in patients with colorectal cancer. Knockdown of YTHDC1 markedly inhibited the 
proliferation of colorectal cancer cells by accelerating the process of apoptosis. We identified the homologous 
recombinase RAD51 as a downstream target regulated by YTHDC1. Depletion of RAD51 led to a similar 
cellular phenotype. More importantly, we found that YTHDC1 negatively regulates the E3 ubiquitin-protein 
ligase UBE3A. This negative regulation results in increased ubiquitination of RAD51, which in turn promotes 
apoptosis in colorectal cancer cells.

Results
YTHDC1 functions as a pro-oncogenic factor in colorectal cancer
Initially, through the analysis of the TCGA (The Cancer Genome Atlas) database, we observed that patients with 
high YTHDC1 expression exhibited a lower overall survival (OS) rate compared to those with low expression. 
This tendency was also prominently evident in the relapse-free survival (RFS) rate (Fig. 1a). These findings imply 
that elevated YTHDC1 expression may be detrimental to patient prognosis. We conducted immunohistochemical 
assays on tissue microarrays obtained from 80 colorectal cancer patients (Supplementary Table S1). The results 
demonstrated that the number of tumor tissue sections with a YTHDC1-positive proportion exceeding 50% 
was significantly greater than that of adjacent tissue sections (Fig. 1b). This finding indicates that YTHDC1 
is expressed at markedly higher levels in high-malignancy tissues than in low-malignancy ones. Moreover, by 
comparing YTHDC1 staining patterns between cancerous and normal tissue sections, we found that infiltrating 
tumor tissue contained a larger number of strongly YTHDC1-positive cells. In contrast, the adjacent normal 
colon tissue displayed lighter YTHDC1 staining and a more uniform distribution within the colon tissue 
(Fig. 1c). Collectively, the data suggests that YTHDC1 may serve as an oncogenic factor in colorectal cancer.

Fig. 1.  YTHDC1 functions as a pro-oncogenic factor in colorectal cancer. (a) The association of YTHDC1 
with the Overall Survival (OS) curve and Relapse-Free Survival (RFS) curve about colorectal cancer was 
analyzed on the Kaplan Meier plotter website. (b) The statistics of the percentage of YTHDC1 H&E positive 
cells in each section. Each dot represents a section. The quantification is from the IHC staining of 80 paired 
tissues. (c) Representative HE staining images of YTHDC1 in colorectal cancer patient tissue are presented. 
The scale bars are 200 μm for the upper panel and 100 μm for the lower panel (the zoomed-in images).

 

Scientific Reports |         (2025) 15:8857 2| https://doi.org/10.1038/s41598-025-92925-6

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


The deficiency of YTHDC1 suppresses the proliferation of colorectal cancer cells and 
increases apoptosis
To elucidate the role of YTHDC1 in colorectal cancer, we employed small interfering RNAs (siRNAs) to 
knockdown YTHDC1 in two distinct colorectal cancer cell lines, HCT116 and SW480 in vitro. Using Cell 
Counting Kit-8 (CCK8) assays, we monitored cell proliferation after YTHDC1 knockdown. The results 
indicated that YTHDC1 knockdown significantly inhibited the growth of both cell lines (Fig. 2a). Western blot 
experiments were conducted to confirm the knockdown efficiency of the two siRNAs, which exceeded 70% 
(Fig. 2b). Moreover, we carried out a single-cell colony formation assay, which further verified that the deficiency 
of YTHDC1 in HCT116 and SW480 cells significantly impeded the formation of single-cell clones (Fig. 2c, d). 
Given that YTHDC1 is an m6A-binding protein, mutations at two binding sites in YTHDC1, namely W377A 
and W428A, lead to the loss of its binding ability4. To determine whether YTHDC1 inhibits the proliferation of 
colorectal cancer cells in an m6A-binding dependent manner, we performed rescue experiments on YTHDC1-
siRNA treated cells using WT-YTHDC1, W377A-YTHDC1, and W428A-YTHDC1 (Fig. 2e and Supplementary 
Fig. 1a). The results demonstrated that although the YTHDC1 mutants could marginally rescue the cell number, 
neither W377A-YTHDC1 nor W428A-YTHDC1 could restore the cell number to the level achieved by WT-
YTHDC1. Multiple studies have shown that knockout or knockdown of METTL3 suppresses the proliferation 
of colorectal cancer cells20–22, suggesting that our data are consistent with the phenotype of METTL3 deficiency 
in terms of proliferation. These findings suggest that the suppression of colorectal cancer cell proliferation upon 
YTHDC1 knockdown is partially dependent on m6A binding. To clarify the mechanism underlying the reduced 
cell proliferation caused by YTHDC1 deficiency, we first hypothesized that the cells underwent apoptosis. 
We conducted flow cytometry experiments with Annexin V staining on YTHDC1-deficient cells. The results 
revealed that YTHDC1 knockdown significantly enhanced cell apoptosis (Fig. 2f and Supplementary Fig. 1b).

To validate our in vitro findings, we subcutaneously injected YTHDC1-knockdown colorectal cancer cells into 
immunodeficient mice. Our results showed that the knockdown of YTHDC1 significantly impeded the growth 
of subcutaneous tumors (Fig. 2g–i). In summary, our in vitro and in vivo experimental results demonstrated 
that YTHDC1 plays a critical role in facilitating the proliferation of colorectal cancer cells, and knocking down 
YTHDC1 promotes apoptosis in these cells.

Knocking down YTHDC1 leads to the downregulation of RAD51 expression at the protein 
level through the ubiquitin-proteasome pathway
We explored the mechanisms by which the deletion of YTHDC1 inhibits the proliferation of CRC cells and 
induces cell apoptosis through an in-depth investigation of DNA repair processes. Recent studies have shown 
that the deficiency of either METTL3 or YTHDC1 can affect the recruitment of RAD51 to double-strand break 
(DSB) sites10. After knocking down YTHDC1 in HCT116 and SW480 cell lines, we observed a substantial 
reduction in the levels of the homologous recombination repair enzyme RAD51 (Fig. 3a). We further found 
that the depletion of RAD51 also suppressed cell proliferation and single-cell colony formation (Fig. 3b, c). This 
phenotype was consistent with that observed upon YTHDC1 knockdown, suggesting that RAD51 is one of the 
downstream targets of YTHDC1. Western blot experiments verified the knockdown efficiency of RAD51, and 
the results showed that the knockdown efficiency exceeded 90% (Fig. 3d). Meanwhile, we overexpressed RAD51 
in the cells with YTHDC1 knockdown to perform the rescue experiments. The experimental results showed that 
overexpressing RAD51 could rescue the phenotype caused by YTHDC1 deficiency, elucidating that RAD51 is 
the downstream target through which YTHDC1 exerts its effect (Fig. 3e and Supplementary Fig. 2a).

Interestingly, RNA-sequencing results revealed no decrease in RAD51 expression at the transcriptional level 
following YTHDC1 knockdown (Fig. 3f). We hypothesized that the depletion of YTHDC1 might alter the post-
translational modification levels of RAD51, with ubiquitination being the most probable modification. To validate 
this hypothesis, we used bortezomib to inhibit ubiquitin-mediated proteasomal degradation in YTHDC1-
knockdown cells. The experimental results showed a reduction in RAD51 expression in the input sample but an 
increase in the ubiquitination level of RAD51 (Fig. 3g). Furthermore, we conducted protein degradation assays 
to determine whether YTHDC1 knockdown accelerated RAD51 degradation. We knocked down YTHDC1 and 
simultaneously added cycloheximide (CHX), a protein synthesis inhibitor, and then measured RAD51 protein 
expression at 0, 3, 6, 9, and 12 h. The results indicated that YTHDC1 knockdown slightly accelerated RAD51 
degradation, but the effect was not statistically significant. This outcome may be closely associated with the 
degradation rate of RAD51 and the real-time expression level of YTHDC1 (Supplementary Fig.  2b). These 
findings suggest that the absence of YTHDC1 does not affect RAD51 transcription; rather, it promotes an 
increase in RAD51 ubiquitination levels.

YTHDC1 negatively regulates the expression of UBE3A and RAD51 is a substrate of UBE3A
Since YTHDC1 lacks ubiquitination activity, we hypothesize that an unknown E3 ubiquitin ligase may be 
negatively regulated by YTHDC1 and be responsible for the ubiquitination of RAD51. Through the analysis of 
RNA-sequencing data following YTHDC1 knockdown, we found that the expression of several ubiquitin-related 
enzymes was significantly upregulated, including the ubiquitin-protein ligase UBE3A (Fig. 4a). The Western 
blot results were consistent with the RNA-seq data (Fig.  4b). We tested the UBE3A and RAD51 expression 
through RT-qPCR after knocking down YTHDC1, the data indicated that YTHDC1 transcriptionally regulates 
UBE3A but not RAD51 (Supplementary Fig. 3a). By overexpressing YTHDC1, we found that the protein levels 
of UBE3A and RAD51 showed almost no change (Supplementary Fig. 3b). It is possible that because of the 
relatively high expression level of YTHDC1 in cells, the overexpressed protein is redundant. Overexpression 
does not yield results opposite to those of knockdown.

UBE3A is localized in both the nucleus and cytoplasm and has been reported to ubiquitinate RAD23A, 
thereby influencing global genome nucleotide excision repair (GG-NER)23. To further validate the relationship 
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between UBE3A and RAD51, we performed co-immunoprecipitation (co-IP) experiments. We found that RAD51 
interacts with UBE3A (Fig. 4c). In the ubiquitination assay, overexpression of UBE3A led to the ubiquitination 
of RAD51, showing a gradient-like change. As the expression level of UBE3A increased, the ubiquitination level 
of RAD51 also gradually increased (Fig. 4d). These findings indicate that UBE3A can ubiquitinate RAD51 and 
that RAD51 is one of the ubiquitination substrates of UBE3A.

We present a well-substantiated working model wherein YTHDC1, UBE3A, and RAD51 participate in crucial 
interactions at replication forks or DNA damage sites (Fig. 4e). When the expression of YTHDC1 is suppressed, 
the levels of UBE3A increase due to the regulatory influence of YTHDC1. This increase in UBE3A enhances 
the ubiquitination of RAD51, resulting in a significant decline in RAD51 protein expression. Such a reduction 
significantly impairs the progress of DNA replication and repair, ultimately triggering apoptosis in cancer cells. 
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This model underscores the delicate equilibrium within cellular processes and the potential consequences of 
disturbing this balance.

Discussion
In this study, we demonstrated that YTHDC1 acts as a tumor-promoting factor in colorectal cancer. The 
molecular mechanism we elucidated reveals that the deletion of YTHDC1 leads to the upregulation of the E3 
ubiquitin-protein ligase UBE3A. This upregulation, in turn, promotes the ubiquitination of the homologous 
recombination repair enzyme RAD51, ultimately inducing apoptosis in colorectal cancer cells.

One previous study has shown that METTL3 can significantly affect the transcription of nascent RNA 
at DNA damage sites19. Another publication reported that the depletion of METTL3 and YTHDC1 notably 
impacts the recruitment of RAD51 to DNA damage sites, ultimately affecting the efficacy of DNA repair10. 
These findings suggest that m6A modification and YTHDC1 are intricately involved in the DNA damage repair 
process. Although our study was not conducted under DNA damage inducing conditions, we investigated the 
molecular level regulation of RAD51 by YTHDC1. Specifically, we discovered that YTHDC1 could stabilize the 
expression of the RAD51 protein by modulating UBE3A expression, thereby reducing excessive ubiquitination 
and inhibits apoptosis in colorectal cancer cells. Recent research has shown that YTHDC1 recognizes m6A 
modifications and recruits histone-modifying enzymes to target gene loci, leading to target gene silencing5,24. 
Alternatively, it can accelerate RNA degradation, thereby enhancing chromatin accessibility and promoting 
transcription25. Therefore, in the model proposed in our study, m6A may play a crucial role. Knocking down 
YTHDC1 might disrupt the genomic silencing state or impede RNA degradation, consequently promoting the 
expression of UBE3A.

In this study, we have identified a novel regulatory axis of YTHDC1-UBE3A-RAD51 in colorectal cancer. 
The negative regulation of UBE3A by YTHDC1 and its subsequent impact on RAD51 ubiquitination and cell 
apoptosis is a newly-discovered mechanism. This provides a fresh perspective on the role of YTHDC1 in tumor 
development, especially in the context of DNA repair-related processes. Secondly, our study reveals a new 
function of UBE3A in the ubiquitination of RAD51. Although UBE3A has been reported to be involved in other 
DNA repair-related pathways such as GG-NER23, its role in regulating RAD51 ubiquitination in homologous 
recombination repair is a previously unreported discovery. This implies that UBE3A may be a significant and 
versatile E3 ubiquitin-protein ligase in DNA damage repair, not restricted to a specific repair pathway. This 
expands our understanding of the functions of UBE3A in the DNA damage response network.

The findings of our study hold significant potential for colorectal cancer treatment. Given that high expression 
of YTHDC1 is associated with poor prognosis and promotes tumor cell proliferation, targeting YTHDC1 could 
be a promising therapeutic strategy. Inhibiting YTHDC1 expression might lead to the upregulation of UBE3A, 
which in turn increases the ubiquitination and degradation of RAD51. Studies have demonstrated that the 
expression level of RAD51 is substantially higher in numerous cancers, including colorectal cancer, compared to 
normal tissues26. Elevated RAD51 levels can render tumor cells hyper-recombinogenic, contributing to resistance 
to radiotherapy and chemotherapy27. Our new finding shows that YTHDC1 knockdown disrupts the DNA repair 
ability of tumor cells, making them more sensitive to DNA-damaging agents such as chemotherapy drugs and 
radiotherapy. For example, in combination with traditional chemotherapeutic drugs, targeting YTHDC1 could 
enhance the efficacy of these drugs by reducing the repair capacity of cancer cells. Moreover, since UBE3A is a 
key factor in this regulatory pathway, modulating its activity could also be a potential therapeutic approach. If we 
can develop drugs that can specifically enhance the activity of UBE3A or promote its interaction with RAD51, 
it may also effectively inhibit the growth of colorectal cancer cells. Overall, our study provides new molecular 
targets and theoretical basis for the development of more effective colorectal cancer treatment methods.

Materials and methods
Cells and cell culture
Colorectal cancer cell lines HCT116 and SW480 were purchased from iCell company (Shanghai, China). 
HCT116 and SW480 were cultured in DMEM (Sigma-Aldrich, ) supplemented with 10% fetal bovine serum 
(ExCell bio, FSP500), 1% nonessential amino acids (Gbico, 11140050), 1% Gluta-MAX (Gbico, 35050061), and 
1% penicillin/streptomycin (Gbico, 15140122), at 37 °C with 5% CO2.

Fig. 2.  The deficiency of YTHDC1 suppresses the proliferation of colorectal cancer cells and increases 
apoptosis. (a) Proliferate curve of HCT116 and SW480 cells after knocking down YTHDC1. Data was analyzed 
by CCK8 with OD 450 nm. (b) Western blot analysis of YTHDC1 expression in HCT116 and SW480 cells 
after knocking down YTHDC1. (c) Colony formation analysis of HCT116 and SW480 cells after knocking 
down YTHDC1. The scale bar is 5 mm. (d) Quantification of colony numbers from Fig. 2c. (e) Effects of WT-
YTHDC1, YTHDC1-W327A, or YTHDC1-W428A overexpression in YTHDC1-knocking down HCT116 
cells. mCherry and siNC were the control for overexpressing plasmids and siRNAs. Cells were counted at day 2 
after being transfected for 24 h. Synonymous mutations were introduced into the siRNA-targeting sequences of 
these plasmids to ensure the overexpression of exogenous genes. (f) Quantification of annexin V-APC positive 
cell percentage in Flow cytometry analysis after knocking down YTHDC1. (g) Growth curve of xenograft 
tumors from HCT116 cells. n = 5. (h) Xenograft tumors from HCT116 cells. (i) Quantification of tumor weight 
from Fig. 2F. n = 5. Data are presented as the mean ± SD of three independent experiments (a,d,e,f). *p < 0.05, 
**p < 0.01, ***p < 0.001; NS no significance; two-tailed Student’s t test.
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Fig. 3.  Knocking down YTHDC1 leads to the downregulation of RAD51 expression at the protein level 
through the ubiquitin-proteasome pathway. (a) Western blot analysis of RAD51 expression in HCT116 and 
SW480 cells after knocking down YTHDC1. (b) Colony formation analysis of HCT116 and SW480 cells after 
knocking down YTHDC1. The scale bar is 5 mm. (c) Quantification of colony numbers from Fig. 2b. (d) 
Western blot analysis of RAD51 expression in HCT116 and SW480 cells after knocking down RAD51. (e) 
Effects of RAD51 overexpression in YTHDC1-knocking down HCT116 and SW480 cells. Data was analyzed 
by CCK8 with OD 450 nm. (f) The transcriptional expression of RAD51 from the RNA-seq dataset of HCT116 
and SW480 cells after knocking down YTHDC1. (g) Control and YTHDC1-siRNA HCT116/SW480 cells 
transfected with ubiquitin-HA and RAD51-3FLAG were treated with bortezomib for 12 h before harvest. Data 
are presented as the mean ± SD of three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001; NS no 
significance; two-tailed Student’s t test.
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Cell transfection
Transfection of siRNAs was performed using Lipofectamine RNAiMAX transfection reagent (Thermo Fisher, 
13778150). YTHDC1-siRNAs were designed and synthesized by Ribo-Bio (Guangzhou, China). RAD51-
siRNAs were designed and synthesized by IGE Biotechnology (Guangzhou, China). The target sequence for 
siYTHDC1-2 is 5′-​G​G​G​A​A​A​T​G​A​T​T​A​T​G​A​C​A​C​T-3′, siYTHDC1-3 is 5′-​G​T​A​T​C​A​G​G​T​C​A​T​T​C​A​T​A​A​A-3′, 
siRAD51-4 is 5′-​G​C​A​G​T​G​A​T​G​T​C​C​T​G​G​A​T​A​A-3′, and siRAD51-6 is 5′-​C​C​A​A​C​G​A​T​G​T​G​A​A​G​A​A​A​T​T-3′. 

Fig. 4.  YTHDC1 negatively regulates the expression of UBE3A and RAD51 is a substrate of UBE3A. (a) 
Volcano plots of genes after knocking down YTHDC1 in HCT116 and SW480 cell lines. Each dot represents 
a gene. Genes above the red line represented the expression were more than1.5 fold change compared to the 
control. Genes under the blue line represented the expression were less than 1.5 fold change compared to 
the control. (b) Western blot analysis of UBE3A upon knocking down YTHDC1 in HCT116 and SW480. 
(c) The interaction between RAD51 and UBE3A was detected by the co-IP experiment. (d) Detecting the 
ubiquitination level of RAD51 with gradient overexpression of UBE3A. (e) The hypothetical model of 
YTHDC1 regulates the ubiquitination level of RAD51 and induces apoptosis in colorectal cancer cells by 
negatively regulating the expression of UBE3A.
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siNC (si control, siN0000001-1-5 siR NC #1) was purchased from RiboBio (Guangzhou, China). Plasmids were 
transfected by Lipo8000(Beyotime, C0533).

Plasmids construction
Human YTHDC1, YTHDC1-W377A, YTHDC1-W428A, RAD51, and mCherry were generated and cloned into 
the pRlenti-3Flag vector. Human RAD51 was generated and cloned into the pRlenti-HA vector. pLV-CMV-
UBE3A-3FLAG and pRK-HA-Ubiquitin were purchased from DINGKE Biotechnology (Shenzhen, China).

Cell viability assay
Cell viability was detected using a CCK8 kit (Yeason, 40203ES76). For proliferation assay, 4000 cells per well 
were added into 96-well plates in 100 µL culture medium. CCK8 was added into each well mixed with culture 
medium and incubated at 37 °C for 90 min. The absorbance at 450 nm was measured with a microplate reader 
(Biotek, SynergyH1) at different time points.

Colony formation assay
1500 cells per well were seeded into 6-well plates in 2 mL DMEM medium with 10% FBS. After 12–14 days, most 
colonies were visible. Cells were washed twice with PBS and fixed with 4% paraformaldehyde for 10 min. Then 
cells were stained with crystal violet at room temperature for 30 min. Colonies were photographed and counted 
with ImageJ software.

Apoptosis assay
Apoptosis assay was detected with APC Annexin V Apoptosis Detection Kit (Biolegend, 640932). 300,000 
cells were harvested and washed twice with cold BioLegend’s Cell Staining Buffer. Cells were collected after 
centrifuging at 1000 × g for 5 min. 100 µL Annexin V binding buffer was added to resuspend the cell sediment. 5 
µL APC Annexin V was added and incubated with cells for 15 min at room temperature in the dark. Finally, each 
sample was mixed with 400 µL of Annexin V Binding Buffer and analyzed by flow cytometry with CytoFLEX 
LX (Beckman Coulter, USA).

In vivo animal study
Female NGS mice (5–6 weeks of age, 18–20 g) were purchased from Cyagen (Suzhou, China). HCT116 cells were 
resuspended in PBS at 3.5 × 106 cells/100 µL. 100 µL cell suspension was injected into one side of the subcutaneous 
axilla of the mice. The width and length of tumors were measured with a vernier caliper at designated time 
points. Cervical dislocation method was used to euthanize mice. The tumor volume was evaluated by the 
formula: V = 1/2 × width2 × length. All experimental protocols were approved by the Institutional Review Board 
(or Ethics Committee) of Shenzhen Peking University-the Hong Kong University of Science and Technology 
(PKU-HKUST) Medical Center (protocol code 2022-047 and date of approval: 23 February 2022). All methods 
were performed in accordance with relevant guidelines and regulations. All methods are reported in accordance 
with ARRIVE guidelines.

Western blot
Cells were lysed by RIPA buffer with 1% PMSF and 1% Cocktail on ice for 30 min, and centrifuged with 13,500 
× g at 4 °C for 15 min. The protein concentration was analyzed by a BCA assay kit (Beyotime, P0010S). Equal 
protein lysates were analyzed using 10% SDS-PAGE gels and transferred into the PVDF membrane (Millipore, 
USA). 5% milk in TBS buffer containing 0.1% Tween20 was used to block the membrane for 1  h at room 
temperature. After incubation with a primary antibody at 4 °C overnight, the membrane was hybridized with the 
secondary antibody at room temperature for 1 h. The protein visualization was achieved by the ECL Detection 
Reagent (Yeason, 36208ES60). The primary antibodies are as follows: YTHDC1 (Abcam, ab122340), GAPDH 
(Proteintech, 60004-1-Ig), Tubulin (Proteintech, 10094-1-AP), RAD51 (Abcam, 133534), Ubiquitin (CST, 
P4D1), HA (CST, 3724 S), FLAG (CST, 14793), UBE3A (Abcam, 126765).

RNA extraction and RNA sequencing
RNA was extracted from the cells according to the instructions of Total RNA Kit I (Omega, R6834). RNA-
seq library was constructed as the instruction of VAHTS Universal V8 RNA-seq Library Prep Kit for Illumina 
(Vazyme, NR605-02). Libraries were single-end reads with a 75 bp read length or paired-end reads with a 150 bp 
read length. For RNA-seq, our samples were derived from the cell samples of siYTHDC1 in HCT116 and SW480. 
For each of the two cell lines, there were siNC (control) and two siRNAs for knocking down YTHDC1, with two 
replicates for each group. In total, there were 12 samples.

RNA-seq data analysis
The reference transcriptome index was produced with RSEM28 using the reference genome hg38. The reads 
were mapped to the reference transcriptome using RSEM and bowtie 2 (with options ‘rsem-calculate-expression 
-p 12–bowtie2–no-bamout’)29 and normalized using EDASeq30. We chose the Trans per Million (TPM) value 
to normalize and evaluate gene expression levels. RNA-seq data were expressed as GC-normalized tag counts 
for DESeq2 to analyze differential gene expression31. Genes were considered as differentially expressed if gene 
expression was more than 1.5-fold change and p < 0.05. Data analysis and visualization were performed by 
package in R.
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Co-immunoprecipitation (co-IP)
Cells were lysed by lysis buffer (50 mM pH 7.5 Tris–HCl, 150 mM NaCl, 2 mM EDTA, 1% NP40) with 1% PMSF 
and 1% cocktail. Samples were sonicated for 5 cycles at 4 °C (low level, 30 s off, 30 s on) with the ultrasonic 
machine (Diagenode, Bioruptor Plus). Cells were centrifuged at 13,000 rpm 4 °C for 15 min. The supernatant 
was collected and divided into 3 tubes (20% Input, 40% IgG, and 40% IP). 2 µg Antibodies and 50 µL Protein 
A & G magnetic beads were added into the IgG or IP tubes simultaneously and incubated with the cells at 4 °C 
overnight. Samples were washed five times with wash buffer (same as lysis buffer). With the help of DynaMag™-2 
Magnet (Invitrogen, USA), beads were collected after washing thoroughly. Beads were resuspended with RIPA 
lysis (concluded with 5× loading buffer, 1%PMSF, and 1% cocktail) and boiled to make proteins get off from the 
magnetic beads. Proper volume RIPA lysis buffer was added to the Input sample to make the same volume as 
IgG/IP samples. Protein samples were analyzed using the western blot described before. The IP antibodies are as 
follows: Flag (Sigma, F1804), RAD51 (Abcam, 133534), Flag beads (HUABIO, HAK21011).

Tissue microarray and immunohistochemistry (IHC)
The tissue microarray (Cat. D160Co01S) was purchased from Bioaitech Co., Ltd (Xi’an, China), which contains 
80 cases of colon cancer tissues and their matched adjacent tissues. The study using the tissue microarray was 
approved by the Life Sciences Ethics Committee of Changsha Yaxiang Biotechnology Co., LTD. The Ethics 
report is available online at yxswll.ccrl.cn. The query code is YZHQHER6RA9Y1M. The informed consent 
was obtained from all patients. Immunohistochemistry (IHC) was conducted to evaluate YTHDC1 in colonic 
adenocarcinoma. Antibodies used was YTHDC1(Abcam, ab122340). Slides were baked at 60  °C for 30  min 
for conventional dewaxing and hydration. After heating 0.01% sodium citrate buffer (pH 6.0) in a microwave 
oven until it boils, the tissue chip was placed in the oven for antigen repair. Then the power was cut off, and the 
repair of the antigen was repeated twice every 5–10 min. The tissue chip was cooled to room temperature and 
washed with PBS for 5 min × 3 times. Endogenous peroxidase was blocked with 3% H2O2-methanol at room 
temperature for 30 min and the tissue chip was washed with PBS for 5 min × 3 times. Normal non-immune 
animal serum was added to the chip dropwise and incubated at room temperature for 10 min. After discarding 
the serum, the antibody anti-YTHDC1(Abcam, ab122340) was added to the tissue chip and incubated at 4 °C 
overnight. The tissue chip was washed with 0.1% Tween-20 PBS for 5 min × 3 times. Enzyme-linked polymer 
secondary antibody was added and incubated at 37 °C in a wet box for 30 min. The tissue chip was washed with 
0.1% Tween-20 PBS for 5 min × 3 times. After the DAB reagent colored the tissue chip for 5 min, distilled water 
was used to wash the tissue chip to terminate the coloring. The tissue chip was re-sustained with hematoxylin 
and fully washed with water to return to blue, and then dehydrated to become transparent and sealed with 
neutral gum successively. We used a scoring method based on percent positivity32–34. YTHDC1 was scored as the 
number of positive tumor cells over total tumor cells (0-100%). It can be classified as follows: (−) means that the 
positive cells are less than 10%, (+) means that the number of positive cells is between 10 and 25%, (++) means 
that the number of positive cells is between 26 and 49%, and (+++) means that the number of positive cells is 
more than 50%. At least 5–10 high-power fields (HPF) are randomly observed, and the average value is taken.

Data availability
Sequence data that support the findings of this study have been deposited in the Gene Expression Omnibus of 
NCBI with the primary accession code GSE245860. ​h​t​t​p​s​:​​/​/​w​w​w​.​​n​c​b​i​.​n​​l​m​.​n​i​h​​.​g​o​v​/​​g​e​o​/​q​u​​e​r​y​/​a​c​​c​.​c​g​i​?​​a​c​c​=​G​S​E​
2​4​5​8​6​0.
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