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Abstract
SET domain-containing 5 (SETD5), a member of protein lysine methyltransferase 
family, is expressed in multiple cancers, making it potential therapeutic targets. 
However, the role of SETD5 in colorectal cancer remains largely unknown. The 
expression of SETD5 in the 30 pairs colorectal cancer tissues samples and cell lines 
were determined by qRT-PCR. The functions of SETD5 was detected by knocked-
down or overexpression in colorectal cancer cell lines SW480 and HCT116 cells. 
Cell proliferative activity, cell death, and stemness characteristics were assessed. 
BEZ235, a PI3K/AKT/mTOR pathway inhibitor, was used to perform rescue experi-
ment to analyze whether SETD5 exerted its effects through activating PI3K/AKT/
mTOR pathway. SETD5 was substantially upregulated in colorectal cancer, and cor-
related to metastasis and clinical stage of patients. Knockdown of SETD5 inhibited 
SW480 and HCT116 cell growth, as evidenced by the inhibition of cell viability 
and clone-forming. Moreover, Knockdown of SETD5 suppressed the capability of 
tumor sphere formation of SW480 and HCT116 cells, and reduced the expression 
of stemness-related proteins Nanog and Sox2. Further western blot analysis revealed 
that SETD5 knockdown inhibited the phosphorylation of proteins associated with 
the PI3K/AKT/mTOR pathway. In contrast, overexpression of SETD5 exerted the 
opposite effects. Mechanistically, by blocking PI3K/AKT/mTOR pathway with 
BEZ235, the effects of SETD5 overexpression on cell viability and Nanog and Sox2 
protein expression were reversed. Our results substantiated that SETD5 functioned 
as an oncogene by promoting cell growth and stemness in colorectal cancer cells 
through activating the PI3K/AKT/mTOR signaling pathway.
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Introduction

Colorectal cancer is one of the malignancy of alimentary system (Bock et  al. 
2023; Xiong et al. 2023). According to statistical data from 2020, colorectal can-
cer accounts for 10.0% and 9.4% of the overall cancer incidence rate and mortal-
ity rate, respectively, ranking third most prevalent cancer in incidence and the 
second in mortality. Currently, surgical resection, followed by chemotherapy and 
radiotherapy perioperatively and other comprehensive treatments, are the main 
therapies for colorectal cancer. Despite advancements in treatment, many colo-
rectal cancer patients still require intense chemotherapy and radiation regimens 
(Riesco-Martinez et al. 2022; Wang et al. 2021; Oh et al. 2021). Therefore, find-
ing new targets and methods for colorectal cancer therapeutic is a very hot topic.

SET domain-containing 5 (SETD5), a recently discovered histone methyltrans-
ferase, plays important roles in epigenetic regulation (Wang et  al. 2020; Sessa 
et al. 2019). Recent studies have reported that SETD5 expression was altered in 
many cancers, and played essential roles in tumor progression (Yang et al. 2021; 
Jiang et  al. 2022; Park et  al. 2022). SETD5 exerts profound effects on cellular 
activities, including proliferation, differentiation, stemness, and metastasis, and 
also functions as an important signaling pathway regulator in tumors (Nakagawa 
et al. 2020; Iwagawa et al. 2023). Although the role of SETD5 in cancer develop-
ment has attracted widespread concern. Nevertheless, the role of SETD5 in the 
colorectal cancer remains unclear.

The involvement of Phosphatidylinositol 3-kinase (PI3K) in mediating the effects 
of growth factors on cellular signaling pathways is widely recognized (Noorolyai 
et al. 2019). Activation of PI3K leads to the production of PIP3, which subsequently 
facilitates the recruitment of PDK1 and AKT proteins to the plasma membrane 
which prompts PDK1 to phosphorylate AKT protein, thereby inducing partial acti-
vation of AKT and activated AKT can then directly act on mTOR and regulate cell 
growth and proliferation (Ersahin et al. 2015; Xu et al. 2020). Abnormal PI3K/AKT/
mTOR pathway activity contributes to the development of cancers, including colo-
rectal cancer (Narayanankutty 2019). Current research has found that SETD5 con-
trols cancer stem cell characteristics in non-small cell lung cancer and esophageal 
squamous cell carcinoma by modulating the PI3K/AKT/mTOR pathway (Chen et al. 
2021; Piao et al. 2020). In this study, we investigated whether SETD5 affects colo-
rectal cancer cell growth and stemness via regulating PI3K/AKT/mTOR pathway in 
order to provide new ideas for colorectal cancer treatment.

Materials and Methods

Patient Sample

Colorectal cancer tissues were collected from 30 patients who were diagnosed 
with colorectal cancer and suffered from surgical resection at the Nanjing 
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Gaochun People’s Hospital, along with adjacent normal tissues gathered as con-
trols. Tissues samples were collected during the operation, snap frozen in liq. N2, 
and kept at – 80 °C. This study was approved by the Nanjing Gaochun People’s 
Hospital Ethics Committee, wherein every patient delivered the signed informed 
consent. Clinical information were listed in Table 1.

Cell Culturing

ATCC (Shanghai, China) provided human colorectal cancer cell lines HCT116 and 
SW480 cells. Cells were maintained in DMEM medium (Sigma-Aldrich, St Louis, 
MO, USA) containing 10% FBS (Sigma-Aldrich) with 1% penicillin/streptomycin 
(Solarbio, Beijing, China).

Quantitative Real‑Time PCR (qRT‑PCR)

RNA was extracted from tissue samples using TRIzol reagent (Invitrogen, Carlsbad, 
CA), and then the Takara reverse transcription kit (Dalian, China) was employed to 
synthesize cDNA from 150 ng of RNA. Following this, a qRT-PCR was conducted 
with the cDNA using SYBR Green method (Applied Biosystems, Shanghai, China) 
on an ABI7500 system (Applied Biosystems). Relative gene expression, normalized 

Table 1   Clinical characteristics 
of 30 patients with colorectal 
cancer

Characteristic SETD5 expression (n = 30) P value

High Low

Age 0.136
 ≥ 60 years 11 7
 < 60 years 4 8

Gender 0.232
 Male 12 9
 Female 3 6

Degree of tissue differ-
entiation

0.659

 High 5 5
 Moderate 7 5
 Low 3 5

Metastasis 0.000
 Yes 12 1
 No 3 14

Clinical stage 0.028
 I + II 5 11
 III + IV 10 4
 Tumor site 0.713
 Left colon 6 7
 Right colon 9 8
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to β-actin, was assessed using 2−ΔΔct method. Primers employed were listed in 
Table 2.

Immunohistochemistry (IHC) Staining

SETD5 expression in colorectal cancer tissue samples was examined by IHC stain-
ing. Formalin-fixed tissue samples were embedded in paraffin, and cut into sec-
tions. After dewaxed, rehydrated, and blocked in 10% BSA, the sections were kept 
overnight with anti-SETD5 primary antibody at 4 °C. Next, the secondary antibody 
was used for 2 h at room temperature, and diaminobenzidine and hematoxylin were 
applied.

Cell Transfection

To knock down SETD5, two siRNAs targeting SETD5 (si-SETD5#1 and si-
SETD5#2) were designed by GenePharma (Shanghai, China), and a non-sense 
siRNA served as a control (NC). What’s more, a SETD5 overexpression vec-
tor (SETD5) or empty vector was constructed by GenePharma to overexpression 
SETD5. Lipofectamine 2000 (Invitrogen) was used for transfection, and after 48 h, 
the western blot was used to assess the efficiency of knockdown or overexpression.

Western Blot

Western blotting was conducted according to the already reported protocol (Xiao 
et al. 2023). In short, RIPA buffer was used to extract protein from the SW480 and 
HCT116 cells. Proteins were then separated by electrophoresis, and transferred to 
PVDF membrane. The secondary antibodies were applied after the primary anti-
bodies as incubated. Protein bands were visualized by ECL kit (Millipore, Darm-
stadt, Germany). The following antibodies against SETD5 (ab204363, 1:400, 
Abcam), Nanog (ab21624, 1:1000, Abcam), Sox2 (ab137385, 1:1000, Abcam), 
phosphorylated PI3K (p-PI3K, Tyr458, 4228, 1:500, Cell Signaling Technology), 
β-actin (ab6276, 1:1000, Abcam), mTOR (ab134903, 1:10,000, Abcam), phospho-
rylated mTOR (ab137133, 1:1000, Abcam), AKT (4691, 1:1000, Cell Signaling 

Table 2   The primers used in qRT-PCR

Gene Forward (5′–3′) Reverse (5′–3′)

SETD5 GAC​GAA​GTG​GCA​CTA​CAC​CA GGC​TCA​CTC​AAG​AAG​TGG​CT
Nanog TCT​CGT​ATT​TGC​TGC​ATC​GT TTC​CTT​CTC​CAC​CCC​AAC​CA
Sox2 AAC​CAG​CGC​ATG​GAC​AGT​TA CGA​GCT​GGT​CAT​GGA​GTT​GT
β-actin CTT​CGC​GGG​CGA​CGAT​ CCA​CAT​AGG​AAT​CCT​TCT​GACC​
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Technology), phosphorylated AKT (p-AKT, Ser473, 1:2000, Cell Signaling Tech-
nology), and PI3K (sc-23962, 1:2000, Cell Signaling Technology) were used.

Cell Counting Kit‑8 (CCK‑8) Assay

For CCK-8 assay, 5 × 104 cells/well transfected with siRNA-SETD5 or SETD5 over-
expression vector were plated in 96-well plates, and treated with or without BEZ235 
for 24 h. Next, CCK-8 reagent (Dojindo, Laboratories, Kumamoto, Japan) was used 
at designated time points and incubated for another 2  h. Then, viability measure-
ments were conducted at 450 nm wavelength.

Trypan Blue Staining

Staining by Trypan blue was conducted to quantify the dead cells. Concisely, 0.4% 
Trypan blue probe was utilized to incubate with cells for 2 min. Then, images were 
captured, and the number of dead cells (Trypan blue-positive cells) was counted.

Colony Formation Assay

1000 cells/well were plated into 6-well plates and cultured for 7–10 days. The media 
was changed every 3 days. Colony numbers were counted after cells stained with 
crystal violet.

Sphere‑Forming Assay

The sphere-forming capability of SW480 and HCT116 cells following SETD5 
knockdown or overexpression was determined by sphere-forming assay. The trans-
fected cells were harvested, followed by resuspension DMEM medium containing 
20 ng/mL of bEGF and bFGF, and then seeded into low attachment 24-well plates 
with 500cells/well. Following 7 days of culture, the sphere-formation of cells was 
observed under a micrography, and the diameter of spheroid was calculated.

Statistical Analysis

The data were presented as mean ± SD (mean ± standard deviation) of at least three 
duplicates per experiment. The differential analysis for the two groups was per-
formed using Student’s t test. The one-way analysis of variance (ANOVA), and 
Tukey’s post hoc analyses were conducted for various comparisons. Chi-square test 
were utilized to analyze the enumeration data expressed in percentage. The statisti-
cal significance was set at P < 0.05.
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Results

SETD5 Upregulation in Colorectal Cancer

An in-depth analysis of TCGA data on TIMER, Ualcan, and GEPIA platform was 
conducted to evaluate the SETD5 expression patterns in colorectal cancer. The 
results revealed the higher expressions of SETD5 in colorectal cancer cases com-
pared with normal samples (Fig.  1a–c). Furthermore, we collected 30 pairs of 
colorectal cancer samples and neighboring tissue samples for SETD5 expression 

Fig. 1   SETD5 was highly expressed in colorectal cancer. a SETD5 expressions in colorectal cancer tis-
sue and normal tissue were obtained from TIMER database. b SETD5 expressions in colorectal cancer 
tissue and normal tissue were obtained from Ualcan database. c SETD5 expressions in colorectal cancer 
tissue and normal tissue were obtained from GEPIA database. d SETD5 mRNA expressions in 30 pairs 
of colorectal cancer and neighboring normal tissue were measured via qRT-PCR. e SETD5 expressions 
in 30 pairs of colorectal cancer and neighboring normal tissue were examined through IHC. ***P < 0.001
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analysis by IHC and qRT-PCR, and results showed that SETD5 was upregulated in 
tumor compared with the adjacent tissue, which was concordance with the database 
analysis (Fig. 1d, e). In addition, we analyzed link of SETD5 expression with clini-
cal features in 30 colorectal cancer patients, and observed that tumor metastasis and 
clinical stage were correlated with SETD5 expression (Table  1). These data indi-
cated that high SETD5 expression was associated with the malignancy of colorectal 
cancer.

SETD5 Promotes Colorectal Cancer Cells Growth

SETD5 functions were investigated by transfecting siRNA-SETD5 or pcDNA-
SETD5 overexpression vector into SW480 and HCT116 cells. SETD5 protein and 
mRNA levels were decreased upon SETD5 knockdown and increased after SETD5 

Fig. 2   SETD5 knockdown inhibited, while overexpression promoted colorectal cancer cell proliferation. 
a The SETD5 protein level in SW480 and HCT116 cells was analyzed via the Western blotting after 
SETD5 knockdown or overexpression. b The SETD5 mRNA expression in SW480 and HCT116 cells 
was analyzed via qRT-PCR. After SETD5 knockdown or overexpression, the proliferation of SW480 
and HCT116 cells was assessed by CCK-8 assay (c), Trypan blue staining (d), and clone formation (e). 
*P < 0.05, **P < 0.01, ***P < 0.001
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overexpression (Fig. 2a and b). Subsequently, CCK8 assay results showed that the 
cell viability was reduced by SETD5 knockdown while enhanced by SETD5 over-
expression (Fig.  2c). Trypan blue staining showed that the number of dead cells 
increased after SETD5 knockdown and decreased after SETD5 overexpression 
(Fig.  2d). Moreover, the results of colony formation revealed that SETD5 knock-
down decreased the capacity of SW480 and HCT116 cells to form colonies, while 
SETD5 overexpression exhibited opposite effects (Fig. 2e). These data substantiated 
that SETD5 promotes cell growth in colorectal cancer.

SETD5 Promotes Cell Stemness in Colorectal Cancer

Next, a sphere-forming experiment was conducted to determine the stemness of 
SW480 and HCT116 cells, and the results showed that SETD5 deletion reduced 
the number of colorectal cancer spheres formed by SW480 and HCT116 cells, 
while SETD5 overexpression promoted SW480 and HCT116 sphere formation 
ability (Fig.  3a). Nanog and Sox2, cancer stem cell markers, are believed to pro-
mote tumorigenesis (Sun et al. 2020; Dianat-Moghadam et al. 2020). Western blot-
ting was employed to further analyze the expressions of Nanog and Sox2, and the 

Fig. 3   SETD5 knockdown inhibited, while overexpression promoted colorectal cancer cell sphere for-
mation ability. a Representative images (left) and quantification of spheroid number (right) in sphere 
formation assay in SW480 amd HCT116 cells. b Expressions of Nanog and Sox2 proteins in HCT116 
and SW480 cells were examined via the western blotting. c Expressions of Nanog and Sox2 mRNA in 
HCT116 and SW480 cells were detected by qRT-PCR. **P < 0.01, ***P < 0.001
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results revealed that the protein levels of Nanog and Sox2 were decreased in SW480 
and HCT116 cells after SETD5 knockdown and increased upon overexpression 
of SETD5 (Fig. 3b). Nanog and Sox2 mRNA levels mirrored the protein findings 
(Fig. 3c). These data indicated that SETD5 facilitated cell stemness characteristic in 
colorectal cancer.

SETD5 Exerts Its Promotion on Colorectal Cancer Cell Growth and Stemness 
by Activating PI3K/AKT/mTOR Pathway

PI3K/AKT/mTOR pathway is important for cell proliferation and maintaining 
stemness of cancer cells (Kashyap et  al. 2018; Hassan et  al. 2020). Herein, the 
western blotting depicted reduced phosphorylated PI3K, AKT, and mTOR levels 
in SETD5 knockdown SW480 and HCT116 cells, and elevated in SETD5 over-
expression cells (Fig. 4a–c). To confirm whether SETD5 promoted cell prolifera-
tion and stemness features of colorectal cancer through PI3K/AKT/mTOR path-
way, we used BEZ235, a PI3K/AKT/mTOR pathway inhibitor, to conduct rescue 

Fig. 4   SETD5 accelerated colorectal cancer cell proliferation and stemness by activating PI3K/AKT/
mTOR pathway. a–c Phosphorylated PI3K, AKT, mTORand total PI3K, AKT, and mTOR protein levels 
were analyzed via western blot. d HCT116 and SW480 cells overexpressed SETD5 were treated with or 
not BEZ235 and then subjected to the CCK8 assay. e Sox2 and Nanog protein levels were monitored via 
the western blotting. *P < 0.01, **P < 0.01, ***P < 0.001
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experiment. Through CCK-8 assay, we found that BEZ235 reversed the promot-
ing of SETD5 overexpression on cell proliferation (Fig. 4d). Furthermore, Nanog 
and Sox2 protein expressions were examined when the SETD5 overexpressed 
cells were treated with or without BEZ235 by western blot. Findings exhibited 
that BEZ235 rescued the effects of SETD5 overexpression on Nanog and Sox2 
protein levels (Fig. 4e). These finding indicated that PI3K/AKT/mTOR pathway 
was required for the proliferation and stemness mediated by SETD5.

Discussion

Statistically, colorectal cancer is globally ranked as 3rd among all cancers, and its 
mortality is increasing yearly (Patel et al. 2022; Baidoun et al. 2021). Despite the 
fact that current treatment strategies have improved the clinical efficacy of colorectal 
cancer, the prognosis for patients, especially those with metastatic colorectal can-
cer, is still unsatisfactory (Biller and Schrag 2021; Jin and Frankel 2018). Therefore, 
exploring new therapeutic targets and finding better therapeutic methods are very 
necessary.

SETD5, one of the SET domain-containing proteins, has been reported to play 
diverse roles in regulating tumor progression (Li et  al. 2023). For example, lack 
of SETD5 suppressed hepatocellular carcinoma cell proliferation and invasion, at 
least partly through reducing glycolysis (Park et al. 2022). SETD5 promoted the cell 
migration and invasion of non-small cell lung cancer (NSCLC) and was related to 
tumor stage and metastasis of patients (Yu et al. 2019). Another study showed that 
SETD5 facilitated the cancer stem cell feature of NSCLC by inhibiting PI3K/AKT/
mTOR activation (Chen et  al. 2021). In addition, a previous study confirmed that 
downregulation of SETD5 in esophageal squamous cell carcinoma cells prevented 
tumor spheroid formation and cell proliferation by inhibiting stemness-related pro-
teins and the PI3K/AKT pathway (Piao et al. 2020). Herein, for the first time, it was 
discovered that SETD5 suppressed cell growth and stemness of colorectal cancer 
cells.

Cancer stem cells are capable of self-renew, and are responsible for tumor 
growth (Relation et al. 2017). Like embryonic stem cells, the stem maintenance 
of tumor stem cells also relies on transcription factors Nanog, SOX3, and OCT4 
(Walcher et  al. 2020). Prior studies have demonstrated that aberrant activation 
of Nanog promotes tumor growth through the regulation of tumor stemness and 
tumor cells proliferation (Yuan et al. 2021; Zhang et al. 2022). Herein, our results 
demonstrated that SETD5 deficiency inhibited colorectal cancer cell proliferation 
activity. Further, SETD5 depletion suppressed cells’ sphere-forming ability, as 
manifested by the reduced SOX2 and Nanog expressions. However, overexpres-
sion of SETD5 had the opposite effects. PI3K/AKT/mTOR, the classical cancer-
related pathway, is regarded as an attractive therapeutic target of multiple cancers 
(Yu et al. 2022). Herein, our results further showed that SETD5 suppressed the 
PI3K/AKT/mTOR pathway activity. This pathway regulates many cellular pro-
cesses, including cell growth, survival, apoptosis, and stemness (Karami Fath 
et  al. 2022; Stanciu et  al. 2022). Over the years, researchers have attempted to 
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inhibit tumor cell proliferation and survival by targeting various nodes of this 
pathway to achieve purpose of tumor therapy (Asati et  al. 2016; Mardanshahi 
et al. 2021). However, the current effects of the inhibitor of this pathway in can-
cer treatment is unsatisfactory because of toxic side effects and single therapeu-
tics (Alzahrani 2019). Hence, a more sophisticated strategy of multi-target inter-
vention strategy is required to be explored. Herein, we found that after treatment 
with BEZ235, the inhibitor for PI3K and mTOR, the promoting effects of SETD5 
on colorectal cancer cell viability and stemness characteristics were eliminated, 
suggesting that promoting mTOR, AKT, and PI3K phosphorylation is the mecha-
nism by which SETD5 acts as an oncogene in colorectal cancer (Fig. 5).

In conclusion, our results demonstrated that SETD5 exerted its oncogenic 
effects through promoting cell growth and stemness by regulating PI3K/AKT/
mTOR pathway activation.
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