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S U M M A R Y   

Background: ALKBH5 belongs to the ALKB family consists of a Fe (II) and a-ketoglutarate-dependent dioxygenase. 
ALKBH5 directly catalyzes the oxidative demethylation of m6A-methylated adenosine. ALKBH5 involves in 
tumorigenesis and tumor progression, and is often dysregulated in a wide range of cancers, including colorectal 
cancer. Emerging evidence indicates that the expression of ALKBH5 is associated with the abundance of infil-
trating immune cells in the microenvironment. However, how ALKBH5 affects immune cell infiltration in the 
microenvironment in colorectal cancer (CRC) has not been reported. The aim of this study was to identify how 
the expression of ALKBH5 affects the biological behaviors of CRC cell lines and regulates the effects on infil-
trating CD8+ T cells in CRC microenvironment with its specific mechanism. 
Methods: Firstly, the transcriptional expression profiles of CRC were downloaded from TCGA database and in-
tegrated via R software (4.1.2). Between CRC and normal colorectal tissues, ALKBH5 mRNA expressions were 
compared (Wilcoxon rank-sum). We further identified the expression levels of ALKBH5 in CRC tissues and cell 
lines through quantitative PCR, western blot, and immunohistochemistry. Then, how ALKBH5 affects the bio-
logical behaviors of CRC cells were confirmed by gain- and loss-of-function analysis. Furthermore, the rela-
tionship between ALKBH5 level and 22 tumor-infiltrating immune cells was examined through CIBERSORT in R 
software. Furthermore, we explored the correlation between ALKBH5 expression and tumor-infiltrated CD8+, 
CD4+ and regulatory T cells by utilizing the TIMER database. Finally, the association between chemokines and 
CD8+ T cells infiltration in CRC was analyzed using GEPIA online database. qRT-PCR, WB and IHC were used to 
further determine the effect of ALKBH5 on NF-κB-CCL5 signaling axis and CD8+ T cells infiltration. 
Results: Clinically, ALKBH5 expression was downregulated in CRC and low levels of ALKBH5 expression were 
correlated with poor overall survival (OS). Functionally, overexpression of ALKBH5 reduced the proliferation, 
migration and invasion of CRC cells, and vice versa. Overexpression of ALKBH5 suppresses NF-κB pathway, thus 
reduces CCL5 expression and promotes CD8+ T cells infiltration in CRC microenvironment. 

Abbreviations: CRC, Colorectal cancer; M6A, N6-methyladenosine; ALKBH5, Alkylation repair homolog 5; CCL5, Chemokine (C-C motif) ligand 5; TAM, Tumor- 
associated macrophage; TME, Tumor-microenvironment; MDSCs, Myeloid-derived suppressor cells; ICC, Intrahepatic cholangiocarcinoma; GBM, Glioblastoma 
multiforme; FBS, Fetal Bovine Serum; IHC, Immunohistochemistry; TCGA, The Cancer Genome Atlas; CCK-8, Cell counting kit-8; RIPA, Radio immunoprecipitation 
assay; shRNA, Short hairpin RNA; CD8A, T cell surface glycoprotein CD8α chain; NSCLC, Non-small-cell-lung-cancer; NK cell, Natural killer cell; PD-L1, Programmed 
cell death ligand 1. 
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Conclusions: ALKBH5 is poorly expressed in CRC, and overexpression of ALKBH5 attenuates CRC malignant 
progression by inhibiting CRC cell proliferation, migration, invasion and promoting CD8+ T cells infiltration in 
the tumor microenvironment through NF-κB-CCL5 axis.   

Introduction 

Colorectal cancer is one of the most common cancers worldwide, 
ranking third for incidence and fifth for mortality rates [1]. Due to the 
insidious onset of CRC, approximately 25% of patients are already at an 
advanced stage when initially diagnosed [2]. Neoadjuvant chemo-
therapy is one of the standard of treatments in advanced colorectal 
cancer, and liver transplantation combined with chemotherapy has 
proven to improve overall survival in advanced colorectal cancer pa-
tients with liver metastases [3]. In recent years, new treatments, 
including targeted therapeutic agents and immunotherapy, have been 
extensively explored in the field of colorectal cancer treatment. Regor-
afenib (REG), an oral multikinase inhibitor, has been approved to treat 
colorectal cancer clinically [4]. Preclinically, immune checkpoint mo-
lecular targeted therapies have been widely used to treat tumors. 
However, only about 15% of colorectal cancer patients benefit from 
immune checkpoint blockade (ICB) therapy [5]. Recent studies have 
shown that immune checkpoint inhibitors combined with other treat-
ments may prevent early mortality in some CRC patients [6]. MEK in-
hibitors combined with immunotherapy drug spartalizumab can 
improve the durability of responses in CRC patients [7]. Therefore, 
identifying new molecular regulating the occurrence and development 
of CRC which could synergize with ICB treatment, and the analysis of its 
underlying regulatory mechanism are of great significance to reduce the 
mortality and improve the prognosis of colorectal cancer patients. 

N6-methyladenosine (m6A), as one of the most common site being 
intrinsic modified in eukaryotic mRNAs, is dynamically regulated by 
three categories proteins: methyltransferase as "writer," demethylase as 
"eraser," and specific "reader" m6A-binding protein [8,9]. To date, only 
fat mass and obesity-related protein (FTO) and ALKHB5 have been 
identified to function as m6A demethylases, which removes m6A mod-
ifications [10,11]. ALKBH5 acts as double-edged sword in different 
cancer types. ALKBH5 was reported to act as a tumor promoter in ma-
lignant tumors, such as gastric cancer, renal cell cancer and breast 
cancer [12–14]. Whereas in pancreatic cancer, bladder cancer, hepato-
cellular cancer [15–17] as well as CRC [18,19], ALKBH5 functions as a 
tumor suppressor. 

Recent studies have shown that ALKBH5 may mediate tumor pro-
gression through immune-modulatory effects [20]. In intrahepatic 
cholangiocarcinoma, ALKBH5 upregulates PD-L1 expression in an 
m6A-YTHDF2-dependent manner, thereby inhibiting the cytotoxicity of 
T cells [21]. ALKBH5 is induced in a hypoxic environment and upre-
gulates IL-8 expression, thereby promoting immunosuppression and 
tumor progression in GBM through tumor-associated macrophage 
(TAM) recruitment [22]. ALKBH5 promotes the accumulation of 
myeloid-derived suppressor cells (MDSCs) and Tregs and paralyzes the 
therapeutic efficacy of anti-PD-1 in melanoma [23]. Infiltration of CD8+

T cells in tumor tissues is associated with a better prognosis [24–26]. 
However, aberrant expression of ALKBH5 affecting CD8+ T cells infil-
tration into the tumor microenvironment has rarely been reported. 
Therefore, how expression of ALKBH5 impact immune cell infiltration in 
CRC TME requires further study. 

To further explore the potential immunomodulatory role of ALKBH5 
in CRC, we evaluated the expression of ALKBH5 in clinical CRC samples, 
verified the biological effect of ALKBH5 in colon cancer cells, and 
analyzed the mechanism of ALKBH5′s role in CD8+ T infiltration in 
tumor tissues. 

Results 

ALKBH5 is downregulated in CRC and interrelated with poor prognosis 

TIMER database results showed lower expression of ALKBH5 in CRC 
than in paired paraneoplastic tissues (Fig. 1a). To further determine the 
level of ALKBH5 expression in CRC, we analyze a cohort of CRC patients 
enrolled in TCGA. It exhibited that the expression of ALKBH5 was 
significantly down-regulated in CRC (Fig. 1b). Moreover, ALKBH5 
expression level was decreased in CRC tissue microarray, which was in 
line with the results from TCGA database (Fig. 1c). Besides, ALKBH5 
expression were also lower in CRC cell lines than the normal colonic 
epithelial cell line NCM460 at the mRNA and protein levels (Fig. 1d and 
e). Importantly, Kaplan-Meier analysis demonstrated that CRC patients 
with low ALKBH5 expression had lower overall survival (OS) rate 
indicating the potential prognostic role of ALKBH5 in CRC patients 
(Fig. 1f). 

ALKBH5 attenuates proliferation, migration and invasion of CRC cells 

To explore the effects of ALKBH5 on the biological characteristics of 
CRC cells, we overexpressed or knocked down ALKBH5 in HCT116 and 
SW620 cells (Figs. 2a and b, and 3a and b). Overexpression of ALKBH5 
functionally suppressed cell proliferation and viability, and cellular 
growth and viability was enhanced after knockdown of ALKBH5, 
determined by the cell counting kit-8 (CCK-8) and colony formation 
assay (Figs. 2c–f, and 3c–f). Transwell migration and invasion assay 
revealed that forced expression of ALKBH5 apparently impeded the 
invasiveness and migratory ability of HCT116 and SW620 cells, and 
attenuation of ALKBH5 expression significantly elevated the invasion 
and migration speed of HCT116 and SW620 cells (Figs. 2g and h, and 3g 
and h). 

Elevated levels of ALKBH5 are linked to enhanced CD8+ T cells 
recruitment to the tumor 

We continue to investigate if ALKBH5 was involved in regulating 
immune response to tumors. We performed CIBERSORT to identify the 
correlation between the infiltration of 22 types of immune cell and the 
expression level of ALKBH5 in CRC. It was found that ALKBH5 expres-
sion is positively correlated to elevated CD8+ T cells and activated 
memory CD4+ T infiltration, where no significant correlation to Treg 
infiltration (Fig. 4a and b). To further verify the results of bioinformatics 
analysis, we assessed the immune score of T-cell infiltration versus 
ALKBH5 expression via IHC staining of tissue microarray. Consistently, 
we found that the abundance of CD8+ T cells was significantly reduced 
in ALKBH5 low expression group. However, there was no significant 
correlations found in the infiltration of total CD4+ T cells and Foxp3+

Treg cells between two groups (Fig. 4c and d). According to these 
findings, ALKBH5 could be crucial to promote CD8+ T cells infiltration 
into the tumor site in CRC patients. 

CD8A was significantly associated with CCL5 in CRC 

Next, we sought to examine the underlying mechanism of how 
ALKBH5 expression regulates CD8+ T cells recruitment. Chemokines 
have been identified to contribute to the enrollment of effector T cells to 
the irradiated tumor. We then asked whether increased CD8+ T cells 
infiltration in high ALKBH5 group is associated with chemokine 
expression. We selected CD8A as a genetic marker for measuring CD8+ T 
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cells infiltration [27]. GEPIA online database was utilized to analyze the 
association between multiple chemokines and CD8A in colorectal can-
cer, and CCL5 positively correlates to CD8A expression the most. Given 
the results above, we postulated here that ALKBH5 may impact CD8+ T 
cells recruitment by regulating CCL5 expression (Fig. 5). 

ALKBH5 promotes CD8+ T cells infiltration through NF-κB-CCL5 signaling 
pathway 

To further confirm the above hypothesis, we first evaluated whether 
ALKBH5 expression affected the expression of CCL5. Real-time PCR and 

western blot showed that CCL5 mRNA and protein abundance was 
significantly decreased in the ALKBH5-overexpressed cell lines 
compared with the control (Fig. 6a and b). It was reported that the 
promoter region of CCL5 has the binding site of nuclear transcription 
factor κappa- B (NF-κB) [28]. To confirm whether the NF-κB pathway is 
involved in the reduction of CCL5 expression regulated by ALKBH5, 
Immunohistochemical results confirmed that ALKBH5 high expression 
group suppressed the nuclear localization of p65 and CCL5 expression 
and promoted CD8+ T cells infiltrations (Fig. 6c). To confirm whether 
the NF-κB pathway is involved in the reduction of CCL5 expression 
regulated by ALKBH5, we performed western blotting analysis to 

Fig. 1. ALKBH5 expression is downregulated in CRC and strongly correlates with patient prognoses. a Pan-cancer analysis of ALKBH5 expression levels in TIMER 
database. b Expression of ALKBH5 in TCGA CRC cohort. c IHC showing representative images of ALKBH5 protein staining in tissue microarrays constructed from 56 
CRC tissues and paired adjacent paraneoplastic tissues and statistical analysis. d Detection of mRNA levels of ALKBH5 in human normal colonic mucosal erithelial 
cells (NCM460) and CRC cancer cells (HCT116, SW620, SW480) by qRT-PCR. e Protein expression levels of ALKBH5 in normal NCM460 cells and three CRC cell lines. 
f Kaplan-Meier survival analysis shows the relationship between expression of ALKBH5 and overall patient survival time. 
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examine the phosphorylation status of p65 and IκB-α. It was found that 
the phosphorylation levels of p65 and IκB-α were significantly reduced 
in the ALKBH5 overexpressed cell lines compared with the control cell 
lines (Fig. 6d). NF-κB is known to be instantaneously activated by PMA 
in a variety of mammalian cell types [29,30]. Thus, we treated SW620 
cells with PMA and observed that PMA enhanced the phosphorylation of 

p65 and partially restore CCL5 expression compared with ALKBH5 alone 
(Fig. 6e). These data suggest that ALKBH5 promotes CD8+T cells infil-
tration via inhibiting the NF-κB-CCL5 axis. 

Fig. 2. ALKBH5 attenuated proliferation, migration, and invasion of CRC cells. a-b qRT-PCR and western blot analysis of ALKBH5 mRNA and protein levels after 
overexpression ALKBH5 in HCT116 and SW620. c-d CCK8 was performed to detect the proliferation of CRC cells transfected with ALKBH5 plasmid compared with 
vector. e-f The colony formation assay provides representative images and quantification of ALKBH5 or vector-transfected HCT116 and SW620 cells. g-h The 
migratory and invasive capacities of ALKBH5 overexpressed HCT116 and SW620 cells were assessed using transwell migration and invasion assays. All data were 
indicative of three separate studies and shown as mean ± SD. Student’s t-test. The Student’s t-test was used to determine P values. 
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Materials and methods 

Bioinformatics analysis 

Using the TIMER database (https://cistrome.shinyapps.io/timer/), 
the expression profile of ALKBH5 in all types of cancer was investigated. 
The log2 TPM measurements are used to represent the gene expression 
levels. RNA-seq data for 568 CRC and 44 normal tissue samples from the 

TCGA database were downloaded. The Wilcoxon rank sum test was 
performed to examine the differences in ALKBH5 mRNA expression 
between CRC and normal tissues. CIBERSORT was employed in order to 
evaluate immune cell infiltration in CRC samples from the UCSC Xena 
database. 

Fig. 3. Knockdown of ALKBH5 promoted proliferation, migration, and invasion of CRC cells in vitro. a-b Knockdown of ALKBH5 was confirmed by real-time PCR and 
western blot (upper panel) in HCT116 and SW620 cells. c–h Transwell assay, colony formation, and cell counting assay in wild-type and ALKBH5 knocked-down cells. 
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Clinical sample and immunohistochemistry 

From January 4 to March 30, 2015, Shanxi Cancer Hospital collected 
56 pairs of CRC and adjacent paraneoplastic paraffin specimens. Each 
patient gave informed permission prior to surgery. The expression of 
ALKBH5 and the infiltration levels of T cells (CD8+, CD4+ and Treg) in 
microenvironment were detected by immunohistochemistry. The anti-
bodies used in this study included CD8 (1:1000, ab209775) (Abcam, 
Cambridge, UK), CD4 (1:1000, ab133636) (Cell Signaling Technology, 
MA, USA), Foxp3 (1:1000, ab20034) (Abcam, Cambridge, UK). 

Paraffin-embedded tissues were sliced to a thickness of 2–4 μm using 
a slicer, dewaxed and hydrated in xylene and graded alcohol, after 

which the tissues were submerged in sodium citrate repair solution to 
achieve antigen repair, and then the sections were immersed in 3% 
hydrogen peroxide to block the activity of endogenous peroxidase. Af-
terwards, they were closed in a 5% bovine serum albumin closure so-
lution. Then ALKBH5, CD8, CD4, Foxp3 and CCL5 antibodies were 
incubated on slides overnight and then exposed to anti-mouse/rabbit 
IgG polymer that has been HRP-labeled and complexes of 
diaminobenzidine. 

Two pathologists evaluated expression in a double-blind fashion. The 
results were determined by the staining positive rate score which was 
defined as 1 (<25%), 2 (25%− 50%), 3 (51%− 75%), 4 (76%− 100%) and 
the staining intensity score which was designated as 0 (negative), 1 

Fig. 4. ALKBH5 expression promotes CD8 + T 
cells infiltration in human CRC tissues. a Infil-
tration level of 22 immune cells in the ALKBH5 
high and low expression groups were examined 
using CIBERSORT. b Scatterplots show the 
correlation among activated memory CD4+T 
cells, CD8+T cells, Tregs and the ALKBH5 
expression level. c-d Correlation and quantita-
tive analyses of ALKBH5 expression with CD4, 
CD8 and Foxp3 in human CRC tissues using 
immunohistochemistry, the data represented 
mean ± SD (n=56).   
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(weak positive), 2 (medium positive) and 3 (strong positive). The 
staining positive rate score and the staining intensity score were 
multiplied to generate the overall score. The patients were split into 
groups with high and low ALKBH5 expression based on the median 
value of the ALKBH5 total score. 

CRC cell lines and cell culture 

The human CRC cell lines HCT116, SW480, and SW620 in this study 
were purchased from the Chinese Academy of Sciences’ Cell Bank of 
Typical Cultures Preservation Committee. Human normal colonic 

epithelial cell NCM460 was bought from Shanxi Zheyuan Scientific In-
strument Co. LTD. L15 medium was used for culturing SW480 and 
SW620 cells, and DMEM medium was used for NCM460 and HCT116 
cells. Cells were grown in a medium that also contained 10% FBS and 
100 U/mL of a penicillin-streptomycin mixture. The cells were kept at 
37 ◦C in a humidified environment that contained 95% air and 5% CO2. 

Construction of ALKBH5 overexpression and knockdown plasmid 

Full-length ALKBH5 cDNA was synthesized from NCM460 by RT- 
PCR and subcloned into the pEGFP-C1-3×Flag vector to construct 

Fig. 5. Analysis of the correlations between chemokines and CD8A expression level. a–h CCL5, XCL2, CXCL9, CCL4, CCL3, CXCL10, CCL21 and CXCL12, 
respectively. 
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pEGFP-ALKBH5 overexpression plasmid. Short hairpin RNA (shRNA) 
sequences targeting ALKBH5 were synthesized by mature annealing and 
then cloned into plvx-zsGreen-scramble. 

The sequences of hairpin sequence utilized in this article were listed 
below: 

ALKBH5 forward primer:5′-CCGGAATTCGATGGCGGCCG-

CATCTTC-3′

reverse primer:5′-CGGGGTACCGTGCCGCCGCATCTTC-3′. 

shALKBH5: 5′-GATGAAATCACTCACTGCATA-3′. 

Plasmid transfection 

Plasmids were transfected to tumor cells via Lipofectamine 8000 
(Shanghai Biyuntian, China). After 48–72 h, its efficiency of over-
expression or knockdown was detected by western blotting and qRT- 
PCR. Cancer cells with stable transfection were obtained by Geneticin 

Fig. 6. ALKBH5 disrupting NF-κB-CCL5 signaling. a-b Relative expression of CCL5 in ALKBH5-overexpressed HCT116 and SW620 cells. c Immunohistochemistry was 
used to detect the expression of ALKBH5, p65, CCL5, and CD8 in human colorectal cancer tissues, the data represented mean ± SD (n=56). d CCL5 expression and the 
total and phosphorylation level of p65 and IκB-α after ALKBH5 overexpression were examined by western blot analysis. e SW620 were pretreated with 100 and 200 
ng/ml of specific NF-κB activator PMA, and western blot analysis was to assess the expression of CCL5 and p-p65. 

J. Ge et al.                                                                                                                                                                                                                                       



Translational Oncology 34 (2023) 101683

9

(G418) screening for four weeks. All transfectants were periodically 
tested by western blot to confirm the efficiency of overexpression or 
knockdown. 

Cell viability assay 

The impact of ALKBH5 on the proliferation of colorectal cancer cells 
was measuerd by using CCK-8 assay. 5 × 103 per well HCT116 and 
SW620 cells were placed in 96-well plates and kept there for 24, 48 or 
72 h. After treating the cells with 10 μl of CCK-8, the absorbance at 450 
nm was measured after 1 to 2 h. 

Colony formation assay 

A colony formation experiment was used to investigate the ALKBH5 
impacts CRC cells’ ability to form colonies. Overexpression or knock-
down plasmids stably expressing ALKBH5 were seeded at a density of 
5000 cells per well in 6-well plates and maintaining their viability for 
two weeks in medium containing 10% fetal bovine serum were both 
done. After being preserved with methanol, the resulting colonies were 
then colored using crystal violet (Solarbio). ImageJ software was used to 
count the colonies by counting how many were stained. 

Transwell assay 

Transwell method was used for detecting the invasion and migration 
ability changes of CRC cells after the exogenous intervention. 8 × 104 

cells (8.0 μm pore size, Corning, USA) were placed in 200 μl serum-free 
medium, also 600 μl of medium having 20% FBS, and was seeded in the 
bottom chamber as an inductance. Cells in the upper portion of the 
chamber that had not invaded the lower part of the chamber after 24 h 
were taken out. After that, they were dyed with crystal violet and 
captured on camera. 

Transwell invasion assays were performed using 24-well transwell 
inserts of 60 μl matrix (ABW Matrigengel) in the top chamber (8.0 μm 
pore size, Corning, USA) to mimic the basement membrane, followed by 
overnight incubation of the 37 ◦C gel. 

RNA isolation and reverse transcription (RT)-PCR assay 

Total RNA was extracted using an RNA extraction kit (Cwbio, Bei-
jing, China). After applying the Reverse transcription kit, total RNA was 
reverse transcribed into complimentary cDNA following the removal of 
genomic DNA with the gDNA eraser (Cwbio, Beijing, China). The SYBR 
Green PCR Master Mix was used to conduct cDNA amplification (Qia-
gen, Hilden, Germany). Following the reaction, the proportional gene 
expression was determined using the formula 2− ΔΔCt. The internal 
control was GAPDH. 

The primers sequences are as follows: 
ALKBH5: sense: 5′- CGGCGAAGGCTACACTTACG-3′, 

antisense: 5′- CCACCAGCTTTTGGATCACCA-3′

CCL5: sense: 5′- CAGCAGTCGTCCACAGGTCAAG-3′, 

antisense: 5′- TTTCTTCTCTGGGTTGGCACACAC-3′

GAPDH: sense: 5′-CAGGAGGCATTGCTGATGAT-3′, 

antisense: 5′-GAAGGCTGGGGCTCATTT-3′

Western blot 

The cells were washed with PBS and dissolved with RIPA buffer. To 
eliminate cell debris, the lysates were then ultrasound at 14,000 g for 5 
min at 4 ◦C while being ultrasounded on ice. Next, the supernatant was 
decomposed in 10% SDS-PAGE (25 μg/ lane) and transferred to a 0.45 
μm polyvinylidene fluoride (PVDF) membrane (GE Healthcare, Mil-
waukee, USA). Cell membranes were implemented at 4 ◦C with appro-
priate antibodies. After three washes, let the secondary antibody that 
has been HRP-labeled on film sit at room temperature for one hours. 

Enhanced chemiluminescence was used to show protein rings (ECL). In 
this research, antibodies were used that included ALKBH5(1:1000, 
ab195377, Abcam, Cambridge, UK), β-Actin (1:4000, TransGen Biotech, 
Beijing, China), CCL5 (1:500, AF5151, Affinity Biosciences, Cincinnati, 
OH, USA), NF-κB /p65 (1:1000, #8242), p-NF-κB /p-p65 (1:1000, 
#3033), IκB-α (1:1000, #4814), p-IκB-α (1:1000, #2859) (Cell Signaling 
Technology, MA, USA). 

Statistical analysis 

GraphPad Prism 8 was used to perform all statistical analyses, the 
Wilcoxon signed-rank test and the student t test were applied. The sur-
vival curves were measured using the Kaplan-Meier method, and the 
differences were evaluated using the log-rank test. The Pearson corre-
lation analysis was used to evaluate correlations. Statistical significance 
was indicated by P values lower than 0.05. *P < 0.05, **P < 0.01, ***P <
0.001. 

Discussion 

In our present study, we identified that the downregulated ALKBH5 
expression correlates to worse CRC prognosis. Based on the transient 
ALKBH5 knockdown or forced expression cells, we then functionally 
delineated that ALKBH5 attenuates CRC growth and invasion in vitro. 
Furthermore, ALKBH5 expression was proved to promote CD8+ T cells 
recruitment by regulating CCL5 expression. 

ALKBH5 is aberrantly expressed in a variety of tumors and signifi-
cantly correlated with the prognosis of cancer patients [31]. Altered 
ALKBH5 expression could both promote or inhibit carcinogenesis, 
depending on the kind of cancer [31]. Ectopic upregulation of ALKBH5 
occurs in NSCLC which is directly related to decreased patient survival. 
However, pancreatic cancer patients with high levels of ALKBH5 expe-
rienced an improved prognosis [32,33]. According to our research 
preclinically and clinically, down-regulation of ALKBH5 expression 
strongly correlates to worse OS in CRC patients. The demethylation of 
the lncRNA KCNK15-AS1 by ALKBH5 is shown to have 
tumor-suppressive effects, regulating KCNK15-AS1-dependent cell in-
vasion and migration in PC [34]. In a m6A-YTHDF2-dependent manner, 
ALKBH5 post-transcriptionally upregulates PER1 expression, activating 
ATMCHK2-P53/CDC25C signaling and inhibiting PC cell growth [35]. 
Functional experiments in the present study further supported the 
finding that ALKBH5 prevents CRC cells proliferation, migration and 
invasion. These results demonstrated the cancer suppressor role of 
ALKBH5 in CRC. 

There have been some reports that m6A methylation treatment of 
genes affects CD8+ T cells infiltration. Loss of the m6A methylase 
METTL14 in C1q+ macrophages leads to decreased m6A modification on 
Ebi3 transcripts and increased Ebi3 expression in macrophages, which 
results in lower and less potent of CD8+ T cells in TME [36]. METTL3 or 
METTL14 deletion in mouse melanoma and CRC cells enhances CD8+ T 
cell infiltration by modulating cytokine and chemokine production in 
the tumor microenvironment, thereby enhancing immune responses to 
anti-PD-1 therapy [37]. In- YTHDF1 knockout mice, lysosomal protein 
expression is reduced in dendritic cells and the antigen is not catabolized 
but rather enhances CD8+ T cell and natural killer (NK) cell infiltration 
[38]. RNA demethylase FTO can promote tumor cell glycolytic gene 
expression and glycolytic process, thus reducing the tumor infiltration 
and cell killing ability of CD8+T cells [39]. However, the relationship 
between ALKBH5 and CD8+ T cell infiltration in CRC remain unclear. In 
our study, we used bioinformatics to discover a positive correlation 
between ALKBH5 and CD8+ T cells infiltration that was statistically 
significant, and we achieved consistent results when study clinical tissue 
samples. Results suggested that lowering ALKBH5 expression would 
facilitate immune evasion by preventing CD8+ T cells recruitment, 
which could be further explored as a new therapeutic target in CRC 
patients. 
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Chemokines are the primary factors affecting CD8+ T cells trafficking 
to tumor locations [40,41]. Targeting KDM4C has been demonstrated to 
improve CD8+ T cells ability to fight tumors by triggering the tran-
scription of the chemokine CXCL10 in lung cancer [42]. Chemokines 
CCL5 and CXCL9 are closely related to CD8+ T cells infiltration in 
various solid tumors [41].. By interfering with STAT1-CXCL10 signaling, 
TRIB3 prevents CD8+T cell invasion in CRC [43]. Recent research 
demonstrates that CCL5 deficiency in colorectal cancer boosts CD8+ T 
cells infiltration, the specific mechanism is that CCL5 absence leads in 
altered CD11b(hi)F4/80(low) tumor-associated macrophage (TAM) 
metabolism and decreased S100a9 expression [44]. In our study, to 
identify specific chemokines for ALKBH5-induced CD8+ T cells recruit-
ment, we performed bioinformatics analysis and the data revealed eight 
chemokines with significantly positive correlation and CD8+ T cells 
infiltration. The discordance between literature report and bioinfor-
matics analysis in the role of CXCL5 affecting CD8+ T cells trafficking to 
tumor locations attracted our attention. So we selected CCL5 which had 
the most notable correlation with CD8A. To interpret the disparity be-
tween the literature data and the mentioned bioinformatics, we 
confirmed that ALKBH5 overexpression could decrease the level of CCL5 
both in mRNA and protein level, and highly expressed ALKBH5 en-
courages CD8+ T cells infiltration by lowering CCL5 expression in our 
immunohistochemical studies. These results are consistent with those 
reported in the literature [44]. The reason for this discrepancy may be 
attributed to that CD8, as a disulfide-linked dimeric glycoprotein on the 
cell surface, consists of two chains, CD8α and CD8β [45,46]. T cell 
surface glycoprotein CD8α chain (CD8A) alone has limitations as a 
marker of CD8+ T cells infiltration. 

NF-κB has been well established as a transcription factor for CCL5 
[47,48]. Furthermore, the effect of ALKBH5 on CCL5 expression was 
associated with inhibition of NF-κB pathway. To further analyze 
whether ALKBH5 down-regulates the expression of CCL5 by NF-κB in 
CRC, we used PMA to activate NF-κB, and the results showed that NF-κB 
activator could partially reverse the down-regulated expression of CCL5 
by ALKBH5. Notably, NF-κB activation inhibited the expression of 
ALKBH5, suggesting that a negative feedback pathway may exist be-
tween ALKBH5 and NF-κB. Negative feedback control of NF-κB signaling 
has been well studied. It is reported that Zinc-Finger-protein A20 can 
regulate TRAF6 and RIP of NF-κB pathway through ubiquitination, 
which in turn NF-κB can negatively affect A20 [49]. Therefore, we hy-
pothesize that ALKBH5 and NF-κB constitute a feedback loop to regulate 
each other’s expression, however the specific mechanism of action de-
serves further investigation. 

Our study was not free of limitations: first of all, we, did not inves-
tigate the target RNAs regulated by ALKBH5, as well as the specific m6A- 
binding protein which influence the translation and degradation of 
target RNAs. Secondly, the data dimension of this article contains tissue 
and cellular, but we still need further validation of the mechanism at 
animal levels. These unresolved limitations need to be addressed in 
future studies. 
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