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Introduction

Globally, colorectal cancer stands as one of the most 
prevalent malignancies affecting the digestive system. 
Recent data from the American Cancer Society in 2022 hi-
ghlights the significant impact of colorectal cancer, ranking 
it as the third most common and fatal type of cancer. This 
underscores the immense public health risk it poses (1). 
While the intricate mechanisms behind the development 
of colorectal cancer remain incompletely understood, the 
interplay of both genetic predisposition and environmental 
factors is recognized as contributing to its onset. Presently, 
surgical intervention remains the cornerstone of colorectal 
cancer treatment. Complementary to surgery, chemothe-
rapy and radiotherapy are employed to enhance therapeutic 
efficacy (2). However, a prominent challenge in the mana-
gement of colorectal cancer lies in postoperative metasta-
sis, a leading cause of treatment failure. This encompasses 
diverse forms such as blood-borne, peritoneal, and distant 
lymph node metastases, frequently accompanied by local 
recurrences. Despite a general decline in the overall fatality 
rate of colorectal cancer in recent years, a troubling trend 

of increasing fatality rates among younger individuals has 
emerged. This alarming pattern emphasizes the pressing 
need to explore novel avenues for treatment. In light of 
the aforementioned context, there exists an imperative to 
innovate beyond established treatment modalities. Emer-
ging therapies that target specific molecular pathways, 
harness the immune system, or utilize advanced techno-
logies like precision medicine offer promise in reshaping 
the colorectal cancer treatment landscape. Additionally, 
comprehensive approaches focusing on early detection 
through advanced screening methods, coupled with lifes-
tyle interventions to mitigate risk factors, hold potential 
to make substantial strides in preventing and managing 
this formidable disease. Efforts to unravel the intricacies 
of colorectal cancer's underlying biology, combined with 
the development of more effective and tailored therapies, 
are pivotal in addressing the evolving challenges posed by 
this disease. By fostering interdisciplinary collaboration, 
advancing research, and advocating for widespread aware-
ness, the medical community can aspire to usher in a new 
era of improved outcomes and enhanced quality of life for 
those affected by colorectal cancer. 
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Surgical resection remains the primary approach for treating colorectal cancer, which is among the prevalent 
types of cancers affecting the digestive system. Tumor-infiltrating lymphocyte (TIL) therapy has emerged as 
a prominent area of study in the field of tumor immunotherapy in recent times, with the potential to serve as a 
supplementary treatment for colorectal cancer. For this investigation, we employed single-cell sequencing data 
to assess the manifestation extent of miR-26a-5p in healthy colon tissue, tissue affected by colorectal cancer, 
and tissue adjacent to the tumor. According to our findings, tumor-infiltrating T lymphocytes express com-
paratively less miR-26a-5p in comparison to normal T lymphocytes, the role of it in modulating the function 
of tumor-infiltrating T lymphocytes is suggested. Studies on miR-26a-5p's involvement in tumor-infiltrating 
T lymphocytes are limited, despite previous evidence indicating its ability to facilitate the development and 
advancement of cancerous cells. As a result of our experiments, we concluded that miR-26a-5p hindered the 
PI3K/AKT/mTOR(PAM) signaling pathway, reducing the ability of CD8+ tumor-infiltrating cells to eradicate 
tumors. Using bioinformatics tools, we utilized prediction methods to identify EP300 as the specific gene 
targeted by miR-26a-5p. Subsequent research understood that dow-regulation of EP300 counteracted the sup-
pressive impact exerted by miR-26a-5p on the stimulation of PAM signaling pathway, while it also diminished 
the viability and cytotoxicity of CD8+ tumor-infiltrating lymphocytes. Therefore, miR-26a-5p emerges as a 
compelling option for the effective control of TIL therapy.
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The tumor microenvironment (TME) encompasses a 
diverse array of cellular components, comprising either 
tumor cells and non-tumor components, for example, im-
mune cells, endothelial cells, adipocytes, and fibroblasts 
are all present in the TME (3). These cells have different 
functions and their interactions within the TME can impact 
tumor initiation and progression. One important type of 
immune cell found in the TME is tumor-infiltrating lym-
phocytes (TILs) (4). TILs are a collective term for lympho-
cytes isolated from tumor tissues, T cells make up the ma-
jority, along with other immune cells. Among these, CD8+ 
T cells are particularly important as they are responsible 
for killing tumors and have been associated with improved 
clinical outcomes (5,6). Recent advancements in immu-
notherapy have made TIL therapy a promising approach. 
This involves isolating TILs from a patient's tumor tissue 
and then stimulating and expanding them in a laboratory 
setting. The expanded TILs are then reintroduced into the 
patient to achieve therapeutic goals (7). This approach has 
shown varying degrees of efficacy in melanoma, cervical 
cancer, and ovarian cancer (8-10). Compared to traditional 
chemotherapy, TIL therapy offers better safety as it aims 
to increase the number of TILs and enhance their killing 
effect on tumor cells (11). Additionally, these T cells can 
also regulate tumor cell resistance to drugs and influence 
the response to chemotherapy (12). Overall, the explora-
tion of the TME and the use of TIL therapy have opened 
up new possibilities in cancer treatment and provide hope 
for improved outcomes for patients. With further research 
and advancements, TIL therapy may become an important 
component of personalized cancer treatment strategies. 

miRNAs, also known as microRNAs, serve as a type 
of non-coding RNAs that are naturally occurring and have 
a size of around 22 nucleotides. They govern the levels 
of gene expression for specific target genes (13). Altered 
miRNA expression is a frequent occurrence in both can-
cerous cells and non-tumor elements. miRNAs in tumor 
cells can serve as either oncogenes and tumor suppressor 
genes, and some classic ones are already being targeted 
for anti-tumor therapy (14). In recent years, researchers 
have increasingly recognized the significance of miRNAs 
in immune cells that infiltrate tumors. These miRNAs are 
vital for orchestrating immune control within tumor infil-
trations (15). One such miRNA, miR-26a-5p, was found 
to target tumor cells and inhibit the progression of various 
carcinomas, including renal cell carcinoma, NSCLC, as 
well as endometrial cancer (16-18). Yet, the precise regu-
latory mechanism of miR-26a-5p in tumor-infiltrating T 
lymphocytes remains unidentified. Further research is nee-
ded to understand how this specific miRNA functions in 
tumor-infiltrating T cells and whether it has any impact 
on the immune response against cancer cells. Knowing 
how miR-26a-5p operates to control immune cells within 
tumor microenvironment could provide valuable insights 
into developing new therapeutic strategies. Targeting these 
miRNAs could potentially enhance the anti-tumor im-
mune response and improve the effectiveness of existing 
immunotherapies. Therefore, more research is warranted 
to uncover the involvement of miRNAs in immune modu-
lation within tumors as well as their potential for clinical 
applications in anti-tumor therapy. 

The PAM pathway performs a pivotal character in sha-
ping the behavior of cancerous cells, influencing a spec-
trum of vital functions encompassing growth, viability, 

movement, differentiation, and metabolic processes (19). 
At the core of this cascade, PI3K phosphorylates PIP2 to 
generate PIP3, which acts as a beckoning signal for onco-
genic signaling molecules like AKT (20). This particular 
protein, renowned for its adeptness in modifying serine 
and threonine residues, steps in to orchestrate critical cel-
lular responses. The ramifications of Akt's activation ex-
tend further as it propels mTOR into action. AKT activates 
mTOR, which subsequently governs the activity of diverse 
transcription factors, thereby facilitating the advancement 
of tumors (21). Interestingly, beyond its direct sway on 
tumor cells, the intricate PAM signaling pathway exerts a 
sweeping influence on the activity of T cells that infiltrate 
the microenvironment of tumors. Evidence underscores 
the pathway's role in modulating the proliferation and cy-
totoxic potency of CD8+TILs (22). Moreover, this signa-
ling network finely tunes the movement of lymphocytes, 
impacting their migratory behavior. Pertinently, when 
PI3K's activity is stymied or its presence is eradicated, the 
cascade of events that typically propels cytokine-driven 
lymphocyte infiltration into the tumor microenvironment 
is arrested (23). The PAM pathway's multifaceted control 
over cancer cells and the intricate interplay with immune 
elements like T cells imbue it with a complex role in sha-
ping the tumor landscape. 

We employed single-cell sequencing data to conduct 
a research study focused on examining the miR-26a-5p 
expression profiles within multiple cellular subpopula-
tions and tissues. Our investigation revealed that miR-
26a-5p seems to take part in controlling the activity of T 
lymphocytes that infiltrate tumors. There has been neither 
previous report on the regulatory impact of miR-26a-5p, 
nor its subsequent signaling pathways on CD8+TILs in co-
lorectal cancer. Our research's results reveal that miR-26a-
5p exerts a negative effect on the PAM signaling pathway's 
activation through an interaction with EP300, which de-
creases the activity of lymphocytes that infiltrate tumors 
and increases the survival of colorectal cancer cells. These 
discoveries contribute to the progress the creation of an 
inhibitor linked to miR-26a-5p, which is able to enhance 
the activity of CD8+TILs and improve the therapeutic effi-
cacy of tumor-infiltrating T lymphocyte immunotherapy.

Materials and Methods

Target gene of miRNA prediction 
For target gene of miR-26a-5p predicted analysis, we 

perform prediction by miRDB (24), and the threshold of 
target gene is set to score greater than or equal to 90. 

Differentially expressed gene analysis 
Read counts for all genes were normalized using 

ERgene (25) (v.1.2.0) and DEseq2 (26) (v.1.32.0). Diffe-
rentially expressed genes were found using the DESeq2 
results function (adjusted P-value < 0.05). 

Single-cell RNA sequencing data processing 
Cells with fewer than 200 features and more than 25% 

mitochondrial content were removed for quality control. 
Features expressed in fewer than 200 cells were also dis-
carded. Data analysis and visualization were conducted 
using SCANPY v1.4.6 (27). Doublets were identified 
and removed using Scrublet v0.2.1 (28), based on clus-
ter-based evaluation. Clusters with high scrublet scores in 
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upper right (Q2) quadrant were defined as late apoptotic 
cells and analyzed. 

Flow cytometry. 
Using LAMP-1 Monoclonal Antibody (eBio1D4B 

(1D4B)) for CD107a, Alexa Fluor™ 488, eBioscience™ 
(1:1000; 53-1071-82; Invitrogen, Carlsbad, CA, USA) 
examined the proportion of CD107a-positive cells in tu-
mor-infiltrating lymphocytes. The data was gathered using 
the BD LSRFortessa flow cytometer, and the collected data 
was subsequently analyzed using the FlowJo software. 

ELISA
The Mouse TNF-α ELISA Kit (E-EL-M3063, Elabs-

cience, Wuhan, China) and the Mouse Interferon Gamma 
(IFN-γ) ELISA Kit (E-EL-M0048c, Elabscience, Wuhan, 
China) were utilized for the measurement of TNF-α and 
IFN-γ levels in the culture supernatant of CD8+TILs. 

qPCR. 
Total microRNAs were isolated using MiPure Cell/Tis-

sue miRNA Kit (RC201, Vazyme, Nanjing, China). miR-
26a-5p levels were detected by using the miRNA Universal 
SYBR qPCR Master Mix (MQ101-01, Vazyme, Nanjing, 
China) after reverse transcription of the miRNA to cDNA 
with the miRNA 1st Strand cDNA Synthesis Kit (by tailing 
A) (MR201-01, Vazyme, Nanjing, China). Detection was 
performed using the Accurate 96 Real-time fluorescence 
quantitative PCR System (Accurate 96, DLAB, Beijing, 
China). The experiment utilized the following primers: 
U6 (forward primer: 5′- GCTTCGGCAGCACATATAC-
TAAAAT-3′; reverse primer: 5′- CGCTTCACGAATT-
TGCGTGTCAT′); miR-26a-5p (forward primer: 5′- TT-
CAAGTAATCCAGGATAGGCT-3′); and reverse primer: 
universal primers provided with the kit. The comparative 
Ct (2−ΔΔCT) method was utilized to calculate the relative 
gene expression, with genes normalized to U6. 

Western blot. 
Cells were disrupted by employing RIPA buffer contai-

ning a blend of protease inhibitors and phosphatase inhi-
bitors. Quantification of protein concentrations was per-
formed using the TaKaRa BCA Protein Assay Kit from 
TaKaRa (Tokyo, Japan) (T9300A). Subsequently, the 
SDS-PAGE technique was utilized to segregate uniform 
quantities of total protein, which were then translocated 
onto PVDF membranes (Millipore, Bedford, MA, USA). 
To impede nonspecific binding, a solution comprising 
5% non-fat milk in Tris-buffered saline was applied for 
a span of 1 hour. Post this step, primary antibodies were 
introduced and allowed to incubate at a temperature of 
4°C overnight. After a series of washes using TBST, the 
membranes underwent probing with appropriate seconda-
ry antibodies tagged with HRP, and this was followed by 
an incubation of 2 hours at room temperature. The antibo-
dies that bound were visualized through autoradiography 
using ECL reagents (180-5001, Tanon, Shanghai, China). 
The antibodies used in the experiment included Mouse 
Anti-Gapdh mAb (TA-08; ZSGB-BIO, Beijing, China) at 
a dilution of 1:2000, mTOR (7C10) Rabbit mAb (#2983; 
CST, Danvers, MA, USA) at a dilution of 1:1000, Phos-
pho-mTOR (Ser2448) (D9C2) XP® Rabbit mAb (#5536; 
CST, Danvers, MA, USA) at a dilution of 1:1000, PI3 
Kinase p110 Alpha Monoclonal antibody (67071-1-Ig; 

dimension reduction (such as t-SNE, UMAP) and exhi-
biting marker gene patterns similar to two or more other 
clusters were designated as doublets and excluded from 
subsequent analysis. SCANPY was employed for data 
analysis and visualization with the following steps: 1. 
Expression levels were normalized to counts per 10,000 
(NC). 2. Log2 transformation: log2(NC + 1). 3. Highly va-
riable genes (HVG) were selected based on log-transfor-
med data. 4. Principal component analysis (PCA) was per-
formed using HVGs. If specific cell subsets required ana-
lysis, the HVG and PCA steps were repeated. To integrate 
data from different samples and 10× experiment versions, 
SCVI (version 0.19.0) (29) was applied to the HVGs for 
each sample. UMAP and Leiden clustering were perfor-
med using SCANPY based on the SCVI-corrected latent 
space. Data visualization utilized SCANPY and seaborn. 

Cell culture 
Mouse colon cancer cell CT26. WT was purchased 

from Wuhan Procell Life Science & Technology Co., Ltd. 
(Wuhan, China). The cells containing 10% FBS and 1% 
penicillin/streptomycin were cultured in RPMI-1640 me-
dium at 37℃ in a 5% CO2 incubator. 

Isolation, culture and activation of CD8+TILs 
The isolation and culture of TILs were referred to the 

methods of Li et al. (22) In brief, CT26 cells were inocu-
lated subcutaneously into C57BL/6 mice (Charles River), 
and after a duration of two weeks, the mice were subjec-
ted to cervical dislocation for euthanasia purposes. Sub-
sequently, the tumor nodules located beneath the skin were 
surgically excised. The tumor tissue was fully cut into 1 
mm3 and digested in RPMI medium containing DNaseI 
(#07900, Stemcell, Vancouver, Canada) and Collage-
nase IV (#07909, Stemcell, Vancouver, Canada), filtering 
with a 70 μm cell strainer. Mouse tumor infiltrating tissue 
lymphocyte isolation fluid kit (P9000, Solarbio, Beijing, 
China) was used to extract total TILs. CD8+TILs were 
isolated by EasySep™ Mouse CD8+ T Cell Isolation Kit 
(#19853, Stemcell, Vancouver, Canada). The isolated 
CD8+ TILs were cultured using RPMI-1640 base medium 
containing 10%fetal bovine serum and 2 ng/ml mIL-2 
(CK24, Novoprotein). The T cell medium contained a 
mouse CD3/CD28 T cell activator (11456D) during the 
initial culture. 

Cell viability assay (CCK-8 method). 
Cells of the logarithmic growth stage were centrifuged, 

suspended and counted. Afterward, the cells were intro-
duced into 96-well plates with a density of 5×103 per well 
and nurtured using 100 ul of full medium. Following a 
24-hour incubation period, 10 microliters of CCK-8 solu-
tion were introduced into every well and left to incubate 
at a temperature of 37 degrees Celsius for a duration of 
2 hours. Following incubation, the absorbance at a wave-
length of 450 nm was determined using the enzyme label. 

Apoptosis evaluated by flow cytometry. 
CT26 cells were inoculated in 6-well plates at a den-

sity of 3×105/ well. After co-culture with tumor-infiltra-
ting lymphocytes for 48 h, Annexin V-FITC/PI Apoptosis 
Detection Kit (A211-01, Vazyme, Nanjing, China) was 
used for staining. The percentage of apoptotic cells was 
measured by flow cytometry. Double-positive cells in the 
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proteintech, Rosemont, IL, USA) at a dilution of 1:1000, 
RabbitAnti-phospho-PI3KCA (Tyr317) antibody (bs-
5570R; Bioss, Woburn, MA, USA) at a dilution of 1:500, 
AKT Monoclonal antibody (60203-2-Ig; proteintech, Ro-
semont, IL, USA) at a dilution of 1:1000, Phospho-AKT 
(Ser473) Monoclonal antibody (66444-1-Ig; proteintech, 
Rosemont, IL, USA) at a dilution of 1:500, Anti-KAT3B / 
p300 antibody (EPR23495-268) - ChIP Grade (ab275378; 
abcam, Cambridge, MA, USA) at a dilution of 1:1000, 
Caspase-9 Antibody (#9504; CST, Danvers, MA, USA) 
at a dilution of 1:500, Caspase 3/p17/p19 Polyclonal anti-
body (19677-1-AP; proteintech, Rosemont, IL, USA) at a 
dilution of 1:500, Bcl2 Monoclonal antibody (68103-1-Ig; 
proteintech, Rosemont, IL, USA) at a dilution of 1:500, 
BAX Polyclonal antibody (50599-2-Ig; proteintech, Rose-
mont, IL, USA) at a dilution of 1:500, HRP, Goat Anti-
Rabbit IgG (A21020; Abbkine, Wuhan, China) at a dilu-
tion of 1:10000, and HRP, Goat Anti-Mouse IgG (A21010; 
Abbkine, Wuhan, China) at a dilution of 1:10000. 

Lactate Dehydrogenase (LDH) Assay. 
The LDH cytotoxicity assay kit (C0016, Beyotime, 

Shanghai, China) was used to evaluate cell death. After 
48 hours of co-culturing CT26 cells with CD8+TILs, the 
resulting culture supernatants were transferred to a 96-
well plate. Furthermore, all cells were lysed at the highest 
absorbance, while the absorbance of the culture medium 
served as the control. Afterward, the mixture of chemicals 
was introduced into a 96-well plate and left to incubate for 
30 minutes at ambient temperature. Following the addi-
tion of the stop solution, the spectrophotometer was used 
to measure the OD values at 490 nm and 600 nm. The 
calculation of cell death ratio was performed by applying 
the subsequent equation: Cell death percentage equals 
(Absorbance sample minus Absorbance control) divided 
by (Absorbance maximum minus Absorbance control), 
multiplied by 100. 

Experiments using the Dual-Luciferase Reporter As-
says. 

To confirm the interaction of miR-26a-5p with its pos-
sible target gene EP300. Lipofectamine 3000 (L3000075, 
Invitrogen, Carlsbad, CA, USA) was employed for the co-
transfection of miR-26a-5p mimics and EP300 wild-type 
and mutant plasmid. After a 48-hour period, the Dual-Lu-
ciferase Reporter Assay System from Promega located in 
Maddison, WI, WI was utilized. USA) Detect the Renilla 
luciferase and firefly luciferase activities. Firefly lucife-
rase activity was normalized using Renilla luciferase acti-
vity as an internal control. MiaoLingBio, a company based 
in China, synthesized the reporter genes with EP300-WT 
and EP300-Mut. 

Cell Transfection with miRNA mimic and inhibitor. 
2×105 cells in the logarithmic growth phase were added 

to each well of 6-well plates. The micrON mmu-miR-26a-
5p mimic (miR10000533-1-5, RIBOBIO, Guangzhou, 
China) was transfected overnight with the riboFECT CP 
Transfection Kit (C10511-05, RIBOBIO, Guangzhou, 
China). The cells were transfected with micrOFF mmu-
miR-26a-5p inhibitor (miR20000533-1-5, RIOBIO, 
Guangzhou, China) and negative controls (NC) (RIOBIO, 
Guangzhou, China) at a transfection reagent concentration 
of 25 nM. 

Gene Knockdown
The plasmid pLV3-U6-Ep300(mouse)-shRNA1-Co-

pGFP-Puro(P47732) was acquired from MiaoLingBio in 
China. The manufacturer's instruction was followed to 
package recombinant lentiviruses. Cultivated cells were 
exposed to lentiviral fluids containing 8 μg/mL polybrene 
for a duration of 24 hours. Following this, a new solution 
was introduced into the medium, which was then incuba-
ted for an extra 48 hours. Cells were chosen for stable cell 
line generation using a puromycin concentration of 3 μg/
mL. 

Statistical analysis
The data were presented as mean ± SD and were ana-

lyzed using Statistic Package for Social Science (SPSS) 
22.0 (IBM, Armonk, NY, USA) and GraphPad Prism 8.0 
software (La Jolla, CA, USA). To examine the disparity 
between the two groups, the t-test was conducted. Data 
from three separate experiments were collected. A P-value 
below 0.05 was deemed statistically significant.

Results

Expression of miR-26a-5p in different anatomical sites 
and cells. 

We obtained samples of human colorectal cancer core, 
cancer margin, para-cancerous tissue, and normal human 
colon tissue from public databases. After conducting qua-
lity assurance (Figure 1A, 1B), we acquired a grand total 
of 81,605 cells, comprising 39,437 cells from healthy 
tissue, 15,241 cells from tumor cores, 13,428 cells from 
tumor margins, and 13,499 cells from paracancerous tis-

Figure 1. Expression of miR-26a-5p in different anatomical sites 
and cells. (A) Expression of miR-26a-5p in normal, carcinoma, and 
para-carcinoma tissue. (B) Summary of the samples in this study. (C) 
UMAP of cells by cluster based on gene expression. (D) UMAP of 
cells based on gene expression and colored according to different tis-
sues. Average expression of the target gene of miR-26a-5p in immune 
cells included T cells (E), B cells (F), Plasma cells (G), Macrophage 
(H), and Mast cells (I).
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sue. By utilizing established genes that serve as markers 
for specific cell types (Figure 1C, 1D), we successfully 
carried out the annotation of cell types. For the purpose 
of examining how miR-26a-5p impacts on tumor-infiltra-
ting lymphocytes, we calculated the average expression 
of target genes interacting with miR-26a-5p in each cell 
and contrasted the target gene's expression across diverse 
immune cells (Figure 1E-I). In cancer cells, the average 
expression levels of genes influenced by miR-26a-5p 
consistently appear to be lower than those observed in T 
cells, B cells, plasma cells, macrophages, and mast cells.

 
The function of CD8+TILs is restrained by miR-26a-
5p. 

We transfected CD8+TILs with synthetic miR-26a-5p 
mimics to validate whether miR-26a-5p takes part in re-
gulating CD8+TILs' activity. According to Figure 2A, the 
qPCR findings revealed an increase in the expression of 
miR-26a-5p in CD8+TILs from the mimics cohorts. Ne-
vertheless, an unchanged result was observed in control 
cohorts. This outcome implies that miR-26a-5p mimics 
perhaps can augment the presence of miR-26a-5p in CD8+ 
TILs. Subsequently, we examined how miR-26a-5p affec-
ted the survival of CD8+TILs. According to the findings in 
Figure 2B, in the CCK-8 experiment, it was observed that 
the cohorts of miR-26a-5p mimics exhibited a reduced via-
bility of CD8+TILs in comparison to both the Control and 
NC cohorts. Furthermore, we investigated how miR-26a-
5p influences the level of CD107a observed in CD8+TILs. 
According to the data presented in Figure 2C, The findings 
from flow cytometry revealed that the miR-26a-5p mimics 
cohorts exhibited a decrease in CD107a expression within 
CD8+TILs, in contrast to both the Control and NC cohorts. 

To further investigate how miR-26a-5p affects the cyto-
toxicity of CD8+TILs, we evaluated its influence on the 
quantity of IFN-γ and TNF-α within CD8+TILs. The out-
come of the ELISA experiment, as illustrated in Figures 
2D and E, demonstrate the presence of cytokines levels in 
both the Control and NC cohorts. These outcomes propose 
that miR-26a-5p hinders the functionality of CD8+TILs. 

miR-26a-5p suppressed the PAM signaling pathway’s 
functional involment in CD8+TILs.

To investigate how miR-26a-5p influences the beha-
vior of CD8+TILs, we transfected miR-26a-5p mimics and 
inhibitors to CD8+TILs. As shown in Figure 3, Western 
blot results discovered that miR-26a-5p mimics restrained 
the expression levels of phosphorylation of PI3K, AKT, 
and mTOR proteins in CD8+TILs, while not affecting their 
overall abundance. Conversely, the miR-26a-5p inhibitor 
enhanced the quantities of phosphorylated PI3K, AKT, 
and mTOR proteins in CD8+TILs, with no influence on the 
total protein levels. Our discoveries imply a connection 
between the abundance of miR-26a-5p and the functioning 
of the PAM signaling pathway in CD8+TILs. miR-26a-5p 
restrains the activity of the PAM signaling pathway in 
CD8+TILs. 

EP300 is the target of miR-26a-5p. 
Resources were provided by the TargetScan database 

(http://www.targetscan.org/) and the miRDB database 
(http://mirdb.org/), an analysis was conducted to inves-
tigate the binding mechanism between miR-26a-5p and 
EP300, as depicted in Figure 4A. By utilizing a dual-lu-
ciferase reporter gene assay, the confirmation of the direct 
binding between miR-26a-5p and the 3'UTR of EP300 
was established. This result is visually represented in Fi-
gure 4B. The findings showed that when miR-26a-5p mi-
mics were introduced, there was a decrease in luciferase 
activity in 293T cells. These cells had been transfected 
with a plasmid that carried the wild-type EP300 3'UTR 
sequence. However, when a plasmid containing a mutant 
EP300 3'UTR was transfected, the luciferase activity of 
293T cells remained unaffected. 

miR-26a-5p influences the functionality of the PAM si-
gnaling pathway within CD8+ TILs by targeting EP300. 

To validate whether miR-26a-5p modulates the func-
tionality of the PAM signaling pathway in CD8+TILs pre-
sent within tumor tissues, by directly influencing EP300, 
we performed co-transfections of a miR-26a-5p inhibitor 

Figure 2. The function of CD8+TILs is restrained by miR-26a-5p. (A) 
Following the introduction of miR-26a-5p mimics or miR-26a-5p ne-
gative control, CD8+TILs underwent qPCR assessment after 48 hours 
of transfection. (B) The cell viability of CD8+TILs in the control, 
NC, and mimics cohorts was determined through the employment of 
CCK-8 assay. (C) The expression levels of CD107a in CD8+TILs in 
the control, NC, and mimics cohorts were determined through the em-
ployment of flow cytometry. (D, E)ELISA was employed to identify 
the quantities of IFN-γ and TNF-α present in the supernatant of the 
CD8+TILs culture medium in the control, NC, and mimics cohorts. * 
for P<0.05, ** for P<0.01, and *** for P<0.001. 

Figure 3. miR-26a-5p suppressed the PAM signaling pathway’s func-
tional involment in CD8+TILs. The Western Blot technique was em-
ployed to identify the presence of proteins linked to the PAM pathway 
in the Con, NC, mimics, and inhibitor cohorts. *P < 0.05, **P < 0.01, 
and ***P < 0.001. 
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and a plasmid carrying EP300-specific shRNA in CD8+ T 
lymphocytes isolated from tumor-infiltrated regions. Sub-
sequently, we evaluated whether introducing sh-EP300 
through transfection could reverse the impact caused by 
inhibition of miR-26a-5p. According to findings in Figure 
5A, the Western Blot data demonstrated that suppressing 
miR-26a-5p triggered an elevation in the protein levels 
of EP300 within CD8+TILs. Conversely, the suppressive 
influence of sh-EP300 nullified the upregulatory out-
come caused by the miR-26a-5p inhibitor on the levels 
of EP300 protein. Figure 5B illustrates that the presence 
of sh-EP300 has the ability to counteract the augmented 
influence caused by the miR-26a-5p inhibitor on the via-
bility of CD8+TILs. Additionally, Figure 5C reveals that 
sh-EP300 can counteract the promotive influence of the 
miR-26a-5p inhibitor on the levels of CD107a observed 
in CD8+TILs. The ELISA method was utilized to deter-
mine the IFN-γ and TNF-α levels in the supernatant of the 
CD8+TILs culture medium. As depicted in Figure 5D, the 
presence of the miR-26a-5p inhibitor led to elevated levels 
of IFN-γ and TNF-α in the culture supernatant, whereas 
EP-300 could counteract its promotive effect. Finally, the 
Western Blot technique was utilized to examine the pro-
teins variations pertaining to the PAM signaling pathway 
in CD8+TILs. The miR-26a-5p inhibitor exhibited an 
augmenting effect on the levels of p-PI3K, P-AKT, and 
p-mTOR proteins, as depicted in Figure 5E, resembling 
the previous section. The levels of p-PI3K, P-AKT, and 
p-mTOR proteins showed a reduction in response to Sh-
EP300 when the miR-26a-5p inhibitor was present. Our 
findings suggest that miR-26a-5p directly target EP300, 
leading to the modulation of CD8+TILs. Additionally, this 

interaction has an impact on the regulatory condition of 
the PAM signaling pathway. 

miR-26a-5p targets EP300 to inhibit the activity of 
CD8+TILs and promote the survival of colon cancer 
cells. 

To confirm whether miR-26a-5p regulates CD8+TILs 
by targeting EP300 and impacts tumor cell survival, we 
simultaneously introduced miR-26a-5p inhibitor and 
EP300-specific shRNA plasmid into CD8+TILs. Sub-
sequently, we co-cultured these cells with CT26 cells. We 
investigated the transfection of sh-EP300 to assess if it 
could negate the cytotoxicity of CD8+TILs by enhancing 
the impact of miR-26a-5p inhibitor. According to the data 
shown in Figure 6A, the LDH detection results indicated 
that the volume of LDH secretion by CT26 cells increased 
in the co-cultured system with CD8+TILs, in contrast to 
the control cohort of CT26 cells. In the TILs co-culture 
system, the LDH levels of CT26 cells were further en-
hanced by inhibiting miR-26a-5p. However, the increase 

Figure 4. EP300 is the target of miR-26a-5p. (A) Bioinformatics ana-
lysis has identified potential interaction sites between miR-26a-5p and 
EP300, suggesting a possible binding between them. (B) Utilizing a 
double luciferase reporter gene assay, we aimed to validate the impact 
of introducing miR-26a-5p mimics through transfection. This was 
achieved by observing the alteration in luciferase activity of both the 
EP300 3' UTR wild type and mutant plasmids. *P < 0.05, **P < 0.01, 
***P < 0.001. 

Figure 5. miR-26a-5p influences the functionality of the PAM si-
gnaling pathway within CD8+ TILs by targeting EP300. (A) After 
transfection with miR-26a-5p inhibitor and sh-EP300 for 48 h, the 
expression level of EP300 expressed in CD8+TILs was detected by 
Western-Blot assay. (B) Cell viability of CD8+TILs in Con, inhibitor 
and inhibitor+sh-EP300 cohortss was measured by CCK-8 assay. (C) 
The expression level of CD107a in CD8+TILs of Con, inhibitor and 
inhibitor+sh-EP300 cohortss was detected by flow cytometry. (D, E) 
The contents of IFN-γ and TNF-α in the supernatant of CD8+TILs 
culture medium of Con, inhibitor and inhibitor+sh-EP300 cohortss 
were detected by ELISA. (F) The expression levels of PAM signa-
ling pathway related proteins in CD8+TILs of Con, inhibitor and 
inhibitor+sh-EP300 cohortss were measured by Western-Blot method. 
*P < 0.05, **P < 0.01, ***P < 0.001 indicates a statistical difference. 
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in LDH levels of CT26 cells caused by miR-26a-5p inhibi-
tor existed in TILs co-culture system was counteracted by 
sh-EP300. According to the findings in Figure 6B, Flow 
cytometry data showed that the co-cultured TILs system 
increased the apoptosis rate of CT26 cells in contrast to the 
CT26 cell control cohorts. Inhibition of miR-26a-5p fur-
ther facilitate the apoptosis rate of CT26 cells in the TILs 
co-culture system, while sh-EP300 could counteract the 
increase in apoptosis ratio of CT26 cells induced by miR-
26a-5p inhibitor in the TILs co-culture system. Figure 6C 
showed that the TILs co-culture system significantly led 
to elevated levels of pro-apoptotic proteins (Cleaved-Cas-
pase3, Cleaved-Caspase9, and Bax) and decreased levels 
of apoptosis suppressor protein (Bcl-2) in CT26 cells, in 
comparison to the control cohorts CT26 cells. The miR-
26a-5p inhibitor resulted in a greater expression of apop-
tosis-related proteins. However, the introduction of sh-
EP300 was able to reverse the alteration in the expression 
of these proteins caused by the miR-26a-5p inhibitor in the 
co-culture system of CT26 cells.

Discussion

Surgical removal remains the primary and foundational 
approach for the treatment of colorectal cancer. This often 
involves resecting the affected portion of the colon or rec-
tum to remove the cancerous tissue. However, the mana-
gement of colorectal cancer typically involves a multidis-
ciplinary approach, which may include the supplementary 
use of chemotherapy and radiation therapy. Chemotherapy 
is employed to target cancer cells throughout the body. It 
utilizes drugs that circulate through the bloodstream, rea-
ching cancer cells even when they have spread beyond 
the primary tumor site. Radiation therapy, on the other 
hand, employs high-energy beams to target and destroy 

cancer cells. It is often used after surgery to eliminate 
any remaining cancer cells or as a palliative measure to 
relieve symptoms in advanced cases. While surgical and 
traditional treatment methods have been effective, there is 
growing optimism surrounding immunotherapy as an ad-
ditional and promising approach. Immunotherapy distin-
guishes itself from conventional treatments by leveraging 
the innate defense mechanism of the organism to coun-
teract cancer. This approach offers several advantages, 
notably the potential to minimize the adverse effects on 
normal cells caused by conventional tumor treatments. Tu-
mor immunotherapy has shown significant promise in pre-
venting cancer metastasis and reducing the risk of recur-
rence (30). Key to its success is the presence of Cytotoxic 
Lymphocytes within the TME. They have a pivotal func-
tion in mounting an immune reaction targeting the tumor 
(31). CD8+TILs are known for their cytotoxicity, meaning 
they have the ability to directly kill malignant tumor cells. 
Their proper function is crucial in impeding the progres-
sion of tumor malignancy. Conversely, when CD8+TILs 
become dysfunctional or depleted, it can exacerbate the 
aggressiveness of the tumor (32). While surgical removal 
remains the primary treatment approach for colorectal can-
cer, the integration of chemotherapy and radiation therapy 
is common practice. Immunotherapy presents a promising 
advancement in cancer treatment by leveraging the body's 
immune system to combat tumors while minimizing col-
lateral damage to healthy cells. The presence and functio-
nality of CD8+TILs within the tumor microenvironment 
are pivotal in orchestrating an effective immune response 
against colorectal cancer, ultimately contributing to better 
outcomes and reduced risk of metastasis and recurrence. 

MicroRNAs (miRNAs) are pivotal in post-transcriptio-
nal gene regulation, particularly in the context of immune 
cells within the tumor microenvironment (TME). In our 
preliminary investigations, We uncovered a robust corre-
lation linking miR-26a-5p with the function of infiltrating 
T lymphocytes within tumors. Employing a combination 
of bioinformatics predictions and experimental validation, 
we confirmed the significant role of EP300 in governing 
CD8+ tumor-infiltrating T lymphocyte activity through 
miR-26a-5p. This highlights a recurring theme wherein 
miRNAs serve as potential mechanisms for tumor cells to 
evade immune surveillance by modulating immune cell 
activity. Additionally, we observed that reduced miR-34a 
levels in the TME lead to increased LDHA expression 
and lactate accumulation. This, in turn, diminishes T lym-
phocyte infiltration, enabling gastric cancer cells to evade 
immune suppression effectively (33). Conversely, heigh-
tened expression of miR-155 enhances the cytotoxicity of 
CD8+ tumor-infiltrating lymphocytes in melanoma (34), 
while elevated levels of miR-34a-5p or miR-22-3p inhi-
bit the activity of these lymphocytes (35). This parallels 
our findings with miR-26a-5p, indicating that dysregula-
ted miRNA expression profoundly influences the beha-
vior of tumor-infiltrating T lymphocytes within the TME. 
However, it's crucial to note that our investigation couldn't 
pinpoint the exact source of miR-26a-5p within the TME. 
This unresolved mystery will be a primary focus for fu-
ture studies in our quest to comprehensively understand 
the intricate regulatory network of miRNAs in the TME 
and their impact on immune cell dynamics. Uncovering 
the origin of miR-26a-5p will undoubtedly shed more light 
on the complex interplay between miRNAs, immune cells, 

Figure 6. miR-26a-5p suppresses CD8+TILs activity and enhances 
the viability of colon cancer cells by directly targeting EP300. LDH 
levels were measured in each group when CT26 cells were co-cultu-
red with CD8+TILs after 48 h (B) The ratio of apoptosis was evaluated 
in each group by employing AnnexinV/PI flow cytometry following 
a 48-hour co-culture of CT26 cells with CD8+TILs. (C) Western-Blot 
assay was employed to determine the statistical significance in the ex-
pression of apoptosis-related proteins among each cohort. The experi-
ment involved co-culturing CT26 cells with CD8+ TILs for a duration 
of 48 hours. *P < 0.05, **P < 0.01, and ***P < 0.001. 
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and tumor cells. 
In cellular environments, the intricate interplay between 

EP300 and miR-26a-5p has been unveiled, substantiated 
by dual luciferase reporter gene assays. These interactions 
contribute to a dynamic regulatory network. As pivotal 
transcriptional coactivators, EP300 and CBP govern his-
tone acetylation through their Histone Acetyltransferase 
(HAT) activity, wielding profound influence over trans-
criptional regulation while displaying high conservation 
(36,37). This process involves the acetyl groups being 
transferred to the ε-amino units found within histone 
lysine residues, fostering heightened histone acetylation 
levels and thereby fostering the expression of a plethora 
of genes (38). The role played by EP300 within the Tumor 
Microenvironment (TME) is remarkably dualistic. On one 
facet, an excess of EP300 potentially expedites cancer cell 
initiation and progression. Noteworthy reports delineate 
how the NF-κB/EP300 signaling pathway is set into mo-
tion by CXCL1, thereby underpinning the advancement 
of colon cancer (39). Conversely, quelling EP300 activity 
expedites NF-κB-triggered Foxp3 expression, impeding 
the generation of TGF-β-induced Tregs. This inhibition 
effectively diminishes the Foxp3 Tregs subset amidst tu-
mor-infiltrating lymphocytes, consequently heightening 
cytotoxicity against tumors (40). 

The intricate interplay between EP300 and the PAM 
pathway was illuminated through comprehensive inves-
tigations, including a notable recovery experiment. This 
experiment aptly showcases that EP300 plays a pivotal 
role in modulating the PAM pathway for its initiation. 
This finding harmonizes seamlessly with previous scho-
larly reports which affirm that EP300 exerts its influence 
by orchestrating the elevation of H3K27ac levels, thereby 
propelling the excitation of the PAM axis (41). Further-
more, intriguing insights have emerged from specific stu-
dies that highlight a reciprocal relationship. Notably, the 
PAM pathway assumes a commanding role in dictating 
the expression levels of EP300. Through intricate mecha-
nisms, this pathway fosters heightened activation, thereby 
providing impetus to the augmentation of EP300 expres-
sion. This orchestrated activation of EP300 subsequently 
cascades into the transactivation of the SOX9 gene trans-
cription. Remarkably, this molecular symphony takes cen-
ter stage in the intricate regulation of phenotype within 
intervertebral disc nucleus cells (42). Yet, it is important 
to underscore that the interaction between EP300 and the 
PAM signaling pathway defies a simplistic cascade model. 
This nexus between EP300 and the PAM axis is poised to 
be more intricate and nuanced, thus necessitating a dee-
per plunge into comprehensive research endeavors. The 
contours of this intricate crosstalk demand further probing 
to unravel the complex regulatory dance that underlies the 
interplay between EP300 and multifaceted PAM pathway. 
In essence, the fascinating relationship beckons for a dee-
per understanding, shedding light on the orchestration of 
molecular mechanisms that govern cellular phenotypic 
regulation. 

Conclusions
In this study, we explored the function and underlying 

molecular mechanisms of miR-26a-5p concerning the be-
havior of CD8+TILs. The empirical outcomes indicate that 
miR-26a-5p hinders the operation of CD8+TILs by redu-
cing the extent of activation within the PAM signaling pa-

thway. EP300 was pinpointed as a downstream target gene 
affected by miR-26a-5p. Suppression of EP300 countered 
the heightened operation of CD8+TILs triggered by the 
introduction of the miR-26a-5p inhibitor. Furthermore, 
EP300 facilitated the control exerted by miR-26a-5p over 
the degree of activation in the PAM signaling pathway. 
Diminishing EP300 presence mitigated the escalated acti-
vation of the PAM signaling pathway caused by the miR-
26a-5p inhibitor. These empirical findings contribute to an 
improved comprehension of how alterations in miRNA 
levels impact TME. The strategic targeting of miRNAs 
could potentially amplify the effectiveness of immune the-
rapy utilizing CD8+TILs for treating tumors. 
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