
Abstract  
Considering the second-highest global death rate, Colorectal 

Cancer (CRC) is the second most prevalent form of cancer in 
women and the third most frequent cancer type in men. Bruton’s 
Tyrosine Kinase (BTK) is a soluble tyrosine kinase that plays essen-
tial functions in B cell maturation, development, and signaling. It 
has been discovered that BTK controls cell migration, survival, and 
proliferation in a variety of B-cell malignancies. The category of 
short non-coding RNAs known as microRNAs (miRNAs) is 

involved in several biological processes, including the development 
and propagation of tumors. The current study was designed to meas-
ure the gene expression level of the BTK gene and miR-4516 in Iraqi 
CRC patients; 100 blood samples were collected, RNA extracted, 
converted into cDNA, and then expression levels were measured 
using quantitative real-time PCR.  The results showed that there 
were statistically significant differences among the patients and the 
control with a P-value =0.005 in the expression level of miR-4516, 
while the results of the BTK gene showed that there were no signif-
icant differences between the CRC patients and control groups of 
the current study.  This study reveals that non-detectable levels of 
BTK secretion may be attributed to miR-4516 mediated suppression 
or due to BTK possessing a dual role in tumorigenesis, capable of 
either promoting tumor growth or inducing programmed cell death. 
Elevated levels of miR-4516 are believed to contribute to the devel-
opment of CRC by regulating the expression of specific genes, 
including BTK, making it a promising target for both monitoring 
and therapeutic of the disease. 

 
 

Introduction 
The accumulation of genetic and epigenetic changes in colon 

epithelial cells causes Colorectal Cancer (CRC), a complicated dis-
ease. These alterations have the potential to interfere with a variety 
of biological activities, such as angiogenesis, DNA repair, apopto-
sis, and cell division.1 CRC is a disease characterized by the abnor-
mal proliferation of cells within the colon or rectum. In all disci-
plines of research and clinical practice, Rectal Cancer (RC) and 
Colon Cancer (CC) are considered a single disease entity, collec-
tively referred to as CRC. This classification is predicated on the 
anatomical and functional unity of the large bowel, where both RC 
and CC originate.2 CRC is the fourth type of cancer-related death 
globally and the third most common malignancy in terms of diag-
noses.3 According to the Iraqi Cancer Registry in 2020, CRC ranks 
third among the top ten most common cancers in Iraq with 2,210 
patients and a 5.34% prevalence. By 2022, CRC had ascended to the 
second position in the top ten, with 2,871 cases and a 7.3% preva-
lence.4 

Bruton’s Tyrosine Kinase (BTK) gene is well-known for being 
extensively expressed in B cell malignancies like chronic lympho-
cytic leukemia, mantle cell lymphoma, and multiple myeloma in 
addition to its physiological roles.5 Therefore, it was suggested that 
inhibiting BTK could have a therapeutic effect because it is a sig-
nificant participant in the carcinogenic activity in these disorders.6 
BTK inhibitors have demonstrated encouraging anti-tumor effects, 
initially in B-cell malignancies and also in additional tumor types.7 
Immune and stromal scores had a positive correlation with BTK 
expression.8 BTK is a predictive biomarker in a variety of cancers, 
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and it is intimately related to the remodeling of the tumor microen-
vironment.9 Numerous investigations revealed that BTK stimulates 
tumor growth, angiogenesis, and immunosuppression and is strong-
ly expressed in tumor-associated macrophages, the primary con-
stituent of the tumor microenvironment (TME).10,11 According to 
the National Center for Biotechnology Information (NCBI), the 
BTK gene codes for the production of the BTK protein; BTK gene 
is found on the Xq22.1 chromosome and is essential for several cel-
lular functions, such as migration, survival, and proliferation; it is a 
protein-coding gene (molecular mass about 76,281 Da) with 21 
exons and 659 amino acids. The size of the gene was 41,459 bases 
with minus strand orientation.12 According to GeneCards, the Tec 
family is a group of non-receptor tyrosine kinases involved in vari-
ous cellular signaling pathways; particularly in immune cells. They 
play a crucial role in regulating cell proliferation, differentiation, 
and activation. This includes BTK, which is essential for the devel-
opment, maturation, and activation of B cells, mast cells, and 
myeloid cells. BTK activation is initially triggered by its membrane 
localization, which depends on the synthesis of phosphatidylinosi-
tol (3,4,5)-trisphosphate (PIP3).13 Following its discovery, BTK has 
been thought to be a tissue-specific kinase that is only expressed in 
bone marrow-derived cells.14 A complex post-transcriptional mech-
anism mediates the production of a novel isoform of BTK outside 
the hematopoietic compartment.15 Furthermore, the findings that 
BTK is a potent oncoprotein acting downstream of the pathway and 
that its inhibition significantly impacts colon cancer cell prolifera-
tion and survival suggest that p65BTK acts as an oncogene and 
might be a novel, promising therapeutic target in this disease.3 
Deregulation of the mitogen-activated protein kinase/extracellular-
signal-regulated kinase (RAS/ERK) signaling pathway, a key intra-
cellular cascade mediating cellular responses to extracellular stim-
uli, is a common occurrence in colon cancer. This pathway governs 
essential cellular processes, including growth, proliferation, differ-
entiation, and survival.15,16 Since p65BTK is an obligatory effector 
of RAS-mediated transformation and an entirely novel isoform of 
BTK according to previous investigation, it is overexpressed in 
colon malignancies, and its inhibition may have an impact on the 
clonogenicity of NSCLC cell lines by assessing colony growth in 
the presence of increasing p65BTK inhibitor doses.17 Lung adeno-
carcinoma, skin melanoma, colon adenocarcinoma, uterine 
endometrioid adenocarcinoma, and diffuse large B-cell lymphoma, 
not otherwise defined, have the highest prevalence of mutations in 
BTK, which is altered in 1.27% of all malignancies.18 The BTK gene 
encodes for the production of BTK, a protein that is required for B 
cell growth and maturation. Crucial chemical signals that instruct B 
cells to develop and generate antibodies are delivered by the BTK 
protein. Additionally, BTK plays a dual role in controlling apopto-
sis. The BTK gene promotes the activity of NF-kappa-B, which 
controls the expression of hundreds of genes.19–21 

Endogenous, non-coding short RNAs known as microRNAs 
(miRNAs) are evolutionarily conserved and essential for regulating 
gene expression in essential physiological processes.22,23 The 
miRNAs are important regulators during the development and 
tumorigenesis of a variety of biological mechanisms, including 
hematopoiesis, organogenesis, cell proliferation, differentiation, and 
apoptosis, as well as the occurrence, invasion, and metastasis of 
tumors, according to studies.24 MiRNAs can function as either onco-
genic or tumor suppressors by blocking the expression of tumor sup-
pressor genes. They may achieve that by blocking the production of 
oncogenes. Because miRNAs are located inside fragile regions in the 
genome, they can be dysregulated by a wide range of genetic alter-
ations, including deletions, amplifications, translocations, and point 
mutations.25 MiRNAs, which include miR-4516, a short non-coding 

RNA (20–24 nt) that regulates the translation and stability of 
miRNAs, play a role in the post-transcriptional regulation of gene 
expression in multicellular organisms. MiR-4516 gene possesses just 
one exon and is positioned on chromosome 16p13.3.26 Previous 
research has indicated that overexpression of miR-4516 has an 
impact on malignant tumors;27,28 specifically, it has been shown to 
suppress pancreatic cancer cell proliferation, migration, and inva-
sion while promoting cell apoptosis in vitro.29 According to recent 
studies, miRNAs are not routinely expressed in the peripheral blood 
of CRC patients, but they are also linked to the development of CRC 
and may be employed as biomarkers.30 As molecular biotechnology 
has developed in recent years, investigators have identified an 
assortment of miRNAs linked to CRC, each of which plays a role in 
the disease’s sophisticated biological mechanisms.31 Few findings 
on miR-4516 being differentially expressed in colon cancer serum 
have been made, although it is present in the serum of patients with 
esophageal squamous cell carcinoma.32 Nevertheless, little has been 
identified about BTK’s prognostic significance in human malignan-
cies. The dual spectrum of action of BTK inhibitors on other binding 
enzymes (such as the ERBB family and the significance of BTK in 
TME) may be linked to the possible mechanisms of these inhibitors 
in solid tumors.33 Oncogenes including BTK and miRNAs interplay 
in a complicated and constantly evolving mechanism. 
Understanding the precise processes through how miR-4516 con-
trols BTK expression in CRC may help to clarify the molecular 
pathophysiology of the condition and pinpoint potential therapies. 
As a result, the current study sought to assess BTK gene expression 
and the miR-4516 that corresponds with it in Iraqi patients with CRC 
Patients. 

 
 

Materials and Methods 
Sample collection 

The current study included 100 participants divided into two 
groups: in the first group (50 samples) there were patients diagnosed 
with CRC, and the second group (50 samples) was the control group. 
The mean ± SE of age was 54.8±10.21 and 55.6±9.48 years for CRC 
patients and control respectively. The men-to-women percentage of 
the patients group was 54.7% to 45.3% while in the control group 
was 53.4% and 46.6%, respectively. The samples were collected in 
the Oncology Hospital of the Medical City Department, Baghdad, 
Iraq, in the period from February 2022 to October 2022. The study 
design is shown in Figure 1. 

 
Ethical approval 

All procedures were performed following ethical principles of 
the International Ethical Guidelines for Health-related Research 
Involving Humans Prepared by the Council for International 
Organizations of Medical Sciences (CIOMS) in collaboration with 
the World Health Organization (WHO), National Commission for 
the Protection of Human Subjects of Biomedical, and Behavioral 
Research (NIH Publication No. 86–23, revised in 1996). The Ethics 
Committee of Mustansiriyah University approved the current study 
(approval no. 4267 on 29/9/2021). Before their involvement in the 
research, every participant signed an informed consent form.  

 
RNA Extraction 

Total RNA was directly extracted from the whole blood sample 
using the Easy Pure® Blood RNA Kit (cat. no. ER401) (TransGen 
Biotech company, Beijing, China) following the manufacturer’s pro-
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cedure. Total RNA was extracted according to the following steps. 
i) The amount of 500 μL of Red Cell Lysis Buffer 2 (RCL2) was 

added to 200 μL of blood, and the mixture was thoroughly mixed by 
inverting it 4-6 times. The mixture was then incubated on ice for 10 
minutes and mixed 2-3 times by inverting during the incubation 
period. The lysate was centrifuged at 400 × g for 10 minutes at 2-
8°C, and the supernatant was discarded. 

ii) The appropriate volume of Binding Buffer 7 (BB7) (300 μL) 
was added according to the sample requirement, and the cell pellet 
was thoroughly dispersed by vortexing. Then 150 μL of 96-100% 
ethanol was added. The mixture was thoroughly mixed by vortexing 
to disperse the precipitation that may have formed after the addition 
of ethanol. All subsequent centrifugation steps were performed at 
room temperature. 

iii) The mixture was briefly centrifuged, and the entire content 
was added to a spin column. The mixture was then centrifuged at 
12,000 × g for 1 minute, and the flow-through was discarded. 
Subsequently, 500 μL of Clean Buffer 7 (CB7) was added to the spin 
column, centrifuged at 12,000 × g for 30 seconds, and the flow-
through was discarded. 

Optional: When genomic DNA-free RNA was needed, 80 μL of 
DNase I working solution (prepared by mixing 10 μL of DNase I 
with 70 μL of DNase I Reaction Buffer) was added and incubated at 
room temperature for 5 minutes. 

iv) An amount of 500 μL of Wash Buffer 7 (WB7) (ensuring 
ethanol was added to stock solution) was added to the spin column, 
centrifuged at 12,000 × g for 30 seconds, and the flow-through was 
discarded. This step was repeated twice. 

v) The empty spin column was centrifuged at maximum speed 

(≥12,000 × g) to remove ethanol residue, and the column matrix was 
air-dried for several minutes. The spin column was placed into a 
clean 1.5 mL RNase-free tube, 50 μL of RNase-free water was added 
to the center of the column matrix, and the mixture was incubated at 
room temperature for 1 minute. The mixture was centrifuged at 
12,000 × g for 2 minutes to elute the RNA. Finally, the eluted RNA 
was stored at -80°C. 

 
Concentration and purity measurement 

The concentration and purity of extracted RNA were evaluated 
using the NanoDrop OneC (Thermo Fisher Scientific, Waltham, 
Massachusetts, USA) to determine the quality of samples for further 
evaluation in RT-qPCR.  

 
Synthesis of complementary DNA 

The EasyScript® (One-Step gDNA Removal and cDNA 
Synthesis Super Mix) Kits (TransGen Biotech Company, Beijing, 
China) with Cat number (AE311-02) were used to evaluate the 
cDNA synthesis. RNA was reverse transcribed into cDNA was per-
formed in duplicate for two distinct purposes: i) the mRNA analysis: 
the first cDNA synthesis reaction was optimized for the amplifica-
tion of target mRNA transcripts, specifically BTK and the house-
keeping gene GAPDH; ii) the miRNA analysis: The second cDNA 
synthesis reaction was specifically designed for miRNA-4516 and 
U6 gene amplification. This was achieved by the sequential addition 
of 0.2 µL of 100 µM concentration of universal miRNA primers 
(CAGGTCCAGTTTTTTTTTTTTTTTVN)34 and universal reverse 
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Figure 1. Study design of the current investigation.



miRNA primers (GCGAGCACAGAATTAATACGAC)35 to the 
reaction mixture. 

 
Reaction component of cDNA synthesis 

Reaction components for each sample include the following 
components with final volume (22 µL): i) EasyScript® SuperMix 
(10 μL) contains essential reagents for reverse transcription, such as 
buffer, dNTPs, and enzymes; ii) Random Primers (1 μL) act as short, 
random sequences that bind to various RNA molecules, facilitating 
cDNA synthesis from a wide range of transcripts; iii) Anchored 
Oligo(dT) (1 μL) that represent Primers specifically designed to bind 
to the poly(A) tail of mRNA molecules, ensuring efficient cDNA 
synthesis from mRNA; iv) gDNA Remover (1 μL) action as an 
enzyme or chemical agent that specifically degrades gDNA, pre-
venting its amplification in subsequent PCR reactions; v) RNase-
free Water (3 μL) is used to adjust the final reaction volume; vi) E-
mix Reverse Transcriptase (1 μL) characterizes the enzyme respon-
sible for catalyzing the synthesis of cDNA from the RNA template 
using the provided primers; vii) Total RNA (5 μL) acts as the starting 
material containing the RNA molecules to be converted into cDNA. 

 
Conditions of cDNA synthesis using thermocycler 

The thermal profile steps for cDNA reverse transcription using 
thermo cycler (QIA amplifier 96, Qiagen, Hilden, Germany) involve 
three distinct stages. In the first step, the temperature is set at 25°C 
for 10 minutes, allowing random primers (N9) to bind to the RNA 
template. This facilitates the synthesis of cDNA from various RNA 
molecules. Subsequently, the temperature is increased to 42°C for 15 
minutes in the second step, enabling the binding of anchored 
oligo(dT)18 primers to the poly(A) tail of mRNA molecules. This 
ensures efficient cDNA synthesis from mRNA specifically. Finally, 
in the third step, the temperature is rapidly increased to 85°C for 5 
seconds, inactivating the reverse transcriptase enzyme and halting 

further cDNA synthesis. This process is carried out within the ther-
mocycler and effectively converts RNA into cDNA, which can then 
be utilized for various downstream applications. 

 
Gene expression 

The primers were employed for gene expression reaction in the 
current study, and the specific sequences were provided by Alpha 
DNA Company, Montreal, Canada, whence they came in lyophilized 
form and were replaced with nuclease-free water until they reached 
a concentration of 10 µM. The primers used in the study and their 
reference sequence are shown in Table 1. 

The reaction was performed with a final volume of reaction of 
20 μL according to the manufacturer’s instructions. The amount of 
TransStart® Top Green qPCR Super Mix (Cat no. AQ131-01, 
TransGen Biotech Company, Beijing, China) needed to prepare the 
necessary amount of reactions was calculated to be 10 μL. A quantity 
of 3 μL of cDNA as template, 1 μL each of the forward and reverse 
primers, and finally 5 μL of nuclease-free water was added to com-
plete the final volume of the reaction. The stages and temperature of 
gene expression are shown in Table 2. Glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH), and U6 are small nuclear RNA (snRNA) 
that act as a housekeeping gene. Gene expression levels were quan-
tified for both patient and control groups using quantitative real-time 
PCR (qRT-PCR). Cycle threshold (Ct) values were determined for 
each target gene and a housekeeping gene. Data analysis was per-
formed using two established methods: the ΔCt method and the 
ΔΔCt method for fold-change calculation. 

 
Statistical analysis 

Statistical Package for the Social Sciences (SPSS) version 26 
was used to calculate the mean ± SE (standard error) of the cycling 
threshold (Ct) of the target and references gene. GAPDH and miRU6 
were used as the reference genes for BTK and miR-4516, respective-
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Table 1. Primers used in the current study. 

Primer                                                                   Sequence (5ʹ→3ʹ direction)                           Temperature (°C)         Product size (bp) 

Bruton’s Tyrosine Kinase gene (BTK)36                                                                                                                                                                       126 
  Forward                                                                        TGCAAGGATGTCTGTGAAGC                                             60                                           
  Reverse                                                                        GGACAGGCCGAAATCAGATA                                            60                                           
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) gene37                                                                                                                                        120 
  Forward                                                                    GAAATCCCATCACCATCTTCCAGG                                        62                                           
  Reverse                                                                          GAGCCCCAGCCTTCTCCATG                                             60                                           
miR-451638                                                                                                                                                                                                                                                               72 
  Forward                                                                           ATGGGAGAAGGGTCGGGG                                               62                                           
  Universal reverse                                                       GCGAGCACAGAATTAATACGAC                                          62                                           
miR-U639                                                                                                                                                                                                                                                                    73 
  miR-U6 forward primer                                             AGAGAAGATTAGCATGGCCCCT                                          60                                             
  miR-universal reverse primer                                    GCGAGCACAGAATTAATACGAC                                          62                                           
 
 
Table 2. Stages and temperature of qRT PCR for BTK, GAPDH, U6, and miR-4516 genes. 

Stage                                                                                 Temperature °C                 Time/Sec.                          Cycle 

Stage 1                 Denaturation                                                                 94                                        60                                         1 
Stage 2                 Denaturation                                                                 94                                         5                                         35 
                            Annealing                                                                     58                                        15                                           
                            Extension                                                                      72                                        20                                           
Stage 3                 Dissociation                                                               65-95                                       1                                          1
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ly. The ΔCT value, which was determined using the following for-
mula: ΔCt = Ct (target gene) – Ct (internal control), represented the 
quantitative gene expression. Subsequently, the following formula 
was used to get the expression ratio: 2–ΔCt. The 2–ΔΔCt method was 
used to compare the transcript levels across samples. The following 
equation was applied: ΔΔCt = ΔCt(test) - ΔCt(calibrator).40,42 A P-
value ≤0.05 means significant while if P-value ≤0.01 means highly 
significant. 

 
 

Results  
The concentration of the RNA samples ranged from 75 to 95 

nanograms per microliter (ng/µL). This measurement indicates the 
amount of RNA present in a given volume of the sample. The 
absorbance (Optical Density, OD) of the sample was measured at 
260 nm, which corresponds to the peak absorption of nucleic acids. 
The purity of the RNA was assessed using the A260/A280 ratio, 
which compares nucleic acid absorption at 260 nm to protein 
absorption at 280 nm. An A260/A280 ratio between 2.0 and 2.2 is 
generally indicative of high-purity RNA and the sample of this study 
had values of 2.1–2.2. 

The BTK gene expression analysis revealed that the mean target 
gene expression in the patient group was 8.25(Ct), while the mean 
reference gene expression was 15.84(Ct), resulting in a ΔCt of -7.59 
and a 2–ΔCt of 192.67. In the control group, the mean target gene 
expression was 8.85, the mean reference gene expression was 15.77, 
the ΔCt was -6.92, and the 2–ΔCt was 121.10. The results indicated 
no significant difference in mRNA expression of the BTK gene 
between the patient and control groups, with a fold-change of 1.58 
and a P-value = 0.1. 

For the miR-4516 gene, the patient group exhibited a mean tar-
get gene expression of 7.73(Ct) and a mean reference gene expres-
sion of 17.39(Ct), leading to a ΔCt of -9.65 and a 2–ΔCt of 804.81. In 
contrast, the control group had a mean target gene expression of 
9.09, a mean reference gene expression of 17.26, ΔCt of -8.18, and 

a 2–ΔCt of 289.35. The result demonstrated a significant upregulation 
of the miR-4516 gene was observed in the CRC patient group, with 
a P-value = 0.005 and a fold-change of 2.78. Tables 3 and 4 summa-
rize these findings.  

The current study investigated the expression levels of BTK and 
miR-4516 genes in a group of patients compared to a healthy control 
group. While no significant difference was observed in the expres-
sion of the BTK gene between the two groups, a significant upregu-
lation of the miR-4516 gene was detected in the patient group with a 
P-value of 0.005. These findings suggest a potential role of 
miR-4516 in the pathogenesis of the disease under investigation. 

 
 

Discussion 
This study delves into the intricate interplay between the target 

gene (BTK gene) and the miRNAs (miR-4516) according to the 
MicroRNA Target Prediction Database (https://mirdb.org/). The 
BTK gene, a pivotal regulator of B-cell receptor signaling, has been 
strongly implicated in the pathogenesis of various malignancies, 
including CRC. Given its central role in governing cellular prolifer-
ation and survival, this gene presents a promising therapeutic target. 

MiRNAs, such as miR-4516, offer a compelling approach to 
modulating gene expression. By targeting specific messenger RNAs, 
these small non-coding RNAs can regulate oncogene and tumor sup-
pressor gene expression. Consequently, investigating the impact of 
miR-4516 on BTK expression and downstream signaling may pro-
vide deeper insights into CRC pathogenesis and unveil novel target-
ed therapeutic strategies. Figure 2, adapted from the biorender plat-
form (https://www.biorender.com/), illustrates the molecular mecha-
nism by which microRNAs exert their influence on target genes, 
with a particular focus on post-transcriptional effects. 

A growing amount of evidence indicates that deregulation of 
miRNAs plays a crucial role in the progression of CRC; however, 
the precise molecular mechanisms behind this condition remain not 
completely understood. MiRNAs are tiny, non-coding RNAs that 
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Table 3. Gene expression of BTK and miR-4516 dependent on Δct methods. 

Group                          Mean of              Mean of                   ∆ct                      2–∆ct       Experimental group/       Fold                  P-value 
                                   target gene       reference gene                                                              Control group                 

BTK Gene                                  
  Patients                                8.25                        15.84                        -7.59                       192.67               192.67/121.10            1.58±0.32                   0.1 NS 
  Control                                 8.85                        15.77                        -6.92                       121.10               121.10/121.10            1.00±0.34                         
miR-4516 Gene                          
  Patients                                7.73                        17.39                        -9.65                       804.81               804.81/289.35            2.78±0.31                  0.005**  
  Control                                 9.09                        17.26                        -8.18                       289.35               289.35/289.35            1.00±0.77                         
(NS) means non-significant P-value. (**) means a highly significant difference between patients and control. 
 
 
Table 4. Gene expression of BTK and miR-4516 dependent on ΔΔCt methods. 

Group                         Mean ∆Ct           Calibrator               ∆∆Ct                   2–∆∆Ct      Experimental group/       Fold                  P-value 
                                                                                                                                                   Control Group                

BTK Gene                                  
  Patients                                -7.59                        -6.91                        -0.67                         2.05                     2.05\1.58                 1.58±0.32                   0.1 NS 
  Control                                -6.91                        -6.91                         3.70                         1.58                     1.58/1.58                 1.00±0.34                         
miR-4516 Gene                          
  Patients                                -9.65                        -8.17                        -1.48                         2.78                     2.78/1.00                 2.78±0.31                  0.005** 
  Control                                -8.17                        -8.17                        -0.01                         1.00                     1.00/1.00                 1.00±0.77                         
(NS) means non-significant P-value. (**) means a highly significant difference between patients and control.



control post-transcriptional levels of gene expression. MiR-4516 has 
been linked in recent research to CRC as a putative tumor suppres-
sor, indicating that it may target oncogenes including BTK to aid pro-
mote the onset and progression of the disease.43,44  

According to the current investigation, the precise regulatory 
relationship between miR-4516 and BTK in CRC remains to be 
fully elucidated; the available evidence suggests a potential 
inhibitory interaction. Given that miR-4516 tumor-suppressive 
properties and BTK’s oncogenic role, their interplay warrants fur-
ther investigation to unravel the underlying molecular mecha-
nisms.30,45 Tumors require a specific microenvironment to grow 
and metastasize. This microenvironment is characterized by a 
complex interplay of immune cells, blood vessels, extracellular 
matrix, signaling molecules, and nerve fibers.43,47 Although the 
microenvironment’s elements may vary significantly depending on 
where the tumor is located, each microenvironment contributes to 
the growth of tumors by using different signaling pathways to reg-
ulate gene expression and the microenvironment changes to vary-
ing degrees when under stress to keep the environment favorable 
for tumor growth. A large network of cell-to-cell signaling controls 
the modification of the tumor microenvironment.48 While the out-
comes of the BTK gene indicated that there were no statistically 
significant differences between the two groups of the current study, 
the results of the miR-4516 test revealed that there were statistical-
ly significant differences between the patients and the control in 
the amount of miR-4516 expression level.   

This study shows that the high level of miR-4516 in patients 
may be used as a biomarker to track the disease, while the low 
expression of the BTK gene may be attributed to its inhibition 
effect because it is targeted by the miR-4516, as BTK acts as either 
an inhibitor involved in the programmed death process or an 
inducing factor for tumor growth. Several malignancies, particu-

larly CRC, have been connected to the onset and spread of aberrant 
BTK activation.49 

BTK is an example of a pleiotropic gene with contradictory 
effects on cancer pathways. Recent research demonstrates that BTK, 
a crucial component of the p53 and p73 responses to damage, can 
operate as a tumor suppressor in other cells, despite long being 
thought of as being oncogenic in the setting of B cell malignancies.6 

The inhibition of BTK has now been extended to the field of 
solid tumors, following findings on the role of BTK in various tumor 
microenvironment cells and non-hematological tumor cells when 
produced spontaneously.50 A deeper understanding of the diverse 
roles that BTK plays in non-lymphocytic cells will be extremely ben-
eficial for the development of innovative treatment plans for solid 
and hematopoietic malignancies. BTK inhibition exhibits promise as 
a therapeutic that targets important immune cells within the tumor 
microenvironment.51 The development and progression of CRC 
have been associated with a diverse array of miRNAs, including miR-
4516. While some miRNAs function as tumor suppressors by target-
ing oncogenes, others act as oncogenes by targeting tumor suppres-
sor genes.52 

In addition to cancer, miRNAs are important players in several 
molecular networks associated with autoimmune and inflammatory 
diseases. MiRNAs are essential for normal cellular processes and are 
also implicated in the processes that lead to the development of can-
cer, including angiogenesis, differentiation, apoptosis, proliferation 
of cells, and epithelial-mesenchymal transition. There is proof that 
chronic inflammation and cancer are related. While many miRNAs 
have been suggested as viable candidates for CRC diagnosis, con-
clusive findings remain difficult to obtain.25 

Consistent with our findings, a previous study identified miR-
4516 upregulation as an independent determinant of primary 
hypertension, a novel finding in the literature. Further research 
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Figure 2. Molecular mechanisms that explain the association between miR-4516 and BTK gene. Argonaute (AGO) proteins play a pivotal 
role in plant growth and development as the core components of RNA-induced silencing complex (RISC). Obtained from 
(https://www.biorender.com/).



                                                                       [Journal of Biological Research 2025; 98:12987]                                  

building upon these results may deepen our understanding of the 
underlying mechanisms and potentially lead to novel therapeutic 
approaches.53 

The pioneering study conducted by Yue et al. in 2017 was the 
first to establish a robust association between heightened BTK 
expression and adverse patient outcomes in approximately 50% of 
glioma cases. Their research demonstrated the efficacy of ibrutinib 
in significantly inhibiting glioma cell proliferation both in vitro 
and in vivo. This inhibitory effect is mediated through multiple 
mechanisms, including induction of G1 phase cell cycle arrest and 
modulation of cell cycle regulatory proteins. Furthermore, BTK 
inhibition effectively suppresses both constitutive and EGFR-stim-
ulated activation of the NF-κB pathway, a critical signaling cas-
cade implicated in glioma cell survival and proliferation. These 
compelling findings provide a strong foundation for future clinical 
trials evaluating the therapeutic potential of ibrutinib for glioma 
treatment.31 

Jin et al. revealed that low miR-4516 could be used as an inde-
pendent risk factor for the prognosis of CRC.30 Recent evidence 
suggests that miRNAs are important players in the development of 
tumors, acting as either tumor suppressors or oncogenes. Chen et 
al., for example, showed that overexpressing miR-4516 reduced 
the proliferation, migration, and invasion of pancreatic cancer cells 
while increasing their apoptosis by adversely regulating orthoden-
ticle homeobox 1 (OTX1).29 

The role of BTK in regulating innate immunity is a complex 
and expanding field of research. Targeting both the B-Cell 
Receptor (BCR) signaling pathway and BTK in Chronic 
Lymphocytic Leukemia (CLL) showed significant therapeutic 
promise; additionally, BTK inhibition demonstrated notable effects 
on B-cell chemotaxis and adhesion. Furthermore, the focus on 
BTK in myeloid cells opened up new avenues for modulating the 
tumor microenvironment.54 Further research is necessary to fully 
elucidate the clinical potential of BTK inhibition across various 
disease states. 

 
 

Conclusions 
The precise functions of BTK in cancer remain elusive and 

necessitate further in-depth exploration. While some studies suggest 
its tumor-suppressive potential, others indicate its oncogenic proper-
ties. Notably, BTK exhibits context-dependent dual functionality, 
capable of both inducing apoptosis and promoting cell survival. The 
lack of significant alterations in BTK gene expression may be attrib-
utable to the inhibitory effects of miR-4516. The upregulation of 
miR-4516 in CRC patients is a significant finding that could have 
profound implications for diagnosis and therapy. However, further 
research is imperative to unravel the precise mechanisms by which 
miR-4516 contributes to CRC pathogenesis and to develop effective 
therapeutic strategies targeting this molecule.  

The increased expression level of miR-4516 in CRC patients 
presents a significant opportunity for advancing CRC research and 
clinical applications. Further investigation is needed to elucidate 
the precise mechanisms by which miR-4516 contributes to CRC 
pathogenesis and to explore its potential as a diagnostic biomarker 
and therapeutic target. In-depth mechanistic studies, functional 
validation, and large-scale clinical trials are essential to translate 
these findings into effective clinical strategies. To confirm the 
results regarding BTK protein at the protein level, it is recom-
mended to perform a Western blot analysis that allows for a more 
accurate determination of BTK protein expression levels and eval-
uation of any post-translational modifications. 
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