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Background: T1DM is a chronic organ-specific T-cell-mediated autoimmune disease characterized by the selective destruction of β- 
cells in the islets of Langerhans, resulting in insulin deficiency and hyperglycemia. Genes for cytotoxic T lymphocyte-associated 
antigen 4 have been hypothesized as possible contender genes for T1DM vulnerability. However, it has not been studied in the 
Ethiopian population yet.
Objective: The aim of the study was to investigate CTLA-4 exon 1 was linked to A49G polymorphism with T1DM and its biological 
features of CTLA-4 among T1DM patients, in Ethiopia.
Methods: A case–control study was done from December 2019 to March 2020 on 210 study participants (105 T1DM patients and 105 
healthy controls). Polymerase Chain Reaction amplification with forward and reverse primers was followed by restriction fragment 
length polymorphism and gel electrophoresis to determine gene polymorphism. Bioinformatics data of SNP was retrieved from 
National Centers for Biotechnology Information databases. The chi-square test and logistic regression were used. Statistical sig-
nificance was defined as a P-value of less than 0.05.
Results: The CTLA-4 (+A49G) gene polymorphism was observed on 56 (26.7%) study participants, 39 (18.57%) of T1DM patients, 
and 17 (0.08%) were controls. In T1DM and controls, the frequency of the A allele was 73.3% and 89.5%, while the G allele was 
26.7% and 10.5%, respectively. The G allele was found to be associated with T1DM (OR=3.1; 95% CI, 1.82 −5.32; P=0.001). 
Statistical analysis revealed an association between the likelihood of T1DM and GG genotype of the CTLA-4 (+A49G) gene 
polymorphism (OR=3.11; 95% CI, 1.37–10.90; P=0.01). Further in silico analyzed the SNP to assess its biological features.
Conclusion: The study showed as CTLA-4 (+A49G) gene polymorphism is linked with T1DM in the Ethiopian population.
Keywords: CTLA-4, T1DM, SNP, immunology, Ethiopia

Introduction
Diabetes mellitus (DM) is a widespread chronic disease1 presented by high blood sugar, lipid, and protein metabolism 
imbalances exacerbated by defects in insulin secretion, actions, which either can lower blood glucose.2–4 Diabetes is 
classified into two types: type 1 and type 2. Type 1 diabetes mellitus (TIDM) is a chronic autoimmune disease that causes 
insulin deficiency and high blood sugar by selectively destroying islets of Langerhans cells.5,6 Type 2 Diabetes Mellitus 
(T2DM) is caused by both decreased insulin secretion and resistance to its action, which is frequently caused by obese 
relative insufficiency.7–10 Diabetes mellitus is a group of diseases with a complicated etiology involving the interaction of 
environmental exposures and an individual’s genetic make-up.11 There is a substantial gap in understanding the burden 
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on a national and international level due to the accuracy and sufficiency of data for monitoring DM patients, especially in 
developing countries.12

The human genome contains 99.9% identical DNA sequences, with the remaining 0.1% containing unique variations 
caused by random mutations among them; the most common type of mutation, SNP, is a single base change in the alleles.13

To date, just two genomic regions have been identified that account for 40–50% of genetic susceptibility TIDM,14 the first 
is Insulin-Dependent Diabetes Mellitus 1 (IDDM1), which corresponds to the Human Leukocyte Antigen (HLA) class II 
DQ-DR region on chromosome 6p21, and the second is Insulin-Dependent Diabetes Mellitus 2 (IDDM2), which corresponds 
to the Human Leukocyte Antigen (HLA) class II DQ-DR region on chromosome 11p15,6 the variable number of tandem 
repeats (VNTR) 5′end of upstream of the insulin gene contribute to the type 1 diabetes susceptibility locus known as the 
insulin-dependent diabetes mellitus 2 gene (IDDM2) (INS) of the Insulin gene.15,16 The CTLA4 gene, also known as 
IDDM12 and found on chromosome 2q33, is thought to be a good candidate gene for T1DM susceptibility. It encodes T-cell 
costimulatory receptors involved in the control of T-cell proliferation and mediates apoptosis of T-cells.6 At CTLA-4/B7-1/2 
binding an inhibitory immune signal is activated and then transmits to T-cells, a major role in T1DM.17 However, in CTLA-4 
gene polymorphism, the substitution of the 49th base adenine (A) with guanine (G) results in alanine (Ala) at the 17th codon 
in the signal peptide instead of the wild-type threonine (Thr), resulting in inefficient CTLA-4 glycosylation and reduced cell 
surface expression18 that disrupting the balance of CD28 and CTLA4 interactions with B7-1/2 would result in T1DM by 
preventing apoptosis or downregulating activated self-reaction T-lymphocyte.19–21 Various researchers have studied the 
CTLA-4 +A49G polymorphism in humans, with little to no potential agreement on association with T1DM in some study’s 
results11,18 and contradictory in others studies’ findings.22,23 According to the World Health Organization (WHO), diabetes 
mellitus was the ninth leading cause of death in 2019, accounting for an estimated 1.5 million deaths. Type 1 diabetes affects 
9 million people worldwide, with the majority living in high-income countries. Its cause and prevention methods are 
unknown.24 Diabetes mellitus was found to have a 6.34% overall prevalence, with 40 (81.6%) of total cases of diabetes 
previously undiagnosed.25 According to the International Diabetes Federation (IDF), Ethiopia is one of 48 countries in the 
IDF’s reported African countries. Diabetes affects approximately 537 million people worldwide, with 24 million in Africa; 
by 2045, the estimate will be around 55 million. c, with approximately 80% of those affected living in low-middle income 
countries.26 Ethiopia has a 14.8% diabetes burden, even though three-quarters of the population is undiagnosed,27,28 T1DM 
Gondar and Jimma findings showed that T1DM in childhood (3.3% diagnosed under 15 years) followed by a rapid increase 
in the mid-teens up to the age of 30.29 Similarly, at Debre Birhan Referral Hospital, the overall prevalence of DM was 0.34%, 
and 15.4% of study participants were diagnosed with T1DM.30 According to other study conducted in Ethiopia, 59.6% of 
diabetic patients incurred catastrophic diabetic care expenditure at a 40% non-food threshold level, whereas 20% of diabetic 
patients were impoverished by diabetic care spending at the $1.90/day poverty line.31

There is currently no way to identify genetic factors early to diagnose and prevent T1DM, and lifelong insulin 
injections are the only available treatment.32 As a result, gene detection is not currently applicable in the early diagnosis, 
management, or prevention of T1DM. Understanding CTLA-4 gene polymorphism is therefore critical for scientists, 
health professionals, and members of the general public to consider how to maximize the benefits and minimize the 
drawbacks of predictive genetic testing for diabetes. This study’s goal was to investigate CTLA-4 (+A49G) gene 
polymorphism allele frequencies and the association of these variants with T1DM patients in Ethiopian populations, 
and it has made a significant contribution to the collaborative network of clinical centers and diabetes and immunology 
experts, and new intervention strategies are currently being planned. It is also hoped that genetic testing will identify 
individuals at high risk for T1DM before the disease manifests itself, allowing for the safe implementation of primary 
prevention strategies. Such predictive genetic testing would almost certainly be provided to affected families before being 
made available to the general public.

Materials and Methods
Study Design, Area, and Period
A case–control study was conducted at the University of Gondar Comprehensive Specialized Referral Hospital Chronic 
Illness clinic in northwest Ethiopia from December 2019 to March 2020. Hospital is located in Central Gondar, Amhara 
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National Regional State, and 750 km far from Addis Ababa (the capital city of Ethiopia) to the northwest part of the 
country. Gondar is located at an elevation of 2133 meters above sea level. According to the 2007 Ethiopian census report, 
the population of Gondar town is 323,900.33 The hospital serves over 5 million people in the Central Gondar zone as well 
as those in the neighboring zones. There are approximately 8000 diabetic patients, 400–800 of whom have type 1 
diabetes.

Populations
Source Population, Study Population, Inclusion and Exclusion Criteria
In the current study, a total of 210 study participants, 105 clinically and laboratory-confirmed TIDM patients and 105 
healthy controls were recruited. Controls were recruited from health workers, students, mothers from anti-natal care, and 
blood donors who volunteered and availed at the time of the study period were included. The study excluded patients 
with a clinical history of autoimmune disease or other types of diabetes. In another way, fasting blood glucose levels 
above 7 mmol/l (126 mg/dl) or random blood glucose levels above 11.1 mmol/l (200 mg/dl)34 were ruled out for controls.

Sample Size Determination and Sampling Technique
The sample size for the study was calculated using EPI-tools statistical software, assuming an odds ratio of 1.85 from an 
Egyptian population study,63 40% exposure among controls, 95% confidence interval, and 5% margin of error, and a case 
to control the ratio of 1:1. The study participants were selected systematically using a registration book as a sample frame 
at every k interval from the daily follow-up list of T1DM patients that come in a day to the chronic illness DM clinic. 
The k value was calculated as k = N/n, 150/105 = 1.4≈2. The study participants were selected as one of the two by the 
lottery method until the calculated sample was obtained.

Data Collection, Laboratory Methods, Data Analysis, and Quality Control
A structured questionnaire was used to instruct study participants and their families or guardians on the important 
variables of the study (for children). To ensure the data’s reliability, the questionnaire was translated into Amharic and 
then back into English. Before beginning data collection, the feasibility of the questionnaires was tested by selecting 5% 
of those who were eligible. Trained data collectors gathered the information.

Sample Collection and Laboratory Procedures
For this study, 5 milliliters (mL) blood sample was collected with EDTA-coated test tube from study participants for 
laboratory tests and Molecular laboratory (Figure 1). The sample was transported with an icebox to the Molecular 
laboratory and stored at −80°C until genomic analysis was done. Both T1DM patients and healthy controls measured 
their fast blood glucose levels using MINDRAY BS200E (China). Controls with fasting blood glucose levels of more 
than 7 mmol/l (126 mg/dl) were also excluded. Participants in each study were also tested for hepatitis B and C viruses.

Isolation of Deoxyribonucleic Acid (DNA) from Whole Blood
The Maxwell® 16 complete nucleic acid purification kit was used to extract DNA from EDTA whole venous blood per 
the manufacturer’s instructions (Promega, WI, USA).64 During DNA extraction, we also used nuclease-free water as 
a negative control. quantum Fluorometer QuantiFluor® provided a fast, easy, and sensitive method for determining 
dsDNA concentration with a fluorescent double-stranded DNA (ds DNA) binding dye that enables sensitive and specific 
quantitation of small amounts of (dsDNA) in solution. We measured 1µL Maxwell® 16in -extracted DNA samples and 
diluted them with 199 µL of dsDNA binding dye, and dsDNA concentrations greater than 5ng/l were subjected to PCR 
amplification (the DNA concentration in our case was 24–126 ng/l). In addition, we run DNA extract on a 2% agarose 
gel to confirm the genomic DNA of study participants (both T1DM and controls) and look for bands.

Genotyping of Gene Polymorphism
Genotyping of the CTLA-4 gene was done by using amplification PCR using Quanta studio-5 RT-PCR (Applied 
Biosystem, USA) using specific (forward primer: 5’ GCT CTA CTT CCT GAA GAC CT 3’, reverse primer: 5ʹAGT 
CTC ACT CAC CTT TGC AG 3’)30 and restriction fragment length polymorphism (RFLP). A 25 µL polymerase chain 
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reaction (PCR) reaction mix was prepared with 5 µL sample DNA containing 100ng of a template and 20 µL of PCR 
reagent master mix (reaction mixture dNTPs, buffer (100 mM Tris, pH 9.0; 500 mM KCl; 15 mM MgCl2; 0.1% 
gelatine), 200 μM dNTP, 10 pmol of each primer and 1.0-unit Taq DNA polymerase) on a real-time PCR on the 
Quanstudio5 system (Applied Biosystem) according to manufacturer protocols. The PCR amplicon was run on 2% 
agarose gel before it was digested by restriction enzyme and observed an unfragmented band on the gel electrophoresis. 
The PCR products were also digested by restriction enzyme (BbVI, R0173S, New England Bio Labs) and subjected to 
2% agarose gel electrophoresis along with 100bp-3000 bp DNA ladder as references and nuclease-free water as negative 
control were loaded on the well.

Retrieving SNPs Bioinformatics Information (in silico Analysis)
SNP data (SNP ID, accession number, protein, position, and residue change) was obtained from the databases of the 
National Centres for Biotechnology Information (dbNCBI). The primary sequence of the CTLA-4 gene-encoded protein 
was obtained from the database (dbNCBI) (https://www.ncbi.org) (accession number: P16410 gene id 1493 SNP ID, 
rs231775). Bioinformatics prediction tools use amino acid substitution (AAS) prediction methods for sequence and 
structural information (Figure 2).

Quality Control
The training was given to data collectors on how to collect, process samples, and report results to ensure the data’s 
quality. The authors were constantly monitored and collaborated with data collectors. The purity of nucleic acid is 
determined by the DNA concentration detector machine Quantus™ Fluorometer. The quantum Fluorometer (Cat. # 
E6150) in conjunction with the QuantiFluor® dsDNA System (Cat. # E2670) provides a quick, simple, and sensitive 
method for determining DNA concentration.65 Because absorbance measurements are performed on a spectrophotometer, 
nucleic acid samples must be purified before measurement using a Nano DropTM Spectrophotometer. The absorbance 
ratio at 260 nm and 280 nm was used to determine the purity of DNA and RNA. A ratio of 1.8 is considered “pure” for 

Figure 1 General workflow for DNA extraction and real-time PCR CTLA-4 gene amplification and gel electrophoresis.
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DNA, while a ratio of 2.0 is considered “pure” for RNA. If the ratio is noticeably lower in either case, this could be due 
to the presence of protein, phenol, or other contaminants that absorb strongly at or near 280 nm.35

The quality of the test results was strictly maintained by adhering to laboratory standard operating procedures 
beginning with the pre-analytic phase of blood collection and ending with the post-analytical phase of the result. The 
manufacturer’s instructions for reagents, equipment, and instrument maintenance were strictly followed. For the predic-
tion of SAS on the effect of protein structure and function, publicly reliable bioinformatic tools with higher sensitivity 
and specificity were used.

Data Analysis and Interpretation
Data was entered into Kobo collect v1.25.1, then transferred to SPSS v26 (SPSS, Inc., Chicago, Illinois, USA), where it 
was summarized, tabulated, and analyzed. Tables and figures were used to present the findings. Chi-square, Student’s 
t-test, and logistic regression were used to assess the association. The chi-square2 test was used to examine differences 
in genotype and allele frequency distributions. To assess the strength of the association between CTLA-4 gene 
polymorphism and T1DM, odds ratios (OR) and 95% confidence intervals (CIs) were calculated. The Hardy 
Weinberg Equilibrium equation was used to calculate the allele frequency and genotype using an online software 
gene calculator.

Bioinformatics Data Analysis (in silico Analysis)
Identifying Damaging SNP of CTLA-4
We had been using different bioinformatics tools to predict the functional effects of SNPs from the dbSNP database. 
SIFT-Sorting Intolerant from Tolerant (http://sift.jcvi.org/www/SIFT seq submit2.html) was used,36 PROVEAN-Protein 
Variation Effect Analyzer (http://provean.jcvi.org/index.php),37 PolyPhen-2-Polymorphism Phenotyping v2 (http://genet 
ics.bwh.harvard.edu/pph2/),38 PhD-SNP -Predictor of human Deleterious Single Nucleotide Polymorphisms (http://snps. 

Figure 2 Workflow for in silico analysis.
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biofold.org/phd-snp/phd-snp.html)39 and SNPs&GO (http://snps.biofold.org/snps-and-go/snps-and-go.html).40 The SNP 
predicted damaging and high-risk ns SNP was further investigated.

Analysis of CTLA-4 Protein Interaction Networks
The protein interaction network of CTLA-4 protein was visualized using Cytoscape (v3.8.2), which predicted that 
CTLA-4 protein is functionally associated with other ligand proteins.41

Identification of Structural and Functional Properties of TLA-4 Protein
Mut-Pred v1.2, a web-based application tool that effectively screens amino acid substitutions and predicts disease 
molecular cause, was used to screen CTLA-4 in humans for disease-related or neutral amino acid substitutions.42 It is 
based on the acquisition or loss of various structural and functional properties, the loss of a phosphorylation site, or the 
acquisition of helical propensity.

Protein sequence FASTA format: one letter represented amino acid sequences>sp|P16410|CTLA4_HUMAN Cytotoxic 
T-lymphocyte protein 4 OS=Homo sapiens OX=9606GN=CTLA4PE=1SV=3 MACLGFQRHKAQLNLATRTWPCTL 
LFFLLFIPVFCKAMHVAQPAVVLASSRGIASFVCEYASPGKATEVRVTVLRQADSQVTEVCAATYMMGNELTFLD-
DSICTGTSSGNQVNLTIQGLRAMDTGLYICKVELMYPPPYYLGIGNGTQIYVIDPEPCPDSDFLLWILAAVSSGLFFY-
SFLLTAVSLSKMLKKRSPLTTGVYVKMPPTEPECEKQFQPYFIPIN) of CTLA-4 and its substitutions of amino acids 
T17A has been submitted. The output contains a p-value, where p 0.05 and p 0.01 were considered confident and very 
confident hypotheses, respectively. MutPred2 produces a pathogenicity score, a number ranging from 0 to 1, and a list of 
molecular mechanisms. A pathogenicity score of 1 indicates that the variant is likely pathogenic, whereas a score of 0 indicates 
that the variant is likely benign or neutral.43

Consequences of Functional Analysis of SNP on CTLA-4 Protein
Via the use of 3D models of mutant proteins, the effects of CTLA-4 SNP on the CTLA-4 protein were determined using 
the following Gene Ontology (GO) methods. The effects of the SNP in the CTLA-4 gene were assessed using:

SIFT: SIFT is a bioinformatics tool that predicts the detrimental effect of the single nucleotide substitution adenine by 
guanine on protein function using the maintenance degree of amino acid residues in sequence alignments derived from 
closely related sequences as the main assumption. The SIFT server assigns a score from 0 to 1 to each residue, with scores 
ranging from damaging (0.00–0.05), potentially damaging (0.05–0.10), borderline (0.10–0.20), or tolerant (0.20–1.00).36

Multivariate Analysis of Protein Polymorphism (MAPP): MAPP tool is a sequence-based SNP prediction tool that 
considers the physicochemical variation present in a column of a multiple sequence alignment (MSA) of homologous 
protein. A larger deviation indicates that the AAS is more likely to be damaged to protein function. (http://mendel. 
stanford.edu/SidowLab/downloads/MAPP/index.html) was used to predict AAS on MAPP.38

Predictor of human deleterious SNP (PhD-SNP): The tool used to predict whether an ns-SNP causing a single-point 
protein mutation is a benign or harmful polymorphism.39

SNPs & GO: Predicts disease-associated mutations from a protein sequence while also incorporating functional 
annotation of the protein (http://snps.biofold.org/snps-and-go/snps-and-go.html).40

Protein Variation Effect Analyzer (PROVEAN) and Protein Annotation Through Evolutionary Relationship 
(PANTHER): (http://provean.jcvi.org/index.php) is a tool that predicts the possible effect of an AAS on the protein 
function. PROVEAN, the variants are predicted as damaging when the final score is below a threshold value of −2.5 and 
neutral when it is above the −2.5 value.37

Sequence and Structure-Based Prediction Tools
Polymorphism Phenotyping v2 (PolyPhen-2) (http://genetics.bwh.harvard.edu/pph2) we used a Using a comparative 
method, a bioinformatics server predicts the ns-SNP that affects AAS on the structure and function of a protein. 
Prediction outcomes are classified as probably harmful, possibly harmful, or benign based on a score ranging from 0 
to 1. “Score” represents the likelihood that the substitution will be harmful; “sensitivity” and “specificity” represent 
prediction confidence. A vertical black marker inside a color gradient bar, where green is benign and red is damaging, 
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also indicates the predicted damaging effect. PolyPhen-2ʹs influence is 0–0.5 benign, 1.00–1.24 borderline, 1.25–1.49 
potentially harmful, 1.5–1.75 potentially harmful, ≥ 2 Probably harmful.38

Screening for non-acceptable polymorphisms (SNAP2): The functional effects of nsSNP on CTLA-4 protein were predicted 
using SNAP2. The SNAP2 distinguishes between effect and neutral variants/nsSNPs by analyzing a variety of sequence and 
variant features.44 Analysis of the prediction score (which ranges from 100 strong neutral predictions to +100 strong effect 
prediction) suggests that it is somewhat correlated with the severity of the effect (https://rostlab.org/services/snap/).45

Stability Analysis of Mutant Type and Wild Type CTLA-4 Protein
I-Mutant 3.0 was used to predict changes in protein stability caused by single-site aa changes in the protein structure or 
sequence. It predicts the reliability index (RI) of the results, which ranges from 0 to 10, with 10 being the most reliable. The 
CTLA-4 protein sequence (fasta form, one-letter amino acid representation) was submitted to predict the effects of the harmful 
nsSNP on the protein. All submissions were subjected to a temperature of 25 degrees Celsius and a pH of 7.0. The I-Mutant 
result was created as follows: DDG 0 indicates decreased stability, DDG > 0 indicates increased stability, and DDG = 0 
indicates neutral. 3.0 I-Mutant (http://gpcr2.biocomp.unibo.it/cgi/predictors/I-Mutant3.0/I-Mutant3.0.cgi).42

The 3D Protein Modeling of Mutant Type and Wild Type CTLA-4
Two homology modeling tools were used to generate 3D models for wildtype CTLA-4 protein and CTLA-4 mutated with 
high-risk nsSNP. Phyre246 and I-TASSER.47 Phyre2 and I-TASSER: build 3D models, predict ligand-binding sites, and 
analyze the effect of amino acid variants on a user’s protein sequence using advanced remote homology detection 
methods. The server is accessible at (http://www.sbg. bio.ic.ac.Uk/phyre2).46 UCSF-Chimera 1.11, a comprehensive 
program for interactive visualization and analysis of molecular structures and related data, was used to examine the 
resulting structures.48

TM-align (template modeling) was also used to compare the structures of wild-type CTLA-4 proteins to those of 
CTLA-4 mutant proteins. This algorithm computes the template modeling score (TM-score), root mean square deviation 
(RMSD), and superposition of CTLA-4 protein structures. The TM-score ranges between 0 and 1, with 1 indicating 
a perfect match between two structures. Higher RMSD values indicate greater variation between wild-type and mutant 
CTLA-4 structures. I-Mutant Suite3 was used to determine the effect of this SNP on protein stabilization. The CTLA-4 
mutant amino acid and protein were three-dimensionally modeled using the Project HOPE software tool (which is a suite 
of web-based tools for predicting and analyzing protein structure, function, and mutations).49

Examining the Evolutionary Conservation of the CTLA-4 Protein
We used a genetic algorithm to determine the evolutionary conservation of amino acids in a protein sequence ConSurf50 

(https://consurf.tau.ac.il) which performs its function by analyzing the phylogenetic relationships between homologous 
sequences. For further research, we considered the CTLA-4 nsSNP that was discovered to be conserved.

Molecular Docking Protein–Protein Interaction
We performed molecular docking using the PyRx virtual screening tool (https://pyrx.sourceforge.io/) to determine how 
damaging point mutations affect CTLA-4 binding affinity.51 We also created a suitable target protein from the protein 
data bank’s crystal structure complex of CTLA-4 with B7.1/ B7.2 (PDB). The docking procedure used peptide sequences 
from mutated CTLA-4 protein containing ns-SNP as ligands.

Ethical Considerations
The ethical review committee of the School of Biomedical and Laboratory Sciences, College of Medicine and Health 
Sciences, University of Gondar provided approval with reference number SBLS2125/11. Each study participant provided 
written consent. Each Participant’s parent or guardian also provided consent. Positive patients were treated by the 
Hospital’s treatment guidelines. All study methods were complied in accordance with the declaration of with the 
Declaration of Helsinki.
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Results
Socio-Demographic Profiles of Study Participants
In current study, to assess the frequency of CTLA-4 (+A49G) gene polymorphism and its association with T1DM, 105 
clinically and laboratory-confirmed T1DM patients (62 male and 43 female) ages ranging from 14 to 50 years (mean age 
27.63±8.6 years) and 105 healthy controls (male 37 and female 68) age range from 16 to 56 years (mean age 27.96±7.5 
years) were recruited (Table 1).

Distribution of CTLA-4 Gene Polymorphism Among Study Participants
The CTLA-4 (+A49G) gene polymorphism was observed on 56 (26.7%) study participants of which 39 (37.14%) were 
T1DM patients and 17 (16.2%) controls. The CTLA-4 (+A49G) gene polymorphism was found distributed among 24 
males and 15 females of T1DM patients and 5 males and 12 females of controls. The association between CTLA-4 
(+A49G) gene polymorphism and T1DM was statistically significant (P=0.001). Regarding gender of the study group 
there was no difference in CTLA-4 (+A49G) gene polymorphism distribution both on T1DM patients (P=0.41, OR=0.78 
95% CI,0.42–1.4) and controls (P=0.58 OR=1.37 95% CI,0.44–4.2) (Table 2).

Allelic Frequency and Genotype of CTLA-4 (+A49G) Polymorphism Distribution 
Among Study Participants
The distribution of CTLA-4 (+49 A) allele was 154 (132 alleles from 66 AA variants and 22 from AG variants) in T1DM 
patients and 188 (176 alleles from 88 AA variants and 12 from AG variants) in controls. On the other hand, CTLA-4 
(+49 G) allele was observed on 56 (22 alleles from 22 AG variants and 34 from 17 GG variants) in T1DM patients and 
22 (12 alleles from 12 AG variants and 10 from 5 GG variants) in controls. The frequency of the A allele was 73.3% and 
89.5%, while the G allele was 26.7% and 10.5% in T1DM and controls, respectively. A alleles frequency was higher in 
the control over T1DM (OR=0.32; 95% CI, 0.19–0.55; P=0.001) while G allele higher in T1DM than controls (OR=3.1; 

Table 1 Socio-Demographic Profiles of Study Participants

Socio-Demographic Profile Groups (n (%)) Association with CTLA-4 
Gene Polymorphism

T1DM (n=105) Control (n=105) Chi-Square (χ2) p-value

Gender Male 62 (59%) 37 (35.2%) χ2= 0.657 P = 0.41

Female 43 (41%) 68 (64.8%)

Age group in years 0–14 2 (1.9%) NA χ2= 4.422 P = 0.22

15–24 41 (39%) 38 (36.2%)

25–54 62 (59%) 66 (62.9%)

Resident Rural 37 (35.2%) 25 (23.8%) χ2= 0.033 P= 0.85

Urban 68 (64.8%) 80 (76.2%)

Occupation Farmer 29 (27.6%) 4 (3.8%) χ2= 12.389 P= 0.03

Merchant 13 (12.4%) 23 (21.9%)

Employee 26 (24.8%) 50 (47.6%)

Student 22 (21%) 21 (20%)

House wife 14 (13.3%) 6 (5.7%)

Other 1 (1%) 1 (1%)
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95% CI, 1.82−5.32; P=0.001). There was a significant association between G allele and T1DM (OR=3.1; 95% CI, 1.82 
−5.32; P=0.001) (Table 2).

Distribution of CTLA-4 (+49) AA homozygous (wild), AG heterozygous, GG homozygous genotype was observed, 
66 (62.9%), 22 (21%),17 (16.2%), among T1DM patients and 88 (83.8%), 12 (11.43%),5 (4.8%) controls, respectively. 
This result revealed that homozygous AA genotype was predominantly observed among the controls group than T1DM. 
We have found a significant difference in homozygous GG genotype distribution in T1DM and the control group 
(OR=3.11; 95% CI,1.37–10.90; P=0.01). Among 23 T1DM patients who were in the age range of 15–24 years, 12 have 
heterozygous AG mutant gene and 11 have GG homozygous mutant gene; however, the distribution has no significant 
difference in another age group (P=0.7, OR=0.48, 95% CI,0.14 −1.59) (Figure 3).

Distribution of CTLA-4 (+A49G) Gene Polymorphism with Clinical Data, Age at the 
Onset of Disease, Diet, and Physical Measurement with T1DM Patients and Control
Eight (14.3%) individuals having CTLA-4 gene polymorphism both T1DM patients and controls, have a habit of 
drinking 1–5 bottles (3 bottles on average) of alcohol per day (P=0.6), eating fruit (P=0.72), and eating vegetables 
(P=0.34) among two groups were seen and found to be statistically non-significant. The result showed a statistically 
significant difference in blood glucose level (mean) (P=0.001), height (mean) (P=0.001), and BMI (mean) (P=0.02) 
between T1DM patients and controls (Table 3).

Results Obtained from NCBI Retrieved Data on SNP of CTLA-4
We used bioinformatics tools to predict the functional effects of SNPs from the dbSNP database (Table 4).

Table 2 Allelic Frequency and Genotype Distribution of CTLA-4 (+A49G) Polymorphism in T1DM Patients and Controls

Genetic Variation Groups (n (%)) P-value OR 95% CI

T1DM (n=105) Controls (n=105)

Allele’s frequency CTLA-4 (+49 A) 154 (73.33%) 188 (89.5. %) 1

CTLA-4 (+49 G) 56 (26.67%) 22 (10.5%) P<0.001 3.11 1.82–5.32

Genotype AA (Wild type) 66 (62.9%) 88 (83.81%) 1

AG (Heterozygous mutant) 22 (21%) 12 (11.43%) P= 0.06 2.05 0.96 −4.41

GG (Homozygous mutant) 17 (16.2%) 5 (4.8%) P = 0.01 3.11 1.37 −10.90

Abbreviations: CI, confidence interval; OR, odds ratio; G, guanine; A, adenine; T1DM, type 1 diabetes mellitus.

Figure 3 Distribution of CTLA-4 (+A49G) gene polymorphism among diabetes group and controls. Geno typing of CTLA-4 (+A49G) gene polymorphism by BbVI, RFLP. 
From the left M: marker or ladder DNA fragmented from 100 bp to 3000 bp. Lanes 3,5,6,7,8,9,10 and 11 are band A at162 bp or uncut. Lanes 1, 2 and 12heterozygeous 
(AG) genotype lane 4: homozygous GG genotype. Fragments of band G at 88 and 74bp appeared as one band due to the very closeness of the band on gel electrophoresis.
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Prediction of the Effect of CTLA-4 SNP on CTLA-4 Protein Structure
The CTLA-4 protein has a length of 223 aa sequence and is located at the location of 17 threonines with alanine, 
according to the results of gene ontology analysis (Figure 4). The SNP was determined to be harmful by the SIFT 
software tool and was uploaded to the PROVEAN, SNPs & GO, and PANTHER software tools. The SNP was tested 
using SIFT, PROVEAN, SNPs & GO, and PANTHER, and the results showed that it has no effect on its function. SNP 
was predicted to be potentially harmful, possibly harmful, and must be corrected using the SIFT, PolyphenV2, and 
SNAP2 software tools. We subjected the SNPA2 MAPP and Polyphen-2 results to further analysis of the effect of this 
SNP on protein stability. SNP was found to be associated with T1DM diseases (Tables 5 and 6).

Table 3 Distribution of CTLA-4 (+A49G) Gene Polymorphism with Clinical Data, Diet Habit, and Physical 
Measurement of Study Participants

Variables CTLA-4 Gene Polymorphism 
n (%))

P-value OR 95% CI OR

T1DM (n=105) Controls (n=105)

Age (yrs.) 15–24 23 (21.9%) 4 (3.8%) 0.02 3.67 1.56–8.50

25–54 16 (15.2%) 13 (12.4%) 0.07 1.77 0.95–3.30

Sex Male 24 (22.9%) 5 (4.8%) 0.85 1.09 0.46–2.56

Female 15 (14.3%) 12 (11.4%) 0.69 0.85 0.38–1.90

Residency Rural 11 (10.5%) 5 (4.8%) 0.85 1.06 0.54–2.09

Urban 28 (26.7%) 12 (11.4%) 0.85 0.94 0.47–1.84

BMI Below 18.5 13 (12.4%) 4 (3.8%) 0.63 0.85 0.43–1.67

18.5–25 26 (24.8%) 13 (12.4%) 0.04 2.39 1.82–3.12

Oil used for meal Palm (thick) 17 (15.2%) 10 (9.5%) 0.5 0.6 0.12–2.9

Age at DM confirmed 105 (50%) NA 0.03 0.93 0.87–0.99

Duration of disease (T1DM) 105 (50%) NA 0.04 0.86 0.75–0.99

Age (yrs.) Mean ±SD 27.63±8.59 27.96±7.48 P<0.001 1.059 1.041–1.078

Height (cm) Mean ±SD 160.1±8.203 165.09±5.275 0.9 1.021 0.73–1.43

Weight (in kg) Mean ±SD 52.98±10.977 53.9±6.66 0.8 1.077 0.64–1.8

FBS (mg/dl) Mean ±SD 176.28±91.82 106±10.66 P<0.001 0.979 0.97–0.98

Abbreviations: CI, confidence interval; OR, odds ratio; NA, not applicable.

Table 4 Gene, SNP, GO, Protein, and Important Information of CTLA-4

Gene Name 
and Gene ID

SNP ID and Chr. 
Location

Nucleotide 
Change

Consequences GO Terms Accession 
No.

GO Description

CTLA-4, 1493 rs231775, 2q33 +A49G, 

T17A

Missense variant/ 

Nonsynonymous SNP

Biological 

process

GO:0050777 Negative regulation of 

immune response

Molecular 

function

GO:0005515 Protein binding

Cellular 

component

GO:0005886 Plasma membrane

Abbreviation: GO, gene ontology, Chr, chromosome.
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Stability Modification Prediction of CTLA-4 Protein
We used the I-Mutant version 3.0 tool, which introduced point mutations in the CTLA-4 protein, to predict changes in 
CTLA-4 stability in terms of RI and free energy change values (DDG) (Figure 4). The I-Mutant version 3.0 software tool 
also revealed that this SNP has a negative effect on the stability of CTLA-4 mutated protein (Table 7).

Modeling of Amino Acid Substitutions Caused by CTLA-4 SNP Comparative Modeling 
of Wild Type CTLA-4 Protein and Its Mutants
Table 5 also includes 3-D models of CTLA-4 protein generated based on the presence of CTLA-4 SNP. Additional information 
obtained from the Project HOPE software on the structure, domain, and conservation of damaging SNP. The Phyre2 homology 
modeling tool and I-TASSER were used to create 3-D models of the wild-type CTLA-4 protein and CTLA-4 mutated with 
a high-risk ns-SNP. The resulting structure was examined using UCSF Chimera 1.11, a powerful program for interactive 
visualization and analysis of molecular structures. The TM-align tool was used to investigate structural similarities between 
native and mutant models based on TM and RMSD scores. Greater structural dissimilarity between wild-type and mutant models 
is indicated by a higher RMSD and a lower TM score value (Table 8). To validate this finding, we used I-TASSER to perform an 
additional structural analysis on this SNP in CTLA-4 protein. The mutant model with the lowest C-score was chosen for 
superimposition over the native structure (Figure 5).

Table 5 Results of SIFT, POLYPHEN-2, PROVEAN, SNPs & GO, PANTHER, and I-MUTANT Tools

SNP ID rs233775 Effect on CTLA4 Protein Function/Structure

Nucleotide change +A49G

AA change T17A

SIFT score 0.06 Potentially damaging effect

POLYPHEN-2 score 0.002 Probably damaging/benign effect

PROVEAN score −1.2 Benign effect

SNPs & GO score 9 Neutral effect

PANTHER Result - Neutral effect

PhD-SNP - Neutral effect

SNAP2 score 51 Damaging effect

I-Mutant score RI=9 Decreased stability, damaging effect

Abbreviation: RI, reliability index.

Table 6 Analysis of Predicted CTLA-4 SNP by PredictSNP and Effect on Its Function

SNP ID Mutation Predict SNP MAPP PhD-SNP PolyPhen-1 Polyphen-2 SIFT SNAP PANTHER

rs231775 T17A 74% 43% 83% 67% 71% 74% 58% 75%

Figure 4 The figure shows the schematic structures of the original wild (left) and the mutant (right) amino acid. The backbone, which is the same for each amino acid, is 
colored red. The side chain, unique for each amino acid, is colored black.
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Molecular Docking and Protein Interacting Network Analysis
The binding affinity of the mutated CTLA-4 protein with B7.1/B72 protein was determined using molecular docking and 
revealed a significantly reduced binding affinity with B7.1/B72 protein. The UCSF Chimera software was used to 

Table 7 Predicted Results of CTLA-4 Protein Stability by I-Mutant 3

Protein ID AA 
Position

WT MT PH Temp (°C) Prediction DDG  
kcal/mol

RI Stability 
Predictors

TM-Score RMSD

ENSP 

00000417779

17 T A 7.0 25 Decreased 

stability

−0.93 7 Decrease 

stability

0.59120 3.44

Abbreviations: WT, wild-type amino acid; MT, mutant-type amino acid; DDG, delta- delta G (units of free energy) (DDG < 0: decreased stability, DDG > 0: increased 
stability); RI, reliability index. Stability Predictors: DDG Value, DG (New Protein)-DG (Wildtype) in Kcal/mole Binary Classification (SVM2); DDG<0, Decrease Stability; 
DDG>0, Increase Stability Ternary Classification (SVM3); DDG<-0.5, Large Decrease of Stability; DDG>0.5, large increase of stability; −0.5≤DDG≤0.5, neutral stability; RI, 
reliability index; WT, amino acid in wild-type protein; NEW, new amino acid after mutation; T, temperature in celsius unit; pH, -log[H+]; RSA, relative solvent accessible area.

Table 8 Results of Wild-Type and Mutant-Type Amino Acid Properties Obtained from Project Hope Software

SNP ID aa Change Wild Type AA Property Mutant Type AA Property

Size Charge Hydrophobicity Size Charge Hydrophobicity

rs231775 T17A Larger 

101.11

Neutral, polar, non-charged Hydrophilic Smaller 

71.08

Negative 

aliphatic residues

More hydrophobic

Abbreviation: SNP, single nucleotide polymorphism.

Figure 5 Comparison of wild type CTLA-4 protein structure with its mutant forms. (A) 3D model of wild type CTLA-4 protein. (B) 3D model of mutant type CTLA-4 protein. (C) 
Superimposed structures of wild type CTLA-4 protein and its mutant having mutation from threonine (blue) to alanine at position 17 (red). (D) Superimposed structures of wild 
type CTLA-4 protein and its mutant having mutation from threonine to alanine at position 17 based on hydrophobicity, more hydrophilic (blue) more hydrophobic (red).
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investigate the binding affinity and bonding interaction patterns of these docked complexes. The altered T17A variant had 
the greatest reduction in binding affinity with the B7.1/B72 protein. One is formed by the wild-type peptide sequence1 

hydrogen bond of 3.167 Å and higher binding affinity at position 17, whereas the mutant form has no hydrogen bonds 
with the target B7.1/B72 protein and reduced the binding affinity.

The protein interaction network of CTLA-4 protein was constructed using Cytoscape (v3.8.2), and it predicted that 
CTLA-4 protein is functionally associated with 10 proteins, of which CD80, CD86, FOXP3, FYN, ICOSL, IL17A, ITGA4, 
ITGAL, LCK, and PTPN11 form clusters. The CTLA-4 protein serves as a hub for these protein clusters. Any changes to 
the CTLA-4 protein may have an impact on the overall protein network interaction of these ten proteins (Figure 6).

Discussion
So far, little to no association was found in agreement on the association of CTLA-4 A49G polymorphism with 
T1DM. We hypothesized that participants with T1DM would have a relationship with CTLA-4 A49G polymorphism. 
The ultimate goal of this study was to determine the association of CTLA-4 A49G polymorphism with T1DM in 
Ethiopian populations. This study’s results demonstrated that CTLA-4 (+A49G) gene polymorphism was found in 56 
(26.7%) of the study participants 39 (37.14%) of them were T1DM patients and 17 (16.2%) were controlled. We also 
identified that the distribution of CTLA-4 (+49 A) alleles 154 (73.3%) T1DM patients and 188 (89.5%) on controls. 
However, considerable variations in CTLA-4 (+49 G) alleles distribution might be found higher on 56 (26.7%) T1DM 
patients than 32 (15.2%) controls. This alleles frequencies difference was statistically significant between the two 
groups as the study findings explored controls carried a high frequency of A alleles (89.5%) over T1DM patients 
(73.33%) P=0.005 while G allele was higher in T1DM patients (26.67%) than controls (10.5%); OR=3.1; 95% CI,1.82 
−5.32; P=0.001).

This finding was highly suggestive that CTLA-4 (+49 A) alleles were protective alleles for T1DM while, CTLA-4 
(+49 G) allele was susceptible to T1DM. Our findings match with those mentioned in earlier studies of Turkish,52 

Chinese,53 Madurai population of India,54 and Belgian55 populations. This finding provides clues in the understanding of 
the established scientific evidence that the CTLA-4 (+49 G) allele is a susceptible allele for T1DM and CTLA-4 exon 1 
+A49G polymorphism is associated with T1DM.

Another promising finding was genotype distribution of CTLA-4 (+49) AA homozygous genotypes (wild) was 
predominant in controls which are protective genotypes for diabetes over TIDM patients. However, mutant variants of 

Figure 6 Interaction network of CTLA-4 protein.
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genotype AG 22/105 (20.95%) and GG 17 (16.19%), were predominant on TIDM over Controls AG 12/105 (11.42%) 
and GG5 (4.76%) (OR=3.86; 95% CI,1.37–10.90; P=0.01).

Our findings suggested that the CTLA-4 gene was involved in the pathogenesis of T1DM, as evidenced by a higher 
frequency of heterogeneous A/G variants and homogeneous GG genotypes in T1DM patients (P<0.001, OR=2.44, CI 
0.96 −4.41 and P=0.005 OR=3.1195% CI1.37 −10.90), respectively, in the Ethiopian population. As the odds ratio 
suggested the person who carried G alleles, A/G, and/or GG genotyping has a 3.11,2.44, and 4.53-folds higher in 
T1DM patients, respectively, as compared with controls. These findings suggest that the G allele of the CTLA-4 
+A49G SNP variant was associated with increased incidences of T1DM and could be considered a risk factor for the 
development of T1DM. These findings are in line with other studies conducted in Egypt,23,56 Estonia,11 China,57 

Romania,3 Japan,58 France,15 Sweden,59 Belgium,55 Iran, Tunisia,60 India61 Madurai population of Southern India. 
Contrary to the findings of studies in Brazil22 Chili62 Turkey52 and Egypt63,64 which argued that the CTLA-4+A49G 
polymorphism is not recognized as a risk factor for T1DM. The discrepancy in results could be attributed to the small 
sample size, genetic heterogeneity in the studied populations, and the various environmental factors involved in the 
pathogenesis of T1DM.

This study showed that the association of CTLA-4 +A49G gene polymorphism with blood glucose level; a person in 
the T1DM group who carried G allele, AG, and GG genotypes have a higher mean blood glucose level (P<0.001 
OR=0.98, 95% CI,0.97–0.98) when compared with respective controls, which argued that the CTLA-4+A49G poly-
morphism is not recognized as a risk factor for T1DM. The disparity in the results might be due to the sample size 
variation, genetic heterogeneity in the studied populations, and the various risk factors involved in the pathogenesis of 
T1DM.15

We observed that when the age of onset of disease increased in the year the odds of getting CTLA-4 (+A49G) gene 
polymorphism increased by 0.93 this finding was contrasted with the result found in a study conducted in France.15 We 
strongly believed this difference may be due to the ethnic differences of the study participants. In other research, no 
connection between gender and CTLA-4 +A49G gene polymorphism has been observed in communities such as 
Chilean,62 Chinese,65 Portuguese,66 and Brazilian,22 and there has been disagreement with this in French,15 Iranian,67 

and Egyptian63 populations.
Based on the age group of study participants CTLA-4 (+A49G) gene polymorphism was higher within the age range 

of 15–24 years T1DM (P=0.02, OR=2.48, 95% CI,1.16–5.32) when compared with respective age in the controls (P=0.3, 
OR=0.55, 95% CI,0.18–1.67). The study’s findings revealed that T1DM patients in this age group had twice as much 
CTLA-4 (+A49G) gene polymorphism as controls. This suggests that gene polymorphism may occur as children grow 
and are exposed to different environmental factors, and that +A49G polymorphism may confer genetic risk for T1DM, 
particularly with G allele frequency in younger individuals. These findings are consistent with a Chilean population 
study.62

Using gene ontology in silico analysis tools, we analyzed CTLA-4 +A49G gene polymorphism to predict the 
structural and functional effects of SNP on CTLA-4 protein, especially on the biological, molecular, and cellular function 
of a CTLA-4. The protein sequence has a length of 223 aa with the amino acid substitution at the location of 17 
threonines with alanine. The physicochemical properties of protein from software prediction showed a change from 
medium size and polar threonine to a small size and hydrophobic alanine.49 This amino acid substitution affects T-cell 
activation by altering CTLA-4ʹs posttranslational modification and ability to bind with B7.1 (CD80), indicating that the 
+49G allele results in lower CTLA-4 expression compared to the +49A allele.16

The use of these bioinformatics tools can help predict the phenotypic effect of ns SNP on the biological properties of 
CTLA-4 proteins. Given that ns-SNP in critical cellular gene CTLA-4 modifies the normal programs of T-cell, the 
regulation of which is thought to play an important role in disease predisposition, such information is critical for 
genotype–phenotype correlations as well as disease understanding.68 As a result, efforts were made to identify SNPs that 
can alter the CTLA-4 gene’s structure, function, and expression. When adenine is replaced with guanine at nucleotide 
+49, one of the most significant CTLA-4 mutations occurs, resulting in an amino acid substitution at position 17 from 
threonine to alanine, known as T17A, located in the leading peptide segment found in humans. Furthermore, changes in 
protein sequence can cause changes in protein charge, geometry, hydrophobicity, dynamics, translation, and inter/intra 
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protein interaction, putting cells at risk.13 Our additional in-silico analysis was used to predict this mutation as a harmful 
substitution that could lead to disease.

According to Project HOPE server results, the wild-type amino-acid residue threonine is larger, neutral in charge, and 
less hydrophobic. Mutant residue alanine, on the other hand, is smaller, negatively charged, and more hydrophobic. 
Furthermore, the mutated residue is in a domain that is important for protein activity and is in contact with another 
domain that is also important for activity. The mutation may disrupt the interaction between these domains, affecting the 
protein’s function (Figure 6).

The mutation is located within the signal peptide. This sequence of this peptide is important because it is recognized 
by other proteins and often cleaved off to generate the mature protein. The new residue that is introduced in the signal 
peptide differs in its properties from the original wild one. This mutation may disturb the recognition of the signal 
peptide. This mutation matches a previously described variant, with the following description: Thr> Ala (increased risk 
for, insulin-dependent diabetes mellitus:rs231775).69

The mutation introduces a more hydrophobic residue at position 17, this can result in loss of hydrogen bonds and/or 
disturb correct folding, this variation in size and hydrophobicity can also disrupt the H-bond interactions with the 
adjacent molecules.13

We discovered that protein stability is critical for a protein’s structural and functional activity. Using the I-Mutant 3.0 
tool, we discovered a damaging ns-SNP that can affect the stability of the CTLA-4 protein. Protein stability determines 
the protein’s conformational structure and thus its function. Any change in protein stability can result in misfolding, 
degradation, or abnormal protein conglomeration. Furthermore, evolutionary conservancy in the protein sequence is 
required to determine whether a mutation is harmful to the host.42 Using the Con-Surf web server, we discovered that 
damaging ns-SNPs with a high conservation score were found in highly conserved areas,70 therefore, increasing the risk 
of autoimmune diseases like T1DM by inactivating CTLA-4 protein.

We discovered that damaging ns-SNPs with a high conservation score were found in highly conserved areas using the 
Con-Surf web server.46 CTLA-4 protein wild-type and mutant protein models were created. Furthermore, we used the 
Tm- Align tool to predict the RMSD and TM score of these Phyre2-generated wildtype and mutant protein models. 
Higher RMSD (3.44) and lower TM score (0.59) indicate that mutant protein structures differ from native ones (TM- 
score >0.5 indicates a model of correct topology and a TM-score<0.17 means a random similarity). (These cutoff does 
not depend on the protein length).71

For our targeted ns-SNP, we used I-TASSER, which provided more accurate structural and functional information of 
wild type and mutant protein models with C-score, solvation, and torsion scores (rs231775).47 Furthermore, the missense 
3D tool predicted the consequences of the structural ns-SNP and showed that ns-SNP affects the structural conformation 
of CTLA-4. Later on, we analyzed the energy minimization state of these structural and functional residues using the 
YASARA tool, as the lowest energy conformation of the modeled protein is closer to the experimental structure, the 
energy minimization score of wild-type CTLA-4 protein has significantly deviated in T17A. It was found that threonine 
forms one H-bond with TRP 20 with (3.167 Å), whereas, the mutant T17A has no H-bond.49

Our docking analysis confirmed that out of the ns-SNP, variants (17A), significantly reduced the binding affinity with 
B7.1/B7.2 compared to the wild type (17T) residues. The most remarkable change in binding affinity was observed 
where a noticeable loss of H-bond interactions was found in the binding pocket.72 T17 formed an H-bond with TRP 20 in 
the docking complex, with distances of 3.167, but mutated type A 17 did not form an H-bond with TRP 20. This H-bond 
was broken when ala replaced T at position 17, altering CTLA-4 protein binding affinity. In other words, molecular 
docking analysis revealed that the aforementioned variants have a significant impact on CTLA-4 protein functional 
activity.72

CTLA-4 had strong network interactions with CD80, CD86, FOXP3, FYN, ICOSL, IL17A, ITGA4, ITGAL, LCK, 
and PTPN11, which participated in the regulation of signal transduction pathways, which is essential for negatively 
immune regulation and apoptosis of activated cells.41 When B7.1/B7.2 binds to CTLA-4 protein, it activates a signaling 
pathway that limits proliferation and stimulates apoptosis, which is important in negative immune regulation. Because of 
non-synonymous mutations in the CTLA-4 protein, the signaling cascade may be disrupted, leading to an improper 
immune response by infiltrating Islets of Langerhans cells with activated T-cells and anti-Islets of Langerhans antibodies. 
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This may result in insufficient Insulin production by the Islets of Langerhans.73 If a harmful mutation occurs in this 
CTLA-4 protein, the CTLA-4 protein’s overall immune regulation activity will be significantly reduced. To date, no such 
experimental study has been documented for the protein CTLA-4. As a result, this study will provide a substantial 
framework for identifying functional SNP. CTLA-4 protein expression on the surface of T cells is not detected until 24– 
48 hours after activation. A signal peptide ensures proper targeting to the rough endoplasmic reticulum and subsequent 
localization within the membrane during this export event, and the leader peptide is cleaved off between serine-35 and 
glutamine-36. CTLA-4 can be retained at the surface or rapidly internalized by endocytosis and targeted to lysosomes, 
depending on its molecular interactions at the surface via the mechanisms discussed below. It is rapidly degraded after 
internalization, with a half-life of 2 hours in activated T cells. Although recycling in the absence of TCR ligation has not 
been formally demonstrated, TCR signaling can induce CTLA-4 recycling from the lysosomes to the T cell surface, 
providing an alternative method to rapidly increase CTLA-4 surface expression.16 Polymorphisms in CTLA-4 that cause 
altered activity are thought to play an important role in the risk of developing T1DM. The mechanism by which this is 
accomplished, states that disruption of the balance between CD-28 and CTLA-4 interactions with B7 could lead to 
autoimmune disease by preventing apoptosis or downregulation of activated self-reaction T-lymphocytes.74

Strength and Limitations of the Study
The main strength of this research is that it is the benchmark and a preliminary study in Ethiopia that give clue about 
genetical and immunological marker of CTLA-4 gene polymorphism as risk factors for T1DM in Ethiopian populations Our 
study has certain limitations, as with many possible genetic factors, we have not analyzed all the probable causes of diabetes 
at a large scale in the community and we cannot diagnose the presence of antibodies against the autoimmune disease.

Conclusion and Recommendations
The findings of our study revealed a link between the CTLA4 gene polymorphism 49 (A/G) and TIDM in the study 
population. The CTLA-4 (+49A/G) gene AG and GG genotypes, as well as G alleles, were linked to an increased risk of 
TIDM. CTLA-4 protein functions as a negative immune regulator, interacting with protein B7.1/B7.2 to carry out its 
immune suppressive function. As a result, CTLA-4ʹs structural conformation is critical for its functional role. This in 
silico analysis of the functional SNP of CTLA-4 protein provides significant insight into the potentially harmful effects of 
the ns-SNP on the CTLA-4 protein. According to our findings, the ns-SNP (T17A) reduces the binding affinity with 
B7.1/B 7.2. Overall, the findings of this study emphasize the importance of establishing local data of CTLA-4 allele 
frequencies and genotypes analysis, as well as the association of CTLA-4 (+A49G) gene polymorphism with T1DM 
patients. However, a large scale sample size is required for a compressive conclusion using a community-based cohort 
study in various parts of country, Ethiopia.
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