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Abstract

Background: C-reactive protein (CRP) is an acute-phase protein that serves as an early biomarker for inflammation. It has been
associated with an increased risk of Type 2 Diabetes Mellitus (T2DM).

Objectives: This research investigated the association of +1059 G>C (rs1800947) polymorphism in the CRP gene with T2DM in the
northwestern population of Iran.

Methods: In this case-control study, genomic DNA was extracted from human subjects, involving 77 unrelated T2DM patients and
80 unrelated non-diabetic volunteers of a northwestern population of Iran. The CRP gene was analyzed by genotyping for +1059 G>C
(rs1800947), allele-specific polymerase chain reaction (AS-PCR).

Results: There were 24 (15.3%) CC genotypes, 126 (80.2%) CG genotypes, and seven (4.5%) GG genotypes. There was a significant rela-
tionship between the CG genotype of CRP +1059 G>C gene polymorphism and T2DM (P value = 0.037, 95% CI, OR =2.385).
Conclusions: The CRP was associated with T2DM in this population. The frequency of the C allele was high in the northwestern
population of Iran. The CG genotype almost doubled the risk of T2DM, which has not been reported in Iran previously. However, the
primary finding of this study needs subsequent validation studies.
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1. Background

Insulin resistance and decreased insulin secretion are
the basic features of T2DM (1-4). Changes in glucose
metabolism are the primitive cause of T2DM (5). Physi-
ological functions are facilitated by plasma levels of glu-
cose up to 100 mg/dL in mammalian species (6). Over-
all, diabetes can be categorized into two types, as follows:
Type 1 diabetes, in which people have problems produc-
ing insulin due to the destruction of the cell that pro-
duces this hormone (lack of insulin), and T2DM, which in-
cludes almost 90% of all diabetes cases, worldwide, and is
caused by insufficient production of insulin or by a mal-
function of this hormone or its receptor (resistance to in-
sulin) (7, 8). In April 2016, the International Diabetes Feder-
ation (IDF), reported that 415 million people had diabetes,
worldwide, which is predicted to increase to 642 million
(http://www.diabetesatlas.org) by 2040. There were about
4.5 million cases of diabetes in Iran in 2014, and 38 079 peo-
ple were reported to have died from the disease that year

(9).

Furthermore, T2DM is a complex metabolic and en-
docrine disorder, which results from the interaction be-
tween several genetic and environmental factors. These
factors lead to a complex and progressive disease that oc-
curs in varying degrees of insulin resistance (10). It has
been proposed that increased adipokines, inflammatory
cytokines, non-esterified fatty acids, mitochondrial dys-
function, lipotoxicity, glucotoxicity, and amyloid forma-
tion for S-cell dysfunction are responsible for insulin re-
sistance. Furthermore, T2DM has a strong genetic com-
ponent, yet, only a few genes have been identified so far
(11). Evidence shows that metabolic and inflammatory fac-
tors associated with diabetes, such as high glucose, modi-
fied lipoproteins, adipokines, and free fatty acids, may give
rise to CRP production by smooth muscle cells, endothelial
cells, macrophages, and monocytes (12-18). In recent epi-
demiologic studies, it has been shown that CRP level is a
predictor of diabetes mellitus (19, 20).
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As an acute phase reactant, CRP is preoccupied in acute
and chronic inflammation (21). Inflammation or tissue
injury and infection rapidly stimulate CRP production.
While hepatocytes synthesize CRP, several trans-acting cy-
tokines, such as Tumor Necrosis Factor-a (TNF-«) and
Interleukin-1 and 6 (IL-1, 6) control its expression (22). The
+1059 G>C (rs1800947) polymorphism is located in exon
2 of the CRP gene. This SNP does not change the protein
structure at the amino acid level; thus, it is a silent SNP
(CTG—CTC; Leu—Leu at codon 184). The protein levels of
CRP, as reported previously, are affected by this SNP, which
contributes to Coronary Artery Disease (CAD) progression
and T2DM (23).

2. Objectives

Since CRP with T2DM in the population of Northwest-
ern Iran has noticeably received insufficient attention so
far, this research aimed at investigating the association of
+1059 G>C polymorphism with T2DM in this population.

3. Methods

3.1. Study Subjects

In this case-control study, 77 T2DM patients and 80 con-
trol subjects were recruited from health care centers and
Taleghani hospital (Tabriz, Iran) between April 2016 and Oc-
tober 2016. All participating subjects were unrelated Irani-
ans and originated from different parts of the northwest
of the country. The cases (21 males and 56 females, mean
age of 50.43 &£ 15.93 years and BMI = 27.72 & 2.50) were
diagnosed as having T2DM and confirmed by the World
Health Organization (WHO), 1997, criteria (24). Criteria for
case (T2DM) selection were the use of hypoglycemic medi-
cation or Fasting Plasma Glucose (FPG) > 7.0 mmol/L and
FPG > 11.1 mmol/L after a two-hour Oral Glucose Tolerance
Test (OGTT). Controls (30 males and 50 females, mean age
of 49.39 £-13.18 years and BMI of 25.75 & 3.26) were individ-
uals, who had no known history of T2DM, not taking anti-
diabetic medications, and had FPG < 6.1 mM|L and FPG <
11.0 mmol/L after two-hour OGTT. Following the principles
of medical ethics, this study was approved by the Ethics
Committee of Tabriz University of Medical Sciences. After
informing the participants about the aims of this research,
the researchers took their written informed consent and
then obtained blood samples. For all participants, data
were collected based on gender and age (y), and the Body
Mass Index (BMI), as weight in kg/height? in m?, was calcu-
lated.

3.2. Genomic DNA Extraction and Molecular Genotyping

All of the molecular experiments in this study were
carried out at the laboratory of research molecular biol-
ogy, Marand branch, Islamic Azad University. From 1 mL
of EDTA anti-coagulated peripheral blood leucocytes of all
the subjects, genomic DNA was extracted by the Rapid Ge-
nomic DNA Extraction (RGDE) method (25). For analyz-
ing the mentioned polymorphism, allele-specific PCR (AS-
PCR) method used. The primers used in the PCR were:
5= CATTTGTACAAGCTGGGAGT-3’ as a constant forward
primer, 5’- ATGGTGTTAATCTCATCTGGTGGG-3, as a specific
reverse for allele C, and 5- ATGGTGTTAATCTCATCTGGTGGC-
3’, as a specific reverse for allele G. The PCR reactions were
carried out in 15 uL of reaction mixture as a final volume
containing 7.5 pl of 2X Master mix (from BIORON com-
pany, containing1unitTaq DNA polymerase, 0.1mM of each
dNTPs, 2.5 mM MgCl,, 0.01% Tween 20, 65 mM Tris- HCl and
16 mM (NH,)2S0,), 5 pmoles of each primer, and about 1
g of genomic DNA on a gradient thermocycler (LabCy-
cler/SensoQuest, Germany). The conditions for touchdown
PCR were as follows: 95°C, three minutes, (94°C, 45 sec-
onds; 69 to 63°C, with 1°C decrease in each cycle, 45 sec-
onds; 72°C, 45 seconds) 6 cycles, (94°C, 45 seconds; 63°C, 45
seconds; 72°C, 45 seconds) 30 cycles, 72°C, 7 minutes. The
amplified fragments (237 bp) were detected on 2% agarose
gel stained with DNA safe stain (Cinnagen, Iran). In order
to determine the fragment size, a 50-bp ladder (Cinnagen,
Iran, Cat. No. PR901633) was used. To reduce the geno-
typing error, genotyping was repeated in 10% to 15% of the
samples and positive controls were used for both the alle-
les, Figure 1.

3.3. Statistical Analysis

All the statistical analyses were performed using IBM
SPSS Statistics for Windows, version 22.0 (IBM Corp., Ar-
monk, N.Y., USA). The clinical characteristics of the sub-
jects via Mean =£ SD and the P value for calculating the
significance of the differences in the two groups were ex-
amined by the t-test. Also, the disease outcome was ex-
amined by the logistic regression analyses with the re-
sults were presented as OR (95% confidence interval). Chi-
square () analysis was performed for disease association
in the groups.

4. Results

Clinical and baseline characteristics of cases and con-
trols have been summarized in Table 1. There was a signif-
icant difference in age (P value = 0.00) and BMI (P value =
0.00) between the two groups of patients and healthy con-
trols (P value = 0.00, and BMI P value = 0.00). However,
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Figure 1. AS-PCR based genotypes for CRP +1059 G>C (rs1800947). Lanes 1and 2 contain the PCR product with heterozygote (GC) genotype, lanes 3 and 4 contain the G allele
with homozygote (GG) genotype, lane 5 contains the 50 bp DNA ladder and lanes 6 and 7 contain C allele homozygote (CC) genotype.

there was no significant difference between T2DM patients
and healthy controls in terms of gender.

Allele and genotype frequencies of CRP +1059 G>C
(rs1800947) for each group are shown in Table 2, individ-
ually. Table 2 also shows the genotype and allelic distribu-
tion of +1059 G>C polymorphism for CRP gene between the
cases and controls. The allele frequencies for Cand G in the
control groups were 0.57 and 0.43, and in T2DM patients,
the frequencies for C and G alleles were 0.54 and 0.46, re-
spectively. The genotype frequencies for CC, CG, and GG in
the controls were 0.103, 0.87, and 0.025, and the T2DM sub-
jects had genotype frequencies of 0.02, 0.737,and 0.062 for
CC, CG, and GG, respectively (Table 2).

There was a significant difference between the geno-
type frequencies among diabetics and controls. An impor-
tant finding of this analysis was a significant correlation
between the CRP gene polymorphism and family history of
the disease. No such correlation was previously found for
this gene, at least in the Iranian population. The genotype
frequencies showed a meaningful distinction in compari-
son to controls (Pvalue=0.037, OR=2.385 for CG genotype).
The G allele appears to pose a higher risk to T2DM than to
controls. According to Table 2, the odds ratio of the C al-
lele in cases to controls was equal to 0.91, showing that al-
lele C frequency in cases was 9% less than that in controls.
The odds ratio of the G allele in cases to controls was 1.02.
In other words, G allele frequency was 1.02% higher than
that in the control group, and the odds ratios of the C al-
lele to the G allele was 0.89. This implies that the group
with higher C allele frequency than G allele frequency was
afflicted with type 2 diabetes 11% (1-0.89 X 100)less than the
group with higher G allele frequency. Considering the sig-
nificantrelationship between this disease and the CG geno-
type, as shown in Table 2, it can be concluded that this dis-
ease is caused by the G allele.
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5. Discussion

The present study addressed the possible correlation
of the CRP+1059 G>C (rs1800947) gene polymorphism with
susceptibility to T2DM, as well as the relationship between
BM]I, age, gender, and T2DM in a sample of the Iranian pop-
ulation. The study indicated a high frequency for Callele in
the northwestern population of Iran (55.4%), while in stud-
ies conducted on other world populations, the G allele was
reported to be of high frequency (90.0% to 96.3%) (23, 26).

The results showed a significant difference between
the +1059 G>C polymorphism in genotype CG and G al-
lele in the patient and control groups (OR = 2.385 at 95%
CI). There are a number of studies about the correlation
of CRP +1059 G>C polymorphism with T2DM. In addition,
the results of available association studies have conflict-
ing results. Also, several studies have been unsuccessful
to report a correlation between the +1059 G>C polymor-
phism with either Coronary Artery Disease (CAD), T2DM
(27) and Acute Coronary Artery (ACA) (28). The results of
a study conducted between T2DM and control groups in
a Turkish population showed a high level of CRP for the
patient group, however, there wasn’t any association be-
tween +1059 G>C (rs1800947) polymorphism and CRP lev-
els or T2DM (29). In another study on the Chinese popula-
tion, results showed that there is an association between
individuals with GG/GC genotypes and higher CRP levels.
Also, in a comparison between cases with CAD or Myocar-
dial Infarction (MI)and control group, CRP levels were high
in CAD and MI cases. However, there was no significant
association between CAD and +1059 G>C polymorphism
(30). On the other hand, a study on an Egyptian popula-
tion showed that CRP levels are high in carriers of CC and
GC genotypes in both individuals with Acute Myocardial
Infarction (AMI) and controls, yet there wasn’t any associa-
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Table 1. Characteristics of the Subjects Included in This Study

Characteristics Type 2 Diabetics, N=77 Controls,N=80 P Value OR(95% CI)
Age,y 50.42 +15.93 39.49 £13.18 0.00 0.962
Gender 0.173

Male 21 30

Female 56 50
BMI, Kg/m* 27.72 £ 250 2575 £3.26 0.00 0.843

Abbreviations: BMI, body mass index, OR, odds ratio.

Table 2. Comparison of Genotypic, Allelic Distribution and Genotypic Percentage of CRP +1059 G>C (rs1800947) Gene Among the Subjects with T2DM and Healthy Controls

CRP+1059 G>C (rs1800947) Type 2 Diabetics Healthy Controls OR (95%CI) PValue x* Nominal number Percentage Value
Genotype numbers
CC 8 16 0.094 2.79 0.134 24 153
CG 67 59 2.385 0.037 4.355 0.167 126 80.2
GG 2 5 0.268 1.229 0.088 7 4.5
Total 77 80 157 100
Allele Frequency
C 0.54 (83) 0.57(91) 0.1
G 0.46 (69) 0.43(69) 0.1

tion between the genotypes and the risk of AMI (31). There-
fore, there is an association between higher CRP levels and
alleles in most studies yet not with the disease. In addition,
significant differences exist between T2DM and controls re-
garding of age and BMI, yet there were not any significant
differences between T2DM patients and healthy controls
regarding gender.

Diabetes is the most common endocrine metabolic dis-
order, which can reduce life expectancy by one-third (32).
Diabetes has affected over 415 million people around the
world, and this number will rise by 2040 (9). Poorly con-
trolled diabetes may result in retinopathy, nephropathy,
and neuropathy. Most studies have reported the associ-
ation of T2DM with inflammatory markers. Previously,
some studies have reported the association of inflamma-
tory markers, such as interleukin 6 (IL6), adiponectin, and
CRP with T2DM (33). In a study on the population of Rotter-
dam, an association between higher EN-RAGE levels and an
increased risk of incident pre-diabetes was revealed, and
there was an association between higher IL13 levels and
a decreased risk of pre-diabetes, incident T2DM. However,
higher IL17 levels were associated with a decreased risk of
T2DM incidence. Also, the findings of this study are in line
with previous studies, in which the associations between
high CRP levels and the increased risk of T2DM were re-
vealed (34). As cross-sectional studies conducted on Chi-
nese population revealed, there is a positive relationship

between CRP and prediabetes, such as hyperglycemia and
metabolic syndrome on the one hand and prevalent dia-
betes on the other (35). In addition, recent studies found
that the risk of T2DM increases when baseline plasma CRP
levels are elevated (15, 20).

Some other studies showed the accumulation of sub-
cutaneous fat to be galore in Chinese women when com-
pared to men. This can explain the strong relationship
between CRP and glycemia (5). However, the two cohort
studies conducted on Mexican (36) and German popula-
tions (37) showed a positive relationship between CRP and
T2DM in women rather than men; the two other stud-
ies conducted on a Japanese population did not find any
significant differences between men and women in this
regard (19). A recent study revealed a positive relation-
ship between CRP and increased risk of undiagnosed dia-
betes rather than the incidence of diabetes, implying that
CRP is not or cannot be a causal factor in diabetes yet a
marker of hyperglycemia in the pathway (38). There is lit-
tle information about the role of IL6R polymorphisms in
T2DM risk. Qi et al. revealed that the rs2229238 IL6 poly-
morphism might interact with C-Reactive Protein (CRP) in
women and predict diabetes risk. Conversely, the same re-
searchers, investigating this SNP in European Caucasian
women, found no significant risk of T2DM (39). In a
study with an Iranian sample, Galavi et al. investigated
rs2229238 and rs4845625 interleukin 6 receptor gene poly-
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morphisms and found a significant association between
1522229238 and rs4845625 polymorphisms and T2DM (18).
In this study, the researchers found that there was a sig-
nificant difference in the CRP +1059 G>C (rs1800947) poly-
morphism between the T2DM patients and control group
and the frequency of CG genotype was significantly higher.
However, the current study had several limitations. First,
this study was limited to an Iranian population. Second,
the sample size was relatively small. Thus, the authors sug-
gest that more carefully constructed replications with dif-
ferent populations are necessary to validate and further ex-
pand the finding.

5.1. Conclusions

In conclusion, the current results indicated a signifi-
cant association between CRP +1059 G>C (rs1800947) gene
polymorphism and T2DM.
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