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Background: This study aimed to explore relationship among RANTES −28 (rs2280788) C/G polymorphism or CCR5 59029 
(rs1799987) A/G polymorphism, level of self-expression, and type 2 diabetes mellitus (T2DM).
Materials and Methods: Clinical data were collected from 92 subjects with normal blood glucose (NC) and 97 patients with T2DM 
(DM). CCR5 levels on the surface of monocyte/lymphocyte and plasma RANTES levels were detected by flow cytometry. TaqMan 
real-time fluorescent quantitative PCR was used to detect genetic polymorphisms of RANTES rs2280788 and CCR5 rs1799987.
Results: There were no significant differences in frequencies of CCR5 rs1799987 genotype and A/G allele and frequencies of 
RANTES rs2280788 genotype and C/G allele, between subjects in NC and DM group (P > 0.05). Plasma RANTES level in DM group 
was significantly lower than NC group (P < 0.05), and difference came from patients with T2DM using insulin and subjects with 
normal blood glucose. CCR5 levels on the surface of monocytes and lymphocytes of patients in DM group were higher than NC group 
(P < 0.05). There was no significant difference in CCR5 level on the surface of monocytes and lymphocytes (or plasma RANTES 
level) among different genotypes of CCR5 rs1799987 (or RANTES rs2280788) (P > 0.05). RANTES level was positively correlated 
with age and TC and negatively correlated with diabetes course and HbA1c. CCR5 level on the surface of monocytes was positively 
correlated with drinking years, HbA1c, course of diabetes, and negatively correlated with TC. CCR5 on lymphocyte surface was 
positively correlated with diabetes course, smoking years, HbA1c, and negatively correlated with LDL, TC, HDL (P < 0.05).
Conclusion: RANTES -28 (rs2280788) C/G polymorphism or CCR5 59029 (rs1799987) A/G polymorphism may not be associated 
with T2DM of Han nationality in Kunming and cannot affect RANTES and CCR5 expression. RANTES and CCR5 levels may be 
related to T2DM but may also be affected by age, blood lipids, HbA1c, diabetes course, drugs, and other factors.
Keywords: type 2 diabetes, inflammation, cytokines, gene polymorphism, RANTES, CCR5

Introduction
Diabetes (DM) is one of the five diseases with the highest prevalence and mortality in the world.1 In 2019, more than 4 million 
adults died of diabetes and its complications, resulting in direct economic expenditure of $760 billion US.2,3 Among all types of 
diabetes, type 2 diabetes (T2DM) accounts for about 90%.4 More and more studies have shown that T2DM is a chronic low- 
grade inflammatory disease. Insulin resistance and secretion function in patients with T2DM are closely related to the synthesis 
and secretion of a variety of cytokines by monocyte macrophages, lymphocytes, adipocytes, and other cells after activation of the 
immune system.5,6 At the same time, this continuous metabolic inflammation will promote the accumulation of leukocytes in 
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damaged tissues and the continuous production of pro-inflammatory mediators. Amplifying the inflammatory response through 
the positive feedback loop is an important factor in promoting the occurrence and development of diabetes microvascular 
complications (DMI), such as diabetes nephropathy (DN) and diabetes retinopathy (DR).6,7 Therefore, finding the key cytokines 
in the inflammatory mechanism of T2DM is of great significance for its prevention and treatment.

Regular activation of normal T cells expressed and secreted (RANTES), also known as C-C chemokine ligand 5 
(CCL5), is expressed primarily in activated CD8+ T lymphocytes, fibroblasts, mesangial cells, macrophages and other 
cells, and is a specific chemokine of monocyte macrophages.8 The receptor of RANTES, the C-C chemokine receptor 
type 5 (CCR5), is expressed mainly on the surface of NK cells, T lymphocytes, phagocytes, and other immune effector 
cells. RANTES and CCR5 can play a variety of biological effects after a specific combination, such as chemotaxis and 
activation of a variety of leukocytes, enhancement of intercellular adhesion, promotion of the release of other cytokines 
and proliferation of T lymphocytes.9,10 Some studies have shown that RANTES and its CCR5 receptor are associated 
with insulin resistance and impaired glucose tolerance, but their correlation with diabetes and their correlation mechan
ism are still controversial.10,11 In view of the influence of ethnic differences of the participants on the research results,12 

we conducted a study in Kunming, Yunnan Province, to explore the correlation among the C/G polymorphism of the 
RANTES gene promoter region-28 (rs2280788) or the A/G polymorphism of the CCR5 gene promoter region 59029 
(rs1799987), its own expression level, and the T2DM in the Han population in this region.

Materials and Methods
Subjects
This study included 189 Han people who were treated in the First Affiliated Hospital of Kunming Medical University and 
divided into the Diabetes mellitus (DM) group (n = 97) and the Normal blood glucose (NC) group (n = 92). Patients in 
the DM group (57 males and 40 females) aged 49.53 ± 12.52 years and were diagnosed with T2DM, according to the 
WHO diagnostic criteria in 1999. The exclusion criteria were listed as follows: infection, coronary heart disease, acute 
complications of diabetes, rheumatoid diseases, and other diseases related to autoimmunity. The subjects in the NC group 
(43 men and 49 women) were all normal blood glucose after physical examination at the physical examination center of 
our hospital. These subjects aged 46.22 ± 11.77 years, with fasting plasma glucose (FPG) <6.1 mmol/l, and without 
a history of diabetes. Furthermore, the patients in the DM group were also divided into the long-term DM group (LDM) 
and the short-term DM group (SDM) according to the course of diabetes. The LDM group was patients with diabetes 
with a course of >5 years, and the SDM group was patients with diabetes with a course of diabetes ≤5 years. Both groups 
of patients were diabetes patients who met the WHO diagnostic criteria in 1999.

This study was approved by the Ethics Committee of the First Affiliated Hospital of Kunming Medical 
University (Approval No. 2020-L-18, Approval Date: April 10th, 2020). Subjects involved in this study provided 
their informed consents. This study was carried out in accordance with the Helsinki Declaration of 1975, as 
revised in 2013 (http://www.wma.net/en/20activities/10ethics/10helsinki/).

Insulin Treatment and Parameter Collection
Insulin Treatment
According to the characteristics of the patient’s condition, the patient’s willingness, the patient’s self-management ability, 
the accessibility of the patient’s insulin types and the patient’s economic conditions, this study developed different 
individualized insulin treatment plans.

Waist Circumference (WC) Measurement
Subjects stood naturally, and the measuring staff used an inelastic tape to pass the most prominent part of the subjects’ buttocks 
around the buttocks, close to but not compressing the skin, and read the readings (accurate to 0.1 cm). Smoking: According to the 
WHO judgment standard, those who have smoked in the past 30 days and have smoked more than 100 cigarettes so far were 
considered smokers. Those who met this standard would be judged as smokers, and those who did not meet this standard would 
be judged as nonsmokers. Drinking: Those who have a history of drinking white wine (Baijiu), beer or rice wine for more than 12 
days in the past year were judged as drinkers, and those who did not meet this standard were judged as nondrinkers.
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Determination of the −28 C/G Polymorphism and the 59029 A/G Polymorphism
The peripheral venous blood DNA of the subjects was extracted using a Small Amount of Whole Blood Genomic DNA Rapid 
Extraction Kit (Cat. No. DL110-01, Biomed. Tech. Co., Ltd., Beijing, China.), as instructed by the manufacturer. The 
polymorphism of the RANTES gene promoter region −28 (rs2280788) C/G and the polymorphism of the CCR5 gene promoter 
region 59029 (rs1799987) A/G, using the TaqMan real-time fluorescence quantitative PCR system. Genotypes were analyzed 
according to the fusion curve of the PCR products. The PCR reaction conditions are listed in Table 1. The interpretation of the 

product fusion curve is shown in Figure 1. The specific fragment primers and probes of the RANTES gene rs2280788 were 
synthesized by Beijing Qingke Xinye Biotechnology Co., Ltd. (Table 2) and ABI (Foster City, CA, USA) synthesized specific 
fragment primers and probes of the CCR5 gene rs1799987. The PCR reaction system used in this mainly included the following 

Table 1 The Condition of the PCR Assay

Genes Steps Temperature (°C) Time Cycles

RANTES Pre-denaturation 95 2 min 1
Denaturation 95 10 sec 40

Annealing, extension 60 34 sec

CCR5 Pre-denaturation 95 10 min 1

Denaturation 95 15 sec 40
Annealing, extension 60 1 min

Figure 1 Determination of the expression level and gene polymorphism of RANTES and its CCR5 receptor. (A) Flow cytometry analysis of leukocytes in peripheral venous 
blood. (B) Flow cytometry analysis of CCR5 expression level on the surface of peripheral venous blood lymphocytes. (C) Flow cytometry analysis of the expression level of 
CCR5 on the surface of peripheral venous blood monocytes. (D) Flow cytometry analysis of plasma RANTES expression level in peripheral venous blood. (E–G) The PCR 
product fusion curves of the CCR5 gene rs1799987 AA genotype (E), the CCR5 gene rs1799987 GG genotype (F) and the CCR5 gene rs1799987 AG genotype (G). 
VIC=A, FAM=G. (H–J) The PCR product fusion curves of the RANTES gene rs2280788 CC genotype (H), the RANTES gene rs2280788 GG genotype (I) and the RANTES 
gene rs2280788 CG genotype (J). FAM=C, VIC=G.
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parameters: 1 μL DNA template, 10 μL 2×T5 fast qPCR mix (probe), 1 μL TaqMan probe and primers upstream and downstream, 
0.4 μL 50×ROX Reference Dye I, 7.6 μL ddH2O.

Evaluation of Plasma RANTES Concentration and CCR5 Expression on the Leukocyte 
Surface
The concentration of RANTES in plasma was detected with flow cytometry methods, by the CBA Human Cytokine Detection 
Kit (Cat. No. 550749, BD Biosciences, San Jose, CA, USA) as described in the manufacturer’s protocol. The level of CCR5 on 
the surface of lymphocytes and monocytes was detected by flow cytometry. The antibodies, including FITC-conjugated mouse 
anti-human CD14 (Cat. No. 555397), PE-conjugated mouse anti-human CD195 (Cat. No. 555993), and PE-conjugated mouse 
IgG (Cat. No. 555787), were purchased from BD Biosciences (San Jose, CA, USA) (Figure 1).

Detection of Clinical and Biochemical Indicators
The indicators, including FPG, total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C) 
and low-density lipoprotein cholesterol (LDL-C), were detected by an automatic biochemical analyzer. Glycosylated 
hemoglobin was determined by the HPLC method.

Statistical Analysis
Hardy-Weinberg equilibrium analysis was used to test the group representation of the selected samples. SPSS 26.0 statistical 
analysis software (IBM Corp., Armonk, NY, USA) was used for statistical analysis. The normal distribution data were expressed 
as mean ± standard deviation (SD) and analyzed with parametric tests. The nonnormal distribution data were expressed by 
median (lower quartile, upper quartile) or “rate” and analyzed with nonparametric tests. Two independent sample Student’s t-test 
was used to compare the normal distribution data between two groups, and two independent sample rank sum test was used to 
compare the nonnormal distribution data. Normal distribution data among the three groups were compared with the analysis of 
variance of a completely random design, and the LSD-t test was used for pairwise comparison. The Kruskal Wallis test was used 
for nonnormal distribution data, and the Chi-square (χ2) test was used to count data comparison. Pearson’s correlation analysis 
was used for correlation analysis of normal distribution data whose dependent variable was measurement data, and Spearman 
correlation analysis was used for the correlation analysis of nonnormal distribution data. The difference was statistically 
significant with P < 0.05. However, the alpha (α) division method was used to compare two groups among three groups. 
Therefore, P < 0.05 was divided into 3 parts (P < 0.005/3 = 0.017), as statistically significant.

Results
General Characteristics of Subjects in the Diabetes Mellitus (DM) and Normal Blood 
Glucose (NC) Group
The genotype distribution of the CCR5 rs1799987 gene polymorphism and the RANTES rs2280788 gene polymorphism 
of the patients in the DM group and the subjects in the NC group was consistent with the Hardy-Weinberg equilibrium 
law (P > 0.05). FPG level, glycosylated hemoglobin type A1C (HbA1c) level, waist circumference (WC), BMI, systolic 
blood pressure and TG level of patients in the DM group were significantly higher compared to those of subjects in the 
NC group (Table 3, P < 0.05). Meanwhile, the TC level and HDL level of the patients in the DM group were significantly 

Table 2 Primer Sequence of the Promoter Region of the RANTES Gene −28 (rs2280788)

Genes Primer Sequences (5′-3′) 5′ Modification 3′ Modification

rs2280788-PG2 TGCCCCTGAACTG VIC MGB

rs2280788-PC2 TGCCCCTCAACTG FAM MGB

rs2280788-F TGCTTGGTTGCTATTTTGGAA – –
rs2280788-R CGTGCTGTCTTGATCCTCT – –
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lower compared to those of the subjects in the NC group (Table 3, P < 0.05). However, there were no significant 
statistical differences between the two groups in terms of age, sex, diastolic blood pressure and LDL (Table 3, P > 0.05).

Comparison of the Genotype/Allele Frequencies of CCR5 rs1799987 and RANTES 
rs2280788 Between Subjects in the DM Group and NC Group
There were no significant differences in the frequency of the CCR5 rs1799987 genotype (AA, AG, GG) between the patients in 
the DM group and the subjects in the NC group (Table 4, P > 0.05). At the same time, there were no significant differences in the 
frequency of the RANTES rs2280788 genotype (CC+CG, GG) between patients in the DM group and subjects in the NC group 
(Table 4, P > 0.05). Additionally, there were no significant differences in the A/G allele frequency of CCR5 rs1799987 and the C/ 
G allele frequency of RANTES rs2280788 between patients in the DM group and subjects in the NC group (Table 4, P > 0.05).

Plasma RANTES Level and CCR5 Expression in Leukocyte Surface Comparison 
Among Subjects in the InsDM, NInsDM, and NC Group
The plasma RANTES level of patients in the DM group was significantly lower than that of subjects in the NC group 
(Table 5, P < 0.05). However, the expressions of CCR5 on the surface of monocytes and lymphocytes were significantly 
higher compared to those of subjects in the NC group (Table 5, P < 0.05).

Cytokine levels among patients in the NC group (n = 92), diabetes patients with insulin administration (InsDM group, n = 52), 
and diabetes patients without insulin administration (NInsDM group, n = 45) are shown in Figure 2A–C. There were no 

Table 3 General Characteristics of Patients in the Normal Control (NC) Group and the Diabetes Mellitus 
(DM) Group

Characteristics NC Group (n=92) DM Group (n=97) t/Z/χ2 value P value

Age (years) 46.22±11.77 49.53±12.52 −1.87 0.063

Gender

Female 49(53.30%) 40(41.20%) 2.74 0.098
Male 43(46.70%) 57(58.80%)

FPG (mmol/L)* 5.03±0.69 8.38±2.95 −10.892 <0.001

HbA1c (%)* 5.58±0.39 9.20±2.21 −15.915 <0.001
Waist circumference (cm)* 83.83±11.84 90.79±10.09 −4.359 <0.001

BMI (kg/m2)* 24.02±3.73 25.17±3.85 −2.086 0.038
Systolic pressure (mmHg)* 119.68±16.92 130.65±19.35 −4.138 <0.001

Diastolic pressure (mmHg) 79.38±9.94 77.82±11.44 0.996 0.321

TC (mmol/L)* 4.99±0.88 4.47±1.13 3.49 0.001
HDL (mmol/L)* 1.34(1.11,1.64) 1.00(0.85,1.17) −6.411 <0.001

TG (mmol/L)* 1.25(0.90,1.99) 1.61(1.07,2.31) −2.148 0.032

LDL (mmol/L) 2.88(2.50,3.66) 3.08(2.32,3.45) −0.16 0.873

Note: *Represented the significant difference (P < 0.05).

Table 4 Genotype and Allele Frequencies of CCR5 rs1799987 and RANTES rs2280788 of Patients in the 
Normal Control (NC) Group and the Diabetes Mellitus (DM) Group

Groups Genotype Frequencies Allele Frequencies

CCR5 rs1799987 AA AG GG A G

NC group 19 (20.70%) 49 (53.30%) 24 (26.10%) 87 (47.28%) 97 (52.72%)

DM group 18 (18.60%) 47 (48.50%) 32 (33.00%) 83 (42.78%) 111 (57.22%)

RANTES rs2280788 CC+CG GG – C G

NC group 20 (21.70%) 72 (78.30%) – 22 (11.96%) 162 (88.04%)
DM group 23 (23.70%) 74 (76.30%) – 24 (12.37%) 170 (87.63%)
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significant differences in plasma RANTES level (Figure 2A) and mononuclear CCR5 ratio (Figure 2B) between patients in the 
NInsDM group and subjects in the NC group and between patients in the NInsDM group and patients in the InsDN group (both 
P > 0.017). However, the plasma level of RANTES (Figure2A) of the patients was significantly lower and the CCR5 
mononuclear ratio (Figure 2B) of the patients was significantly higher in the InsDM group compared to those of the subjects 
in the NC group (both P < 0.017). The CCR5 lymphoid ratio of patients in the NInsDM group and the InsDM group was 
significantly higher compared to that of subjects in the NC group (Figure 2C, both P < 0.017), and the CCR5 lymphoid ratio of 
patients in the InsDM group was significantly higher than that of patients in the NInsDM group (Figure 2C, P < 0.017). 
Furthermore, there were no significant differences in gender and age between the above three groups (P > 0.05).

Plasma Expression of RANTES and CCR5 in Leukocyte Surface Comparison Between 
Subjects with Different Diabetes Course and NC Group
Cytokine levels among subjects in the NC group (n = 92), diabetes patients with a 5-year or shorter course (SDM group, 
n = 43) and diabetes patients with a course of more than 5 years (LDM group, n = 35) are shown in Figure 2D–F. Plasma 

Table 5 Expression of RANTES and CCR5 in Patients in the Normal Control Group (NC) and the Diabetes 
Mellitus Group (DM)

Cytokines NC Group (n=92) DM Group(n=97) t/Z value P value

RANTES (pg/mL)* 131.30(115.70,154.80) 122.60(110.50,141.40) −2.803 0.005

CCR5-monocytes ratio (%)* 2.45(1.38,4.79) 3.18(1.87,13.86) −2.533 0.011

CCR5-lymphocytes ratio (%)* 8.65(4.72,13.59) 18.04(11.36,24.17) −6.105 <0.001

Notes: CCR5-monocytes ratio: the percentage of monocytes expressing CCR5 in all monocytes, CCR5-lymphocytes ratio: the percentage of 
lymphocytes expressing CCR5 in all lymphocytes. *Represented the significant difference (P < 0.05).

Figure 2 Comparison of RANTES and CCR5 expression levels between patients with T2DM with insulin (InsDM) or without insulin (NInsDM) or patients with T2DM with 
different course of diabetes and subjects in the NC group. (A) Plasma RANTES levels in NC group, NInsDM group, and InsDM group. (B) CCR5 mononuclear ratio in NC 
group, NInsDM group, and InsDM group. (C) CCR5 lymphoid ratio in the NC group, NInsDM group, and InsDM group. (D) Plasma levels of RANTES in the NC group, SDM 
group, and LDM group. (E) CCR5 mononuclear ratio in the NC group, the SDM group, and the LDM group. (F) CCR5 lymphoid ratio in the NC group, SDM group, and 
LDM group. Data here were expressed as median (lower quartile, upper quartile). *This meant that the difference was statistically significant, that was, P < 0.017.
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RANTES level (Figure 2D) of patients in the LDM group and the SDM group were significantly lower compared to those 
of subjects in the NC group and CCR5 lymphoid ratio (Figure 2F) of patients in the LDM group and the SDM group 
were significantly higher compared to those of subjects in the NC group (both P < 0.017). The CCR5 mononuclear ratio 
(Figure 2E) of the patients in the LDM group was significantly higher than that of the subjects in the NC group and the 
patients in the SDM group (both P < 0.017). There was no significant difference in CCR5 mononuclear ratio (Figure 2E) 
between patients in the SDM group and subjects in the NC group (P > 0.017). There were no significant differences in 
plasma RANTES level (Figure 2D) and CCR5 lymphoid ratio (Figure 2F) between patients in the LDM group and 
patients in the SDM group (both P > 0.017). Furthermore, there were no significant differences in sex and age among the 
above three groups (P > 0.05).

Comparison of Self-Expression Levels Between Different Genotype Groups in CCR5 
rs1799987 and RANTES rs2280788
There were no significant differences in the lymphoid ratio of CCR5 and the mononuclear ratio of CCR5 between 
different genotype groups (AA, AG, GG) in CCR5 rs1799987 (Table 6, P > 0.05). There were no significant differences 
in plasma RANTES levels between different genotype groups (CC+CG, GG) at RANTES rs2280788 (Table 6, P > 0.05).

Correlation Between RANTES/CCR5 Expression Levels and Clinical/Biochemical Data
RANTES level was weakly positively correlated with age and total cholesterol (TC), and weakly negatively correlated 
with the course of diabetes and HbA1C (Table 7, all P < 0.05). The mononuclear CCR5 ratio demonstrated a weak 
positive correlation with drinking years, HbA1c, the course of diabetes, and a weak negative correlation with TC 

Table 6 Self-Expression Between Different Genotype Groups at the CCR5 rs1799987 Site and the RANTES rs2280788 Gene 
Site

Gene Polymorphism Site Expression Level Z value P value

CCR5 rs1799987 AA AG GG
CCR5-lymphocytes ratio (%) 16.13 (6.33, 24.84) 12.41 (6.30, 19.32) 13.29 (7.90, 22.03) 1.322 0.516

CCR5-monocytes ratio (%) 2.84 (1.45, 15.60) 2.86 (1.48, 7.77) 2.90 (1.60, 8.83) 0.345 0.842

RANTES rs2280788 CC+CG GG –
Plasma RANTES level (pg/mL) 125.40 (113.10, 149.70) 126.30 (113.35, 144.40) – −0.141 0.888

Table 7 Correlation Analysis of RANTES and CCR5 Expression Levels with Clinical and Biochemical Data

Clinical and 
Biochemical Data

Plasma RANTES Level CCR5-Monocytes Ratio (%) CCR5-Lymphocytes Ratio (%)

rs P rs P r/rs P

Age 0.159* 0.029 0.128 0.08 0.018 0.802

Diabetes course −0.17* 0.022 0.285* <0.001 0.489* <0.001
Smoking years −0.052 0.476 0.124 0.092 0.146* 0.046

Drinking years 0.068 0.355 0.162* 0.028 0.121 0.101

Waist circumference −0.036 0.621 0.029 0.691 0.08 0.276
BMI 0.016 0.813 −0.046 0.528 −0.019 0.796

FPG −0.115 0.114 0.091 0.211 0.118 0.107

HbA1c −0.169* 0.02 0.198* 0.006 0.346* <0.001
TC 0.163* 0.025 −0.165* 0.023 −0.215* 0.003

HDL 0.142 0.052 −0.133 0.071 −0.268* <0.001

TG 0.006 0.932 0.009 0.903 0.084 0.254
LDL 0.128 0.08 −0.104 0.153 −0.155* 0.033

Note: *Represented the significant difference (P < 0.05).
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(Table 7, all P < 0.05). The CCR5 lymphoid ratio was moderately positively correlated with the course of diabetes, was 
weakly positively correlated with smoking years and HbA1c, and was weakly negatively correlated with LDL, TC, and 
HDL (p < 0.05).

Discussion
Our study showed that the plasma level of RANTES of Han-nationalized patients with T2DM in Kunming, China, is 
lower than that of normal blood glucose subjects, which is similar to the results of Mohamed et al.13 However, in 
a German study, there was no difference in serum RANTES levels between diabetes patients and normal health 
individuals.14 Some studies9,15,16 showed that serum RANTES levels in patients with impaired glucose tolerance and 
diabetes were significantly higher than in the control group. Through further analysis, we found that the difference in 
RANTES expression is mainly due to the comparison between patients with T2DM who use insulin and those with 
normal blood glucose. Therefore, we consider that the decrease in plasma RANTES level in the DM group may be 
related to inhibition of inflammation by insulin use.13,17 Furthermore, we also found that the level of RANTES was 
positively correlated with age, which is similar to the research conclusion of Jamali et al.9 Our study also showed that 
there was a negative correlation between RANTES level and HbA1c, contrary to the research conclusion of Pfleger 
et al.18 The reasons for this difference are not only related to the ethnic differences of the subjects and different 
hypoglycemic regimens but also related to the different stages of the disease course of the patients with diabetes. Another 
study [9] showed that the level of RANTES in patients with diabetes increased with the extension of the duration of 
diabetes. In this study, the results showed that the level of RANTES was negatively correlated with the course of 
diabetes, that is, the expression level of RANTES decreases with the extension of the course of diabetes, which is similar 
to the conclusion of Pfleger et al.18 However, we did not find a statistical difference in plasma RANTES levels between 
patients with diabetes in 5 years and those with more than 5 years, suggesting that the time point of significant reduction 
in RANTES levels in patients with T2DM of Han nationality in Kunming, China, is not around the fifth year after 
diagnosis. In the future, it is necessary to expand the sample size for more detailed course grouping research.

In this study, the level of CCR5 on the surface of monocytes and lymphocytes in patients with diabetes was 
significantly higher than those with normal blood glucose, which is similar to the results of Inayat et al11 and others, 
while Lohmann et al14 and others have not found such differences. The results showed that there was a positive 
correlation between the level of CCR5 on the surface of monocytes and lymphocytes and the course of diabetes. After 
more than five years of diabetes, the level of CCR5 on the surface of monocytes increased significantly. Furthermore, we 
also found that the difference in the level of CCR5 in monocytes between patients with diabetes and those with normal 
blood glucose mainly came from patients with diabetes who used insulin. The CCR5 level on the lymphocyte surface of 
diabetes patients who used insulin was significantly higher than that of diabetes patients who did not use insulin, which 
may be related to poor blood glucose control in this group. HbA1c in diabetes patients using insulin (InsDM group) was 
significantly higher than in the NInsDM group and the NC group, which may be related to oxidative stress and 
inflammatory factor production11,19 and the interaction between elevated CCR5 and RANTES in the body, islet 
inflammation mediated by cascade reaction, and the development of diabetes.18,20 The correlation analysis also showed 
that there was a positive correlation between the level of CCR5 on the surface of monocytes and lymphocytes and 
HbA1c, while the anti-inflammatory effect of insulin did not appear to significantly inhibit the expression of CCR5. 
Furthermore, we observed that there was a positive correlation between smoking years and drinking years and the level 
of CCR5, which is similar to the research conclusion of Jamali et al9 suggesting that tobacco use and alcohol intake can 
upregulate CCR5 expression, and we should pay attention to smoking cessation and alcohol restriction in the prevention 
and treatment of diabetes.

Lipid metabolism disorder and subsequent subclinical inflammation are one of the reasons for the appearance and 
development of insulin resistance.21 This study did not find that the TG level was related to the expression level of 
RANTES and CCR5, but the TC level was negatively correlated with the level of CCR5 on the surface of monocytes and 
lymphocytes and positively correlated with the level of RANTES. HDL dysfunction is related to insulin resistance.22 In 
this study, HDL level was negatively correlated with CCR5 level on the lymphocyte surface, showing the anti- 
inflammatory effect of HDL, which is similar to the research conclusion of Jonas et al.23 In T2DM, oxidized and/or 
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enzymatically modified forms of low-density lipoprotein (oxLDL) can mediate the activation and maturation of T cells 
and monocytes/macrophages.24 Our study showed that the higher the LDL level, the lower the CCR5 level on the 
lymphocyte surface, suggesting that LDL may induce down-regulation of CCR5 expression, but does not rule out 
interference from other factors. Therefore, LDL, HDL, and TC may participate in the inflammatory response in patients 
with T2DM by affecting the expression of RANTES and its CCR5 receptor.

Furthermore, CCR5 on the lymphocyte surface was negatively correlated with TC level and LDL level, also 
suggesting that lipid metabolism can affect the expression level of CCR5, which is similar to Li et al′s report.25 This 
study showed that the expression of CCR5 mRNA in patients with hyperlipidemia was significantly increased compared 
to those without hyperlipidemia, while the expression of CCR5 mRNA was significantly decreased after simvastatin 
treatment. Hyde et al26 showed that CCR5Δ32 mutation is associated with an increase in plasma HDL and a decrease in 
plasma TG, which means that the level of CCR5 may be negatively correlated with HDL and positively correlated with 
TG. Slominski et al27 showed that CCR5Δ32 Mutants had higher levels of LDL, TG and lower levels of HDL, suggesting 
that the level of CCR5 may be negatively correlated with LDL, TG, and positively correlated with HDL. These studies 
also suggest that the expression level of CCR5 may affect the level of blood lipid and the interaction between them plays 
an important role in the occurrence and development of atherosclerosis in patients with diabetes.28

Research showed that insulin can play an anti-inflammatory role by inhibiting the expression of RANTES and other 
cytokines.13,17,29,30 At the same time, metformin can also inhibit NF-κB by activating adenosine monophosphate activated 
protein kinase (AMPK) plays an anti-inflammatory role.11 In this study, the plasma level of RANTES of patients with T2DM 
using insulin was significantly lower than that of those with normal blood glucose, which may be related to the insulin 
inhibition in expression of RANTES. There is no significant statistical difference between plasma RANTES levels of patients 
with T2DM who use insulin and those who do not use insulin, which may be related to plasma RANTES levels in addition to 
the effects of insulin treatment and may also be related to the effects of other factors, such as the use of metformin or different 
glucose metabolism states. The exact mechanism remains to be further studied by experiments with animal models.

In this study, the expression level of CCR5 on the surface of monocytes in patients with diabetes who used insulin 
was significantly higher than that of patients with normal blood glucose, and the level of CCR5 on the surface of 
lymphocytes was significantly higher than that of diabetes patients who did not use insulin and those with normal blood 
glucose, which seemed to contradict the anti-inflammatory effect of insulin. However, our study found that the expression 
level of CCR5 was affected by a variety of factors, and the HbA1c in patients with diabetes who used insulin was higher 
than that in patients with normal blood glucose. The TC level is lower than that of the diabetes patients without insulin 
and the normal blood glucose group. We consider that the difference in the expression of CCR5 among the three groups 
may also be related to the abnormality of glucose and lipid metabolism and the degree of abnormality. In the future, 
further exploration such as animal model experiments or cell culture is needed.

The influence of cytokines on disease susceptibility and severity is not only related to their expression level but also 
related to a single nucleotide polymorphism (SNP) in the regulatory region of their gene coding sequence.12,31 Zhernakova 
et al32 found that the RANTES rs2280788 G allele will lead to a slight up-regulation of its own expression level, but in this 
study, we did not find that the polymorphism of the RANTES rs2280788 gene in the Han population in Kunming affects the 
plasma RANTES level, which is similar to the research conclusion of Herder et al.33 Furthermore, there were no significant 
differences in genotype frequency and C/G allele frequency of RANTES rs2280788 between patients in the T2DM group 
and subjects in the NC group in Kunming Han population, suggesting that the polymorphism of the RANTES rs2280788 
gene may not be related to the occurrence of T2DM. Studies in the German population27 also did not find that the 
polymorphism of the RANTES rs2280788 gene was related to the appearance of diabetes. Yadav et al34 showed that the 
frequency of the CCR5 59029 AA genotype in patients with T2DM was significantly higher than in healthy controls. The 
reason for increased susceptibility to diabetes in individuals with CCR5 59029 A/- genotype may be related to increased 
expression of CCR5 on the surface of peripheral blood monocytes and lymphocytes.35 In this study, it was not found that the 
polymorphism of the CCR5 rs1799987 gene had an impact on its own expression in the Han population in Kunming nor was 
there a statistical difference in genotype frequency and A/G allele frequency of CCR5 rs1799987 between patients in the 
DM group and subjects in the NC group, which is similar to the results of previous studies.31,33,36 The reasons for these 
differences may be related to genetic heterogeneity, the time loci for measuring cytokine levels, and the influence of the 
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hypoglycemic drugs used by patients. Meanwhile, it may also be because the population is small, resulting in the 
relationship between gene polymorphism and abnormal glucose metabolism, and the level of self-expression is not 
apparent, which needs to be further studied by expanding the sample size.

Furthermore, in this study, the number of patients with the RANTES rs2280788 CC and CG genotype was 3 cases and 
40 cases, respectively. In view of the small number of cases of the RANTES rs2280788 CC genotype (literature query or 
previous research by our research team also found that the number of carriers of the CC genotype was very small), it 
would not be statistically significant if we divided them into three groups for comparative analysis. Therefore, we 
combined RANTES rs2280788 CC with patients with the CG genotype for analysis in this study.

This study also had certain limitations. First, this is an observational cross-sectional study, which cannot determine whether 
a decrease in plasma RANTES level and an increase in CCR5 level on the surface of leukocytes are the cause or result of 
diabetes. Second, the causal relationship between lipid metabolism disorders and cytokine levels should be studied prospectively. 
Third, this is a single-center study, with a limited number of subjects included, which may lack sufficient statistical power to 
adjust confounders and make a more detailed grouping. Fourth, the primers and probes for rs1799987-specific fragment of CCR5 
gene were synthesized by ABI company. However, due to the intellectual property problem, the ABI company did not provide 
CCR5 primer sequences.

In conclusion, there may be no association between the RANTES gene promoter region −28 (rs2280788) C/G polymorphism 
or the CCR5 gene promoter region 59029 (rs1799987) A/G polymorphism and the T2DM of Han nationality in Kunming, and it 
will not affect its own expression level. RANTES and CCR5 levels may be related to T2DM but will be affected by age, blood 
lipids, HbA1c, course of diabetes, drugs (insulin) and other factors (smoking years, drinking time, duration of hypertension).
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