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Abstract: 
       Immunological profile of LADA is not so clear, so detection of chemokines is quite 

important to determine the extent and direction of immune responses. 

Objective: the aim of the study is to clarify the levels of chemokines in diabetes mellitus type 2 

patients and LADA patients and show their relation with diabetes complications.  

Methodology: level of the chemokines CCL2, CCL3and CCL4 were estimated in 90 subjects (34 

known LADA cases, 36 D.M.2 cases & 20 healthy control participants), participating patients 

were recruited from Diabetes outpatient clinic in AL-Hussein Teaching Hospital in Karbala from 

June, 2013 through January, 2014. A clinical questioner containing personal data, family history, 

type of diabetes, hemoglobin A1C( HA1C), body mass index (BMI), diabetes duration& 

complications of diabetes was obtained from all patients. Statistical analysis done by using the 

statistical package for social sciences (SPSS) software for windows, data of all participants were 

entered and analyzed with appropriate statistical tests.  

Results: significant high level of CCL2in LADA group compared to DM2, a positive correlation 

between CCL2 and duration of diabetes. Also CCL2 levels increased more with obese diabetic 

patients. .higher concentrations of CCL3 and CCL4 are associated with more complications in 

DM2 group.   
Discussion: important role of CCL2 in development of autoimmune process in LADA as it is 

associated with increased levels among LADA patients. CCL2, CCL3 and CCL4 levels 

increased with patients having complications compared to those without complications. 

Conclusion: chemokines are associated with complications of diabetes, in addition to the crucial 

role of CCL2 in development of autoimmunity of diabetes mellitus. 

 

 :الخلاصة

,نٓزا  انحذٔد نهببنغٍٛانزاحٙ انًخأخش  انسكش٘ انًُبعٙلا حٕخذ يعهٕيبث أ دساسبث كبفٛت حٕل انذٔس انًُبعٙ فٙ حطٕس      

  قٛبس يسخٕٖ انحشكٛبث يٓى خذا نفٓى رنك.   فبٌ

انذساست حٓذف انٗ بٛبٌ يسخٕٚبث انذو نهكًٕٛكُٛبث نذٖ يشظٗ انسكش٘ يٍ انُٕع انثبَٙ ٔانسكش٘ انًُبعٙ  انزاحٙ  انٓذف:

 انًخبحش انحذٔد نهببنغٍٛ ٔاظٓبس انعلاقت بٍٛ ْزِ انكًٕٛكُٛبث ٔيعبعفبث انسكش٘ .
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: حى قٛبس, كم انًشظٗ انًشبسكٍٛ حى حدًٛعٓى يٍ اسخشبسٚت انسكش٘ فٙ يشفٗ انحسٍٛ انخعهًٛٙ فٙ كشبلاء يٍ انًُٓدٛت

ٔنقذ ظًُج انًعهٕيبث انخبنٛت فٙ الاسخفٓبو انسشٚش٘ نكم . 3102انٗ كبٌَٕ انثبَٙ يٍ انعبو  3102حزٚشاٌ 

 ,يذة انًشض,يؤشش كخهت اندسىنسكش٘انًٕٓٛكهٕبٍٛٛ ايشٚط:انًعهٕيبث انشخصٛت,انخبسٚخ انعبئهٙ,َٕع انسكش٘,

لمايكروسوف  الاجتماعية للعلوم الإحصائية الحزمةببسخخذاو  ٔانًعبعفبث انحبصهت بسبب انسكش٘. انُخبئح حههج احصبئٛب
  ويندوز.
فٙ انذو نذٖ يشظٗ انسكش٘ انًُبعٙ انزاحٙ انًخبخش انحذٔد نهببنغٍٛ يقبسَت يع  3اسحفبع يسخٕٖ ال سٙ سٙ ل  انُخبئح:

ٚزداد عُذ انًشظٗ يٍ فئت انسًُت.  3يشظٗ انسكش٘ يٍ انُٕع انثبَٙ ٔانفشق رٔ دلانت احصبئٛت كزنك يسخٕٖ ال سٙ سٙ ل 

  يع يعبعفبث انسكش٘ يٍ انُٕع انثبَٙ.ٚشحبط  2ٔال  سٙ سٙ ل  2اسحفبع حشكٛز ال  سٙ سٙ ل 

فٙ حطٕس انعًهٛت انًُبعٛت نًشظٗ انسكش٘ انًُبعٙ انزاحٙ انًخبخش انحذٔد نهببنغٍٛ لاَّ  3انًُبقشت:انذٔس انًٓى نم سٙ سٙ ل 

فٙ انذو حزداد عُذ انًشظٗ  2ٔال سٙ سٙ ل  2ٔال سٙ سٙ ل  3ٚزداد عُذ ْؤلاء انًشظٗ. يسخٕٚبث ال سٙ سٙ ل

 ٍ بًعبعفبث انسكش٘ يقبسَت بغٛش انًصببٍٛ بًعبعفبث انسكش٘ .   انًصببٛ

 فٙ حطٕس انعًهٛت انًُبعٛت نهسكش٘ 3:انكًٕٛكُٛبث حشحبط يع يعبعفبث انسكش٘ اظبفت انٗ اًْٛت دٔس ال سٙ سٙ ل الاسخُخبج

. 

INTRODUCTION: 

Diabetes mellitus is a group of metabolic disorders characterized by chronic hyperglycemia 

with disturbances of carbohydrate, fat and protein metabolism occurred due to defects in insulin 

secretion, action, or both 
[1]

. Diabetes mellitus can be classified into four types according to 

etiology; D.M.1, D.M.2, gestational diabetes and other specific types of diabetes. The majority of 

cases of diabetes fall into type 1 diabetes or type 2 diabetes 
[1]

.Type 2 diabetes is characterized by 

impaired β cell function and may be accompanied with changes of the immune system 
[2]

. Latent 

autoimmune diabetes in adults (LADA) has some clinical features of type 2 diabetes & shows 

immunological abnormalities similar to those in type 1 diabetes, such as glutamic acid 

decarboxylase antibody (GADA) 
[3]

. Insulin secretion was reported to be intermediate in LADA 

compared with type 1 and type 2 diabetes, whereas metabolic syndrome was similar in type 1 

diabetes and LADA 
[4]

.  

By definition chemokines are small chemoattractant glycopeptides. They have high homology 

in structure and were divided into 4 major classes; CXC, CX3C, CC and C, according to the number 

and position of the first two cysteine residues. Variant cells can produce chemokines after 

encountering an infection or agents that damage the tissue physically 
[5]

. 

Interplay between chemokines and their receptors is important for migration of lymphocytes 

between blood, lymph nodes and tissues 
[6]

, and during an immune response the lymphocyte 

recruitment and activation is dependent upon the local chemokine production and the cellular 

expression of the appropriate receptor.  

Different chemokines receptors could be expressed by CD4+ T cell subsets of T-cells; CCR5 

and CXCR3 express by T-helper 1 cells , whereas T-helper 2 cells express CCR3 and CCR4 
[7]

. 

 CCR5 ligands secretion  such as CCL3, CCL4 and CCL5 was found to be related to T helper 

1cells inflammatory responses, however secretion of ligands for CCR4, like CCL22, CCL2 and 

CCL17, associated with regulatory function of T helper 2 cells   
[8]

. There are different chemokine 

receptors binds to many chemokine with strong affinity 
[9]

.  

In type1diabetes a study has revealed elevation of CXCL10 (which is a chemokine with 

function to attract T cells and lead to more aggressive Th1-type response) 
[10]

. Furthermore, other 

studies have shown a decrement in number of PBMC that express CCR5 and CXCR3 in patients 

with type1diabetes at early stages of disease in comparison to healthy controls subjects, suggesting 

that PBMC carrying chemokine receptor are re-localized to the inflamed pancreas 
[11]

.In type 1 

diabetes infiltration of T-cells that express chemokine receptors are crucial in islet cell destruction 
[12]

. 

The CC chemokine receptor 5 (CCR5) natural ligands are CCL3 (MIP-1alpha), CCL4 (MIP-

1beta) and CCL5 which having relevant role in autoimmune diabetes. diabetes could be produced in 

the non-obese diabetic (NOD) mouse by transferring T-cell clones  that secrete CCL3 and CCL5 

http://en.wikipedia.org/wiki/Diabetes_mellitus#cite_note-Will2011-4
http://en.wikipedia.org/wiki/Diabetes_mellitus#cite_note-Will2011-4
http://en.wikipedia.org/wiki/Diabetes_mellitus#cite_note-Will2011-4
http://en.wikipedia.org/wiki/Diabetes_mellitus#cite_note-Will2011-4
http://en.wikipedia.org/wiki/Diabetes_mellitus#cite_note-Will2011-4
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which are of T-helper1 phenotype, whereas phenotype of T-helper 2 cells secreting CCL4 were 

unable to produce disease (the 2 phenotypes can lead to insulitis) 
[13]

.  

In a study done in NOD mouse by Carvalho-Pinto leukocyte attraction by the CCR5 receptor 

was responsible for controlling development from insulitis to diabetes. The study revealed that 

treatment by neutralizing anti-CCR5 antibodies will lead to development of periinsulitis. So 

invasiveness and destruction of T-cells that infiltrated islet is governed by chemotaxis through 

CCR5 
[14]

. 

In stress or apoptosis of ß-cells, it can produce CCL3, CCL4 and CCL5, beside the secretion of 

the same chemokines by T-cells that infiltrate pancreas 
[14, 15]

. In a study done on prediabetic 

individuals elevation of serum levels of CCL3 and CCL4 were found 
[16]

.Serum levels of CCL3 and 

CCL4 were elevated also in another study done on patients with newly diagnosed diabetes and low 

CCR5 expression 
[17]

. Impairment of insulin signaling is known to be caused by CCL2 
[18]

, so there 

is a relationship between CCL2 and insulin resistance 
[19]

.  

 

Patients and method:  
All patients who entered this cross-sectional study were selected randomly from Diabetes 

outpatient clinic in AL-Hussein Teaching Hospital in period from June 2013 through January 2014. 

The study population consisted of 90 individuals; the patients group aged from 30 to 73 years and 

with duration of disease between 1 month -25 years, 36 of whom have been diagnosed clinically as 

type 2 D.M., 34 patients was known LADA cases (having Glutamic acid decarboxylase antibody 

positive result) & 20 healthy control subjects. Serum samples were collected and stored at freezer 

(all samples allowed to be thawed only once) for chemokins analysis. Circulating chemokins 

concentrations of CCL2 (MCP-1), CCL3(MIP-1α) and CCL4(MIP-1β), were measured by ELISA technique 

using commercially available kits(Human ELISA Kit (eBioscience, USA),. Statistical method: by 

using the statistical package for social sciences (SPSS) software 2010, data of all participants 

(including HbA1c) were entered and analyzed with appropriate statistical tests. Descriptive 

statistics were presented as mean and standard deviation (SD) for the continuous variables and as 

frequencies and proportion for the categorical variables (No. and %). Analysis of variances 

(ANOVA) test was used to compare means of variables for three groups, and student’s t test was 

used to compare means for two groups. Bivariate correlation was used to estimate the correlation 

between marker and other variable. Pearson correlation coefficient (R) value represented the 

strength of the correlation and the sign of R represented the direction of the correlation as followed: 

R value of < 0.4 indicated a weak correlation, 0.4 – 0.7 indicated moderate correlations, and R > 0.7 

indicated a strong correlation. The minus sign indicated an inverse (negative) correlation and the 

no-sign value indicated positive (direct) correlation. Level of significance (P-value) was set at ≤ 

0.05 as a cutoff point for significant difference or correlation.  

Note: Diagnosis of complications depends on patients records that are based on specialist 

diagnosis.                                                                                                                                                            

 

RESULTS: 
LADA group had significantly higher values of CCL2 while D.M.2 had the least values. However, 

the difference was significant between D.M.2 vs. LADA (P=0.002), but it was not significant by 

comparing D.M.2 vs. control or LADA vs. control, see table 1. 
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Table (1): Comparison of mean values of Chemokines markers of the studied groups. 

Marker DM2 

(No.=36) 

LADA 

(No.=34) 

Control 

(No.=20) 

Compared 

groups 

P-value 

CCL2 

(pg/ml) 

91.9 ± 8.3 138.7 ± 53.9 115.3 ± 14.25 DM2 vs. LADA 0.002 sig 

DM2 vs. control 0.27 NS 

LADA vs. 

controls 

0.28 NS 

CCL3 

(pg/ml) 

9.1 ± 4.4 27.7 ± 9.7 4.5 – 2.5 DM2 vs. LADA 0.11 NS 

DM2 vs. control 0.91 NS 

LADA vs. 

controls 

0.10 NS 

CCL4 

(pg/ml) 

45.3 ± 8.12 31.35 ± 8.8 31.4 ± 4.15 DM2 vs. LADA 0.41 NS 

DM2 vs. control 0.52 NS 

LADA vs. 

controls 

0.99 NS 

* NS: not significant, sig : significant. p=0.05 

 

 

In table (2) a positive significant correlation was found between CCL2 and duration of 

diabetes. Other markers showed mild to moderate correlation with variables (according to the value 

of R), although this correlation was statistically not significant.  

 

Table (2): Correlation between circulating chemokines concentrations and variables for all 

patients groups combined 

Variable CCL2            p-value CCL3            p-value CCL4        p- value 

HA1C 0.071 0.54 - 0.04 0.74 - 0.14 0.27 

BMI 0.877 0.95 - 0.028 0.78 - 0.023 0.83 

Duration of diabetes 0. 28 0.018* - 0.063 0.62 - 0.107 0.38 

Age - 0.006 0.95 0.12 0.26 0.14 0.19 

Gender - 0.11 0.30 - 0.027 0.80 - 0.049 0.68 
* Correlation is significant at P<0.05, Hyphen-minus sign indicated inverse (negative) correlation. 

 

 

In table 3, CCL2 levels are higher in obese categories DM2 and LADA patients. CCL3 and 

CCL4 levels increased with normal and overweight categories in both DM2 and LADA, although 

all result statistically non-significant.  
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Table (3): Comparison of mean values of markers according to BMI categories of DM2 & 

LADA cases. (Values represented the mean values of the markers) 
 

          BMI  

DM2 

Normal (18 - 24.9) Overweight (25 - 29.9) Obese (>=30) p-

value 

 Mean SD Mean SD Mean SD  

CCL2(pg/ml) 105.0 9.0 81.1 12.3 110.9 12.0 0.28 

CCL3(pg/ml) 56.0 7.5 68.0 15.8 60.4 1.1 0.76 

CCL4(pg/ml) 62.5 26.4 47.5 11.6 44.0 8.3 0.77 

           BMI 

LADA 

 

CCL2(pg/ml) 146.9 16.1 124.1 12.0 173.4 25.4 0.16 

CCL3(pg/ml) 108.5 91.5 101.3 26.8 58.5 25.5 0.76 

CCL4(pg/ml) 52.3 23.1 41.5 15.8 19.5 4.4 0.42 

*p=0.05 

 

 

Table (4) shows that CCL2 levels associated with increased complications in D.M.2 group and it is 

more with diabetic foot. 
 

Table (4): Comparison of mean values of markers according to complications in DM2 & 

LADA cases. (Values represented the mean values of the markers) 

 

Marker for 

D.M.2 

Complications P-value 

Retinopath

y 

diabetic 

foot 

IHD CVA Nephropath

y 

CCL2(pg/ml) 86.8 142.0 81.0 114.0 8.0 0.39 

CCL3(pg/ml) 56.0 None None 62.0 None 0.26 

CCL4(pg/ml) 101.0 20.0 84.0 51.0 13.0 0.84 

Markers for 

LADA 

      

CCL2(pg/ml) 163.7 98.0 None None None p˃0.05 

CCL3(pg/ml) 49.5 None 

CCL4 (pg/ml) 21.8 68.0 

* P. value is significant at <0.05 level. 
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 CCL3 and 4 are associated with more complications in DM2, while CCL2 is associated with 

complications in LADA. See table (5). 

    

Table (5): Comparison of the mean values of different markers according to the presence of 

complications among DM2 and LADA cases. 

 

Markers 

DM2 cases 

With complication 

No.=11 

Without 

complication 

No.=25 

P-value 

Mean SD Mean SD 

CCL2(pg/ml) 91 16 92 10 0.96 

CCL3(pg/ml) 11 7 8 5 0.79 

CCL4(pg/ml) 61 22 38 7 0.97 

LADA cases 

CCL2(pg/ml) 154 27 135 9 0.34 

CCL3(pg/ml) 14 10 31 12 0.49 

CCL4(pg/ml) 28 8 32 11 0.87 

     * p=0.05 

 

DISCUSSION: 

Current results show significantly higher values of CCL2 in LADA patients compared to D.M. 

type 2 patients (P=0.002). Values of CCL3 increased in LADA patients (27.7±9.7) compared to 

other groups (P- value˃0.05).Various chemokines are associated with inflammatory autoimmunity 

like diabetes emphasizing there crucial role as a main goal for therapy development 
[20] 

.This result 

is in line with Pham study which found that LADA group had increased levels circulating CCL3 

when compared to control and type 2 diabetic patients. It also reported an elevated level of CCL2 in 

LADA group compared to other groups but this result is statistically not significant and CCL4 level 

did not differ among studied groups 
[21]

. 

 No statistical difference found for HA1C, BMI, age, and gender with chemokines levels and 

this matches other studies 
[21]

. 

CCL2 has a positive correlation with duration of diabetes p=0.018, this result means that CCL2 

inflammatory effect appear clearly when duration of diabetes increased. A Persian study 

demonstrated that CCL2 correlates positively with the duration of disease in autoimmune diabetic 

patients 
[22]

. 

Levels of CCL3 & CCL4 are higher in patients with complications compared to those without 

complications in D.M.2. CCL2 levels in LADA patients were higher in complicated cases. Also 

levels of CCL2, CCL3 are higher in patients with macrovascular complications (CVA, IHD) in 

D.M.2., this clarify the role of these inflammatory molecules on complications. These results are in 

line with Pham et al. 
[21]

 study. Zahra et al. [
22

] observed that the level of CCL2 chemokines is 

correlated with the diabetes complications. The CCL2 augmentation in autoimmune diabetic 

patients may also be a predictive marker for the possibility of patients progressing towards diabetes 

complications. 
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CONCLUSION: 
1. Increased levels of CCL2 are associated with autoimmunity. 

2. CCL2, CCL3 and CCL4 concentrations associated positively with complications of diabetes. 

3. CCL2 could be used as a predictor for future development of diabetic complications. 
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