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Abstract 

Background: Polycystic ovary syndrome (PCOS) is the most common endocrine 

disease and associated with insulin resistance. CXC Ligand 5 (CXCL5) is a new 

cytokine which is secreted from white adipose tissue during obesity and by blocking 

insulin signaling pathway inhibits the activity of insulin and promotes insulin 

resistance.  

Objective: The aim of this study was to assess serum level of CXCL5 in PCOS 

women with normal body mass index.  

Materials and Methods: In this case-control study, 30 PCOS women with normal 

body mass index as the case group and 30 non-PCOS women as the controls were 

enrolled. Serum levels of CXCL5, insulin and other hormones factors related with 

PCOS were measured by ELISA method, also the biochemical parameters were 

measured by autoanalyzer. 

Results: Significant increases in serum insulin concentration, homeostasis model 

assessments of insulin resistance, luteinizing hormone, luteinizing hormone/follicle-

stimulating hormone, fasting blood sugar, testosterone, and prolactin were observed 

in the case group compared to the controls. were in the serum level of CXCL5, 

cholesterol, low-density lipoprotein-cholesterol, high-density lipoprotein-

cholesterol,dehydroepiandrosterone-sulfate, creatinine, and homeostasis model 

assessment of beta cell function between these two groups. 

Conclusion: In this study, no significant change was observed in serum 

concentrations of CXCL5 in PCOS women with normal BMI. 

 
Key words: Polycystic ovary syndrome, Insulin resistance, CXCL5 cytokine, 

Hyperinsulinemia, Hyperandrogenism. 

 

Introduction 
 

olycystic ovary syndrome (PCOS) is 
the most common endocrine disease 
in women (1). The prevalence of 

PCOS in the world is one in every 15 women 
and affects 4-8% of women in the 
reproductive age (2, 3). According to the 
diagnostic criteria of Rotterdam in 2003, 
PCOS women should have at least two of the 
three criteria such as Oligo or anovulation, 
clinical hyperandrogenism and show a 
polycystic ovary on ultrasound (4). This 
disease is characterized by insulin resistance, 
pancreas beta cell dysfunction, impaired 
glucose tolerance, diabetes type II, 
dyslipidemia, and visceral obesity (5, 6).  

Previous studies showed that insulin 
resistance in 50% of women with PCOS is 
related to excessive phosphorylation of serine 
in insulin receptor by the serine/threonine 

kinas enzyme (7, 8). This process can inhibit 
autophosphorylation of tyrosine in insulin 
receptors, without any effect on insulin binding 
leading to insulin resistance in PCOS patients 
(7). This enzyme also increases serine 
phosphorylation of the P450c17 enzyme since 
it is a key enzyme for controlling androgen 
biosynthesis that can lead to increased 
production of androgens (9). As a 
consequence, insulin resistance and 
hyperandrogenism can be seen in PCOS 
women (10, 11). CXC Ligand 5 (CXCL5) is a 
new cytokine which inhibits the activity of 
insulin in muscles and promotes insulin 
resistance and secreted from white adipose 
tissue during obesity (12). This cytokine is 
produced by different cells such as 
monocytes, neutrophils, epithelial cells, 
fibroblasts and smooth muscle cells (13). 
Circulating CXCL5 is highly increased during 
obesity in both mice and humans (14, 15). 
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CXCL5 by blocking insulin signaling pathway 
through activating the pathway of 
Jak2/STAT5/SOCS2, plays an important role 
in the development of insulin resistance (15). 
Following injection of anti-CXCL5 antibody or 
CXCR2 antagonist as CXCL5 receptor, in 
obese mice improves insulin resistance and 
decreases fasting glucose levels (16).  

Due to the positive association of CXCL5 

with insulin resistance and the important role 

of insulin resistance in the pathogenesis of 

PCOS and since this cytokine has been 

studied in obese people so far, we have 

decided to evaluation this cytokine in PCOS 

women with normal body mass index. 

 

Materials and methods 
 

In this case-control study, 30 PCOS 

women with normal body mass index (case 

group) and 30 non- PCOS women with normal 

body mass index (control group) referred to 

the Abolfazle Clinic, dependent to Bushehr 

university of medical scinces, Iran from March 

2015 to September 2016 were enrolled. The 

sample size was obtained with a confidence 

level of 95% and a test power of 80%. 

 

Inclusion and exclusion criteria 

Inclusion criteria in the case group were, 

according to the diagnostic criteria of 

Rotterdam in 2003, PCOS women should 

have at least two of the three criteria covering: 

Oligo or anovulation, clinical 

hyperandrogenism and show a polycystic 

ovary on ultrasound (4).   

Control group were selected from women 

with normal menstruation cycles, normal 

pelvic ultrasound, without acne, as well as 

hirsutism and infertility. 

Both groups had mean body mass index 

(BMI) of 25 kg/m2) and age of 40 yr. All 

women with thyroid disorders, tumors, 

cardiovascular diseases, diabetes mellitus, 

hypertension, renal disorders, and taking 

medications such as contraceptive pills, 

glucocorticoids, or hypertension, estrogenic 

and androgenic drugs in the last three months 

were excluded. 

Sampling and measurement of parameters 

Blood samples from the vein of the right-

arm were obtained in the follicular phase (1st 

to 4th day of menstruation cycle) after 12 h of 

overnight fasting. Serum was obtained after 

centrifugation (3000 rpm for 15 min at 4oC), 

and then the serum was frozen at -80oC. 

Anthropometric parameters including age, 

weight, height, body mass index and waist to 

hip ratio were measured using questionnaires, 

scales and meters. Biochemical parameters 

including fasting blood sugar (FBS), 

Triglyceride  (TG), Cholesterol, High-density 

lipoprotein cholesterol (HDL-C) and creatinine 

(Cr) were measured by autoanalyzer Selectra 

E (Vital scientific N.V, The Netherlands). 

Reliable enzymatic techniques were used for 

measurement of FBS, TG, Cholesterol, Cr, 

Testosterone, Dehydroepiandrosterone-

sulfate) DHEAS) and Prolactin (Pars Azmoon-

co, Iran).  

The HDL-C levels were measured after 

precipitation with magnesium chloride by 

enzymatic techniques (Pars Azmoon-co, Iran) 

and the low-density lipoprotein cholesterol 

(LDL-C) levels were calculated by using the 

Friedwald formula (17). The serum levels of 

insulin and CXCL5 (Crystal Day, China) were 

measured by ELISA technique (Dynex 

Technologies 2cxb3510, USA). Homeostasis 

model assessment of insulin resistance 

(HOMA-IR) and homeostasis model 

assessment of beta-cell function (HOMA-B) 

were calculated by using the following formula 

(18, 19). 
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Ethical consideration 

The research protocol was approved by the 

Ethics Committee of Bushehr University (Id 

number: “IR.BPUMS.AC.REC.1394.100). A 

written informed consent was obtained from 

all participants. 
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Statistical analysis 
We used Statistical Package for the Social 

Sciences (SPSS, version 16.0, SPSS Inc, 
Chicago, Illinois, USA). Independent samples 
t-test and Chi-square test were used to 
compare the quantitative variables in the two 
groups and all the results expressed as 
mean±SD. The single sample Kolmogrov-
Smirnov test was used to estimate the 
variables’ distribution characteristics. p<0.05 
was considered significant. 
 

Results 
 

There were no significant differences in the 

demographic characteristics such as weight, 

height, age, body mass index and the waist- 

hip ratio between case and control groups 

(Table I). There were significant increases in 

serum level of Luteinizing hormone (LH) 

(p=0.004), LH/Follicle-stimulating hormone 

(FSH) (p=0.006), testosterone (p=0.02), and 

prolactin (p=0.04), in the case group 

compared with the controls (Table II). A 

significant increase was observed in 

parameters such as FBS (p=0.01), serum 

insulin level (p=0.04), and HOMA-IR (p=0.04) 

between two groups. Although, serum CXCL5 

level were obtained higher in the case group 

compared to the controls but this difference 

was not significant (Table II). Also, there were 

no significant variations in the amount of TG, 

Chol, HDL-C, LDL-C, FSH, HOMA-B 

Dehydroepiandrosterone-sulfate, and Cr in 

both groups (Table II). 

 
Table I. Demographic characteristics of the two study groups (n=30) 

Characteristic  Control group  Case group p-value 

Age (year)  28.91 ± 8.1 25.85 ± 5.90 0.12 

Weight (Kg)  62.47 ± 15.18 66.74 ± 12.41 0.28 

Height (cm) 161.17 ± 4.71 159.52 ± 6.37 0.30 

BMI (Kg/m2)  24.02 ± 5.60 24.91 ± 3.63 0.40 

waist-hip ratio  0.8 ± 0.07 0.82± 0.06 0.27 

All data presented as Mean ± SD.  Independent samples t test   Chi-square test  BMI: body mass index 
 
Table II. Serum concentrations of variables in patient and control groups (n=30) 

Characteristic Control group  Case group  p- value 

CXCL5 (ng/ml) 378.77 ± 340.57 473.75 ± 436.28 0.30 

Insulin (μIU/ml) 8.76 ± 7.63 16.42 ± 17.01 0.04 

HOMA-IR 2.06 ± 2.04 4.11 ± 4.29 0.04 
HOMA-B 109.50 ± 71.75 179.17 ± 218.82 0.10 

FBS (mg/dl) 91.29 ± 8.53 98.71 ± 11.44 0.01 

Triglyceride (mg/dl) 86.79 ± 50.23 107.04 ± 45.03 0.13 
Cholesterol (mg/dl) 167.83 ± 29.18 175.07 ± 23.32 0.30 

HDL-C (mg/dl) 49.25 ± 12.59 47.92 ± 10.08 0.67 

LDL-C (mg/dl) 100.96 ± 26.55 99.60 ± 25.72 0.62 
LH (mIu/ml) 5.54 ± 2.84 9.46 ± 5.6 0.004 

FSH (mIu/ml) 6.28 ± 2.13 5.24 ± 2.35 0.10 

LH/FSH  1.06 ± 0.84 2.27 ± 1.92 0.006 
Testosterone (ng/ml) 0.71 ± 0.26 0.99 ± 0.52 0.02 

DHEAS (µg/dL) 1.83 ± 0.78 1.99 ± 0.87 0.40 

Prolactin (ng/mL) 15.00 ± 8.84 21.23± 11.94 0.04 

Creatinine (mg/dl) 0.80 ± 0.16 0.81 ± 0.13 0.70 

Data presented as mean±SD. Independent samples t-test, Chi square test, single sample Kolmogrov-Smirnov test. 

CXCL5: CXC Ligand 5 HOMA-IR: Homeostasis model assessments of insulin resistance. 

FBS: Fasting blood sugar  HOMA-B: Homeostasis model assessments of B cell function 
HDL-C: High-density lipoprotein cholesterol LDL-C: Low-density lipoprotein cholesterol 

LH: Luteinizing hormone FSH: Follicle stimulation hormone 

DHEAS: Dehydroepiandrosterone- sufate 
 

Discussion 
 

Our results showed the significant 

increases in serum level of insulin and HOMA-

IR in PCOS women compared with the 

controls. In accordance with these findings, 

Tun and colleagues reported, a significant 

increase in HOMA-IR level in PCOS women 

(20). Also, we showed a significant increase in 

FBS (p =0.01) in PCOS women. In fact, it can 

be stated that insulin sensitivity falls and 

insulin resistance is dominant for 

hyperinsulinemia in PCOS women. Layegh 

and coworkers observed in their study that 

insulin resistance increases in obese (80.3%) 

and non-obese PCOS (72.2%) women (21). In 

our study, a significant increase was observed 

in testosterone level (p=0.02) in the PCOS 
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group compared to the control group. Chen 

and coworkers showed that intra-ovarian 

hyperandrogenism is one of the determining 

factors of follicular arrest in PCOS women. 

Also, it was determined that 

Dihydrotestosterone  suppresses the FSH 

activity in granulosa cells of rats, increases 

accumulation of cells in Gap2/Mitosis phases 

and induces production of a number of large 

arrested follicles. This condition is similar to 

polycystic ovaries for women with PCOS (22). 

Sharquie and colleagues reported that free 

testosterone level can be used as the most 

sensitive biochemical marker in the diagnosis 

of PCOS (23).  

Also, we found the significant increase in 

the level of serum insulin, LH, and LH/FSH 

ratio. Azziz and colleagues showed that 

elevation in the serum levels of LH and insulin 

increase production of ovarian androgens 

synergistically (24). Insulin resistance 

stimulates insulin release, reduces sex 

hormone-binding globulin production and 

increases free testosterone (24, 25). 

Hyperandrogenism and hyperinsulinemia can 

lead to the development of ovarian follicles 

that can cause infertility in PCOS women (24). 

In this study, a significant increase was seen 

in prolactin level (p=0.04) in PCOS women 

compared with the control group. The similar 

results was achieved by Kumar and 

coworkers (26). Nizam and colleagues 

showed that increase in prolactin secretion is 

a major cause of sub-fertility (27). Therefore, 

treatment with drugs that lowered prolactin 

levels resulted in pregnancy for 24% of the 

infertile women (27-30). In a study, Kalsum 

and Jalali found hyperprolactinemia in 69.51% 

of infertile women (31). The results of this 

study showed an increase in CXCL5 level in 

PCOS group compared to the control group 

but this increase was not significant 

statistically; probably it can be attributed to 

low BMI of PCOS women in this study. 

Previous studies have shown that serum level 

of CXCL5 is highly increased during obesity in 

both mice and humans (12, 14, 32).  

Chavey and colleagues reported, in a 

study, a significant increase in serum level of 

CXCL5 in obese French people compared to 

lean French people (12). Also, they showed a 

significant positive correlation between serum 

level of CXCL5 and body weight in the French 

population and reported that inhibition of 

CXCL5 secretion in obese people can reduce 

the risk of developing obesity-related 

pathogenesis. So, inhibition of CXCL5 

signaling can be used as a therapeutic 

modality for metabolic syndrome (12). On the 

other hand, Layegh and coworkers while 

assessing endocrine-metabolic disorders and 

insulin resistance in obese PCOS women 

(BMI >25), and non-obese ones (BMI <25), 

stated that metabolic abnormalities in obese 

PCOS women are more common than non-

obese PCOS women. As, in 39.4% of obese 

PCOS women, metabolic syndrome was 

observed while no case of metabolic 

syndrome was seen in non-obese PCOS 

women (21). Thus, the serum level of CXCL5 

increases with weight gain and obesity. It can 

be stated that probably CXCL5 in obese 

PCOS women can be effective in causing 

metabolic disorders associated with PCOS. 

 

Conclusion 
 

In this study, no significant change was 

observed in serum concentrations of CXCL5 

in PCOS women with normal BMI. 

 

Acknowledgments 
 

The authors are grateful to Bushehr 

University of Medical Sciences, Vice-

Chancellery of Research and Technology for 

supporting the project financially. We also 

thank the Central Laboratory staffs, especially 

Mrs. Soraya Ghodrati, who was involved in 

sampling. 

 

Conflict of interest 
 

The authors who were involved in this 

project are satisfied with publishing the 

articles in this journal and there is no conflict 

of interest. 
 

References 
 
1. Eftekhar T, Sohrabvand F, Zabandan N, Shariat M, 

Haghollahi F, Ghahghaei-Nezamabadi A. Sexual 

 [
 D

O
I:

 1
0.

29
25

2/
ijr

m
.1

5.
10

.4
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.2
47

64
10

8.
20

17
.1

5.
10

.3
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
24

-0
4-

23
 ]

 

                               4 / 6

http://dx.doi.org/10.29252/ijrm.15.10.4
https://dorl.net/dor/20.1001.1.24764108.2017.15.10.3.9
https://ijrm.ir/article-1-868-fa.html


Cytokine and polycystic ovary syndrome 

International Journal of Reproductive BioMedicine Vol. 15. No. 10. pp: 619-624, October 2017                                 623 

dysfunction in patients with polycystic ovary 
syndrome and its affected domains. Iran J Reprod 
Med 2014; 12: 539-546. 

2. Nadjarzadeh A, Dehghani Firouzabadi R, Vaziri N, 
Daneshbodi H, Lotfi MH, Mozaffari-Khosravi H. The 
effect of omega-3 supplementation on androgen 
profile and menstrual status in women with polycystic 
ovary syndrome: A randomized clinical trial. Iran J 
Reprod Med 2013; 11: 665-672. 

3. Sirmans SM, Pate KA. Epidemiology, diagnosis, and 
management of polycystic ovary syndrome. Clin 
Epidemiol 2013; 6: 1-13. 

4. The Rotterdam ESHRE/ASRM‐sponsored PCOS 

consensus workshop group. Revised 2003 
consensus on diagnostic criteria and long-term 
health risks related to polycystic ovary syndrome. 
Hum Reprod 2004; 19: 41-47. 

5. Akbarzadeh S, Ghasemi S, Kalantarhormozi M, 
Nabipour I, Abbasi F, Aminfar A, et al. Relationship 
among plasma adipokines, insulin and androgens 
level as well as biochemical glycemic and lipidemic 
markers with incidence of PCOS in women with 
normal BMI. Gynecol Endocrinol 2012; 28: 521-524. 

6. Wild RA, Painter PC, Coulson PB, Carruth KB, 
Ranney GB. Lipoprotein lipid concentrations and 
cardiovascular risk in women with polycystic ovary 
syndrome. J Clin Endocrinol Metab 1985; 61: 946-
951. 

7. Wang HS, Wang TH. Polycystic Ovary Syndrome 
(PCOS), Insulin Resistance and Insulin-Like Growth 
Factors (IGFs)/IGF-Binding Proteins (IGFBPs). 
Chang Gung Med J 2003; 26: 540-553. 

8. Dunaif A, Xia J, Book CB, Schenker E, Tang Z. 
Excessive insulin receptor serine phosphorylation in 
cultured fibroblasts and in skeletal muscle. A 
potential mechanism for insulin resistance in the 
polycystic ovary syndrome. J Clin Invest 1995; 96: 
801-810. 

9. Ehrmann DA, Barnes RB, Rosenfield RL. Polycystic 
ovary syndrome as a form of functional ovarian 
hyperandrogenismdue to dysregulation of androgen 
secretion. Endocr Rev 1995; 16: 322-353. 

10. Dunaif A. Insulin resistance and the polycystic ovary 
syndrome: mechanism and implications for 
pathogenesis. Endocr Rev 1997; 18: 774-800. 

11. Bremer AA, Miller WL. The serine phosphorylation 
hypothesis of polycystic ovary syndrome: a unifying 
mechanism for hyperandrogenemia and insulin 
resistance. Fertil Steril 2008; 89: 1039-1048.  

12. Chavey C, Lazennec G, Lagarrigue S, Clapé C, 
Iankova I, Teyssier J, et al. CXCL5 is an adipose 
tissue derived factor that links obesity to insulin 
resistance. Cell Metab 2009; 9: 339-349. 

13. Tacke F, Zimmermann HW, Trautwein C, Schnabl B. 
CXCL5 plasma levels are decreased in patients with 
chronic liver Disease. J Gastroenterol Hepatol 2011; 
26: 523-529. 

14. Chavey C, Fajas L. CXCL5 drives obesity to diabetes 
and further. Aging (Albany NY) 2009; 1: 674-677. 

15. Starr R, Willson TA, Viney EM, Murray LJ, Rayner 
JR, Jenkins BJ, et al. A family of cytokine-inducible 
inhibitors of signalling. Nature 1997; 387: 917-921. 

16. Yao L, Herlea-Pana O, Heuser-Baker J, Chen Y, 
Barlic-Dicen J. Roles of the chemokine system in 
development of obesity, insulin resistance, and 
cardiovascular disease. J Immunol Res 2014; 2014: 

181450. 

17. Friedwald WT, Levy RT, Frederickson DS. 
Estimation of the concentration of low-density 
lipoprotein cholesterol in plasma, without use of the 
preparative ultracentrifuge. Clin Chem 1972; 18: 499-
502. 

18. Chutia H, Lynrah KG. Association                              
of serum magnesium deficiency with insulin 
resistance in type 2 diabetes mellitus. J Lab 
Physicians 2015; 7: 75-78. 

19. Nasrat H, Patra SK, Goswami B, Jain A, 
Raghunandan C. Study of association of leptin and 
insulin resistance markers in patients of PCOS. 
Indian J Clin Biochem 2016; 31: 104-107. 

20. Kyaw Tun T, McGowan A, Phelan N, Correia N, 
Boran G, O'Connor AL, et al. Obesity and insulin 
resistance are the main determinants of postprandial 
lipoprotein dysmetabolism in polycystic ovary 
syndrome. Int J Endocrinol 2016; 2016: 9545239. 

21. Layegh P, Mousavi Z, Farrokh Tehrani D, Parizadeh 
SM, Khajedaluee M. Insulin resistance and 
endocrine-metabolic abnormalities in polycystic 
ovarian syndrome: Comparison between obese and 
non-obese PCOS patients. Int J Reprod Biomed 
2016; 14: 263-270. 

22. Chen MJ, Chou CH, Chen SU, Yang WS, Yang YS, 
Ho HN. The effect of androgens on ovarian follicle 
maturation: Dihydrotestosterone suppress FSH-
stimulated granulosacell proliferation by upregulating 
PPARγ-dependent PTEN Expression. Sci Rep 2015; 
5: 18319. 

23. Sharquie KE, Al-Bayatti AA, Al-Ajeel AI, Al-Bahar AJ, 
Al-Nuaimy AA. Free testosterone, luteinizing 
hormone/follicle stimulating hormone ratio and pelvic 
sonography in relation to skin manifestations in 
patients with polycystic ovary syndrome. Saudi Med 
J 2007; 28: 1039-1043. 

24. Azziz R, Carmina E, Dewailly                                   
D, Diamanti-Kandarakis E, Escobar-Morreale HF, 
Futterweit W, et al. Positions statement: criteria for 
defining polycystic ovary syndrome as a 
predominantly hyperandrogenic syndrome: an 
androgen excess society guideline. J Clin Endocrinol 
Metab 2006; 91: 4237-4245. 

25. Laganà AS, Rossetti P, Buscema M, La Vignera S, 
Condorelli RA, Gullo G, et al. Metabolism and 
ovarian function in PCOS women: A therapeutic 
approach with inositols. Int J Endocrinol 2016; 2016: 
6306410. 

26. Kumar AN, Naidu JN,                            
Satyanarayana U, Ramalingam K, Anitha M. 
Metabolic and endocrine characteristics of Indian 
women with polycystic ovary syndrome. Int J Fertil 
Steril 2016; 10: 22-28. 

27. Nizam K, Memon N, Devrajani BR. Outcome of 
treatment with lisuride in hyperprolactinemic infertile 
women. J Liaquat Uni Med Health Sci 2008; 7: 120-
123. 

28. Eftekhar M, Khalili MA, Rahmani E. The efficacy of 
recombinant versus urinary HCG in ART outcome. 
Iran J Reprod Med 2012; 10: 543-548. 

29. Aflatoonian A, Rahmani E, Rahsepar M. Assessing 
the efficacy of aspiration and ethanol injection in 
recurrent endometrioma before IVF cycle: A 
randomized clinical trial. Iran J Reprod Med 2013; 
11: 179-184. 

30. Eftekhar M, Dehghani Firouzabadi R, Karimi H, 
Rahmani E. Outcome of cryopreserved-thawed 

 [
 D

O
I:

 1
0.

29
25

2/
ijr

m
.1

5.
10

.4
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.2
47

64
10

8.
20

17
.1

5.
10

.3
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
24

-0
4-

23
 ]

 

                               5 / 6

http://dx.doi.org/10.29252/ijrm.15.10.4
https://dorl.net/dor/20.1001.1.24764108.2017.15.10.3.9
https://ijrm.ir/article-1-868-fa.html


Zohrabi et al 

624                                 International Journal of Reproductive BioMedicine Vol. 15. No. 10. pp: 619-624, October 2017 

embryo transfer in the GnRH agonist versus 
antagonist protocol. Iran J Reprod Med 2012; 10: 
297-302. 

31. Kalsum A, Jalali S. Role of hyperprolactinemia in 
fertility. Pak J Med Res 2002; 41: 94-100. 

32. Neels JG, Badeanlou L, Hester KD, Samad F. 
Keratinocyte-derived chemokine in obesity: 
expression, regulation, and role in adipose 
macrophage infiltration and glucose homeostasis. J 
Biol Chem 2009; 284: 20692-20698. 

 

 [
 D

O
I:

 1
0.

29
25

2/
ijr

m
.1

5.
10

.4
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.2
47

64
10

8.
20

17
.1

5.
10

.3
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
24

-0
4-

23
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

http://dx.doi.org/10.29252/ijrm.15.10.4
https://dorl.net/dor/20.1001.1.24764108.2017.15.10.3.9
https://ijrm.ir/article-1-868-fa.html
http://www.tcpdf.org

