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Abstract

Chemokines participate in the regulation of immune and inflammatory
responses by interacting with their specific receptors on related immune and
inflammatory cells such as B-lymphocytes, T-lymphocytes and antigen-presenting
cells. Chemokines and their receptors are. therefore considered to mediate
inflammation and tissue damage in autoimmune disorders. The recent studies
have revealed the genotypes of chemokine receptors (CCR) and their related
polymorphisms in a number of autoimmune and infectious diseases. We used the
polymorphic DNA markers (CCR2-64I) and (CCR5A32) to study the association
of CCR2 and CCRS5 gene mutations with Late-onset Alzheimer’s disease (LOAD)
and the relation between clinical features and genotypes in affected individuals. A
total of 160 patient samples-and 163 healthy controls from west northern Iran
(Eastern Azerbaijan) were: genotyped for the two polymorphisms by the PCR-
RFLP method and genotype frequencies were statistically determined. No
significant linkage was determined between CCR5A32 and the disease of interest.
However the gene CCR2 was appeared to be significantly linked to the disease, as
it could be concluded from statistical analysis.
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Introduction

Alzheimer is the most common neurodegenerative
disease affecting 20-30 million individuals worldwide
[1]. The aged people which are the growing portion of
population are at risk of this disease [2]. The hallmark
of neurodegeneration in Alzheimer patients is an up

regulation of inflammatory cytokines in reactive
microglia cells in brain [3,4]. This process may play an
important role in the accumulation of microglia cells at
A-beta site in senile plaque [5]. It has been shown that a
number of chemokines and their related receptors are
upregulated in brain tissue of Alzheimer patients. MCP-
1 (Monocyte chemoattractant protein-1) and RANTES
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(Regulated upon Activation Normal T-cell Expressed
and Secreted), which serve as in vitro potent microglial
and macrophage chemoattractant, are produced by
astrocytes and oligodendrocytes when stimulated with
amyloid peptides [6]. Furthermore the levels of these
chemokines are increased in cerebrospinal fluid (CSF)
of patients with AD compared with healthy age matched
controls. The increasing expression of MCP-1 and
RANTES related receptors (CCR2 & CCRS
respectively) in brain tissue of patients suggest that
these molecules might play a role in the regulation of
brain immune response in AD. These receptors also
involve in recruitment of leucocytes to inflammatory
site [7]. Genes for CCR2 & CCRS are characterized by
the presence of CCR5A32 & CCR2-641 polymorphisms.
CCRS5 encoded by the CMKBRS5 gene located on
chromosome 3p21.3. A 32 bp deletion in the open
reading frame of the CCR5 gene induce a frame shift
mutation causing a premature stop codon within the
third extra cellular domain and results in a truncated
protein product that is not a functional receptor [8-13].
The CCR2 gene is located at the same location as CCR5
(3p21.3) separated by a 19 Kb DNA sequence from
each other. A valine to isoleucine substitution at codon
64 within the first membrane region of CCR2 is
associated with nonfunctional receptor [14]. In contrast
to CCRS, this polymorphism is frequent in African-
American and Asian populations [15-17].

Based on the above findings implying the potential
importance of receptors of CCR2 and..CCR5
chemokines in the pathogenesis of AD and different
frequency of related polymorphisms of the genes in
various populations, we studied the distribution of the
CCR2-641 & CCR5A32 in 160 AD patients as well as in
163 age matched controls, in order to.determine whether
they influence the susceptibility or exert a protective
effect on development of the disease in eastern
Azerbaijan of Iran.

Materials and Methods

Sample Preparation

The study included 160 AD patients (women & men,
age range between 65-99, the mean age 76.06+7.75 yr)
and 163 healthy controls. All Alzheimer subjects were
diagnosed by expert clinicians according to the MMSE
criteria [18]. The sporadic form of the disease was
ensured where no affected individuals were present in
first degree relatives of subjects, and the age of onset
was above 65 years. The Control group included 163
healthy individuals, with the same ethnicity to subject
group (women & men, age range between 65-89 years,
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the mean age 75.29+6.75 yr), which were randomly
selected from a distinguish lab.

Experimental Methods

Blood specimens were collected in sterile tubes
containing EDTA, and the DNA was extracted using the
salting out method. The CCRS5A32 genotype was
determined by PCR without RFLP. The PCR reaction
was prepared in a total volume of 25 pl, containing 0.1
micrograms of genomic DNA, 0.01 pg each of primers
(forward: 5'TCTCCCAGGAATCATCTTTACCT,
reverse: 5’AGCCCTGTGCCTCTTCTTC3'), 2.5 pg of
10xPCR buffer (670 mM Tris-HCl pH 8.8, 160 mM
(NH4)2504, 0.1%Tween-20), dNTP mix (10mM each),
50 mM MgCl2, Taq DNA polymerase (5000u/ml). The
primer designing was carried out using online primer 3
program and Ensembl Genome Browser for blasting.
After denaturation. of template DNA at 94°C for 5
minutes, 35 cycles of PCR reactions were optimized and
performed by denaturation at 94°C for 1 minutes,
annealing at 56.4°C for 1 min and extension at 72°C for
1 min. A further extension was performed at 72°C for 5
min. The PCR product was fractionated on an 8%
acrylamide gel and visualized flowing to staining by
AgNO3. The PCR produced a 220-bp product from the
wild-type allele and a 188-bp product from the deleted
allele (Fig. 1).

CCR2-64I genotypes were determined according to
the previously described PCR conditions with slight
modification. The PCR reaction was prepared in a final
volume of 25ul, containing 0.1 micrograms of genomic
DNA, 0.01 pg each of primers (forward: 5TTT
GTGGGCAACATGATGG3', reverse: SSGCACATTGC
ATTCCCAAAG3’), 2.5ul of 10xPCR  buffer
(670mMTris-HCI pH 8.8, 160 mM (NH4)2SO4,
0.1%Tween-20), dNTP mix (10mM each), 50 mM
MgCl2, Taq DNA polymerase (5000 u/ml). The primer
designing and blasting was done as described
previously. The cycling conditions were as follows:
initial denaturation at 94°C for 4 min followed by 31
cycles of 94°C for 1 min, 55°C for 30 sec, 72°C for 45
sec and final extention at 72 °C for 5 min. The PCR
products were digested using 2unit/ul of Bsejl
restriction enzyme in a total volume of 25ul, containing
Sul PCR product in supplied buffer. The mixture was
incubated at 65°C for 12-16 h. The digested PCR
product was fractionated on 8% polyacrylamid gel and
visualized after staining by AgNo3. Electrophoresis of
digested PCR products created 171- and 152-bp
fragments for CCR2 wild type and 641 alleles,
respectively (Fig. 2).
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Data Analysis

Statistical analysis was performed using the Sigma
Stat 2.0 software. Allelic and genotypic frequencies
were obtained by direct counting. Hardy—Weinberg
equilibrium was tested by using a %2 goodness-of-fit
test. Fisher’s exact test was used for differences in
genotypes and haplotypes between the groups.
Statistical significance was set at P< 0.05. The odds
ratio (OR) was calculated at 95% CI.

Results

A total of 323 individuals were enrolled in the
present study to evaluate the association of desired
polymorphisms in CCR2 AND CCRS5 genes with T2D
using PCR-RFLP procedure. The patient and control
groups were matching by age, gender and education
status. Table 1 shows the results obtained from
statistical analysis of mentioned variables, indicating to
non-significant differences between the two groups.

The PCR products obtained from amplification of
target sequence within CCRS5 gene has been
demonstrated in Figure 1. The homozygote individual
for wild allele shows a single band of 220bp, where the
heterozygotes showed two bands with 220bp (wild) and
188bp (mutated). The allele and genotype frequency of
CCRS5 has been shown in Table 2. No significant
difference was observed between the case and control
groups for the polymorphic region of the CCRS5 gene.
Figure 2 illustrates the DNA fragments related to CCR2
gene following to PCR-RFLP reaction. Homozygote
normal samples were left uncut revealing a DNA
fragment of 171 bp, homozygote mutant samples were
cut showing a single 152bp and the. heterozygotes
showed both DNA fragments. Only 1.3% of AD
patients were homozygous for the CCR2-641 allele
indicating to strong association of decreased frequency
of CCR2-641 polymorphism with AD (Table 3).
Because CCR2 and CCRS are located in a 19Kb of
DNA space of together, they are closely linked on
chromosome 3. The co-segregation or independent
assortment of the two markers was studied in case and
control groups. CCR2-64I carriers were never found to
be homozygous for the CCR5A32, confirming almost
complete linkage disequilibrium [12].

Discussion

On the basis of the data obtained in previous studies
AP deposition is associated with a local inflammatory
response, which is initiated by the activation and
migration of microglia in inflammatory sites [13,19-21].
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In addition, the recruitment of microglial cells in senile
plaques is induced by chemokines and their up regulated
receptors in AD brain [3,4,22] Also, it has been
demonstrated that CCR5 receptor is over expressed on
microglial Cells of AD brain and many of this reactive
microglia were found to be associated with amyloid
peptides [7]. In conclusion, AB deposits stimulate the
expression of a range of pro inflammatory genes. On the
other hand, new studies have demonstrated that the most
highly induced genes in human postmortem brain
microglia stimulated with Af belonge to the chemokine
family [23]. However, it has been suggested that CCRS
receptor develop plaque atherosclerosis. This receptor is
expressed on macrophages, Th1l and Th2 lymphocytes,
coronary endothelial cells and aortic smooth muscle
cells [21, 24-29]. Recent genetic studies showed that the
CCRS5A32 variant of gene CCRS5 protects individuals
from early acute myocardial infarction (AMI) and
severe CHD. For this reasons, the allelic variant
CCR5A32 may have a protective role against AMI as a
consequence of anattenuated inflammatory response [30].

Heterozygote

Homo-wild

220bp

200bp
188 bp

Ladder 100bp

Figure 1. Polyacrylamide gel demonstrating the PCR product
of CCRS gene in homozygote normal and
heterozygote individuals.

Heterozygote ~ Homo-mutant Homo-wild

200bp

171 bp

152bp

Ladder 100bp

Figure 2. Polyacrylamide gel demonstrating the PCR-RFLP
product of CCR2 gene in homozygote and
heterozygote individuals.
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Table 1. Comparison of mean age, sex and education levels
between AD cases and control subjects using ¢-test and y” test
analysis

All individuals
AD Control
patients subjects
(n=160) (n=163)
Age 76.06+7.75* 75.29+6.75%
Sex(F/M)" 94/66 95/68
Education [lliterate 33.8% 32.5%
levels Primary school 21.9% 20.9%
Secondary school 12.5% 11.7%
Diploma 22.5% 23.9%
Academic 9.4% 11.0%

*Mean+S.D., ° Female/Male

Table 2. CCRS allele and genotype frequencies (%) in AD
patients and healthy controls

All individuals
CCR5  AD patients Healthy OI.{(%CI) for
frequencies  n=160 controls significant ~ P-value
n=163 difference
Allele
wt 300(93.75) 312(95.71)0.67(0.33-1.35)
A32 20(6.25) 14(4.29)
Genotype 0.26
wt/wt 140(87.5) 149(91.4)
wt/A32 20(12.5) 14(8.6)
A32/A32 0(0) 0(0)

Values are expressed as 7 (%), P=0.26for AD patients vs.
healthy controls (Fisher’s exact test)

Table 3. CCR2 allele and genotype frequencies (%) in AD
patients and healthy controls

All individuals
CCR2  AD patients Healthy OR(%CI) for
frequencies =160 controls mgmﬁcant P-value
n=163 difference

Allele

wt 291(90.94) 225(69.02)4.50(2.87-7.05)

641 29(9.06) 101(30.98)

Genotype <0.01

wt/wt 133(83.1)  83(50.9)
wt/641 25(15.6) 59(36.2)
641/641 2(1.3) 21(12.9)

Values are expressed as n (%), P<0.01 for AD patients vs.
healthy controls (Fisher’s exact test)
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It has been shown that in HLA-DR4 positive Russian
population the CCR5A32 is associated with multiple
sclerosis (MS), indicating that it may influence the
severity of the disease [31]. The previous studies have
also revealed that, CCR2-64I frequency is decreased in
patients with pulmonary sarcoidosis compared with
controls, while CCRS5A32 allelic frequency is
significantly increased in the same population,
suggesting a specific role in disease protection and
susceptibility, respectively [13]. These receptors are
also well-known as an important co-receptor for the
entrance of HIV into the host cells [13,32]. The
regulated on activation normal T expressed and secreted
protein (RANTES) is a ligand for the CCRS. Also
CCR2 is a receptor for the beta-chemokine monocyte
chemo attractant protein-1 (MCP-1) which specifically
mediates monocyte chemotaxis [33].

There are growing evidences that, basic molecular
aspects of chemokine biology differ with race [15]. The
frequency of the CCR5A32 allele is high in northern
European ‘populations (11~15%), these frequencies are
very low in.Greece, Saudi Arabia, Pakistan, and India
(1~3%) [34,35]. Furthermore, the CCR5A32 allele has
not'been found in China, Japan, Korea, and Thailand
[35, 36]. Incontrast, the CCR2-64I allele is more
frequent in Africa and Asia than in northern Europe
[32]. Immigration, genetic admixtures, and the founder
effect might be responsible for differences which are
observed in the CCR polymorphisms [36].

The results obtained from the present study indicate
that in our study population occurrence of the CCR2-641
polymorphism is decreased in AD patients and thus is
associated with a low risk of developing the disease (P
<0.001). The low frequency of the genotype 641/641 in
AD patients proves real protective effect of this
polymorphism of AD. The statistic analysis of the data
obtained in our study revealed no significant difference
in genetic distribution of CCRS polymorphism between
the case and control group (OR=0.67, 95% CI: 0.33-
1.35). Also, the haplotypes of CCR5A32/A32 have
never been observed, either in AD or in control group.

In our study the haplotypes of CCR2-641/641,
CCR5+/A32; CCR2+/641, CCR5A32/A32 and CCR2-
641/641, CCR5A32/A32 were not simultaneously
observed either in patients or controls, confirming that
the mutant alleles of the two genes are almost in a
complete linkage disequilibrium. The similar results
have been reported by others [37].

A possible association between decreased frequency
of the CCR2-641 and AD have to be further elucidated
in larger case control studies and, moreover, if this
association will be confirmed, the mechanism by which
the CCR2-641 polymorphism could exert such a
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protective effect on the development of AD should be
studied in detail, considering both the possible
involvement of other chemokines or chemokine
receptors and the complex interactions with other
genetic and environmental factors that are unique to
each ethnicity [38]. It can be concluded that, the
presence of CCR5A32 has no significant influence on
the occurrence of the disease.

Acknowledgements

We are grateful for valuable cooperation of Danesh
laboratory in providing the control samples. We thank
Dr. Parvin Javadi (Khuban old people’s home, Tabriz)
and Dr. Shoukoh Mosavipoor (Mehr old people’s home,
Tabriz) for their kind collaboration. The study was
supported by a grant from Deputy for Research, Tabriz
University of Medical Sciences.

References

1. Selkoe D.J. Defining molecular targets to prevent
Alzheimer disease. Arch. Neurol., 62: 192—-195 (2005).

2. Licastro F., Candore G., Lio D., Porcellini E., Colonna-
Romano G., Franceschi C., and Calogero C. Innate
immunity and inflammation in ageing: a key for
understanding age-related diseases. Immun. Ageing, 2(8):
45-49 (2005).

3. Akiyama H., Barger S., Barnum S., Bradt B., Bauer J,,
Cole G.M., Cooper N.R., Eikelenboom P., Emmerling M.,
Fiebich B.L., Finch C.E., Frautschy S., Griffin-W.S;
Hampel H., Hull M., Landreth G., Lue L., Mrak R.,
Mackenzie I.R., McGeer P.L., O'Banion M.K., Pachter J.,
Pasinetti G., Plata-Salaman C., Rogers J., Rydel R., Shen
Y., Streit W., Strohmeyer R., Tooyoma I, Van
Muiswinkel F.L., Veerhuis R., Walker D., Webster S.,
Wegrzyniak B., Wenk G., Wyss-Coray-T. Inflammation
and Alzheimer's disease. Neurobiol Aging., 21(3): 383-421
(2000).

4. Bajetto A., Bonavia R., Barbero S., Schettini G.
Characterization of chemokines and their receptors in the
central nervous system: physiopathological implications. J
Neurochem., 82(6): 1311-1329 (2002).

5. Streit W.J, Conde J.R, Harrison J.K. Chemokines and
Alzheimer's disease. Neurobiol Aging., 22(6): 909-1013
(2001).

6. Mokubo A., Tanaka Y., Nakajima K., Watada H., Hirose
T., Kawasumi M., Sakai K., Kanazawa A., Maeda S.,
Hosokawa K., Atsumi Y., Matsuoka K., Kawamori R.
Chemotactic cytokine receptor 5 (CCRS) gene promoter
polymorphism (59029A/G) is associated with diabetic
nephropathy in Japanese patients with type 2 diabetes: a
10-year longitudinal study. Diabetes Res. Clin. Pract.,
73(1): 89-94 (20006).

7. Xia M.Q., Qin S.X., Wu L.J., Mackay C.R., Hyman B.T.
Immunohistochemical study of the beta-chemokine
receptors CCR3 and CCRS and their ligands in normal and
Alzheimer's disease brains. Am J Pathol., 153(1): 31-37

115

(1998).

8. Dragic T., Litwin V., Allaway G.P., Martin S.R., Huang
Y., Nagashima K.A., Cayanan C., Maddon P.J., Koup
R.A., Moore J.P., Paxton W.A. HIV-1 entry into CD4+
cells is mediated by the chemokine receptor CC-CKR-5.
Nature., 381: 667-673 (1996).

9. Samson M., Soularue P., Vassart G., Parmentier M. The

genes encoding the human CC-chemokine receptors CC-

CKRI1 to CC-CKRS5 (CMKBRI1-CMKBRS) are clustered

in the p21.3—p24 region of chromosome 3. Genomics., 36:

522-6 (1996).

Huang Y., Paxton W.A., Wolinsky S.M., Neumann A.U.,

Zhang L., He T., Kang S., Ceradini D., Jin Z,

Yazdanbakhsh K., Kunstman K., Erickson D., Dragon E.,

Landau N.R., Phair J., Ho D.D., Koup R.A. The role of a

mutant CCRS5 allele in HIV-1 transmission and disease

progression. Nat Med., 2: 1240-1243 (1996).

11. Carrington M., Dean M., Martin M.P., O’Brien S.J.
Genetics of HIV-1 infection: chemokine receptor CCRS
polymorphism and its consequences. Hum. Mol. Genet., 8:
1939-1945 (1999).

12. Smith M.W. Dean M., Carrington M., Winkler C.,
Huttley G:A., Lomb D.A., Goedert J.J., O'Brien T.R.,
Jacobson L.P.; Kaslow R., Buchbinder S., Vittinghoff E.,
Vlahov D., Hoots K., Hilgartner M.W., O'Brien S.J.
Contrasting genetic influence of CCR2 and CCRS variants
on HIV-linfection and disease progression. Hemophilia
Growth and Development Study (HGDS), Multicenter
AIDS Cohort Study (MACS), Multicenter Hemophilia
Cohort Study (MHCS), San Francisco City Cohort
(SFCC), ALIVE Study. Science., 277: 959-965 (1997).

13. Dean M., Carrington M., O’Brien S.J. Balanced
polymorphism selected by genetic versus infectious
human disease. Annu. Rev. Genomics Hum. Genet., 3:
263-292 (2002);.

14. Rodriguez-Frade J.M., del Real G., Serrano A., Hernanz-
Falcon P., Soriano S.F., Vila-Coro A.J., De Ana A.M.,
Lucas P., Prieto 1., Martinez-A C., Mellado M. Blocking
HIV-1 infection via CCRS5 and CXCR4 receptors by
acting in trans on the CCR2 chemokine receptor. EMBO
J., 23(1): 66-76 (2004).

15. Wang F.S., Hong W.G., Cao Y., Liu M.X,, Jin L., Hu

L.P., Wang Z., Feng T.J., Hou J., Zhang B., Shi M., Xu

D.P., Lei Z.Y., Wang B., Liu Z.D., Ye J.J,, Peng L., Qiu

Y., Winkler C. Population survey of CCR5 D32, CCRS

m303, CCR2b 641, and SDF1 3VA allele frequencies in

indigenous Chinese Healthy individuals, and in HIV-1
infected and HIV-1 uninfected individuals in HIV-1 risk

groups. J. Acquir. Immune. Defic. Syndr., 32: 124— 130

(2003).

Dean M., Carrington M., Winkler C., Huttley G.A., Smith

M.W., Allikmets R., Goedert J.J., Buchbinder S.P.,

Vittinghoff E., Gomperts E., Donfield S., Vlahov D.,

Kaslow R., Saah A., Rinaldo C., Detels R., O'Brien S.J.

Genetic restriction of HIV-1 infection and progression to

AIDS by a deletion allele of the CKRS structural gene.

Hemophilia Growth and Development Study, Multicenter

AIDS Cohort Study, Multicenter Hemophilia Cohort study

San Francisco City Cohort, ALIVE Study. Science., 273:

1856-1962 (1996).

17. Samson M., Libert F., Doranz B.J., Rucker J., Liesnard C.,

10.

16.


www.SID.ir

Vol. 22 No. 2 Spring 2011

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Farber C.M., Saragosti S., Lapoumeroulie C., Cognaux J.,
Forceille C., Muyldermans G., Verhofstede C., Burtonboy
G., Georges M., Imai T., Rana S., Yi Y., Smyth R.J.,
Collman R.G., Doms R.W., Vassart G., Parmentier M.
Resistance to HIV-1 infection in Caucasian individuals
bearing mutant alleles of the CCR-5 chemokine receptor
gene. Nature., 382: 668 (1996).

Doody R.S., Massman P., Dunn J.K. A method for
estimating progression rates in Alzheimer disease. Arch.
Neurol., 58(3): 449-454 (2001).

Charo LF., Myers S.J., Herman A., Franci C., Connolly
AlJ., Coughlin S.R. Molecular cloning and functional
expression of two monocyte chemoattractant protein 1
receptors reveals alternative splicing of the carboxyl-
terminal tails. Proc. Natl. Acad. Sci., 91: 2752-2756
(1994).

Gu D., Wogensen L., Calcutt N.A., Xia C., Zhu S., Merlie
J.P., Fox H.S., Lindstrom J., Powell H.C., Sarvetnick N.
Myasthenia gravis-like syndrome induced by expression
of interferon gamma in the neuromuscular junction. J.
Exp. Med., 181: 547-557 (1995).

Rottman J.B., Ganley K.P., Williams K., Wu L., Mackay
C.R., Ringler D.J. Cellular localization of the chemokine
receptor CCRS. Correlation to cellular targets of HIV-1
infection. Am. J. Pathol., 151: 1341-1351 (1997).
Ransohoff R.M. The chemokine system in neuroin-
flammation: an update. J. Infect. Dis., 2: 152-156 (2002).
Walker D.G., Lue L.F., Beach T.G. Gene expression
profiling of amyloid beta peptide-stimulated human post-
mortem brain microglia. Neurobiol. Aging., 22(6): 957-
966 (2001).

Berger O., Gan X., Gujuluva C., Burns A.R., Sulur G,
Stins M., Way D., Witte M., Weinand M., Said J., Kim
K.S., Taub D., Graves M.C., Fiala M. CXC and CC
chemokine receptors on coronary and brain endothelia.
Mol. Med., 5(12): 795-805 (1999).

Schecter A.D., Calderon T.M., Berman A.B., Mc¢cManus
C.M., Fallon J.T., Rossikhina M., Zhao W., Christ G.,
Berman J.W., Taubman M.B. Human vascular smooth
muscle cells possess functional CCRS..J. Biol. Chem.,
275(8):5466-5471 (2000).

Mach F. The role of chemokines in atherosclerosis. Curr.
Atheroscler. Rep., 3(3): 243-251 (2001).

Mack M., Cihak J., Simonis C., Luckow B., Proudfoot
A.E., Plachy J., Brithl H., Frink M., Anders H.J.,
Vielhauer V., Pfirstinger J., Stangassinger M., Schléndorff
D. Expression and characterization of the chemokine
receptors CCR2 and CCR5 in mice. J. Immunol., 166(7):
4697-4704 (2001).

Hansson G.K. Inflammation, atherosclerosis, and coronary
artery disease. N. Engl. J. Med., 352(16): 1685-1695

116

Mohaddes Ardebili et al.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

J. Sci.l. R. Iran

(2005).

Veillard N.R., Braunersreuther V., Arnaud C., Burger F.,
Pelli G., Steffens S., Mach F. Simvastatin modulates
chemokine and chemokine receptor expression by
geranylgeranyl isoprenoid pathway in human endothelial
cells and macrophages. Atherosclerosis., 188(1): 51-58
(2006).

Gonzalez P., Alvarez R., Batalla A., Reguero J.R., Alvarez
V., Astudillo A., Cubero G.I., Cortina A., Coto E. Genetic
variation at the chemokine receptors CCRS5/CCR2 in
myocardial infarction. Genes. Immun., 2(4): 191-195
(2001).

Favorova O.0., Andreewski T.V., Boiko A.N., Sudomoina
M.A., Alekseenkov A.D., Kulakova O.G., Slanova A.V.,
Gusev E.I. The chemokine receptor CCRS deletion
mutation is associated with MS in HLA-DR4-positive
Russians. Neurology, 59: 16521655 (2002).

Martinson J.J, Hong L., Karanicolas R., Moore J.P.,
Kostrikis L.G. Global distribution of the CCR2-
641/CCR5-59653T HIV-1 diseaseprotective haplotype.
AIDS, 14: 483-489 (2000).

He J.L., Chen Y.Z., Farzan M., Choe H.Y., Ohagen A.,
Gartner S.; Busciglio J., Yang X., Hofmann W., Newman
W., Mackay C.R., Sodroski J., Gabuzda D. CCR3 and
CCRS are co-receptors for HIV-1 infection of microglia.
Nature; 385: 645-459 (1997).

De Pinho' Lott Carvalhaes F.A., Cardoso G.L., Hamoy
1.G., Liu Y.T., Guerreiro J.F. Distribution of CCRS5-
delta32, CCR2-641, SDF1-3’A mutations in populations
from the Brazilian Amazon Region. Hum. Biol., 76:643-
646 (2004).

Gharagozloo M., Doroudchi M., Farjadian S., Pezeshki
AM., Ghaderi A. The frequency of CCR5Delta32 and
CCR2-641 in southern Iranian normal population.
Immunol. Lett., 96: 277-281 (2005).

Oh M.D., Kim S.S., Kim E.Y., Lee S., Kim N., Park K.Y,
Kim U., Kim T., Kim T., Choe K., Lee J.S. The frequency
of mutation in CCRS gene among Koreans. Int. J. STD.
AIDS, 11: 266-267 (2000).

Hizawa N., Yamaguchi E., Furuya K., Jinushi E., Ito A,
Kawakami Y. The role of the CC chemokine receptor 2
gene polymorphism V641 (CCR2-641) in sarcoidosis in a
Japanese population. Am. J. Respir. Crit. Care. Med., 159:
2021-2023 (1999).

Lee B., Doranz B.J., Rana S., Yi Y., Mellado M., Frade
J M., Martinez-A C., O'Brien S.J., Dean M., Collman
R.G.,, Doms R.W. Influence of the CCR2-V64l
polymorphism on human immunodeficiency virus type 1
coreceptor activity and on chemokine receptor function of
CCR2b, CCR3, CCRS5, and CXCRA4. J. Virol., 72: 7450—
7458 (1998).


www.SID.ir

