
839Carulli, et al: CCL2 polymorphisms in SSc

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2008. All rights reserved.

Single-Nucleotide Polymorphisms in CCL2 Gene Are
Not Associated with Susceptibility to Systemic
Sclerosis
MARIA TERESA CARULLI, PAOLO SPAGNOLO, CARMEN FONSECA, KENNETH I. WELSH, ROLAND M. duBOIS,
CAROL M. BLACK, and CHRISTOPHER P. DENTON

ABSTRACT. Objective. To validate the reported association between CC chemokine ligand 2 (CCL2) –2518 G single
nucleotide polymorphism and systemic sclerosis (SSc) in a much larger cohort of patients. We also per-
formed subgroup analysis to test the hypothesis that CCL2 variants predispose to specific disease phe-
notypes.
Methods. Ninety-four Caucasian patients with SSc and 102 matched controls were genotyped by
sequence-specific primers-polymerase chain reaction (SSP-PCR) methodology.
Results. Six biallelic single-nucleotide polymorphisms (SNP) were investigated (3 in the promoter
region, 2 in the exon-coding sequence, and 1 in the 3′ untranslated region), in addition to the known
functional –2518 (A/G) variant. Six major haplotypes were constructed across all 7 SNP positions. No
significant differences in genotype, allele, or haplotype frequency were observed between patients and
controls or within disease subgroups.
Conclusion.Genetic polymorphisms within CCL2 gene are associated with susceptibility neither to SSc
nor to specific disease phenotypes. (First Release Mar 15 2008; J Rheumatol 2008;35:839–44)
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Systemic sclerosis (SSc) is a connective tissue disorder char-
acterized by fibrosis of the skin and internal organs.
According to the extent and distribution of skin involvement,
the disease is classified into diffuse (dcSSc) or limited (lcSSc)
subsets1.
SSc can also be subgrouped according to patterns of inter-

nal organ involvement or by hallmark autoantibody profile2.
The disease pathogenesis is poorly understood. However,
according to the prevailing hypothesis, SSc is likely to result
from a complex interaction between endothelial cells, fibrob-
lasts, and inflammatory cells driven by growth factors and
cytokines3-5. Environmental factors are also thought to play a
role6,7.

Chemokines are small peptides that direct in a tissue-spe-
cific manner the recruitment and activation of circulating
leukocytes to sites of inflammation or injury8,9. However, it is
increasingly clear that they are also important in a number of
other pathological and physiological processes10. Chemokines
exert their biologic effects by activating surface receptors,
which are 7-transmembrane-domain G-protein-coupled mole-
cules, on target cells. They are commonly classified into 4
families (C-C, C-X-C, C, and C-X3-C) based on the position
of 1 or 2 conserved cysteine residues located near the N-ter-
minus of the molecule.
CCL2, previously known as monocyte chemotactic pro-

tein-1 (MCP1), is a C-C chemokine produced by a variety of
cells, including epithelial cells, fibroblasts, endothelial cells,
monocytes, and lymphocytes. It is a potent chemoattractant
for monocytes as well as CD4+ and CD8+ T lymphocytes11.
CCL2 is overexpressed in SSc: SSc fibroblasts, but not normal
fibroblasts, selectively promote leukocyte migration across
endothelial cell monolayers in vitro12. This effect is inhibited
by neutralizing antibodies specifically directed against CCL2,
consistent with a role for CCL2 in promoting skin perivascu-
lar inflammatory infiltrates. Studies have also suggested a role
for CCL2 in the pathogenesis of skin fibrosis13-15. We have
recently shown that SSc fibroblasts upregulate the
CCL2/CCR2 chemokine ligand/receptor axis and that CCL2
is involved in the modulation of a smooth-muscle actin
expressing myofibroblasts phenotype via its receptor CCR216.
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CCL2 protein and mRNA levels are increased in serum, skin,
and bronchoalveolar lavage fluid in patients with SSc17.
Genetic factors may be relevant in determining different lev-
els of CCL2 expression.
A single-nucleotide polymorphism (SNP) in the promoter

region of CCL2 (at nucleotide position –2518 relative to the
transcription start site) has been shown to be functional. The
–2518 G allele leads to a higher expression of CCL218, and
has been associated with susceptibility and severity of several
inflammatory diseases or related complications19-22.
In addition, it has been recently reported that the –2518 G

allele predisposes to SSc23. However, while interesting, this
earlier study was substantially underpowered. In view of this,
and of the variable extent to which many SNP association
studies have been replicated in independent SSc cohorts, we
have undertaken a more comprehensive study of CCL2 poly-
morphisms in SSc. In addition to the –2518 A/G variant, we
have investigated a further 6 SNP in a large well characterized
cohort of patients and matched controls. Based on the investi-
gated polymorphisms, haplotype analysis was also performed.

MATERIALS AND METHODS
Study cohorts. Ninety-four Caucasian patients with SSc entered the study fol-
lowing informed consent according to local guidelines. All patients fulfilled
the American College of Rheumatology preliminary criteria for the classifi-
cation of SSc24.

To evaluate organ involvement we adopted the recently published con-
sensus core set variables for SSc studies25. Skin involvement was assessed
using the modified Rodnan skin score, whereas gastrointestinal involvement
was defined symptomatically. Restrictive pattern of pulmonary function
abnormalities with reduction in forced vital capacity and diffusing capacity of
carbon monoxide (DLCO) below 80% of predicted value (based on age, sex,
height, and ethnic origin) was used as the main indicator of lung fibrosis,
although this was generally confirmed by high resolution computed tomogra-
phy of the chest. A diagnosis of pulmonary arterial hypertension was sus-
pected when estimated right ventricular systolic pressure was > 35 mm Hg by
Doppler echocardiography and confirmed in all cases by right heart catheter-
ization. Cardiac involvement was considered present if significant conduction
defects were found on electrocardiogram, or if impaired left ventricular func-
tion or hemodynamically significant pericardial effusion was detected by
echocardiography. Above 4-fold elevation of creatinine kinase accompanied
by the clinical finding of proximal weakness defined muscular involvement,
while renal involvement was determined by history of definite scleroderma
renal crisis or significant impairment in creatinine clearance (< 65 ml/min).

Demographic, clinical, and serological characteristics of the patient group
are summarized in Table 1. The differences in pattern of internal organ
involvement and serological profile between groups are attributable to differ-
ent stages and subsets of disease. Patients with later stage dcSSc had general-
ly been treated with an immunomodulatory agent, such as antithymocyte
globulin, mycophenolate mofetil, or cyclophosphamide, whereas none had
been given corticosteroids at doses > 10 mg prednisolone daily. Patients with
lcSSc were not taking immunomodulatory agents or corticosteroids. All
patients with SSc received treatment for Raynaud’s phenomenon with 1 or
more vasodilator agents including calcium channel blockers, angiotensin-con-
verting enzyme inhibitors, or angiotensin receptor-blocking drugs.

The control population comprised 102 Caucasian subjects mainly collect-
ed from the south of the UK. They were all healthy, as judged by regular
checks (including medical history, examination, and routine laboratory blood
testing) at intervals during a 10-year period before blood was taken for DNA
extraction.

Sequence-specific primers-polymerase chain reaction. SNP were determined
using SSP-PCR that utilizes SSP with 3’-end mismatches and identifies the
presence of specific allelic variants through PCR amplification. All PCR were
run under identical conditions as described26. As a standard quality control
adopted by our research group and in order to minimize genotyping error rate,
all samples identified as possessing rare haplotypes (frequency < 1%) were
re-genotyped.

Data analysis. The genotype, allele, and carriage frequencies [i.e., number of
individuals carrying the allele either in both (homozygous) or in only 1 (het-
erozygous) chromosome] were determined by direct counting. Haplotypes
were identified by the computer program Phase, version 227. Phase uses a
Bayesian approach with a coalescent theory to estimate haplotype structure.
It is similar to the expectation maximization algorithm but predicts the struc-
ture of the next sampled haplotype by comparing it to haplotypes already
assigned rather than to genotypes. Phase is freely available from:
http://www.stat.washington.edu/stephens/software.html.

Subsequently, the carriage frequency of each haplotype was determined
by direct counting. Proportions were compared using chi-square or Fisher’s
exact test as appropriate. Adjustment for multiple tests was made using the
formula pc = p × n, where pc is the corrected value, p the uncorrected value,
and n the number of tests performed (Bonferroni method). A value of p < 0.05
was considered significant. Statistical analyses were performed using SPSS
version 11.5 (SPSS Inc., Chicago, IL, USA).

RESULTS
Seven CCL2 SNP were investigated at the following
nucleotide positions: –7921 (rs6505402 G/A, promoter),
–2518 (rs1024611 A/G, promoter), –1117 (rs2857655 A/T,
promoter), –928 (rs3760396 G/C, promoter), 901 (rs4586
T/C, exon, coding sequence, C35C), 1543 (rs13900 C/T,
exon), and 5357 (rs991804 A/G, 3’UTR) (Gene Bank acces-
sion number AC005549). The SNP are numbered with refer-
ence to their position from the start codon, as obtained from
http://snpper.chip.org/bio/snpper-enter-gene. The relative
SNP positions in CCL2 are shown in Figure 1. Primer
sequences used to detect these variants are shown in Table 2.
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Table 1. Clinical features of patients with SSc.

SSc Patients
(n = 94)

Sex, n (%) M = 24 (25)
F = 70 (75)

Age, mean 56
Clinical features, n (%)
DcSSc 41 (44)
LcSSc 53 (56)
Fibrosing alveolitis 37 (39)
PAH 13 (13)
SRC 4 (0.4)

Serological characteristics, n (%)
Uncharacterized ANA 18 (19)
ACA 31 (33)
ATA 32 (34)
RNA pol 13 (14)
(Total ANA) 94 (100)

SSc: systemic sclerosis; PAH: pulmonary arterial hypertension; SRC:
scleroderma renal crisis; ANA antinuclear antibody — without further
characterizable reactivity; ACA: anticentromere antibody; ATA: anti-
topoisomerase; RNA pol: RNA polymerase.
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The genotype frequencies of the investigated CCL2 polymor-
phisms for SSc, lcSSc, dcSSc, and controls are displayed in
Table 3. They all conformed to Hardy-Weinberg equilibrium.
Table 4 summarizes the CCL2 genotype frequencies across
serological disease subsets (antinuclear antibody, anticen-
tromere antibody, Scl70, and RNA polymerase). Table 5
shows the CCL2 genotype frequencies across different clini-
cal phenotypes. Thirteen haplotypes were deduced, including
6 highly prevalent haplotypes (1–6), as shown in Table 6.
CCL2 haplotype frequencies in patients and controls as well
as across disease subgroups are also shown in Table 6. No sig-
nificant differences in the genotype, allele, or haplotype fre-
quency were found between patients with SSc and controls.
Further, no associations were observed between any of the
identified haplotypes and specific disease phenotypes when
patients were subgrouped according to the presence or
absence of fibrosing alveolitis, limited or diffuse cutaneous
disease extent, or presence or absence of specific serological
disease profiles.

DISCUSSION
We have shown that genetic polymorphisms within CCL2 do

not predispose to SSc in a large cohort of Caucasian patients
of European origin. Further, CCL2 variants are not associated
with any of the specific disease phenotypes — namely SSc-
related pulmonary fibrosis, pulmonary hypertension, renal
involvement — or serological subsets.
SSc is an autoimmune disorder of the connective tissue

characterized by sclerosis of the skin, subcutaneous tissue,
and internal organs1. Although the cause of the increased col-
lagen synthesis remains unknown, it is commonly accepted
that cytokines play a major role in disease pathogenesis by ini-
tiating or perpetuating the fibrotic process3. In particular, in a
study of chemokine expression in fibroblasts from patients
with SSc, it has been observed that SSc fibroblasts display an
increased constitutive expression of CCL2 mRNA and pro-
tein13. Distler, et al showed that CCL2 is expressed by fibro-
blasts, keratinocytes, and perivascular infiltrates from patients
with SSc, but not from healthy controls15. CCL2 upregulates
production of collagen, probably through autocrine transform-
ing growth factor-ß28. In addition, levels of CCL2 protein are
increased in bronchoalveolar lavage fluid from SSc patients
with lung inflammation29 and in sera from SSc patients with
pulmonary fibrosis30.
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Figure 1. Positions at which variations have been identified in the CCL2 gene. The numbering system designates the first nucleotide of
the translation start site of CCL2 as position 1, and nucleotide immediately upstream of this as position –1.

Table 2. Sequences of primers used for SSP-PCR detection of CCL2 polymorphisms.

Allele Locus Sense Primer 5′–3′ Antisense Primer 3′–5′ Amplicon Size (bp)

–7921 G Promoter AAG AGG TCA GGT TAC CCA AG CAT AGT CCT TTT TGT CAC CTC G 235
–7921 A AAG AGG TCA GGT TAC CCA AG GCA TAG TCC TTT TTG TCA CCT CA 236
–2518 A Promoter CTG ATA AAG CCA CAA TCC AGA G AAG TGG GAG GCA GAC AGC TA 252
–2518 G CTG ATA AAG CCA CAA TCC AGA G GTG GGA GGC AGA CAG CTG 250
–1117 A Promoter AAA TAG CCT GCT CAA GGT CCC CCA CTG CTT ACT CAT GTC CCT 328
–1117 T AAA TAG CCT GCT CAA GGT CCC CCA CTG CTT ACT CAT GTC CCA 328
–928 C Promoter CTT GGA CAA AGG CAT AGA CAG AGA GAG AGG ACC CAA GCA G 326
–928 G CTT GGA CAA AGG CAT AGA CAG AGA GAG AGG ACC CAA GCA C 326
901 T Exon, coding sequence CCC AGG GCA AAC TGC TCC GCC CCA GTC ACC TGC TGT 306
901 C CCC AGG GCA AAC TGC TCC CCC CAG TCA CCT GCT GC 305
1543 C Exon GGG TCA GGG TCT GTG AGA A TAG CTT TCC CCA GAC ACC C 635
1543 T GGG TCA GGG TCT GTG AGA A CTA GCT TTC CCC AGA CAC CT 636
5357 G 3′ UTR GTC TTT TAG GAT CAG GCT GCC CAA CAG CCA GTC CTG GTA AC 296
5357 A GTC TTT TAG GAT CAG GCT GCC CCA ACA GCC AGT CCT GGT AAT 297

SSP-PCR: sequence-specific primers-polymerase chain reaction.
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This body of evidence makes CCL2 an excellent candidate
for genetic association studies in SSc. In particular, polymor-
phisms within promoter and 3’ untranslated region are more
likely to have functional relevance, as they are potentially
involved in the regulation of mRNA production and stability.

Karrer, et al recently investigated the frequency of the
CCL2 –2518 A/G polymorphism in 18 patients with SSc and
139 healthy controls from Germany23. They observed that the
GG genotype was present in 28% of patients but only 6% of
controls. In addition, following this finding, they investigated
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Table 3. CCL2 genotype frequencies in systemic sclerosis (SSc) as a whole, diffuse cutaneous SSc, limited cuta-
neous SSc, and controls.

SSc Dc SSc Lc SSc Controls
Genotype (n = 94) (n = 41) (n = 53) (n = 102)

–7921 G/G 27 (0.29) 13 (0.32) 14 (0.26) 34 (0.33)
G/A 42 (0.45) 20 (0.49) 22 (0.42) 52 (0.51)
A/A 25 (0.27) 8 (0.20) 17 (0.32) 16 (0.16)

–2518 A/A 45 (0.48) 20 (0.49) 25 (0.47) 47 (0.46)
A/G 37 (0.39) 16 (0.39) 21 (0.40) 48 (0.47)
G/G 12 (0.13) 5 (0.12) 7 (0.13) 7 (0.07)

–1117 A/A 84 (0.89) 37 (0.90) 47 (0.89) 88 (0.86)
A/T 10 (0.11) 4 (0.10) 6 (0.11) 14 (0.14)
T/T 0 0 0 0

–928 G/G 73 (0.78) 34 (0.83) 39 (0.74) 73 (0.72)
G/C 18 (0.19) 6 (0.15) 12 (0.23) 29 (0.28)
C/C 3 (0.03) 1 (0.02) 2 (0.04) 0

901 T/T 34 (0.36) 17 (0.41) 17 (0.32) 35 (0.34)
T/C 43 (0.46) 18 (0.44) 25 (0.47) 43 (0.42)
C/C 17 (0.18) 6 (0.15) 11 (0.21) 24 (0.24)

–1543 T/T 49 (0.52) 22 (0.54) 27 (0.51) 48 (0.47)
T/C 34 (0.36) 14 (0.34) 20 (0.38) 40 (0.39)
C/C 11 (0.12) 5 (0.12) 6 (0.11) 14 (0.14)

–5357 G/G 49 (0.52) 22 (0.54) 27 (0.51) 49 (0.48)
G/A 37 (0.39) 16 (0.39) 21 (0.40) 48 (0.47)
A/A 8 (0.09) 3 (0.07) 5 (0.09) 5 (0.05)

Data are given as absolute numbers with percentages in parentheses.

Table 4. CCL2 genotype frequencies across SSc serological subsets.

SNP ANA ACA Scl 70 RNA pol
Position Genotype (n = 18) (n = 31) (n = 32) (n = 13)

–7921 G/G 4 (0.22) 10 (0.32) 9 (0.28) 4 (0.31)
G/A 10 (0.56) 13 (0.42) 12 (0.38) 7 (0.54)
A/A 4 (0.22) 8 (0.26) 11 (0.34) 2 (0.15)

–2518 A/A 6 (0.33) 15 (0.48) 16 (0.50 8 (0.62)
A/G 9 (0.50) 13 (0.42) 11 (0.34) 4 (0.31)
G/G 3 (0.17) 3 (0.10) 5 (0.16) 1 (0.08)

–1117 A/A 15 (0.83) 29 (0.94) 28 (0.88) 12 (0.92)
A/T 3 (0.17) 2 (0.06) 4 (0.13) 1 (0.08)
T/T 0 0 0 0

–928 G/G 14 (0.78) 23 (0.74) 24 (0.75) 12 (0.92)
G/C 4 (0.22) 7 (0.23) 6 (0.19) 1 (0.08)
C/C 0 1 (0.03) 2 (0.06) 0

901 T/T 4 (0.22) 12 (0.39) 12 (0.38) 6 (0.46)
T/C 9 (0.50) 15 (0.48) 13 (0.41) 6 (0.46)
C/C 5 (0.28) 4 (0.13) 7 (0.22) 1 (0.08)

1543 C/C 7 (0.39) 17 (0.55) 17 (0.53) 8 (0.62)
C/T 9 (0.50) 12 (0.39) 10 (0.31) 3 (0.23)
T/T 2 (0.11) 2 (0.06) 5 (0.16) 2 (0.15)

5357 G/G 7 (0.39) 17 (0.55) 17 (0.53) 8 (0.62)
G/A 9 (0.50) 13 (0.42) 11 (0.34) 4 (0.31)
A/A 2 (0.11) 1 (0.03) 4 (0.13) 1 (0.08)

Data are given as absolute numbers with percentages in parentheses.
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the genotype/phenotype correlation by assessing the basal and
tumor necrosis factor-α-induced expression of CCL2 by SSc
fibroblasts in culture. They concluded that SSc skin fibrob-
lasts homozygous for the GG genotype displayed much high-
er CCL2 levels compared to the AA or AG genotype.
Although this study was interesting, we consider that it was
substantially underpowered to reliably show genetic associa-
tion and incomplete in terms of haplotype analysis.
Our results are not concordant with those published in a

much smaller study23. We have genotyped 94 patients and 102
matched controls for 7 SNP (including –2518 A/G) spanning
the whole CCL2 gene. We observed no associations between

any of the CCL2 variants and SSc per se nor between CCL2
and specific disease subsets. Although we cannot completely
rule out the possibility of an association, we have confidence
in our negative findings. Therefore, it is likely that the previ-
ous study may represent a false-positive.
Population stratification and ethnic differences could

account for the discrepancies between our results and those
previously published. However, this does not seem to be the
case. Indeed, the study by Karrer, et al included individuals of
German origin who are very similar to the UK patients stud-
ied here. In addition, the genotype frequencies of the –2518 G
allele are very similar in the 2 control groups (UK: A/G 47%,
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Table 5. CCL2 genotype frequencies across SSc clinical subsets.

SNP FA Non-FA PAH Non-PAH
Position Genotype (n = 38) (n = 56) (n = 13) (n = 81)

–7921 G/G 12 (0.32) 15 (0.27) 3 (0.23) 24 (0.30)
G/A 18 (0.47) 24 (0.43) 8 (0.62) 34 (0.42)
A/A 8 (0.21) 17 (0.30) 2 (0.15) 23 (0.28)

–2518 A/A 19 (0.50) 26 (0.46) 4 (0.31) 41 (0.51)
A/G 15 (0.39) 22 (0.39) 6 (0.46) 31 (0.38)
G/G 4 (0.11) 8 (0.14) 3 (0.23) 9 (0.11)

–1117 A/A 33 (0.87) 51 (0.91) 10 (0.77) 74 (0.91)
A/T 5 (0.13) 5 (0.09) 3 (0.23) 7 (0.09)
T/T 0 0 0 0

–928 G/G 29 (0.76) 44 (0.79) 11 (0.85) 62 (0.76)
G/C 6 (0.16) 12 (0.21) 2 (0.15) 16 (0.20)
C/C 3 (0.08) 0 0 3 (0.04)

901 T/T 15 (0.39) 19 (0.34) 3 (0.23) 31 (0.38)
T/C 17 (0.45) 26 (0.46) 8 (0.62) 35 (0.43)
C/C 6 (0.16) 11 (0.20) 2 (0.15) 15 (0.19)

1543 C/C 20 (0.53) 29 (0.52) 5 (0.38) 44 (0.54)
C/T 13 (0.34) 21 (0.38) 5 (0.38) 29 (0.36)
T/T 5 (0.13) 6 (0.11) 3 (0.23) 8 (0.09)

5357 G/G 20 (0.53) 29 (0.52) 5 (0.38) 44 (0.54)
G/A 15 (0.39) 22 (0.39) 6 (0.46) 31 (0.38)
A/A 3 (0.08) 5 (0.09) 2 (0.15) 6 (0.08)

Data are given as absolute numbers with percentages in parentheses.

Table 6. CCL2 haplotype carriage frequencies in systemic sclerosis (SSc) as a whole, SSc subsets, and controls. All data are n (%).

Haplotype –7921 –2518 –1117 –928 901 1543 5357 SSc Controls LcSSc DcSSc FA SSc Non-FA SSc
(n = 94) (n = 102) (n = 53) (n = 41) (n = 38) (n = 56)

1 A G T G C T A 53 (56) 56 (55) 28 (53) 25 (61) 20 (53) 33 (59)
2 G A A G T T G 36 (38) 34 (33) 21 (40) 15 (37) 13 (34) 23 (41)
3 A G A G C T A 19 (20) 20 (20) 12 (23) 7 (17) 5 (13) 14 (25)
4 G A A G T C G 11 (12) 21 (21) 6 (11) 5 (12) 7 (18) 4 (7)
5 G A A C T C G 10 (11) 14 (14) 6 (11) 4 (10) 5 (13) 5 (9)
6 G A A G C C G 11 (12) 11 (11) 5 (9) 6 (15) 4 (10) 7 (12)
7 A A A G T C G 4 (4) 4 (4) 4 (7) 0 2 (5) 2 (4)
8 G G A G T C G 6 (6) 3 (3) 6 (11) 0 1 (3) 5 (9)
9 A A A G C C G 4 (4) 8 (8) 2 (4) 2 (5) 3 (8) 1 (2)
10 A A A C T C G 3 (3) 2 (2) 1 (2) 2 (5) 1 (3) 2 (4)
11 G G A C T C G 3 (3) 2 (2) 1 (2) 2 (5) 1 (3) 2 (4)
12 A G A C C T A 2 (2) 3 (3) 1 (2) 1 (2) 1 (3) 1 (2)
13 G A A G C T G 0 3 (3) 0 0 0 0
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G/G 7%; German: A/G 42%, G/G 6%), and are therefore in
keeping with those reported in other Caucasian control popu-
lations31,32. On the other hand, it is more likely that the prob-
lem of false-positive findings results from selection biases in
the collection of samples. Indeed, our study, with 94 patients,
is much larger than the one previously published.
The finding of an increased expression of CCL2 in patients

with SSc has been extensively reproduced13-17,29,30. In the ear-
lier study, Karrer, et al also correlated CCL2 genotypes with
protein expression and showed that the GG genotype displays
higher gene expression compared to the AG and AA geno-
types. However, although essential in the study of common
diseases, functional studies of candidate genes and variants do
not solve the problem of false-positives.
We observed no convincing evidence for an association

between the CCL2 –2518 GG genotype and Caucasian
patients with SSc both as a whole and within distinct disease
phenotypes. Therefore, the raised CCL2 levels in this disorder
do not appear to be influenced by genetic polymorphism with-
in the CCL2 gene.
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