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Abstract

Objectives—There is an enrichment of immune response genes that are subject to copy number
variations (CNVs). However, thereis limited understanding of their impact on susceptibility to
human diseases. CC chemokine ligand 3 like-1 (CCL3L1) isa potent ligand for the HIV
coreceptor, CC chemokine receptor 5 (CCR5), and we have demonstrated previously an
association between CCL 3L 1- gene containing segmental duplications and polymorphismsin
CCR5 and HIV/AIDS susceptibility. Here, we determined the association between these genetic
variations and risk of developing systemic lupus erythaematosus (SLE), differential recruitment of
CD3+ and CD68+ leukocytes to the kidney, clinical severity of SLE reflected by autoantibody
titres and the risk of renal complicationsin SLE.

Methods—We genotyped 1084 subjects (469 cases of SLE and 615 matched controls with no
autoimmune disease) from three geographically distinct cohorts for variationsin CCL3L1 and
CCRS.

Results—Deviation from the average copy humber of CCL3L 1 found in European populations
increased the risk of SLE and modified the SL E-influencing effects of CCR5 haplotypes. The
CCRS5 human haplogroup (HH)E and CCR5-A32-bearing HHG* 2 hapl otypes were associated with
an increased risk of developing SLE. Anindividual’s CCL 3L 1-CCR5 genotype strongly predicted
the overall risk of SLE, high autoantibody titres, and lupus nephritis as well as the differential
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recruitment of leukocytes in subjects with lupus nephritis. The CCR5 HHE/HHG* 2 genotype was
associated with the maximal risk of developing SLE.

Conclusion—CCR5 haplotypes HHE and HHG* 2 strongly influence the risk of SLE. The copy
number of CCL3L1 influencesrisk of SLE and modifies the SL E-influencing effects associated
with CCR5 genotypes. These findings implicate akey role of the CCL3L1-CCRS5 axisin the
pathogenesis of SLE.

Introduction

Copy number variations (CNVs) are a common polymorphism, reflecting 12% or more of
the human genome.1—3 Many of these structural variations are segmental duplications that
contain immune response genes,* and consequently such CNV's might underlie in part inter-
individual differencesin susceptibility to complex diseases with immunological
underpinnings. Consistent with this, recent studies showed that susceptibility to systemic
lupus erythaematosus (SLE) is associated with CNV'sin FCGR3B>6 and C47 genes and
susceptibility to Crohn disease is associated with CNVs in DEFB4.8 We found that
segmental duplications that contain the gene encoding CC chemokine ligand 3 like-1
(CCL3L1), the most potent agonist and HIV-suppressive ligand for the HIV-1 coreceptor
CC chemokine receptor 5 (CCRD), is associated with variable chemokine expression,
numbers of CD4+CCR5+ T cells, risk of acquiring HIV and disease progression rates.? We
also found an association between copy number of CCL3L 1 and risk of Kawasaki disease, a
childhood vasculitis; 19 a recent study reported the association between CCL3L1 CNV and
rheumatoid arthritis. 1! Based on the extensive data implicating members of the chemokine
system (including CCR5 and its ligands) in autoimmunity including SLE pathogenesis, 1214
here, we tested the hypothesis that CCL 3L 1-containing segmental duplications affect the
risk of developing SLE. We tested this hypothesis within the context of investigating the
overall impact of the CCL3L1-CCR5 axis on SLE susceptibility. To date, al the genetic
epidemiological studies that have examined the role of thisaxisin SLE are limited to
analysis of the CCR5-A32 mutation, which is associated with loss of CCR5 surface
expression.1® However, we have previously demonstrated that CCR5 is highly polymorphic
and these variations can be organized into haplotype groups designated as human
haplogroups (HH) A through G*2.16 Thus, to gain greater insights into the role of this axis
on SLE development, we first determined the individual impact of the copy number of
CCL3L1 and polymorphismsin CCR5, and then their conjoint effects. Finally, we also
investigated whether the genetic background conferred by alow, average or high CCL3L1
gene dose modifies the phenotypic effects of CCR5 haplotypes on risk of developing SLE.

METHODS

Study cohorts

The San Antonio SLE cohort—This cohort consisted of prospectively collected data
from patients enrolled into the San Antonio Lupus Study of Neuropsychiatric Disease
(SALUD), and was as described previously.1” Individuals were enrolled into SALUD if they
met four or more of the American College of Rheumatology (ACR) revised criteriafor
SLE1819 and controls were healthy, non-blood-related family members and friends of the
enrolled patients with lupus. This cohort comprised of 134 patients with SLE and 60 healthy
controls; 73 (54.48%) cases and 33 (55%) controls were Hispanic whereas 45 (33.58%)
cases and 26 (43.33%) controls were Caucasian. For the cases, the mean (SD) age was 43.04
(11.95) years, and 122 (91.04%) were females. For the controls, the mean (SD) age was
39.31 (15.45) years and 38 (63.33%) were females.
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The Colombian SLE cohort—This cohort consisted of 143 patients with SLE and 421
healthy controls. All patients fulfilled four or more of the ACR criteriafor SLE18 19 and
were recruited at the Rheumatology Unit at the Clinica Universitaria Bolivarianain
Medellin, Colombia. The subjects were predominantly of European (ie, Spanish) descent. 20
The mean (SD) age of the patients was 32.77 (11.15) years and the cohort included 140
(97.90%) females. The controls were selected from the geographic neighborhood of the
cases and matched for age, sex, ethnicity and socioeconomic status. Additional
characteristics of this cohort and results of genetic epidemiological studies using this cohort
have been described previously.?1-25

The Ohio SLE cohort—This cohort consisted of 340 patients and 287 controls.
Information on race was available for 268 (78.82%) cases and 258 (89.90%) controls. Of
these 192 (71.64%) cases and 134 (51.94%) controls were European Americans and only
these subjects were included in the present analyses. The Ohio SLE cohort used the 1997
ACR revised criteriafor diagnosis of SLE.18 The controls were healthy volunteers from
central Ohio who had no personal or family history of autoimmune diseases.

Methods used for genotyping the copy humber of CCL3L1° and CCR5 polymorphisms?®
were as described previously. The CCR5 haplotype classification system was also as
described previously. 2 16 CCRS5 haplotypes (linked polymorphisms) are designated as
human haplogroups (HH) A through G*2; HHF*2 and HHG* 2 denote the haplotypes that
contain the CCR2-64l and CCR5-A32 polymorphisms, respectively.16

Antibody assays

Antinuclear antibodies were determined by indirect immunofluorescence in HEp-2 cells and
were considered positive at atitre of .1:80 dilution. Anti-double stranded DNA (antiDNA),
anti-Ro, anti-La, anti-RNP and anti-Sm were measured by ELISA using commercia kits
(INOVA, San Francisco, California, USA).

Assessment of renal involvement

Renal involvement was considered present when arenal biopsy demonstrated World Health
Organization (WHO) class I1-V histopathology, active urinary sediment, proteinuria .500
mg/ 24 h or nephrotic syndrome. Nephrotic syndrome was defined as .3.5 g/day of
proteinuria, hypoal buminaemia (<2.8 g/dl), hyperlipidaemia and oedema. Renal biopsies of
22 patients with lupus nephritis from the Ohio cohort were quantified for infiltrating CD68+
(macrophages) and CD3+ (T cells) cells as described previously.2’

Statistical analyses

Allele and haplotype frequencies were estimated and Hardy— Weinberg equilibrium was
determined using the PowerMarker (version 3.23) software.28 We conducted the statistical
analysis for the SLE cohortsin two steps. First, we conducted the analysis for al patients
with SLE pooled together vs. all the controls. Second, to exclude the possibility of
confounding by ethnicity or geographic origin of the cohorts, we conducted the analysis
separately for each cohort and compared the cases against their respective set of controls (fig
1A). As another measure to reduce the confounding by ethnicity, and because of small
numbers of subjects of African descent in the three cohorts, we limited our analyses to
subjects of Hispanic or European descent.

We used unconditional multiple logistic regression analysis to assess the association
between copy number of CCL3L 1 or CCR5 haplotypes or genotypes (haplotype pairs) and
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risk of developing SLE. Crude odds ratios (OR) were used as an estimate of the relative risk
and were determined along with 95% confidence interval (Cl). By this multivariate approach
the independent effect of each variable was assessed while simultaneously adjusting for the
effects of the covariates in a single model, thus minimizing multiple comparisons. We also
assessed the association between variations in CCL3L 1-CCR5 with the risk of lupus
nephritis and autoantibody titres. For this, we used clustered multinomial logistic regression
analyses, where the study-cohort membership was the clustering variable. We used
multivariate analysis of variance (MANOVA) to determine the association between

CCL 3L 1-CCRS5 genotypes and the number of inflammatory cellsin different renal
compartments in patients with lupus nephritis. All statistical analyses were conducted using
the Stata 8.0 (Stata Corp, College Station, Texas, USA) statistical software.

CCL3L1 copy number and risk of developing SLE Consistent with our previous findingsin
subjects of European descent,? the median copy number of CCL3L1 in the SLE cases and
controls we studied here was also two (fig 1B—C). However, the overall frequency
distribution of CCL3L1 copy number was significantly different between all cases and
controls (p=0.032), and the frequency of one and four copies of CCL3L1 was higher in cases
than controls (fig 1C). This suggested that deviation from the average copy number found in
these study populations (two) might be arisk factor for developing SLE. Consistent with
this, a copy number lower than or greater than two was associated with an increased risk of
developing SLE (fig 2A). Evaluation of the SLE cohorts separately indicated that the
maximal impact of the CCL3L1 CNV on SLE risk was in the cohorts from Colombia and
Ohio (fig 2)

CCRS5 haplotypes and SLE risk

The overall distribution of CCR5 haplotypes in the cohorts studied were similar to those
observed previously in subjects of European descent.26 CCR5 HHC was the most common
haplotype, and this was followed by HHE and HHF* 2 (fig 1D-E). All the haplotypes were
in Hardy—Weinberg equilibrium (data not shown). A highly statistically significant
difference was detected in the distribution of CCR5 hapl otypes between all cases and
controls (p<0.001; fig 1E). To determine which CCR5 hapl otype conveyed this SLE-
influencing effect, we used logistic regression analysis. We found that in the pooled analysis
of al cohorts, CCR5 HHE and the CCR5-A32-containing HHG* 2 haplotype were each
associated with an increased risk of developing SLE whereas CCR5 HHF* 1 was associated
with atrend towards protection (fig 2A). Concordantly, when examined in the individual
cohorts, possession of HHE was associated with an increased risk of developing SLE, and a
similar trend was observed for HHG* 2 (fig 2B-D); an effect for HHF* 1 was not observed in
the individual cohorts, possibly because of its low frequency (figs 1D and 2B-D).

Impact of CCR5 genotypes on SLE development

To determine the influence of CCR5 haplotype pairs (genotypes) on SLE susceptibility, we
selected the 12 most common CCRS5 genotypes found in all cohorts. Six of these contained
CCR5 HHE (fig 3A). Among the genotypes containing HHE, an increased risk of SLE was
conferred mainly by CCR5 HHA/HHE and HHE/HHG* 2 genotypes, and atrend was
observed for HHE/HHF*2 (fig 3A).

Among the 12 most common CCR5 genotypes, 2 contained the CCR5-A32-containing
HHG* 2 haplotype. We found that in addition to possession of the HHE/HHG* 2 genotype,
the HHC/ HHG* 2 genotype was al so associated with atrend for an increased risk of
developing SLE (fig 3A). Among the HHF* 2- containing genotypes, homozygosity for this
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haplotype was associated with a marked reduction in the risk of SLE and HHC/ HHF*2 was
associated with atrend towards protection (fig 3A). As an effect of the CCR2-641-bearing
HHF*2 haplotype on devel oping SLE was not detected in the individual cohorts (fig 2B-D),
thisindicated that the protective effects of HHF* 2 are present mainly when it isin the
homozygous state (fig 3A). Collectively, these findings identified CCR5 HHE-, HHG* 2-
and HHF* 2-containing genotypes as determinants of SLE susceptibility, with dominant
effects for the HHE- and HHG* 2- containing genotypes.

Additive and independent impact of CCR5 HHE and HHG*2 on SLE

When examined at the level of haplotypes, HHE and HHG* 2 were each associated with an
increased risk of SLE (fig 2). Concordantly, HHE/HHG* 2 genotype was associated with an
increased risk of developing SLE (fig 3A). However, it was unclear whether the effects of
HHG* 2 were direct, or merely due its association with HHE. To address this, based on
possession of these two haplotypes, we divided subjects into six CCR5 genotypic groups
(fig 3B). Subjects who did not possess either HHE or HHG* 2 were the reference category
for this analysis. We found that CCR5 genotypic group 1 (possession of HHE but lacking
HHG* 2) and group 3 (possession of HHG* 2 but lacking HHE) were each independently
associated with an increased risk of developing SLE (fig 3B), indicating that HHE and
HHG* 2 had independent detrimental effects. Consequently, pairing of HHE and HHG* 2
(CCRS genotypic group 4 in fig 3B) had additive effects (OR=3.50, 95% Cl 1.74 to 7.02;
p<0.001).

CCL3L1-CCR5 genotype and histopathological phenotype

We next determined whether genotype—phenotype associations are also evident at the
cellular level, i.e., whether recruitment of infiltrating leukocytes differed by CCL3L1-CCR5
genotype. CCR5 genotypes were categorized as shown in fig 3B and concordant with the
genotype—phenotype associations presented above, we found that recruitment of CD68+ and
CD3+ cellsto the interstitium was greatest in subjects possessing the HHE/HHG* 2
genotype (fig 4A). Other HHE- and HHG* 2- containing genotypes along with CCL3L1
CNV aso influenced cellular recruitment patterns (fig 4A). Statistical analyses revealed that
the impact of CCL3L1 CNV and CCR5 genotypes on recruitment of CD3+ and CD68+ cells
was restricted mainly to interstitium (fig 4B) and explained 72% of the variability in the
number of cells per high power field. In this compartment, possession of HHE-containing
genotypes was associated with a significant increase in recruitment of CD3+ and CD68+
cells (fig 4A, B). Possession of a copy humber of CCL3L 1 other than the population average
(two) was also associated with atrend for areduced recruitment of macrophages into the
interstitial compartment (fig 4B).

Combined effects of CCL3L1 and CCR5 on SLE development

The aforementioned findings suggested that deviation from the average copy number of
CCL3L1 (two) in conjunction with possession of CCR5 HHE and HHG* 2 hapl otypes might
have the greatest impact on risk of developing SLE. To examine their combined effects, we
stratified the SLE cohorts into three mutually exclusive CCL3L1-CCR5 genotypic risk
groups (fig 5A). Asageneral rule, in each of the cohorts, relative to individualsin CCL3L 1—
CCRS5 genotypic risk group 1 (two copies of CCL3L1 and lacking HHE and HHG* 2), those
with <2 or >2 CCL 3L 1 copies and HHE or HHG*2 (group 3) had a nearly twofold greater
risk of developing SLE, whereas all others (group 2) had an intermediate risk (fig 5B).

CCL3L1-CCRS5 genotypic risk groups and renal involvement and autoantibodies

The cohorts from Ohio and Colombia had sufficient number of subjects with lupus nephritis
to determine whether the CCL 3L 1-CCR5 genotypic groups affected risk of renal
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involvement. We found that compared to individualsin CCL3L 1-CCRS5 genotypic risk
group 1, those in groups 2 and 3 had a significantly higher risk of renal SLE (fig 5C).

We next determined the association between the CCL3L1- CCRS5 genotypic risk groups and
autoantibody titres. Compared to individualsin CCL3L1-CCR5 genotypic risk group 1,
titres of anti-DNA were significantly higher in those in group 2 (OR=1.49, 95% CI 1.02 to
2.16) and group 3 (OR=1.39, 95% CI 1.10to 1.75) (fig 5D). Additionally, relative to
CCL3L1- CCRS5 genotypic risk group 1, titres of anti-Ro (OR=1.6, 95% CI 1.58 to 1.62)
and anti-La (OR=3.07, 95% CI 2.08 to 4.55) were significantly higher in group 3 (fig 5D). A
similar but statistically non-significant association was detected for the CCL3L1-CCR5
genotypic risk groups and ANA levels (data not shown).

Modifier effects of CCL3L1 in SLE

To determine whether CCL3L 1 copy number modified the SL Einfluencing phenotypic
effects associated with CCR5 haplotypes, we stratified the subjects based on copy humber of
CCL3L1(i.e.,, <2 2 or >2copies, table 1). The increased risk of SLE associated with CCR5
HHE was maximal, moderate and absent in subjects with 2, <2 and >2 CCL3L 1 copies,
respectively. Whereas the increased risk of developing SLE associated with CCR5 HHG* 2
was not evident in those possessing two CCL3L 1 copies, and instead was most evident in
those with a copy number greater or lower than two (models 2 and 4 in table 1). This
analysis also revealed that although a SLE susceptibility-reducing effect associated with the
HHF* 2 haplotype was not detected in the pooled analyses (fig 2A), such an effect is evident
in the context of subjects who possessed >2 CCL3L 1 copies (model 4 in table 1).

DISCUSSION

This study has four major findings. First, the genotype— phenotype associations suggest that
the CCR5-CCRS ligand axis plays an important role in SLE pathogenesis. This conclusionis
supported by consistent genotype—phenotype associations detected at multiple levels: SLE
risk, renal involvement, antibody titres and recruitment of leukocytes to the kidney.
Previously, we® and Townson et al2? found that there is a correlation between CCL3L 1 copy
number and chemokine production, with a plateau in chemokine production at higher copy
numbers. Here, we found that relative to the average gene dose in the study population, a
lower and higher copy number of CCL3L 1 was associated with an enhanced risk of
developing SLE, suggesting that development of SLE might be highly sensitive to
chemokine production, such that an optimal level might be protective whereas low and high
chemokine expression might be detrimental. With respect to variationsin CCR5, the CCR5
HHE haplotype (which is associated with higher CCR5 transcriptional activity6 and protein
expression3®) and the CCR5 D32-containing HHG* 2 haplotype (which is associated with
reduced CCR5 surface expression3l) were associated with an increased risk of SLE.
Consistent with the latter finding, Aguilar et al32 found that the CCR5 D32 mutation was
associated with an increased risk of having anti-dsDNA antibodies, and Gomez-Reino et
al33 found that the frequency of the CCR5A32 homozygosity was higher in subjects with
SLE (0.027) than in controls (0.009). Thus, from these associations we infer that deviation
from a homeostatic balance of CCL3L 1 and CCR5 expression levels might be detrimental
with respect to SLE susceptibility.

Second, the results might also provide a genetic correlate into the proposed role by which
CCRS5 and its ligands mediate inflammatory processes in SLE pathogenesis. Inflammatory
processes in SLE areinitiated by lymphocytic infiltration into tissue spaces, 3437 and the
histological distribution of lymphocytes, for example in lupus nephritis, appears to be
determined by the expression of chemokine receptors, including CCR5.38-40 CCR5+ cells
areinvariably distributed in the interstitial regions.3% 49 Once inflanmation is established,
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these lymphocytes release chemokines such as CCL 3 and undergo apoptosis. 4143 This
locally accentuated chemokine gradient is thought to mediate two processes that might help
promote the resolution phase: recruitment of additional CCR5+ lymphocytes and
macrophages to facilitate termination of inflammation and clearance of apoptotic cells.*
Within this context, it is conceivable that higher expression levels of CCR5 (eg, with CCR5
HHE-containing genotypes) aggravates the inflammatory process by increasing initial
lymphocytic infiltration. Similarly, since the resolution phase will depend on the chemokine
gradient produced by apoptotic lymphocytesit is possible that the CCL3L 1 copy humber
will independently influence the risk of SLE. The third major finding pertains to the
observation that there is similarity in the CCL3L1 and CCR5 genetic determinants that
influence SLE and HIV/AIDS susceptibility (see supplementary material). For example,
several studies have demonstrated that CCR5 HHE-containing genotypes are associated with
an increased risk of HIV/AIDS susceptibility,25 4547 and here we find that this haplotype is
associated with an increased risk of SLE. We suggest that these findings might provide
support for the common variants/multiple disease (CV/MD) hypothesis, which has been
invoked to underlie the pathogenesis of several complex disease states.® 42 The CV/MD
hypothesis has a so been invoked as a basis for susceptibility to clinically distinct
autoimmune phenotypes.11 59. 51 Our results suggest that the CV/MD hypothesis might be
applicable when two diseases share some clinical autoimmune phenotypes, but when one
entity such as SLE is a prototypical autoimmune disease and the other entity, such as
infection with HIV-1 that can also be associated with autoimmunity,2 is not (supplementary
material). Consistent with this, SLE and HIV share some common clinical, pathogenic and
laboratory features (supplementary material). One possible implication of these resultsis
that CCR5 blockade during HIV infection might increase risk of autoimmune phenotypesin
subjects with specific CCR5 and CCL 3L 1 genotypes.

The fourth major finding pertains to gene modifiers, which is a principal challenge for the
future of understanding the genetics of non-Mendelian diseases. Phenotype modification
occurs when expression of one gene alters the phenotype normally conferred by another
gene. Notably, the modifier can cause subtle or profound changes in the expression of the
phenotype caused by mutation at another gene locus.3 54 Modifier genes usually affect the
phenotypic outcome of a given gene by interacting in the same or a parallel biological
pathway as a disease gene.>3 54 |n this light, given the ligand-receptor relationship of
CCL3L1 and CCR5 and the finding that CCR5 haplotypes must reside in a permissive
genetic background dictated by CCL3L 1 gene copy humbers to manifest their full
phenotypic effects in Kawasaki disease,10 SLE (table 1) and HIV/AIDS (data not shown)
provide, to our knowledge, the first examples for genetic modification by copy number
variations. The consistency of the gene modifier effects across three distinct disease states
suggests that CCL3L 1 copy humber dependent phenotype modification might be a common
phenomenon in disease states where the CCL3L 1-CCRS axis affects disease pathogenesis.
Thus, failure to account for intercohort variations in the underlying distribution of such copy
number variations might explain, in part, the many association studies that cannot be
replicated, especially because CNV isavery common polymorphism in the human
genome.13

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Study cohorts and distribution of CCL3L1 copy number and CCR5 haplotypes. A. Systemic
lupus erythaematosus (SLE) cohorts. Cohorts were from three different geographic regions,
namely San Antonio, Texas, USA, Columbus, Ohio, USA and Medellin, Colombia. n,
number of study subjects. The up/down arrow indicates a set of cases being compared
against the corresponding set of controls as well as between all cases and al controls. The
colors corresponding to each study subset are used in the remaining panels. Overal, al
subjects. B, C. Distribution of CCL3L 1 copy number in each study cohort (B) and all
cohorts combined (C). D, E. Distribution of CCR5 haplotypesin each study cohort (D) and
all cohorts combined (E). The overall difference of distribution between cases and controls
was tested for significance using the 2 test. The asterisks indicate significance values for
differencesin the frequency of the indicated CCL3L1 copy humber and CCR5 haplotypes
between cases and controls. p Vaues for possessing one and four copies of CCL3L1 (C)
were 0.012 and 0.020, whereas for possessing CCR5 human haplogroup (HH)E, HHF*2 and

HHG* 2 haplotypes (E) they were p=0.034, 0.002 and <0.001, respectively.

0.50+
0.45
0.40
> 0.351
§ 0.30
o 0.25
19
I 0.204

0.154

0.104

0.054
04

Page 11

MUt ......

CCL3L1 copy number

D E Overall 2=31.86
P value<0.001
0.45 0.40
0.404 . 035
[$)
5 035 & 0.30
$ 0.30 2
g O 3 025
T 0.25 =
E © 020
> 0.20 ° os
2 015 <9
< 0.10 0.10
=111 Lue L | il |
0 = | | I - I I 0 I
A B 1

CCR5 haplotypes

F*2

Ann Rheun Dis Author manuscript; available in PMC 2013 September 30.

G*

\

T Q@ 0Q Q/Q 4(
CCR5 haplotypes



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Mamtani et al.

Odds Ratio

C

Odds Ratio

Page 12

All Cohorts San Antonio
4
T
3 - 4. ¢
2 3
2.
1 o 1 I l [ l
[ 1 I 1T 11
0 — = = 0 N - ~T2T?
w|g|ﬁ_‘.g|%‘ <O‘DLU3_;D;D-§‘-"§
38 8 818
CCRS5 haplotypes CCL3L1 CCRS5 haplotypes CCL3L1
Colombia D Ohio
2 5.
54 g };
4. 44
34 3
L 2 2 L 4
24 l { 1 ¢
1 | TH— L1
0 N e N () (7] 0 N -— Y] [72) (7]
< |O |0 W& ED ZD o9 < |O |0 [Ww 5 ED ED ‘% .%
g1 g ol o
(&] (&) (&) o
SN ¢ N
CCRS5 haplotypes CCL3L1 CCRS5 haplotypes ccCL3L1

Figure2.

Copy number of CCL3L1 and CCR5 haplotypes influence risk of developing systemic lupus
erythaematosus (SLE). Association between CCR5 haplotype or CCL3L1 copy number and
therisk of developing SLE was determined by logistic regression analysesin all cohorts
combined (A) and in each SLE cohort separately (B-D). The error barsindicate 95% Cls
around the point estimates (diamonds). In (A), the results are from the final model of a
stepwise logistic regression using a probability criterion of p<0.1 and red color indicates
statistical significance whereas pink color indicates statistical non-significance.
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Figure 3.

CCRS5 genotypes and risk of systemic lupus erythaematosus (SLE). A. Association between
the 12 most common CCRS5 genotypes and risk of developing SLE. The diamonds and error
bars represent point and 95% confidence intervals of odds ratio, respectively. Red indicates
statistical significance while pink indicates statistical non-significance. B. Interactive effects
of CCR5 human haplogroup (HH)E and HHG* 2 on the risk of developing SLE. The
numbersin red indicate the six color-coded genotypic groups; n, number of subjectsin each
group (Gp). For example, those who possess HHE but not HHG* 2 are designated as E/
NonG*2. For thisanalysis, group 0 (those lacking HHE and HHG* 2) was considered as the
reference category. The height of the bar indicates the odds ratio of developing SLE and the
numbers in the bar indicate 95% ClI.
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Renal Compartment CCR5 genotype CCL3L1 R?
E/NonG2 NonE/G2 E/G2  (</> 2 copies)
P P P P
Glomerulus (G)
MO+LY * 0.8298 0.4904 0.4990 0.3895 0.1341
MO 0.8372 0.5542 0.5088 0.4169 0.1194
LY 0.8217 0.0521 0.6595 0.2613 0.3169
Periglomerulus (PG)
MO+LY 0.8285 0.2624 0.2142 0.9984 0.1597
MO 0.6364 0.4698 0.1765 0.9959 0.1783
LY 0.9668 0.0920 0.3675 0.9961 0.2069
Interstitium (1)
MO+LY <0.0001 0.0145 0.0056 0.0799 0.7169
MO 0.0002 0.0017 0.0030 0.0645 0.6986
LY 0.0109 0.8839 0.3600 0.5606 0.3723
* MO = Macrophages and LY = Lymphocytes
Figure4.

Association of CCL3L1-CCR5 genotypes with number of inflammatory cellsin the
indicated renal compartment in patients with lupus nephritis. A. Average number of
inflammatory cells per high power field (hpf) in the indicated renal compartments stratified
by CCL3L1- CCRS5 genotype. The bars show mean number of cellg/hpf. Macrophages
(orange bars) and lymphocytes (brown bars) were identified by the presence of CD68 and
CD3 markers, respectively. B. Results of multivariate analysis of variance (MANOVA) for
association between CCL 3L 1-CCR5 genotypes with number of inflammatory cellsin the
indicated renal compartments. p Indicates the significance value estimated from the
Snedecor F statistic and R? indicates the variability explained by the full model including
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the CCL3L1-CCRS5 genotypes. In this analysis non-HHE/non-HHG* 2 was considered as the
reference genotype for CCR5 and two copies was the reference category for CCL3L 1.
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Figureb5.

Conjoint effects of CCR5 and CCL3L 1 on systemic lupus erythaematosus (SLE)
susceptibility, development of renal lupus and autoantibody titres. A. CCL3L1-CCR5
genotypic groups. Group 1 comprised of subjects who did not possess CCR5 human
haplogroup (HH)E or HHG*2 (Non-HHE and Non-HHG* 2) and had two copies of
CCL3L1. Group 2 comprised of subjectswho either (a) did not possess CCR5 HHE or
HHG*2 (Non-HHE and Non- HHG* 2) and had either <2 or >2 copies of CCL3L1, or (b)
those who possessed HHE or HHG* 2 and had two copies of CCL3L1. Group 3 comprised
of subjects who possessed HHE or HHG*2 CCR5 haplotypes and had <2 or >2 copies of
CCL3L1. The color codes for the indicated genotypic risk groups are used in the rest of the
figure. B. Association of the genotypic risk groups with risk of SLE. For these analyses,
group 1in (A) was considered as the reference category. For each cohort the odds ratios
were estimated in asingle model by multivariate logistic regression analysis. Letters (a—h)
indicate significance values: a, 0.015; b, 0.041; c, 0.187; d, 0.020; e, 0.283; f, 0.009; g,
0.002; h, <0.001. C. Assaciation of CCL3L1-CCR5 genotypic risk groups with risk of lupus
nephritisin patients with SLE from the Colombia and Ohio cohorts. Letters (i) and (j)
indicate significance values: i, <0.001; j, 0.071. In (B) and (C) the diamonds and error bars
represent point and 95% confidence intervals of odds ratio, respectively. D. Association of
the CCL3L 1-CCR5 genotypic risk groups and autoantibody titres. Letters (k—) indicate
significance values: k, 0.037; I, 0.006; m, <0.001; n, <0.001. The anti-Ro and anti-La data
was not available for the San Antonio cohort. Statistical significance for results shown in (C)
and (D) was assessed using clustered multinomial logistic regression analyses.
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Overdl and CCL 3L 1 gene dose—-dependent effects of CCR5 haplotypes on risk of developing SLE.

Table 1

Model, CCR5 haplotype, CCL3L1 gene dose OR (95% ClI) P
Model 1 (N=1059)
HHE 161(1.25-2.07) <0.001
HHG 2 257(1.71-3.86) <0.001
HHF*1 0.24(0.05-1.10)  0.067
Model 2 (<2 CCL 3L 1 copies, N=235)
HHG 2 3.03(1.35-6.79)  0.007
HHE 1.83(1.06-315)  0.030
HHD 4.24(0.82—21.99) 0.086
Model 3 (2 CCL 3L 1 copies, N=428)
HHE 194(1.31-2.88) 0.001
Model 4 (>2 CCL 3L 1 copies, N=396)
HHG 2 412(1.79-941)  0.001
HHE 2 0.64(042-0.98)  0.042

*
Model 1, stepwise unconditional logistic regression analysis for association between possession of CCR5 haplotypes and SLE disease

Page 17

susceptibility before accounting for CCL 3L 1 gene dose; Models 2 to 4, indicate stepwise unconditional logistic regression for association of the
CCR5haplotypes in the context of different CCL 3L 1 gene dose strata (i.e., <2, 2 and >2 CCL 3L 1 copies). All stepwise regression models used a
probability criterion of P< 0.1. Cl, confidence interval; OR, odds ratio. N, number of subjects. The analysisis for the combined three cohorts of

SLE.

HH, human haplogroup
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