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Combined Genotypes of CCR5, CCR2, SDF1, and HLA Genes Can Predict
the Long-Term Nonprogressor Status in Human Immunodeficiency
Virus-1-Infected Individuals

By Magdalena Magierowska, loannis Theodorou, Patrice Debré, Francoise Sanson, Brigitte Autran, Yves Riviere,
Dominique Charron, French ALT and IMMUNOCO Study Groups, and Dominique Costagliola

Human immunodeficiency virus (HIV)-1-infected long-term
nonprogressors (LT-NP) represent less than 5% of HIV-1-
infected patients. In this work, we tried to understand
whether combined genotypes of CCR5-A32, CCR2-64l, SDF1-
3’A and HLA alleles can predict the LT-NP status. Among the
chemokine receptor genotypes, only the frequency of the
CCR5-A32 allele was significantly higher in LT-NP compared
with the group of standard progressors. The predominant
HLA alleles in LT-NP were HLA-A3, HLA-B14, HLA-B17, HLA-
B27, HLA-DR6, and HLA-DR7. A combination of both HLA and
chemokine receptor genotypes integrated in a multivariate
logistic regression model showed that if a subject is hetero-

his odds of being LT-NP are increased by 16-fold, by 47-fold
when a HLA-B27 allele is present with HLA-DR6 absent, and
by 47-fold also if at least three of the following alleles are
present: HLA-A3, HLA-B14, HLA-B17, HLA-DR7. This model
allowed a correct classification of 70% of LT-NPs and 81% of
progressors, suggesting that the host’s genetic background
plays an important role in the evolution of HIV-1. The
chemokine receptor and chemokine genes along with the
HLA genotype can serve as predictors of HIV-1 outcome for
classification of HIV-1-infected subjects as LT-NPs or progres-
sors.
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zygous for CCR5-A32 and homozygous for SDF1 wild type,

N HUMAN immunodeficiency virus (HIV)-1 disease, a  More recently, several groups showed that the polymorphic

small fraction 5%) of infected individuals remains genes of the chemokine receptor family and particularly the
asymptomatic and clinically healthy for long peridd§hese = CCR5 and CCR2 genes, which were identified as coreceptors
individuals usually have a lower viral load and higher and for HIV-1 entry into the cell216 also influence disease-free
relatively stable peripheral blood CB4ell counts compared  survival of HIV-1-infected patients. A truncated form of CCR5
with the normal/rapid progressotdt is still unclear whether (aA32-bp, observed in white individuals oAlyand a mutated
these subjects represent a distinct group, sharing a commolm of the CCR2 (64) were more frequently found in
biological phenomenon for such a resistance to progression or ifygividuals whose progression to AIDS was postponed com-
they are only casual and extremely rare exceptions to theyareq with rapid progressof2 Two recent reports showed

general rule. Some investigators proposed that the HIV-Yp5; in whites, the CCR2 and CCR5 mutant alleles are in strong
disease-free progression might be genetically contrdliElde linkage disequilibriunt?:22

first candidates were the major histocompatibility complex Despite important studies, it is still controversial whether the

genes (MHC-HLA in humans). Combination of HLA class | CCRR\32 allele protects from progression to AIDS. In serocon-
(HLA-A1, HLA-A2, HLA-B14, HLA-B17, HLA-B27) and °p prog . )
. verters, for which long-term data were available, the CA&B5
class Il antigens (HLA-DR5 and HLA-DRG6) have been corre- L
lated with low rates of disease progressidrin contrast, the heterozygotes were shown to develop the AIDS-defining illness
! significantly later than patients without thE32bp18 On the

presence of HLA-B35, HLA-DR1, HLA-DR3, HLA-DQ1 ther hand. other i tigat ted onl liohtly diff ¢
antigens was significantly associated with a bad prognosis and%_ erhand, o er.|nves Igators repqr ed only a siig dy di eren
disease course with a lower proportion of AIDS-free individuals

rapid progression to acquired immunodeficiency syndrome - ) ) X
(AIDS) 811 during the first 4 to 6 years after seroconversion and a higher

proportion of AIDS-free individuals after 10 yea&Our group

found that the protective effect of thA32 deletion was
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MATERIALS AND METHODS RESULTS AND DISCUSSION

Studied cohorts. Subjects from two different French cohorts were  In this study, we performed a comparative analysis of
included in our study: a cohort of LT-NP (French ALT) and a cohort of subjects included in two French cohorts of LT-NP (ALT) and of
standard progressors (IMMUNOCO). From the two cohorts, only progressors (IMMUNOCO), taking into account the contribu-
subjects of white origin were taken into account for statistical analysis:tion to the slow progression of the HIV-1 infection, of confound-
70 from French ALT and 83 from IMMUNOCO. Atotal of 153 subjects jng factors, and genetic components such as the CCR5, CCR2,
were analyzed. The main characteristics of individuals are presented iBng SDF1 genes and the HLA class | and Il alleles. The

Table 1. The evolution_ of the immune and virplogic status of i)oth confounding factors (sex, age, and transmission group) were
cohorts has been described elswhere (ALT: Hadida et al; Candotti et agimilar between the two cohorts (Table 1)

Xl International Conference on AIDS 1996, V Conference on Retrovi-
ruses and Opportunistic Infections 1998 and manuscript in preparation';
IMMUNOCO: Autran et al, Xl International Conference on AIDS 1996

We screened for three frequent modifications in chemokine
eceptors: CCR&32, CCR2-64l, and a chemokine gene SDF1-
and manuscript in preparation). 3'A. When taking .mto account the gehetlc background of

Genotyping assay. The presence of the CCRB2 allele was  HIV-1-infected subjects, we observed a higher frequency of the

determined using a polymerase chain reaction (PCR)-based assay &CR5432 allele in LT-NP with 37% of heterozygotes com-
already describef, The CCR2-64l allele was detected by PCR- pared with the 14% found in progressors (Table 2), confirming
restriction fragment length polymorphism (RFLP) assay. The 380-bpearlier published studi€8:26This finding is not very surprising
fragment from the Nktterminal domain of the gene was amplified because the CCRA32 allele was already suggested as protec-
using 3-GGATTGAACAAGGACGCATTTCCCC-3 and B-TTGCA- tive against rapid progression in HIV-1 dised%é’-23.2420)\e
CATTGCATTCCCAAAGACCC-3 as forward and reverse primers, did not find any homozygous individual for this mutated allele
respectively. PCR was run for 40 cycles at 63°C annealing temperaturén any of the two groups. The two other mutated alleles,
Digestion with Fok | restriction endonuclease yielded 215-bp and CCR2-641 and SDF1-2, occurred at similar frequencies in
165-bp fragments only when an ATC triplet coding for isoleucine (641) hoth LT-NP and progressors and few homozygous individuals
was present. The SDFIA allele was detected by PCR-RFLP as \yae found for either mutation. To avoid samples too small for a
described by Winkler et & HLA .Class | (HLA-A, HLAB) typing was meaningful statistical analysis, two groups were created with
performe.d by standard S.emlog'cal methods and class Il (HLA'DRBl)one group of individuals bearing at least one mutation, and in
by generic molecular typing. the other, group wild-type individuals (Table 2). After regroup-

Statistical analysis. We performed a case-control analysis with | o .
cases defined as subjects included in the ALT cohort and controls a9, we observed 23% of CCR2 wild/mut genotypes among

subjects included in the IMMUNOCO cohort. Cases and controls werelT-NP and 16% among progressofs< .258). Similarly, 36%
compared for baseline characteristics using xheest for categorical  Of LT-NP had at least one mutant SDF1 allele versus 44% in
variables (sex, transmission) and the nonparametric Mann-Whitney tegerogressorsR = .335). A detailed description of the different
for continuous variables (age at first positive test, time since firstgenotypes comprising CCR2, CCR5, and SDF1 genes is
positive test, CD4 counts and CD8 counts). These data are presented presented in Table 3. We did not find a clear linkage disequilib-
Table 1. For the comparison of genotypes between case and contrglum between the CCR2 and CCR5 genesX22 analysis,
subjects, we considered only those HLA alleles present in at least 10% = 074). This finding is not necessarily in contradiction with
of all subjects (cases$ controls). Alleles were compared between the the report by Smith et &P, because the design of both studies
two groups and only those alleles with a comparigdR value less than was slightly different (ours a case/control study cohort study

.20 were retained for further analysis. This is nearly equivalent to theby these investigators) or could also be explained by a lack of
limits chosen by Kaslow et &in their recent report. Similar analysis ower in our study. As with Smith et al, we did not find any

was performed to assess the role of CCR2, CCR5, and SDF1 genotygp N . e .
and that of different potential confounding factors. Age and transmis—SCRZ mut/mut individual bearing also thS2 modification of

sion group (homo/bisexual men, heterosexuals, intravenous [IV] drugthe CCRS gene. Itis worth noting that orily two LT-NP subjects
users, others) were considered as potential confounding factors becaudére found SDF1 mut/mut compared with four progressors at
they are associated in the literature with disease progression. Age wagariance to the results reported by Winkler &t éTable 2). This
considered as a continuous variable. We also studied linkage disequilidifference may be due to the following reasons: (1) our study
rium between CCR5 and CCR2, as well as HLA genes. A multivariatewas based on the precisely characterized group of LT-NPs
stepwise logistic regression was used to assess the roles of HLAompared with the control group of normal progressors, while
genotypes, CCR2, CCR5, and SDF1 genotypes and potential confound¥/inkler analyzed the slow/nonprogressors category issued
ing factors. All 2 2 interactions were tested and when interaction was from the cohort of seroprevalent subjects without giving any
detected, combined variables were used in further analysis. Onlys|egr definition of this group; (2) Winkler et al stated that

genc_)typgs and cqnfounding factors ‘selected as significant in th%lthough SDF1-3V/3'A protection was more apparent in later
multivariate analysis were further considered. As described by_KaSIOWstages of HIV-1 infection, the principal effect may involve a
et al> we also constructed a summary HLA score by counting the

number of HLA genotypes that were found associated with Iong-termStrO;.g pr(t)tetctcljor;hagalnstjt rapid progrestglon tto AlD.S'. Bet(r:]atti_se
nonprogression. To assess the goodness of fit of the final model, th ed n_o studythe rapi progre§sors, 1S r_io surprlsmg atin
distribution of the standardized residuals was compared with a normafy’ particular group of LT-NP subjects, we did not find the same

distribution. The robustness of our model was explored by performing@Sults as Winkler etal. _ _
an estimation of the logistic model parameters 50 times on a random However, it seems more likely that several other mechanisms

sample of 80% of the subjects. The frequency of significantly positivePredispose an individual to a rapid or a slow evolution of the
variables included in the model was evaluated and the odds-ratio valuedIV-1 disease. Many investigators propose, following studies
were compared. on independent samples, that HLA genes may also play a partin
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Table 1. Characteristics of the Two Cohorts of LT-NP (ALT) and Standard Progressors IMMUNOCO) at Inclusion

IMMUNOCO
ALT (LT-NPs) (progressors) P
n=70 n =83 Value*
Cohort started 1996 1991-1992
Inclusion criteria 18 yr of age or more 18 yr of age or more
and
Time since first HIV* test equal to or above 8 yr Any time
and
No AIDS symptoms (stage A) Any stage
and
No antiviral treatment With or without antiviral treatment
and and
CD4 counts >600/uL during last 5 yr CD4 counts >150/uL at entry
Sex (% men) 53 (76%) 67 (81%) 453
Time since first HIV* test (yr)T 9.7 (7.8-12.4) 4.3 (0.2-9.1) <.001
Age at first HIV* test (yr)t 27.8 (12.2-56.1) 29.7 (18.6-49.2) .096
Transmission group
Homosexual/bisexual men 37 (53%) 56 (67%) 181
Heterosexuals 6 (9%) 8 (10%)
IV drug users 16 (23%) 13 (16%)
Others 11 (15%) 6 (7%)
No. of CD4 cells/pLt 672 (278-1,286) 361 (115-1,331) <.001
No. of CD8 cells/uLt 955 (391-2,265) 949 (242-2,534) 502

*Pvalues were computed using Mann-Whitney and the x? tests.
TAIl CD4 and CD8 cell measures were performed in our laboratory; data is presented as median values with, in parentheses, the
minimum-maximum values. All participants of both cohorts gave consent for the studies.

delaying the AIDS symptoms, as they are strongly implicated in We then looked for possible genetic links between these
the control of the cellular response to pathogens. markers. Statistically significant associations were found in all
In both cohorts, we measured the frequency of HLA allelessubjects of both cohorts for the following allelic couples:
(class I and I1). We report in Table 2 only those markers found inHLA-B5/HLA-DR6, HLA-B12/HLA-DR7, HLA-B17/HLA-B12,
more than 10% and less than 90% of the individuals, for whichand HLA-B17/HLA-DR7. Next, we proceeded with a multivar-
the P value was lower than .20. The predominant HLA alleles iate analysis and, as a result, retained only six single alleles as
found were HLA-A3, HLA-B14, HLA-B17, HLA-B27, HLA-  being significantly more frequent in the LT-NP group: HLA-A3,
DR6, and HLA-DR7 in LT-NP subjects and HLA-B12 in HLA-B14, HLA-B17, HLA-B27, HLA-DR6, and HLA-DR?7,

progressors (Table 2). for which theP value was lower than .05. The HLA-B12 allele
was not retained after this analysis. These alleles have been
Table 2. The Frequency of CCR5, CCR2, SDF1, and HLA Genotypes already proposed by others as associated with an increased
in LT-NP and Progressors probability for AIDS-free infectiorf:6
ALT IMMUNOCO All data were collated to build a genetic model, predictive for
(LT-NPs) (progressors) long-term nonprogression of HIV-1 disease. We then looked for
Gene or n=70 n=283 P
Genotype (%) (%) Value
CCR5 Table 3. The Distribution of Composite SDF1/CCR5/CCR2 Genotypes
Wild/mut* 26 (37) 9 (11) .001 in LT-NP and Progressors
CCR2 CCR2
Wild/mut 14 (20) 13 (16) 221
Mut/mut 2(3) 0 Wild/wild Wild/mut Mut/mut
SDF1 SDF1 wild/wild and CCR5
Wild/mut 23 (33) 32 (39) 581 wild/wild 18/39* 8/6 0/0
Mut/mut 2(3) 4(5) SDF1 wild/wild and CCR5
HLA-A3 22 (31) 13 (16) 021 wild/mut 17/2 2/0 0/0
HLA-B12 13 (19) 27 (33) .050 SDF1 wild/mut and CCR5
HLA-B14 14 (20) 9 (11) 114 wild/wild 12/19 3/6 2/0
HLA-B17 19 (27) 11 (13) .031 SDF1 wild/mut and CCR5
HLA-B27 14 (20) 3(4) .001 wild/mut 5/7 1/0 0/0
HLA-DR6 21 (30) 16 (19) 123 SDF1 mut/mut and CCR5
HLA-DR7 28 (40) 24 (29) 1149 wild/wild 13 0/1 0/0
SDF1 mut/mut and CCR5

*To simplify the presentation of results, we substituted the mutation
symbols —A32, 641 and 3'A, by mut. Thus, the heterozygous genotype
was noted as wild/mut and the homozygous genotypes were noted as *Results are presented as a ratio of the number of ALT (LT-NP)
wild/wild and mut/mut for each of the three screened genes. subjects over IMMUNOCO (progressor) patients.

wild/mut 1/0 0/0 0/0
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interactions between the different genes and their impact whetikely to present either one or two markers (70%4%) or three
LT-NP and progressors were compared. Interactions werer four markers (10% 1%) compared with progressors. We
evident between the CCR2/CCR5/SDF1 genes and betweefound that this HLA score was an independent predictor of
HLA-B27 and HLA-DR®, respectively. We constructed com- |ong-term nonprogression. For an individual with one or two of
bined variables (Table 4). The first one comprised the CCR2the above HLA markers, the odds-ratio of being LT-NP was
CCR5, and SDF-1 genes. The combination CCR2 wild/mut,estimated as 4.4 as compared with an individual with none of
CCRS wild/wild, and SDF1 wild/wild was associated with an these four alleles. For an individual with at least three HLA
odds-ratio of being LT-NP of 4.6R = .036). The most markers, the odds-ratio of being LT-NP was estimated as 49.5.
frequentl)_/ ob§erved c_ombination in nonprogressors was the \Wwnen assessing goodness of fit of our model, no departure
CCR2 wild/wild or wild/mut, CCRS wild/mut, and SDF1  ¢om normality was observed when checking the distribution of
wild/wild (P = .0002). The odds-ratio of being LT-NP was e standardized residual. Similarly, the three variables included
estimated as 25.8 for a subject bearing this composite genotyRg yhe final model were found significant in 50 of 50 parameter
compared with a SUb_JeCt Wlth_only Wlld-ty_pe ger_lotyp_e (Ta- estimations performed on 50 independent random samples
ble 4). In other words, in HIV-1-infected subjects with this geneincluding 80% of the subjects, showing the robustness of the
combination, the odds of meeting the criteria of LT-NP increase, '

X analysis. Of course, our model deserves to be confirmed on
by 26-fold. Apparently, the CCR5 mutated allele dOm'n"’ltesanot}r/lelr inde e:dent sclajt of subjects V\)lhen all anal zeld enetic
over the two other genes during restriction to AIDS. Although P ) ' y g

) i S 0 !
we did not find any protective effect by SDF1 mut/mut allele galcot/ogsf W;rer;nst:grrsa:::r?ég?rleigllsifar:;geeg 75?/) c;fslz; N;:tnt?le
itself as Winkler et af? the role of this gene in AIDS avoidance h r P gt' back d ol y . ’tg? Ig' th

seems to be important, as its wild-type allele is strongly osts ‘genelic background plays an important role n the

associated with thé\32 deletion of CCR5 in our combined eVOIUt'Ot? of I-:jl\: dlsEasfg. i h h icul
genotype. As was reported for CCR2 and CCR5 géh&8§F1 We showed for the first time that I_‘T'NP shareé a pgrtlcg ar
might also be in linkage disequilibrium with an as yet unidenti- 9¢notype for both HLA and chemokine receptor loci, which
fied marker, which could influence the LT-NP status. independently influence the outcome of their disease. The most

The second combined variable investigated was the combindMPOrtant point seems to be that the chemokine and chemokine
tion of HLA-B27 present and HLA-DRG allele absent, which "€Ceptor genes act in a particular combination with the most
was found much more frequently in the LT-NP than in Significant effect observed with the CCRS2 and SDF1
progressors, with an odds-ratio estimated as 81 as compareMild-type alleles. We are still far from a definitive understand-
with a subject without HLA-B27 or HLA-DR6. The third ing of the LT-NP phenomenon. However, in our opinion, a
combined variable was built out of the four following alleles: complex screening of the genetic background of HIV-1-
HLA-A3, HLA-B14, HLA-B17, and HLA-DR7 because no infected subjects would increase the predictive ratio of disease
interaction was found between them. We simply assessed ho®&volution. The lesson we will learn from these subjects could
many of these alleles were present in a given subject andnodify the follow-up and the differential administration of
attributed an HLA score of: 0 when no allele was present, 1treatment to those with progressive disease and serve, besides
when one or two alleles were present, and 2 when three or fouviral load and CD4 cells counts, as a decision-making tool for
alleles were present. As shown in Table 4, LT-NPs were morananagement of HIV-1—infected patients.

Table 4. Predictive Value of CCR2, CCR5, and SDF1 Alleles and HLA Genotypes for the LT-NP Status

ALT IMMUNOCO
(LT-NPs) (progressors) Multivariate Overall
N =70 N =83 Odds-ratio* P Value
CCR2 CCR5 SDF1 .003
wildt wild Wwild 18 38 1
wild wild Mut 13 21 1.2[0.4-3.3]
Mut wild wild 8 6 4.6 [1.1-19.5]
Mut wild Mut 5 6 2.7[0.6-11.8]
Wild or mut Mut wild 19 3 25.8 [4.7-141.1]
Wild or mut Mut Mut 7 9 3.4[0.9-13.7]
B27 DR6 .001
Absent Absent 38 66 1
Absent Present 18 14 3.9 [1.5-10]
Present Absent 11 1 51.0 [4.9-526.8]
Present Present 3 2 5.1[0.5-55.3]
HLA scoret .001
0 marker 14 37 1
1 or 2 markers 49 45 4.7 [1.7-12.6]
3 or 4 markers 7 1 49.5 [4.5-541.7]

*The values in brackets represent the 95% confidence interval; odds-ratio are statistically significant if the CI95% values are above 1.0.
TWild stands for wild/wild genotypes and mut stands for wild/mut (CCR5, CCR2, SDF1) or mut/mut (CCR2 and SDF1) genotypes.
FHLA score was constructed with the following markers: HLA-A3, HLA-B14, HLA-B17, and HLA-DR7.
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