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The genetics of resistance to infection by HIV-1 cohort consists of 200 slow and 75 rapid progressors to AIDS corresponding to
the extremes of HIV disease outcome of 20,000 Caucasians of European descent. A comprehensive analybik Afclass | and class

Il genes in this highly informative cohort has identified HLA alleles associated with fast or slow progression, including several not
described previously. A quantitative analysis shows an overall HLA influence independent of and equal in magnitude (for the
protective effect) to the effect of theCCR5A32 mutation. Among HLA class | genes, A29 f = 0.001) and B22 {p < 0.0001) are
significantly associated with rapid progression, whereas B14 = 0.001) and C8 (p = 0.004) are significantly associated with
nonprogression. The class | alleles B27, B57, C14 (protective), and C16, as well as B35 (susceptible), are also influential, but their
effects are less robust. Influence of class Il alleles was only observed for DR11. These results confirm the influence of the immune
system on disease progression and may have implications on peptide-based vaccine developmértie Journal of Immunology,
1999, 162: 6942—6946.

immune system, but the extent of its role in the control progression has not emerged (reviewed in Refs. 3 and 11-13).

of HIV-1 infection and disease progression remains un-HLA presents difficult statistical problems for disease association
clear (1-3). During an infection, binding of peptides from the in- analysis. Due to the extreme polymorphismHifA class | and |l
fectious pathogens to HLA proteins is the first step for the initia-loci, most individual alleles are relatively rare. For the important
tion of the host-specific immune response. This binding step igase of HLA B, 70% of Caucasian chromosomes carry alleles
critical, because HLA acts as a filter driving the recognition of whose frequency is=10%; to account for 95% of the population,
epitopes by the host immune system (4). Because of the extensivi® different alleles, with frequencies as low as 0.7%, must be con-
polymorphism of HLA in the population, the immune responsesidered (14). Small numbers of subjects with individual alleles
against a pathogen will thus vary among individuals. Extensivemake associations difficult to observe, whereas the large number of
studies of an HLA-restricted specific response to HIV ex vivo alleles being considered requires a large multiple comparisons
through CTL assays and in vitro through peptide-binding experi-(Bonferroni) correction. Thus, there are serious problems in de-
ments (5-7) suggest that the presentation of selective epitopéscting a signal of HLA influence on disease progression through
by HLA is pivotal to the immune regulation of HIV. Indeed, the statistical noise. The obvious solution of greatly increasing the
the emergence of escape mutants from HIV-1-specific CTLs disample size is generally impractical, primarily due to the difficulty
rected toward Env, Nef, or Gag has been correlated with diseasef assembling a sufficiently large cohort of well-characterized
progression (8—-10). HIV-infected volunteers, and secondarily due to the expense of

Many cohort studies have looked for associations between HLAhorough typing for HLA alleles.

alleles and HIV disease progression; however, although several The genetics of resistance to infection by HIV-1 (GRI\¢phort
alleles and haplotypes have been associated with accelerated foflows a different tactic of increasing the strength of the signal by
retarded progression to AIDS, results for many alleles have beeassembling a cohort of well-characterized individuals representing
the extremes of rapid progression and nonprogression. The cohort
‘ - _ .’H . A A now consists of 200 slow progressors (SPs) and 75 rapid progres-
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I I uman MHC (HLA) is a fundamental component of the inconsistent, and a clear pattern of how HLA influences disease
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Table I. Significant differences between SP and RP groups

Allelic distribution Comparison of SP vs RP
Allelic frequency’ Genotypic frequendy
SPn (%) RPn (%) CP % p value OR p value OR
HLA A€
A29 12 (3.06%) 15 (10.27%) 6.70% 0.0014 3.56 0.0076 291
HLA B¢
B14 35 (8.88%) 2 (1.33%) 1.20% 0.0009 0.14 0.001 0.16
B22 2 (0.50%) 10 (6.66%) 2.50% <0.0001 14.09 <0.0001 13.07
B27 31 (7.87%) 4 (2.67%) 4.40% 0.03 0.32 0.024 0.34
B35 26 (6.6%) 18 (10.7%) 10.40% 0.057 1.94 0.042 1.62
B57 30 (7.61%) 3 (2%) 3% 0.015 0.25 0.01 0.26
HLA C*®
c8 30 (7.5%) 2 (1.32%) 5.30% 0.004 0.17 0.004 0.19
Cl4 17 (4.25%) 1 (0.66%) 1.90% 0.032 0.15 0.03 0.16
C16 14 (3.5%) 12 (7.89%) 2.90% 0.04 2.38 0.036 2.26
HLA DR'
DR11 43 (10.7%) 30 (19.74%) 12.60% 0.007 2.05 0.008 2.08

2 CP, control population.

b Comparison based on the total number of alleles or on their presence in the genotypes of patients.

¢For HLA A, n = 392 for SP,n = 146 for RP, anch = 97, 102 for CP. Data for the CP were obtained from the French bone marrow donors registry (France Greffe de
Moelle).

dFor HLA B, n = 394 for SP,n = 150 for RP, anch = 97, 120 for CP. Data for the CP were obtained from the French bone marrow donors registry (France Greffe de
Moelle).

€For HLA C, n = 400 for SP,n = 152 for RP, anch = 400 for CP. Data for the CP were obtained from Charron et al. (14).

fFor HLA DR, n = 402 for SP,n = 152 for RP, anch = 507 for CP. Data for the CP were obtained from the Laboratoire d’lmmunologigitdddNecker.

of HIV infection, which we show to be comparable in magnitude which the relative risk computation is not appropriate. An OR<f in-
to the protective influence aECR5A32 (16). dicates protection, whereas an OR>of indicates increased risk. Bonfer-
roni corrections were conducted by multiplying the Fisher's exactpgest

. values by the number of allelic comparisopsialues of<0.05 were con-
Materials and Methods sidered gigniﬁcant' parisop

Subjects

The GRIV cohort was established in 1995 in France to generate a IargBeSUIts

collection of DNAs for genetic studies of the candidate human polymor-Associations with disease progression

phisms associated with rapid and slow progression to AIDS (12). To avoi o . .

the confounding effects associated with racial/ethnic differences in genetid 2P1€ | presents the alleles exhibiting allelic/genotypic frequency
analyses, only Caucasians of European descent were recruited from hodifferences between the SP and RP categories. A number of alleles
pital AIDS units throughout France. SPs were defined as asymptomatigvere associated with nonprogression, such as B14, B27, B57, C8,
individuals seropositive foe8 years with a CD4 cell count 0f500/mn? and C14, whereas A29, B22, B35, C16, and DR11 favored rapid

in the absence of antiretroviral therapy. A seropositive test older than 8 rogression. The results obtained were essentially identical
years was necessary for inclusion in the study. RPs were defined by a co'od ) y

count of <300/mn? at <3 years after the last seronegative testing. Upon Whether computing the allelic or genotypic frequencies in the two
enrollment, each patient signed an informed consent form and donated 40ategories of progression. In addition, several alleles exhibited a

ml of blood. Blood was shipped overnight from the collection centers andirend toward allelic/genotypic frequency differences between the
immediately processed in the laboratory. PBMCs were collected, an P and RP groups, withvalues ranging between 0.06 and 0.1: C2
EBV-transformed B cell lines were generated as a renewable source g ! ' -

genetic material. Some serum (one tube) was spared, allowing for some>F'S @t 7.5% vs RPs at 3.3p6= 0.09), C4 (SPs at 10.75% vs RPs
studies on the immune response of nonprogressors (NPs) and fast progréd- 16.45%,p = 0.078), C6 (SPs at 8.75% vs RPs at 3.9%%;

sors (FPs) (17). The analysis of the biological parameters (cell counts, vira).057), and DR14 (SPs at 3.23% vs RPs at 7.24%, 0.057).
load, etc.) presented in a previous study (16) showed that the viral load W?xcept for B14 and B35, the frequencies found in the French con-

low among most NP subjects (in average 3.4 log) at enrollment. The vira . - .
load among FPs was1.5 log higher, even though most of these individ- rol population were in between the frequencies of the SP and RP

uals were being treated by chemotherapy at the time of enrollment (16).9roups, providing additional support that the alleles are involved in
the dichotomous SP and RP phenotypes.

After performing Bonferroni corrections for eadtlLA gene,
HLA class | and Il DNA typing was performed by hybridization with only A29, B14, B22, and C8 remained significant. The DR11 effect
sequence-specific oligonucleotide probes following amplification of theremained significant, but only among women in the RP group (Ta-

corresponding genes in the PCR according to the 12th International Histoy|q I1). We did not detect any frequency differences between the
compatibility Workshop and Conference protocols (14). We first used
sequence-specific oligonucleotide probe typing system that detects aIIeIaégvo groups for a_ny allele of theiLA-DQ locus.

at the HLA-A, -B, and -C loci (Life Codes, Stamford, CT) and DRB1, ~ The association of the alleles HLA-A22 (A54/A55/A56),

DRB3, DRB4, and DRBS5 loci (BioMeeux, Lyon, France). In a second A29, B17 (B57/B58), B27, and DR11 with progression was not
step, subtyping was performed for selected generic class | or Il allelegjye to differences in subtypes. Sequence-specific primer geno-
(A29, B17, B27, and DR11) using sequence-specific primer ampllflcatlontyping did not reveal differences in subtype frequencies for
(Dynal, Oslo, Norway). .

these broad serological alleles between SP and RP groups (data
Statistical analysis not shown).
The odds ratio (OR) as an estimate of risk and the Fisher's exact test were, To determine whether homozygosity had an effect on progres-

used to determine the strength of the allele-specific associations in the SHON, we compared patients who were heterozygous at all four loci
vs RP groups. The OR is used to estimate risk in case-control studies iwith patients who were homozygous at one or more loci. The

HLA genotyping
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Table Il. Analysis of the DR11 effect

Menr? Womer? All Patients!
SP RP SP RP SP RP
All patients n =122 n =59 n=41 n=12 n =201 n=76
HLA-DR11 patients 28 (22.9%) 18 (30.5%) 10 (24.3%) 9 (75%) 41 (20.4%) 28 (42.4%)
p value 0.28 0.004 0.007
DR4-negative patients n=97 n=48 n= 30 n=11 n = 153 n=61
HLA-DR11 patients 16 (16.4%) 18 (37.5%) 8 (26.6%) 9 (81.8%) 29 (18.9%) 28 (45.9%)
p value 0.007 0.003 0.0001

2 Gender was not available for all patients.
b p values were computed for DR1lvs DR11™ patients in SP vs RP groups.

frequency of homozygosity was similar between the SP and RBined. Distinguishing wild-type and heterozygous subjects for
groups. However, the frequency of homozygotes at two or moreCCR50r CCR2did not significantly change the frequency of dis-
loci was significantly increased within the RP groyp=€ 0.025).  tribution of the HLA alleles between the two groups. Interestingly,

Of interest, we computed whether some HLA associationghe only two patients in the RP group carrying t8€R5A32
would specially arise when combined with sex or specific routes ofnutation were DR11. We could not analyze the effect 8DF1—
infection (homosexual, heterosexual, transfusion, and i.v. dru@’A variant, because this homozygous genotype was rare. Con-
use): no association could be found, with the exception of DR11lversely, patients in the SP group carrying HLA alleles associated
and women. with rapid progression did not show an increase in the protective
CCR54A32 or CCR2-64Imutant alleles.

Table Ill presents the distribution of individuals carrying com-
Some HLA alleles are known to be in linkage disequilibrium and binations of the most significant alleles with susceptible or pro-
commonly occur on the same haplotype. We found the followingtective effects. The protective HLA alleles contribute at least as
disequilibria to be equally represented in both the SP and RPnuch asCCR5A32 to long-term survival. Individuals carrying
groups: A29-C16, B8-C7, B14-C8, B27-C1, B27-C2, B35-C4, both susceptible and protective HLA alleles are equally likely to
B51-C14, B57-C6, B57-DR7, and A1-B8-C7-DR3. This may ex- belong to either the SP or RP group, suggesting that the strength of
plain the similar association observed for some of the A, B, and Ghe HLA protective and negative effects is approximately equal.
alleles, which are in positive linkage disequilibrium (Table 1).

Among C alleles, only C14 had a stronger individual effgut ~ Discussion

0.03) tha_n its counte_rpart BSIp(= 0'5_7)' Unlike the ﬁ”‘?””g? This study affirms several previously reported associations with
reported in qther studies (11, 18), we did not observe a S'gn'f'ca”f)rogression to AIDS: B27 and B57 (19) have been reported to be
frequency difference between the two groups for the A1-B8-C7-psqqciated with slow progression, and DR11 (20) and B35 (21)
DR3 haplotype. have been found to accelerate progression to AIDS (reviewed in
DR11 allele Refs. 11-13). This study has identified several additional HLA
) _ alleles, not previously reported, that have a profound effect on
Because of the unusual effect of DR11 with gender on progressioryrogression to AIDS. The HLA alleles B14, C14, and C8 were
we studied more carefully the patients carrying this allele. Unexoynd to be highly protective. We also identified for the first time
pectedly, there was a complete reversal of the DR11-negative efree alleles that significantly increase the risk of being an RP:
fect in the presence of DR4: the 12 subjects in the cohort who ard29 B22, and C16. It is also noteworthy that A1 and A25 have
both DR11 and DR4 were all in the SP group. If we removedpeqgative and positive effects, respectively, overshadowed by
patients carrying the DR4 allele, the negative effect of DR11 bepr1j. The intriguing effect of gender and DR11 combination was
came strongerf = 0.0001) between the 75% remaining RP and 150 found in a French longevity study (22) examining the genetic
SP patients. Table Il shows that the negative effect of DR11 occurgeterminants of aging. This suggests that there may be a hormonal

in both males and females of the DR4-negative population. Th&omponent to immune control of HIV that is not observable in the
overall negative effect of DR11p(= 0.0001) is comparable in ,syal male cohorts.

amplitude with the protective effect observed WElCR5A32, be-
cause 75% of the population is DR4-negative; the DR11 allelic

frequency (12%) is similar to that @CR5A32. The removal of

patients carrying the DR11 allele revealed a negative effect for Alrapie 111 Comparison with CCR5 effett
(p = 0.01) and a strong protective effect for A2p € 0.0001).

Known HLA linkage disequilibrium

SP RP p Value

HLA associations independent of CCR5, CCR2, and SDF1 (n = 200) (n = 76) (SP vs RP)
protective effects

) ) ] ) Protect/suscept 61 (30.5%) 2(2.7%) p < 0.0001
In our previous analysis @ CR5andCCR2polymorphisms in the Suscept/protect 40 (20%) 35(46%) p < 0.0001
GRIV cohort, we found that th€ CR5A32 allele had a predom- Suscept/protect” 16 (8%) 5(6.5%) p=0.8
inant protective effect on disease pattern, obscuring the less influ- CCR5432 55 (27.5%) 2(2.7%) p < 0.0001
ential effects ofCCR2—64land SDF1-3A (15). We performed a 2The HLA alleles chosen were the most significant ones<(0.01 in Table I):

similar ana|ysis for HLA by Comparing the HLA allelic distribu- Protect= A25, B14, B57, or C8, whereas SusceptA29, B22, or DR11; Protect

fi ild-t individual th . tecti = subjects with at least one of the Protect alleles; Suscepsubjects with at least
10n among wild-type Individuals vs those carrying one protecliveq of the Suscept alleles; Protect none of the alleles Protett Suscept = none

allele for each of theCCR50r CCR2genes, separately or com- of the alleles Suscept
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Our work shows that HLA alleles are influential on slow or function. To do this effectively may require a more precise ability
rapid progression, and that the strength of the protective HLA alto predict peptide binding to HLA receptors than currently exists,
leles is comparable with and independent of the protective effecbut advances both in empirical studies of peptide HLA binding (6,
afforded byCCR5A32, as shown in Table Ill. The fact th&CR5-  7) and in numerical modeling of peptide binding may offer this
A32 and some HLA alleles have independent protective effectknowledge in the near future.
reflects the duality of their action on viral expansion: the first by Because the constraints on HIV are not sufficient to control viral
limiting viral colonization by decreased coreceptor availability andinfection even in individuals carrying protective alleles, it is clear
the second by mounting an efficient immune response against HI\that other processes are involved in the escape of HIV from im-
Because theCCR2and SDF-1 protective effects have been ob- mune control. The progressive loss of CDZ cells undoubtedly
served to be as strong &CR5in other cohorts (of all-stages weakens the immune response, and may account for the failure of
patient) but occurring later in infection (23, 24), the weakness ofthe CTL response against new escape mutant strains that arise late
these effects in the GRIV cohort (16) suggests that this cohorin infection. A number of HIV immunosuppressive factors have
emphasizes early effects. Indeed, the B14 allele, unlike the othdreen identified; in particular, our group has shown that Tat protein
HLA protective alleles, has an increased prevalence among SPsan act as a potent immunosuppressive toxin (33), and disease
but no decrease among RP patients (Table 1); it seems to preveptogression correlates with the loss of anti-Tat Abs (17). Such an
the initiation of disease progression. Moreover, this allele was noeffect could explain the ultimate ineffectiveness of even the pro-
detected in the other cohorts, which confirms that the B14 effectective HLA alleles.
must occur before the start of the disease process. This early in- To conclude, the quality of the highly selected GRIV cohort has
fluence of HLA is in line with the results of Pantaleo et al. (25). allowed us to identify HLA alleles with effects as influential as the
We also believe that the inclusion of 75 extremely rapid progres-<CCR5A32 mutation on HIV disease progression and to identify,
sors defined by the stringent criteria of a CD4 T cell count within tentatively, a pattern determining the protective or susceptible ef-
3 years of the last seronegative HIV test increases the power to detefeicts of a genotype. It must be emphasized that no HLA alleles are
deleterious HLA alleles that may be missed by other studies with lesguly protective in the very long term, and that HIV immune escape
sensitivity. This may be because many cohort studies have a frailtgnd pathogenesis involve other immune evasive and destructive

bias that tends to exclude the most rapid progressors (26).

factors, such as Tat, which are also potential targets for vaccine

The efficiency of the CTL response against HIV may be severelyapproaches (34).

compromised by viral mutations that abrogate either peptide bind-

ing to HLA or CTL recogpnition of the HLA-peptide complex. The - Acknowledgments
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These concepts offer important support to the existing theorys.
that protective CTL responses are those that resist escape mutation.
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the selection of those HIV peptides that, presented as epitopesy.
would have the maximum resistance to escape mutations. Those
already identified as persistent epitopes associated with long-term
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