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Polymorphism in the Interleukin-4 Promoter Affects Acquisition
of Human Immunodeficiency Virus Type 1
Syncytium-Inducing Phenotype
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The emergence of syncytium-inducing (SI) variants of human immunodeficiency virus type 1 (HIV-1) in
infected individuals is an indicator of poor prognosis and is often correlated with faster CD4* cell depletion
and rapid disease progression. Interleukin-4 (IL-4) is a pleiotropic cytokine with various immune-modulating
functions including induction of immunoglobulin E (IgE) production in B cells, down-regulation of CCR5 (a
coreceptor for HIV-1 non-SI [NSI] strains), and up-regulation of CXCR4 (a coreceptor for HIV-1 SI variants).
Here we show that homozygosity of a polymorphism in the IL-4 promoter region, IL-4 —589T, is correlated with
increased rates of SI variant acquisition in HIV-1-infected individuals in Japan. This mutation was also shown
to be associated with elevated serum IgE levels in HIV-1-infected individuals, especially in those at advanced
stages of disease. In contrast, neither a triallele polymorphism in IL-10, another Th2 cytokine, nor a biallele
polymorphism in the RANTES promoter affected acquisition of the SI phenotype. This finding suggested that
IL-4-589T increases IL-4 production in the human body and thus accelerates the phenotypic switch of HIV-1
from NSI to SI and possibly disease progression of AIDS.

Human immunodeficiency virus type 1 (HIV-1) isolates have
been classified as T-cell-line-tropic or syncytium-inducing (SI)
viruses and macrophagetropic or non-SI (NSI) viruses accord-
ing to their biological characteristics (3, 5, 7, 38, 39). NSI
viruses are more likely to be transmitted through sexual con-
tact (50) and are present early after infection in nearly all
HIV-1-infected individuals (7, 34). In contrast, SI variants are
usually present in the latter stages of infection in more than
half but not all of HIV-1-infected individuals (34, 35). The
emergence of SI variants is presumably a sign of poor progno-
sis and often correlates with faster CD4™" cell depletion and
rapid disease progression (7, 13, 30). However, the host factors
which affect the rate of conversion of NSI viruses to SI variants
are poorly understood.

Interleukin-4 (IL-4) is a pleiotropic cytokine produced pri-
marily by activated CD4" T lymphocytes, mast cells, and ba-
sophils (28). IL-4 has multiple immune response-modulating
functions on a variety of cell types (14). It induces immuno-
globulin E (IgE) production in B lymphocytes (9) and serves as
an important regulator of IgG isotype switching (44). It also
regulates the differentiation of precursor T helper cells into
those of the Th2 subset that mediate humoral immunity and
modulate antibody production (31). With respect to HIV-1
infection, IL-4 was reported to differentially regulate two ma-
jor HIV-1 coreceptors, CXCR4 for SI variants and CCRS for
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NSI viruses (41, 46, 47). IL-4 down-regulates CCRS5 expression
and thus inhibits replication of HIV-1 NSI isolates in human T
cells and macrophages (37, 41, 47). On the other hand, IL-4
up-regulates the expression of CXCR4 (46). In addition, IL-4
stimulates the expression of HIV-1 through activation of viral
transcription (41). The combination of these effects of IL-4 on
HIV-1 replication may be involved in the phenotypic switch
from NSI to SI as well as disease progression in HIV-1 infec-
tion. Thus, IL-4 could be an important factor for viral evolu-
tion and AIDS pathogenesis.

Recently, polymorphisms in HIV-1 coreceptors and their
natural ligand genes have been shown to modify HIV-1 trans-
mission and disease progression (8, 15, 17-21, 25, 33, 36, 42,
48). Rosenwasser et al. reported a polymorphism with a C-to-T
exchange at position —589 upstream from the open reading
frame of the IL-4 gene, IL-4 —589T, that is associated with
increased promoter activity for IL-4 transcription and elevated
levels of serum IgE in asthmatic families (32). To evaluate the
possible role of this IL-4 polymorphism in acquisition of SI
variants and the modulation of disease progression in HIV-1
infection, we analyzed IL-4 genes of 339 HIV-1-infected indivi-
duals in Japan and show here that IL-4 —589T is indeed asso-
ciated with increased rates of acquisition of HIV-1 SI variants.

MATERIALS AND METHODS

Clinical samples. Blood from 339 HIV-1-infected and 52 non-HIV-1-infected
Japanese individuals was collected. HIV-1-infected patients included 137 hemo-
philiacs who were infected through contaminated blood products between 1982
and 1985. Among 202 HIV-1-infected nonhemophiliacs, 112 reported homosex-
ual or bisexual intercourse, while 90 (58 males and 32 females) reported hetero-
sexual intercourse, as a risk factor upon a structured interview on sexual activity.
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GANTTCAATAAAAAACAA GCAGGGCGECTGGTGEGGCACTGACTAGGAGGGCTGATTTCT ~1112
4-1 —m #
G
AAGTTGGTAAGACTGTAGCTCTTTTTCCTAATTAGCTGAGGATGIGTTTAGGTICCATIC -1052
~1098
AAARAGTGCECATTCCTGECCAGGCATGETGECTCACACCTGTAATCTCAGAGCTTITGEG  -992
AGACTGAGGTAGGAGGATCACTTGAGCCCAGGAATTTGAGATGAGCCTAGGCAACATAGT  -932
GAGACICTTATCICTATCAAAAAATAAAAATAAAAATGAGCCAGGCATGGIGCGGIG%CA -872
CGCACCTACTGCTAGGGERGGCTCAGCTGGGAGGATCACTTGAGCCTGGGAGGTIGAGGCT  -812

*

GCAGTGATCCCTCATCACAACATTGCATTTCAGCCTCACTCACAGAGTGAGACCCTGICT  -752
*

CACARAARAARANARAAAGTCATTCCTCARACCTCAGAATAGACCTACCTTGCCAAGGGC  —692

TTCCTTATCOGTAAGGACCTTATCCACCTCCTORGACCCARACTAGGCCTCACCTGATAC.  —632

T
GACCTGTCCTTCTCAAAACACCTAAACTTGGGAGAACATTGTCCCCCAGTGCTGAGETAG  -572

* -589
GAGAGTCTGCCTGTTATTCTGCCTCTATGCAGAGAAGGAGCCCCAGATCAGCTTTTCCAT  -512

#
GACAGGACAGTTTCCAAGATGCCACCTGTACTTCGAAGAAGCCAGGTTARAATACTTTTC 452
AAGTAAAACTTTCTTGATATTACTCTATCTTTCCCCAGGAGGACTGCATTACAACARATT  ~392
CGGACACCTGTGGCCTCTCCCTTCTATGCAAAGCAAARAGCCAGCAGCAGCCCCAAGCTG . -332
ATAAGATTAATCTAAAGAGCAAATTATGGTGTAATTTCCTATGCTGAAACTTIGTAGITA  ~272
ATTTTTTAAAAAGGTITTCATTTTCCTATTGGTCTGATTTCACAGGAACATTTTACCTGIT  -212
TGTGAGGCATTITITCTCCTCGAAGAGAGGTGCTGATTGGCCCCAAGTGACTGACAATCT  -152

T
GGTGTAACGAAAATTTCCAATGTAAACTCATTTTCCCTCGGTTTCAGCAATTTTAAATCT -92
-144
V Start of transcription T
ATATATAGAGATATCT TIGTCAGCATTGCATCGTTAGCTTCTCCTGATAAACTAATTGCC =32
TATA box -65 -33

V start of translation
TCACATTGTCACTGCAAATCGACACCTATTAATCGGTCTCACCTCCCAAC TGCTTCCCCC +29
+1 ~— 4-1190
TCIGITC

FIG. 1. Nucleotide sequence of the IL-4 promoter region. Numbers indicate
nucleotide positions relative to the translation start site (marked with a filled
triangle). A major transcription start site is indicated by an open triangle. The
numbers —1098, —589, —144, and —33 indicate the four polymorphic positions.
A C-to-T polymorphism at position —589 was previously reported to be present
at —590 (32). A possible consensus site for TATA is underlined. Primer positions
used for PCR amplification are underlined with arrows indicating the direction
of the primers. Asterisks, #, and a filled arrowhead below the sequence indicate
insertions, base changes, and a deletion of two nucleotides, respectively, which
were absent in a previous report (33). Each of our sequences possesses these
nucleotides. At present, it is unclear whether these differences represent se-
quence polymorphisms between white and Japanese individuals.

All hemophiliacs and those who reported homosexual or bisexual intercourse
were males. Peripheral blood mononuclear cells (PBMC) were obtained from
the blood by using the Ficoll-Hypaque (Amersham Pharmacia) method. DNA
was extracted from the PBMC by a method previously described (17). The CD4*
lymphocyte depletion rates were calculated for 128 HIV-1-infected individuals
who had five or more CD4" lymphocyte counts recorded before any kind of
antiretroviral therapy started. Of these individuals, 112 had 10 or more CD4"
lymphocyte counts recorded, and 97 had 20 or more. Informed consent was
obtained from all individuals described in this study.

Genotyping of IL-4 gene. DNA fragments corresponding to a 1,208-bp up-
stream noncoding region of the IL-4 gene (2) were PCR amplified by using
primer pair 4-1 (5'-GAATTCAATAAAAAACAA-3") and 4-1190 (5'-GAACA
GAGGGGGAAGCA-3') (Fig. 1). The amplified region contained 1,107 bp of
the immediate 5" upstream region of the major transcription start site, the 5’
(65-bp) untranslated region, and 36 bp of the 5’ coding region (Fig. 1). PCR was
performed in a 50-pl reaction mixture containing 1 ug of DNA (40 cycles of 94°C
for 30 s, 49.2°C for 30 s, and 72°C for 1 min). Amplified DNA fragments were
purified and sequenced by using primers 4-1, 4-200 (5'-ATCTCAAATTCCTG
GGCTCAAGT-3"), 4-693 (5'-GGAAGAAGCCAGGTTA-3'), and 4-814 (5'-
GGCTGCTGCTGGCTTTTT-3"). Sequencing reactions were performed ac-
cording to the dideoxy-chain termination method by using an ABI Prism 377
automated DNA sequencer (Applied Biosystems). For genotyping of IL-4
C-589T polymorphism, we performed PCR-restriction fragment length polymor-
phism analysis according to the protocol described by Noguchi et al. (27), with a
modification. Briefly, the region spanning IL-4 —589 was amplified by PCR with
primer pair 562m (5'-TAAACTTGGGAGAACATGGT-3") and 756m (5'-
TGGGGAAAGATAGAGTAATA-3"). The underlined base indicates a mis-
matched at position —592 which was used to introduce the Avall restriction site
when the position —589 was C. PCR was performed for 40 cycles at 94°C for 30s,
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48°C for 30 s, and 72°C for 30 s. Digestion of the 195-bp amplified products with
Avall yielded 177- and 18-bp fragments when position —589 was C.

Genotyping of the IL-10 gene. The segment of the promoter region of the
IL-10 gene from —1120 to —533 was amplified as described by Mok et al. (24),
using primer pair 10-up (5'-ATCCAAGACAACACTACTAA-3") and 10-down
(5'-TAAATATCCTCAAAGTTCC-3"). The PCR products were purified and
sequenced by using the 10-down primer.

Genotyping of the CCRS5 promoter region. We determined the sequence of 688
nucleotides in the upstream noncoding region of the CCR5 gene spanning the
entire second and third exons and part of the first and second introns as de-
scribed previously (15).

HIV-1 isolation, PCR, and sequencing. Approximately 10° PBMC obtained
from HIV-1-infected individuals were cocultivated with the same number of
PBMC obtained from healthy donor which were stimulated with phytohemag-
glutinin P (3 pg/ml) for 3 days. HIV-1 replication was monitored by quantifying
the levels of p24 antigens in the culture supernatant (Intracel). Total RNA was
extracted from 50 pl of cell-free virus as described previously (35). HIV-1 RNA
was reverse transcribed and amplified with nested PCR primers specific for a
region spanning the gp120 V1 to V3 of the env gene. The primer used for reverse
transcription was E1 (5'-GGTAGAACAGATGCATGAGGAT-3'), and those
used for the first round of PCR were E1 and MK601 (5'-TTCTCCAATTGTC
CCTCATATCGCCTCCTC-3'). Inner primers used for the second PCR were E2
(5'-ATCAGTTTATGGGATCAAAGAAT-3") and YT001 (5'-ACAATTTCTG
GGTCCCCTCCTGAGGA-3'). The nested PCR products were purified and
sequenced using the primer MK650 (5'-AATGTCAGCACAGTACAATGTAC
AC-3).

MT?2 assay. One hundred microliters of isolated virus containing 3 ng of p24
was inoculated into 10° MT2 cells. The culture supernatant was harvested 7 days
after infection and assayed for p24 levels by enzyme-linked immunosorbent assay
(ELISA; Intracel).

Determination of total serum IgE, IgG, IgA, and IgM levels. Total serum IgE,
1gG, IgA, and IgM levels were determined by using commercially available
ELISA kit (Dynabott).

Statistical analysis. The unpaired ¢ test and x° test were used.

RESULTS

Sequence variation in the IL-4 promoter. We determined
sequences of 1,170 nucleotides in the upstream noncoding
regions of IL-4 genes obtained from 12 non-HIV-1-infected
and 36 HIV-1-infected individuals in Japan. Our results con-
firmed the presence of a previously described polymorphism
with a C-to-T change at position —589 upstream from the open
reading frame of the IL-4 gene. We also identified three new
polymorphisms, T to G at —1098, C to T at —145, and C to
T at —33 (Fig. 1). As shown in Table 1, we observed seven
genotypes of the IL-4 promoter. Therefore, at least four hap-
lotypes (I, II, III, and IV [Table 1]) are present in Japan.
Among them, haplotypes III and IV contained —589T. The

TABLE 1. IL-4 genotypes and haplotypes in Japan

Genotype or Genotype/haplotype No.
haplotype —1098¢ —589 144 33 (frequency, %)
Genotype
1 T/T C/C Cc/C Cc/C 2(4.2)
2 T/G C/C C/C C/C 3(6.3)
3 T/G C/T Cc/C C/T 2(4.2)
4 T/T C/T C/C C/T 21 (43.8)
5 T/T T/T Cc/C T/T 18 (37.5)
[§ T/T T/T C/T T/T 1(2.1)
7 T/T T/T T/T T/T 1(2.1)
Total 48 (100)
Haplotype
1 T C C C 29 (30.2)
I G C C C 5(.2)
II1 T T C T 59 (61.5)
v T T T T 3(3.1)
Total 96 (100)

“ Nucleotide position relative to the translation start site of the IL-4 gene.
Major transcription start site is at —65.
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TABLE 2. IL-4 genotypes among HIV-1-infected and uninfected individuals

IL-4 genotype at —589

Clinical status P value (HWE®) T frequency P value (¢ test)
No. C/C (%) C/T (%) T/T (%)

HIV-1 infected 339 13.0 46.3 40.7 0.01 0.64 0.29
Hemophiliac 137 9.5 454 453 0.81 0.68 0.80
Nonhemophiliac 202 154 47.0 37.6 0.002 0.61 0.13

Homosexual/bisexual 112 12.5 43.7 43.8 0.47 0.66 0.52
Heterosexual 90 18.9 51.1 30.0 0.0003 0.56 0.025
Male 58 22.4 44.8 32.8 0.001 0.55 0.035
Female 32 12.5 62.5 25.0 0.03 0.56 0.093
Uninfected 52 9.6 42.3 48.1 1 0.69

“ HWE, Hardy-Weinberg equilibrium.

C-to-T change at position —589 was completely associated with
the C-to-T change at position —33. Haplotypes II and IV
contained minor polymorphisms at positions —1098 and —145,
respectively.

Polymorphism in the IL-4 promoter in HIV-1-infected and
non-HIV-1-infected individuals. Since the T allele of the IL-4
promoter at position —589 was reported to be associated with
elevated levels of IgE and increased rates of asthma (32), we
analyzed additional 303 HIV-1-infected and 40 non-HIV-1-
infected subjects by PCR-restriction fragment length polymor-
phism assay. Table 2 shows the frequency of the IL-4 promoter
genotype at position —589 in 339 HIV-1-infected and 52 non-
HIV-1-infected individuals in Japan. In non-HIV-1-infected
individuals, the frequency of the T allele was 0.69, which is in
agreement with the previously reported allele frequency in
Japan (27). On the other hand, HIV-1-infected individuals
contained more C homozygotes and C/T heterozygotes and
fewer T homozygotes than uninfected individuals, showing a
slight but significant deviation from Hardy-Weinberg expecta-
tion (P = 0.010) and a weak trend toward less T allele fre-
quency (0.64, P = 0.29). This association was specifically seen
in individuals who reported sexual intercourse as a risk factor
but not in hemophiliac HIV-1-infected individuals. Among
individuals who reported sexual intercourse as a risk factor,
those who reported heterosexual intercourse showed the most
significant deviation from the Hardy-Weinberg expectation
(P = 0.0003) and the least frequency of T allele (0.56, P =
0.025). Both men and women in this category showed less T
allele frequency than non-HIV-1-infected individuals (0.55 for
men and 0.56 for women). This result suggested that the IL-4
—589T polymorphism may be involved in protection against
HIV-1 when HIV-1 is transmitted through heterosexual con-
tact.

IL-4 —589T and disease progression in HIV-1 infection. We
examined the effect of IL-4 —589T on the rate of disease
progression in HIV-1-infected individuals. Among 339 infected
patients analyzed, we were able to calculate CD4™" cell deple-
tion rates for 128 (15 C homozygotes, 57 C/T heterozygotes,
and 56 T homozygotes) before any kind of antiretroviral ther-
apy started. There was no significant difference in the CD4* T
cell counts at the beginning of the observation period among C
homozygotes (mean =+ standard deviation was 415 = 152 cells/
wl), heterozygotes (485 = 212 cells/pl), and T homozygotes
(468 = 191 cells/pl). As shown in Fig. 2, there is a weak but
apparent trend toward faster loss in the T homozygotes (5.46 +
7.30 cells/pl/month) than heterozygotes (4.72 £ 5.18 cells/pl/
month) or C homozygotes (4.33 * 6.18 cells/ul/month), al-
though the difference was not statistically significant. In a co-
hort of 77 HIV-l-infected hemophiliacs who have been

followed up for at least 9 years after the primary infection, T
homozygotes also showed a weak trend toward faster CD4™"
cell depletion than others, but the difference was again not
statistically significant (data not shown).

IL-4 —589T is associated with acquisition of the SI pheno-
type. IL-4 is known to up-regulate CXCR4 expression (46)
while causing a dramatic reduction of CCR5 expression (41,
47). CXCR4-tropic HIV-1 strains grow in IL-4-treated CD4™"
T cells much more rapidly and to higher titers than CCRS-
tropic HIV-1 strains do (37). These findings prompted us to
examine the effect of the IL-4 polymorphism on rates of SI
virus acquisition in HIV-1-infected individuals. We analyzed
primary virus isolates obtained from PBMC of 115 HIV-1-
infected individuals (12 C homozygotes, 55 C/T heterozygotes,
and 48 T homozygotes). Those PBMC were collected between
1994 and 1998. Among 115 patients, 62 had never been treated
with antiretroviral drugs, and 16 were treated with mono-
nucleoside analogue, 23 were treated with dual-nucleoside an-
alogue combination, and 14 were received combination ther-
apy containing protease inhibitor at the time of virus isolation.
Viruses were repeatedly isolated from 15 individuals, but vi-
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FIG. 2. Effect of sequence polymorphism in the IL-4 promoter region on
CD4" lymphocyte depletion rate. The CD4* lymphocyte depletion rate of each
HIV-1-infected individual is represented by a circle; a horizontal bar represents
the mean CD4" lymphocyte depletion rate of each genotype group.
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TABLE 3. IL-4 promoter genotype distribution in HIV-1-infected
individuals with and without SI variants

No. (frequency, %) with
Virus IL-4 promoter genotype

Category phenotype at position —589 P value
no.)
( C/C, C/IT /T
Total SI (41) 17 (25.4) 24 (50.0) 0.0091
NSI (74) 50 (74.6) 24 (50.0)
Total (115) 67 (100) 48 (100)
Treatment naive SI (22) 11 (28.2) 11 (47.8) 0.13
NSI (40) 28 (71.8) 12 (52.2)
Total (62) 39 (100) 23 (100)
Treated SI (19) 6(21.4) 13 (52.0) 0.029
NSI (34) 22 (78.6) 12 (48.0)
Total (53) 28 (100) 25 (100)
Low CD4™" counts SI (26) 9 (34.6) 17 (68.0) 0.025
(<200/l) NSI (25) 17 (65.4) 8(32.0)
Total (51) 26 (100) 25 (100)
Hemophiliacs SI (23) 7(24.1) 16 (59.3) 0.013
NSI (33) 22(75.9) 11 (42.3)
Total (56) 29 (100) 27 (100)
Subtype B SI(33) 11 (21.1) 22 (51.2) 0.0039
NSI (62) 41 (78.9) 21 (48.8)
Total (95) 52 (100) 43 (100)

ruses isolated at the latest time points were used for further
analysis. HIV-1 genomic regions corresponding to the gp120
V1 to V3 loops were amplified by reverse transcription-PCR,
and nucleotide sequences of the amplified fragments were
determined. An HIV-1 isolate with a basic amino acid residue
at position 11 and/or position 25 in the V3 loop was regarded
as an SI virus. In 12 HIV-1 isolates which exhibited V3 loops
with elevated positive charges (>+5) despite a lack of basic
amino acid residues at position 11 or 25, we examined their
ability to grow in an MT2 T-cell line. A virus isolate which
could grow in MT2 cells was regarded as an SI virus. Among
115 viruses isolated from 115 infected individuals, 41 appeared
to be SI viruses, while the remaining 74 were classified as NSI
viruses.

SI viruses were isolated from 50.0% of T homozygotes (24 of
48), 23.6% of C/T heterozygotes (13 of 55), and 33.3% of C
homozygotes (4 of 12), showing a marked increase in SI virus
frequency in T homozygotes (Table 3, P = 0.0091). The aver-
age CD4™" cell counts at the time of virus isolation were 236 =
207 cells/pl for C homozygotes and C/T heterozygotes (sub-
jects C) and 204 =+ 203 cells/pl for T homozygotes (subjects T),
indicating no significant difference in the average CD4™" cell
counts between subjects C and T (P = 0.45). SI viruses were
more frequently isolated from subjects T than subjects C either
in treatment-naive patients (Table 3, P = 0.13) or in treated
patients (Table 3, P = 0.029). The average CD4™ cell counts at
the time of virus isolation were 262.6 * 235.6 cells/ul for
treatment-naive patients and 184.0 = 155.5 cells/pl for treated
patients, indicating that treatment-naive patients were at a less
advanced stage of disease than treated patients. It is possible
that the loss of statistical significance in differences between
subjects T and C in treatment-naive patients was due to low
frequency of advanced-stage patients, who had most likely
acquired SI variants. Furthermore, SI viruses were more fre-
quently isolated from subjects T than from subjects C even
when we analyzed cases whose CD4 ™ cell counts were below
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200 cells/pl (Table 3, P = 0.025). In those cases, a weak trend
toward faster loss of CD4™" cell was again observed, but the
difference was not statistically significant (8.40 = 6.09 cells/pl/
month for subjects C and 9.85 * 7.79 cells/ul/month for sub-
jects T, P = 0.61). Fifty-six percent of subjects T (14 of 25) and
54% of subjects C (14 of 26) in patients whose CD4™" cell
counts were below 200 cells/ul received antiretroviral drugs,
indicating that subjects T and subjects C with low CD4 cell
counts were almost equally treated. Again, treatment did not
affect the rates of SI virus acquisition in patients whose CD4™*
cell counts were below 200 cells/pul, since SI viruses were more
frequently isolated from subjects T than from subjects C in
both treatment-naive and treated groups (data not shown).
These results excluded the possibility that subjects T analyzed
here were patients at a more advanced stage, who had most
likely acquired SI viruses, than subjects C. The different rates
of SI virus acquisition was also apparent between subjects T
and C in a cohort of 56 HIV-1-infected hemophiliacs who were
followed up for at least 9 years after the primary infection
(Table 3, P = 0.013). All of the above results clearly demon-
strated that the IL-4 —589T allele is associated with increased
rates of SI virus acquisition.

When we excluded patients infected with HIV-1 subtypes
other than clade B, the difference in the rates of SI virus
acquisition between subjects C and T became more prominent
(Table 3, P = 0.0039). This finding suggests that HIV-1 sub-
types other than clade B may evolve differently in infected
individuals than subtype B. This view may be relevant to recent
findings suggesting that different subtypes of HIV-1 show wide
variations in their rates of phenotypic shift from NSI to SI virus
(29).

In contrast, triallelic polymorphisms in the IL-10 promoter
(24), another Th2 cytokine, and biallelic polymorphisms in the
RANTES promoter, which affects RANTES expression (17),
did not affect acquisition of the SI variant (Table 4). However,
CCRS5-927T (15), which is associated with a delay in HIV-1
disease progression and is almost completely linked to CCR2-
641 (24), showed an effect similar to that of IL-4 —589T on SI
virus acquisition. As shown in Table 5, homozygosity and het-
erozygosity of this allele are also associated with increased
rates of SI virus acquisition. This result is consistent with the
recent finding that CCR2-641 is associated with increased prev-
alence of SI variants in an Amsterdam cohort of HIV-1-in-
fected Caucasians (43). Our data showed further that individ-
uals wild-type for CCR5-927 and wild-type or heterozygous for
IL-4 —589 showed a strikingly low frequency of SI virus acqui-
sition (Table 5).

Effects of SI virus acquisition on HIV-1 disease progression.
The emergence of SI variants is a sign of poor prognosis (7, 13,
30). We confirmed the association of SI virus acquisition with
faster rates of disease progression, since the CD4™" cell deple-
tion rate of 20 HIV-1-infected individuals with SI viruses
(mean * standard deviation was 11.8 = 9.49 cells/wl/month)
was significantly higher than that of 54 HIV-1-infected indi-
viduals without SI viruses (4.23 = 4.76 cells/pl/month, P =
0.000019). Analysis of the CD4" cell depletion rates of cases
with SI variants suggested that the nine subjects T with SI
variants showed a tendency to progress more rapidly (14.73 =
10.94/pl/month) than 11 subjects C with SI variants (9.50 =
7.85/wl/month), although this tendency was not statistically sig-
nificant (P = 0.23).

IL-4 promoter polymorphism is associated with higher level
of serum IgE in HIV-1-infected individuals. Rosenwasser et al.
reported that IL-4 —589T is associated with elevated levels of
total serum IgE in asthmatic families (32), while Noguchi et al.
reported that there is no such association of total serum IgE
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TABLE 4. Genotype distribution of IL-10 and RANTES promoter in HIV-1-infected individuals with and without SI variants

No. (frequency, %) with:

hVirl:s IL-10 promoter genotype IL-10 promoter genotype at RANTES promoter
p 211831 pe at position —1087 P value positions —824 and —597 P value genotype at position —28 P value
A/G A/A CC/CC, TA/CC TA/TA c/ic C/G, G/G
SI (29) 2(33.3) 27 (32.9) 0.98
NSI (59) 4(66.7) 55 (67.1)
Total (88) 6 (100) 76 (100)
SI (31) 18 (34.6) 13 (31.0) 0.71
NSI (63) 34 (65.4) 29 (69.0)
Total (94) 52 (100) 42 (100)
SI (30) 22(29.7) 8(33.3)
NSI (68) 52(70.3) 16 (66.7)
Total (98) 74 (100) 24 (100) 0.74

with this polymorphism in Japanese asthmatic and control fam-
ilies (27). To evaluate the association of the IL-4 polymor-
phism with IgE production in HIV-1-infected individuals, total
serum IgE levels were determined in 159 HIV-1-infected indi-
viduals. As shown in Fig. 3A, a significant difference was ob-
served in serum IgE levels between subjects C (513 = 894
IU/ml) and subjects T (1,519 = 2,976 IU/ml, P = 0.008). This
difference was specifically seen in cases whose CD4" cell
counts were below 100 cells/pl (Fig. 3B, 2,804 = 4,045 for
subjects T and 656 = 1,017 for subjects C, P = 0.007) but not
in cases whose CD4™" cell counts were above 100 cells/ul (Fig.
3C, 499 * 864 for subjects T and 431 = 812 for subjects C). In
contrast, there was no significant difference in the level of total
IgG (Fig. 3D), IgA (Fig. 3E), IgM (Fig. 3F), CD4" cell counts
(not shown), and eosinophil counts (not shown) between sub-
jects C and T.

DISCUSSION

Although the loss of T lymphocytes with helper functions is
a central feature of HIV-1-induced immune deficiency, other
signs of immune dysfunction, such as early loss of cellular
responses to recall antigens (4, 29), polyclonal B-cell activation
(1), and hypergammaglobulinemia including hyper-IgE syn-
drome (49), are present in HIV-1 infected individuals. A switch
to Th2 immune responses has been proposed to affect a viral
phenotypic shift from NSI to SI (37, 41, 47) and AIDS patho-
genesis (6), although conflicting results were also reported
(10). In this report, we showed that a single point mutation in
the IL-4 promoter, —589T, which is completely linked to the
newly identified polymorphism —33T, is associated with the
acquisition of SI variants and elevated levels of total IgE in
HIV-1-infected individuals. The IL-4 —589T mutation was
previously shown to increase promoter activity of IL-4 in lu-

ciferase reporter gene constructs (32), suggesting that this mu-
tation increases IL-4 expression in the human body. This view
is relevant to the recent finding that HIV-1-infected individuals
with SI variants showed higher concentrations of serum IL-4
than those who remained negative for SI variants (40).

IL-4 down-regulates CCRS, a major coreceptor of HIV-1
NSI strains which are predominantly transmitted via sexual
contact (41, 47). Therefore, we speculated that IL-4 —589T has
a protective effect against HIV-1 infection. Indeed, we ob-
served a significantly lower frequency of IL-4 —589T in both
males and females who reported heterosexual contact as a risk
factor. However, a lower frequency of IL-4 —589T was not
observed in hemophiliacs or in individuals who reported ho-
mosexual and bisexual contact. It is possible that the protective
effect of IL-4 —589T against HIV-1 transmission via CCR5
down-modulation may not be effective enough to prevent viral
transmission through homosexual contact or direct injection of
HIV-1 into the blood. Consistent with this notion, heterozy-
gosity of CCR5A32 was reported to confer partial resistance to
HIV-1 transmission through heterosexual contact but not
through homosexual contact (12). An alternative explanation
for lower frequency of the —589T allele in HIV-1-infected
individuals would be decreased rate of survival of those with T
allele. Although this cannot be ruled out definitively in our
cross-sectional study, it is unlikely since we observed only a
weak tendency toward rapid disease progression of T homozy-
gotes.

Since IL-4 up-regulates expression of HIV-1 through acti-
vation of viral transcription (41), it was tempting to speculate
that IL-4 —589T accelerates disease progression in HIV-1 in-
fection. It is also possible that IL-4 —589T accelerates disease
progression through suppression of cellular immunity, which
plays an important role in controlling HIV-1 in infected indi-

TABLE 5. Genotype distribution of CCRS and IL-4 promoter in HIV-1-infected individuals with and without SI variants

No. (frequency, %)

Virus CCRS promoter genotype at . " _
phenotype position 927 CCRS5 and IL-4 genotype (CCRS5 927)*(IL-4 —589)
(no.) P value " P value
crc C/T, T/T (CIO)(C/C, C/T) © /T(Cffr)T/(TT)ﬁ(fég/cc)”()T m
SI (40) 20 (29.0) 20 (44.4) 0.098 5(13.5) 35 (45.5) 0.0019
NSI (74) 49 (71.0) 25 (55.6) 32(86.5) 42 (54.5)
Total (114) 69 (100) 45 (100) 37 (100) 77 (100)




VoL. 74, 2000

IL-4 PROMOTER POLYMORPHISM AND HIV-1 SI VARIANTS

5457

A p=0.008 B p=0.007 C
20000 __20000 2000
— — -~
& b & ° 2
D =) B
H 15000 H 15000 = 150004
o Z
2 % * |
H H ER
£ 100004 < 100001 100004
3 ] 5 $ g
" g 3
o 9] =t
w LY 19} [ g
5000 5000 5000-
— ® ® — ° 2804 o
I 1519 o8 o] d o L]
2 513 32 e | D & | T 231 & 199 %
3 = 65 E(z
0 0 0 -
c/c, c/T T/T c/c, C/T T/T c/c, C/T T/T
IL-4 -589 genotypes IL-4 -589 genotypes IL-4 -589 genotypes
D F
5000 2000 600
- . - ~
% Y %‘ %‘ [ ] [}
~ ~ 500 1
= 4000 o [
g ¢ o £ 15004 L ° g .:
= ~ J °
o® . 4 ° o 400 o® o
© 3000 . o ! ' ) % ®
H ¥ 2138 - H o~
2250 1000 * 300 oo
g - 5 < . g
3 2 > 2 188
o 2000 poey H ‘0 5 173
) o A 50360ehe 534U L2007 oo
500 -
5 1000 Or § ' 100 *
8 o ® 8 ° o
= & [ &
0 T T [} T t 0 T T
c/c, ¢/T T/T c/c, ¢/T T/T c/c, ¢/T T/T

IL-4 -589 genotypes

IL-4 -589 genotypes

IL-4 -589 genotypes

FIG. 3. Serum immunoglobulin levels in infected individuals. The serum immunoglobulin level of each HIV-1-infected individual is represented by a circle; a
horizontal bar represents the mean titer. Statistical significance for each difference is indicated. (A) Levels of serum IgE in 159 HIV-1-infected individuals; (B) levels
of serum IgE in 65 HIV-1-infected individuals whose CD4* counts were less than 100; (C) levels of serum IgE in 91 HIV-1-infected individuals whose CD4" counts
were more than 100; (D) levels of serum IgG levels in 159 HIV-1-infected individuals; (E) levels of serum IgA levels in 159 HIV-1-infected individuals; (F) levels of

serum IgM levels in 159 HIV-1-infected individuals.

viduals. Although the average CD4" cell depletion rates of
subjects T were slightly higher than those of subjects C (Fig. 2),
the difference was not statistically significant. It is possible that
the disease-accelerating effect of IL-4 —589T may be offset by
the protective effect of IL-4 —589T via CCRS down-modula-
tion. Further analysis in well-organized cohorts is required
since the data obtained from our cross-sectional analysis are
not adequate to discriminate subtle differences statistically.
SI variants observed in approximately half of all HIV-1-
infected individuals signify poor prognosis and often correlate
with faster CD4™" cell depletion and rapid disease progression
(7, 13, 30). The average CD4™ cell depletion rate of subjects T
with SI variants was higher than that of subjects C with SI
variants, although the difference was not statistically significant
possibly due to the limited numbers of subjects available. It is
possible that the protective effect of IL-4 —589T against HIV-1
disease progression via CCR5 down-modulation is dominant in
the absence of SI variants, but once an SI variant emerges, IL-4
—589T no longer exerts a protective effect and rather acceler-
ates HIV-1 disease progression. This complex effect of IL-4
—589T on HIV-1 disease progression may explain our failure
to detect a significant impact of this polymorphism on disease
progression (Fig. 2), despite its clear effect on the rate of SI
variant acquisition. At present, it is difficult to determine

whether this polymorphism accelerates disease progression af-
ter emergence of SI virus. Further analysis of a well-defined
cohort in relation to the presence or absence of SI variants is
also required to clarify this point.

In contrast to our results, Noguchi et al. (27) and Walley and
Cookson (45) reported that there is no statistically significant
association between elevated levels of total serum IgE and IL-4
—589T. As described above, the difference in total serum IgE
levels between subjects C and T was seen only in cases where
CD4" cell counts dropped below 100/ul. Therefore, it is pos-
sible that elevated serum levels of IgE observed in the present
study may be due to the combined effect of IL.-4 —589T and
the dominance of Th2 type CD4" T lymphocytes caused by
prolonged destruction of CCR5-expressing Thl type CD4" T
lymphocytes by HIV-1 NSI virus.

In conclusion, we have demonstrated that a polymorphism
in the IL-4 promoter is associated with an increased rate of
HIV-1 SI virus acquisition and elevated levels of serum IgE.
The signal of IL-4 is conferred to effector cells through binding
to the « chain of the IL-4 receptor (IL-4Ra). Recently, the
polymorphisms in the IL-4Ra gene were reported to influence
the signal transduction pathway of IL-4 (11, 16, 22, 23). Thus,
it is important to investigate the effects of those polymorphisms
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in the IL-4Ra gene on the rate of SI virus acquisition and
disease progression in HIV-1 infection.
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