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Fig. 1. Titers of virus-neutralizing antibodies in FV-infected mice. (a) Changes in the average titer (n=11~16) of virus-
neutralizing antibodies in (B10.A x A/WySn)F, (e) and A/WySn (o) mice at different time-points after infection with 150 spleen
focus-forming units of FV. SEM. are shown with the bars. The dashed line indicates the limit of detection. (b} Titers of virus-
neutralizing antibodies in each individual mouse tested at PID 15. Genotypes at the D15Mit71 locus are either homozygous for the
A/WySn-derived allele (o) or heterozygous for the B10.A-derived and A/WySn-derived alleles (e).

between the D15Mit71 and D15Mit171 loci. Further
mapping was performed by genotyping the backcross
animals that possessed a critical recombination between
the DI15Mit28 and D15Mit171 loci. As a result,
eight backcross mice that possessed reciprocal recombi-
nation within this region were identified (Fig. 2). Since
a significant correlation (P = 0.029 by two-tailed Fisher’s
exact test) between genotypes at the DI15Mit71,
D15Mit2, D15Mit214, D15Mit69, and D15Mit70
loci and the production of virus-neutralizing antibodies
at PID 15 was observed in these recombinant animals, it
is conceivable that the locus controlling the production
of FV-neutralizing antibodies is located within the
region telomeric to the D15Mitl and centromeric to
D15Mit118 loci at the widest esdimation.

Genetic analyses of HIV-1-exposed and
uninfected Italians

The above region of mouse chromosome 15 harbors
previously mapped genes that are known or likely to affect
immune cell development and/or activation and retro-
viral replication. Therefore, we next explored the
possibility that a putative ortholog of the above mouse
locus might influence immune responsiveness in HIV-1
infection. Because of the route of transmission of HIV-1
and resultant rarity of multicase families, linkage analyses
comparing affected and unaffected siblings are impossible.
Thus, we performed a simple association study by
comparing genotypes between the exposed but unin-
fected and HIV-1-infected individuals, hypothesizing that
efficient anti-HIV-1 immune responses are associated
with the presence of a dominant genetic factor which

might be an ortholog of the above mouse locus
conferring the ability to produce FV-neutralizing
antibodies. Thus, the three phenotypically distinct
groups of individuals (Table 1) were genotyped at the
loct shown in Fig. 2. The examined groups were not
different to each other when tested for population-
pairwise genetic distance (P > 0.17), in accordance with
their all being Caucasians enrolled from the Toscana
region of Italy When allele frequencies were compared
among the three phenotypic groups, their distribution
at the D225277 locus differed between the EUI and
healthy control groups at P=0.0396. No significant
difference was observed at the other loci. When
likelthood ratio tests were performed for all possible
pairs of the examined loci, a highly significant LD of
an exact P < 0.0004 level was observed in all three
groups between the D225284, D225423, and D225299
loci, reflecting their close physical locations (Fig. 2 and
Fig. 3). A similarly significant LD (P < 0.00002) was
observed between the D22S418 and D2251166 loci in
all three groups, confirming their close genetic locations.
Interestingly, a highly significant LD (P < 0.00002)
was observed between the D22S276 and the above
surrounding loci in both the HIV-1-infected and healthy
control groups, but this was not observed in the EUI

group (Fig. 3).

‘When frequencies of individuals possessing a particular
allele at a given locus were compared among the three
phenotypic groups by adopting a dominant model,
objective mathematical analyses revealed multiple loci
with significant differences (Table 2). These individual

- 200 -



Genetic markers for exposed seronegatives Kanari et al.

Virus-neutralizing
antibody at PID 15

+

+

Heterozygous for

B Bi10A-and A- -
derived alleles _
Homozygous for -
::‘ an A-derived
allele -
(¢ +
D15Mit22 . DisMites ) o Alocus controlling D15Miti71  D15Mit42
(Lod = 4.37, (Lod = 13.6, ('—'-) antibody production (lod=11.2  (Lod=71
¥ =22.3) D15Mit105 32 = 62.8) D1EMitT1 ¥2 =50.7) x2 =31.7)
D15Mit68  (Lod = 16.4
/ " * D1-5M't2
P = D15Mit1 e
< > D15Mit214
34.9 Mbp D15Mit69
RP23- D15Mit70  D15Mit107
290M7 | DysMit1ta
Dz|23284 | D22s41s
9 D228426 |D22S423 D2251166 D2257169
25 Mbp D225299
H] D225277 D2oSe72  D228276
SE AN
e { Mbp

D225264 D225929

Fig. 2. The order of and distance between microsatellite markers located within the syntenic region of mouse chromosome 15
(the upper half of the diagram) and human chromosome 22 (the bottom half). Physical mapping and synteny data are based on
those compiled in the Ensembl Genome Browser (http:/www.ensembl.org/ ). Centromeres (o) are placed on the left. The mouse
marker D15Mit28 has not been physically mapped, but genetic linkage data archived in the Mouse Genome Informatics site
(http://www.informatics.jax.org) indicate that this locus, mapped at 43.7 cM, is closely linked to the D15Mit68 locus at 44.1 cM.
Note that, although D15Mit1 is currently not included in the physical map of the mouse genome archived in the Ensembl Genome
Browser, we identified the flanking primer and repeat sequences of this microsatellite marker (base numbers 47915-48097) within
a clone of bacterial artificial chromosome, RP23-290M7, harbouring the segment of mouse chromosome 15 (shown with the
hatched box). Lod scores and x* values indicating degrees of genetic association between the identified genotypes and virus-
neutralizing titers at PID 15 for each examined mouse locus are shown in parentheses. The estimated location of the putative
mouse locus controlling the production of FV-neutralizing antibodies is shown with the bidirectional arrow. Human loci at which
genotypes were compared between the EUI, HIV-infected, and healthy control groups are also shown, and the loci at which
significant genetic differences were observed by the closed testing procedures are underlined. *The D2251166 locus has not been
physically mapped, but the genetic maps archived at the Center for Medical Genetics, Marshfield Clinic Research Foundation
(http://research.marshfieldclinic.org/genetics/) indicate that this and the D225418 loci are closely linked.

differences were further examined for possible false
rejection of a single equal-frequency hypothesis due to
multiple comparisons by using the closed testing
procedure. As a result, frequencies of individuals
possessing either the allele 156 or 158 at the D225277
locus were significantly different between the EUI and
two other groups, those of the individuals possessing the
allele 134 at the D22S272 locus were significantly
different between the EUT and healthy control groups,
and those of individuals possessing the allele 229 at the
D225423 locus also differed significantly between the
EUI and HIV-infected individuals.

Discussion

In the present study we have demonstrated that the
presence or absence of virus-neutralizing antibodies in
FV-infected (B10.A x A/WySn) x A/WySn backcross
mice at PID 15 is closely associated with their genotypes
at the chromosome 15 loci. The linkage mapping data
indicated that a single gene controlling the production
of virus-neutralizing antibodies was located near the
D15Mit71 locus, colocalizing with the previously
mapped Rfv-3 locus [23,24]. Since the Rfy-3-associated
phenotypes were defined by clearance of viremia by
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Table 1. HIV-1-related phenotypes of the three groups genetically analyzed in the present study.

Urethral/ vaginal

Plasma HIV anti-HiV-1 IgA Serum anti-H{V-1 HIV-1 envelope-reactive
Group Age load (copies/ml) (Aags nm) 18G (Aaos nm) IFN-y ELISPOT® (/10° cells)
HIV-T-exposed but 40.1+1.4 Not detectable (all)® 0.556 +0.047°  0.004 = 0.0006 (0.00-0.02)  131.2 + 11.3° (5-280)
uninfected (7 = 42) (0.12-1.14)4
HIV-t-infected (n = 49)  40.8+1.9 <40 — 750,000 0.360 + 0.039 0.793 + 0.069 (0.11-1.25) 63.4 £ 9.2 (<5-120)
(median: 400)f (0.11-0.87)
Healthy control (n =47) 37.84+3.6 Not detectable (al)’ 0.002 +0.0006  0.002 £ 0.0001 (0.00-0.01) <5 (<5-15)
(0.00-0.03)

Numbers shown are mean & SEM except for the Plasma HIV load.

*PBMC were stimulated with a mixture of five synthetic peptides representing the immunodominant and promiscuous epitopes identified in the
HIV-1 gp160 [6], and spots of secreted interferon (IFN)-y were visualized and counted by using a biotin-conjugated anti-IFN-y antibody.

BAll enrolees were tested for the presence of HIV genome by measuring plasma HIV-1 RNA and by detecting HIV-1 ¢cDNA from total RNA of
peripheral blood mononuclear cells. In the case of the exposed uninfected individuals (EUI), possible presence of HIV-1 cDNA was also tested in
mucosal cells by reverse transcription—PCR. All the individuals in the EUI and healthy control groups were negative for all these tests.
“Significantly higher than the average for the HIV-1-infected individuals at P = 0.0022 by Welch's t test. A non-parametric analysis by Mann~-
Whitney’s U-test also showed a significant difference, P = 0.021.

“Ranges of observed values are shown in parentheses for IgA and IgG titers and enzyme-linked immunospot (ELISPOT) foci.

“Sigpificantly higher than the average for the HIV-1-infected individuals at P = 0.015 by Welch's t test, and P = 0.0002 by Mann—Whitney’s U-test.
fAll the HIV-1-infected individuals were enrolled during their chronic phase of infection before the initiation of antiretroviral drug treatment, but 32
of the 42 infected partners and the seven additional HIV-1-infected enrolees were receiving the highly active anti-retroviral therapy at the time of
this study. The range of plasma viral load in the 13 currently untreated individuals in the infected group was 5900 to 750 000 (median, 65 000)
copies/ml.

3540 days after FV infection [22—25], and neutralizing D225423 locus where the frequency of individuals

antibodies were detectable at as early as PID 15 in mice possessing the allele 229 was significantly higher in the
possessing the B10.A-derived dominant allele (Fig. 1), it EUI group than in the HIV-1-infected one even after
is conceivable that early production of virus-neutralizing corrections for multiple comparisons were made. This
antibodies is associated with early clearance of viremia. marker locus is located in the middle of the chromosomal
segment corresponding to the region of mouse chromo-
It is intriguing that genotypes at microsatellite loci located some 15 that harbors the gene locus controlling the
within the segment of human chromosome 22 syntenic to production of virus-neutralizing antibodies (Fig. 2). It
mouse chromosome 15 differed between the HIV-1- may also be worth noting that the alleles 156 and 158 at
exposed but uninfected and HIV-1-infected groups of the D22S277 locus that are rare (5.6 and 9.3% per haploid
individuals. The strongest association was observed at the chromosome, respectively) among the Caucasian CEPH
22q13.1 220131 22013.1
3eRER3e8828  zgRenNEggeEe®  gorensggeded
N O N T NN NN~ N NS NN NN~ F NO N T NN AN~ T —

+ MOBOOCDO0O00O+ + BOBUEREEEE 2+ + CBEEOBBEEBEE O 204

x» UOO00OBO00O0OOw « OOOO0O0O0BEO@e2e * OBOOO0OO000O0 929
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+ EEEEEED 20 * A EEEEE L 426 tDEEEEREE 0

» OOOBO0O0O:272 s OO0Ba0nnn e + BEOMAO0OOR 272

+ BEOBEL] 284 s BEEEEL] 28 B EEEEE s

+ ERC)HEE ] 423 + BEBE] 20 + W 423

¥ (BB B 29 r BB B[] 29 * BB BE ] 29

+ OO0 27 r @B 276 + BB ] 276

j + B[] 1166 + @166 % B W 1166

EUI ' *D :: :g HIV-intected ¥ l*:l ?: 69 Healthy controls ¥ H*n 1411 29

B P <o0.00001 B 0.00001 < P<0.0001 B 0.0001 < P<0.001 M 0.001 < P<0.01 001<P<005 [oos5<P

Fig. 3. Distributions of LD across chromosome 22. LD is plotted for the 12 microsatellite loci examined against each other, each
represented by a small square. Locus names are abbreviated by omitting D22S. The pattern of distribution of LD is shown for each
of the three phenotypic groups for comparison. Filling patterns reflect the significance level in exact P values as indicated at the
bottom. The arrow indicates observed disruption within the segment of multilocus LD in the EUI group. The allele distributions in
the three examined groups did not deviate from the Hardy-Weinberg equilibrium at any examined locus, except only at the
D225418 locus in the healthy control group, when exact tests using a Markov chain (100,172 chain length and 1,000
dememorization steps) were performed.
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Table 2. Chromosome 22q association analyses.

P value
Cytogenetic Allele size Frequency inthe ~ Compared — - -
location Locus (bp) EUI group® to? Odds ratio  Individual hypothesis ~ Common hypothesis
22q11.21 D225264 188 0.405 HIV 3.276 0.0142 ns®
198 0.238 HC 0.306 0.0128 ns
22q12.2 D228277 158 0.310 HivV 3.766 0.0152 ns
156 or 158 0.429 HIV 3.656 0.0066 0.0378¢
HC 3.875 0.0079 0.0448¢
162 0.262 HC 0.379 0.0371 ns
22q13.1 D225272 134 0.667 HC 0.308 0.0243 0.0466¢
22q13.1 D225423 229 0.333 HIV 4.200 0.0087 0.0317¢
22q13.2 D225418 145 0.605 HC 2.520 0.0475 ns
D2251166 130 0.571 HC 2.816 0.0266 ns
22q13.32 D2251169 126 0.643 HC 2.528 0.0313 ns

3Frequencies of individuals possessing the indicated allele either heterozygously or homozygously.

PHIV, HIV-1-infected individuals; HC, Healthy controls.
“Not significant (ns) at the P < 0.05 level.

YThese differences are also significant (P < 0.05) after conventional Bonferroni correction.

population [31,32] were more frequently observed in the
EUI group (9.5 and 17.9%, respectively). There were
significant differences in the frequency of the allele 156
and that of the allele 158 (P=0.035 and 0.0061,
respectively, by two-tailed Fisher’s exact test) when the
HIV-1-infected and healthy control groups were com-
bined and compared with the EUI group. The rates of
microsatellite mutation are much higher than those of
point mutation at coding genes [33], and the most
common stepwise mutation is biased toward the
reduction of repeat numbers for microsatellites of >20
repeats [34]. Thus, we can justifiably hypothesize that the
alleles 156 and 158 at the DD22S277 locus (25 and 26
dinucleotide repeats, respectively) are both linked to the
same putative allele that is associated with the presence of
immune responses to HIV-1 in the uninfected individ-
uals. In this regard, the variance stabilizing analyses
performed by assuming that the alleles 156 and 158 are
both linked to a single dominant genetic factor resulted in
the demonstration of significant differences between the
EUI and HIV-l-infected, and the EUI and healthy
control groups, and these individual null hypotheses were
also rejected (significant difference validated) after the
correction for multiple comparisons was made (Table 2).
Further, when the same comparison was made between a
combined group of the HIV-l-infected and healthy
control individuals and the EUI group, the frequency of
individuals possessing either the allele 156 or 158 was
significantly higher among the EUI (P = 0.0019), and
this was highly significant even after the correction for
multiple comparisons was made (P=0.0121). The
combination of the HIV-1-infected and healthy control
groups was justifiable because neither allele frequency
distributions nor frequencies of individuals possessing the
allele 156 or 158 were significantly different between
the two groups. Thus, genotypes at multiple loct within
the segment of human chromosome 22 that is syntenic to
mouse chromosome 15 are significandy associated with
the presence of strong mucosal and T-cell immune

responses against HIV-1 (Table 1) in HIV-uninfected
Italians. Furthermore, the multifocus LD spanning from
D225284 to D225418 which is observed in both the
HIV-infected and healthy control groups is disrupted at
the D22S276 locus in the EUI group (Fig. 3). This
observation is consistent with the hypothesis that in the
ancestors of the EUI individuals a possible recombina-
tional or mutational event might have happened in the
chromosomal segment surrounding this locus.

Production and class-switching of virus-neutralizing
antibodies in FV-infected mice are dependent on CD4
Tecell functions [26,27,35], and the priming of CD4
T-helper cells with a singe-epitope peptide resulted in the
early production and class-switching of virus-neutralizing
antibodies and strong protection against FV infection
[20,27]. Likewise, EUI individuals enrolled into the
present study possessed significantly higher amounts of
mucosal anti-HIV-1 IgA and larger numbers of HIV-1
envelope-reactive T cells in the peripheral blood in
comparison with the HIV-infected individuals (Table 1).
IgA antibodies isolated from some EUI individuals have
been shown to inhibit the replication of primary HIV-1
isolates [7] and HIV-1 transcytosis across the epithelial
cells in vitro [8,36]. Thus, it is possible that efficient
priming of T cells with HIV antigens might have resulted
in rapid production of HIV-1-reactive IgA antibodies
which, in turn, might have been involved in the possible
immune protection in the EUI individuals. In this regard,
it is noteworthy that IFN-vy production is required for the
control of viremia and class-switching of virus-neutraliz-
ing antibodies in FV infected mice [37].

It has been shown that CD4 T cell-dependent early IgA
responses against influenza virus infection can be
generated in the absence of virus-specific IgM and IgG
[38], and costimulatory signals required for mucosal IgA
production are strikingly different from those needed for
systemic antibody responses [39]. Similarly, mucosal IgA
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responses to T-dependent HIV-1 antigens might be
stimulated without inducing serum IgG production, and
putative human homolog of the mouse gene influencing
the T cell-dependent production of FV-neutralizing
antibodies might be involved in the above activation of
mucosal IgA-production in EUI individuals. In fact, the
segment of mouse chromosome 15 between the D15Mitl
and D15Mit118 loci and the corresponding segment of
human chromosome 22 harbor several genes that are
known to be involved in T- and B-cell growth and
activation. Expression analyses of these candidate genes
both in the mouse model and in humans are currently
underway.

None of the previously reported human genes that
affect the risk of HIV acquisition are located in
chromosome 22, CCR5 and CCR2 being located at
3p21, SDFf and MBL2 at 10q11.1 and 10q11.2,
respectively, HLA including the polymorphic TNF and
MIC loci at 6p21.3, KIRs at 19q13.4, IL10 at 1q31-32,
and SLC11A1 (NRAMPI1) at 2q35 [3,40-52]. In
addition, the homozygous CCR5-A32 mutation, which
results in the lack of the HIV coreceptor [3,40—42], is
known to be rare among the EUI individuals in Italy
and Thailand [4,9,49], and was not found in the enrolees
of the present study, although three of the 42 EUI
individuals were heterozygous for this mutation (data
not shown). In a very recent analysis of a separate
cohort of repeatedly exposed but HIV-1-seronegative
individuals in the USA, Liu et al. [53] demonstrated the
lack of association between genotypes at the CCR2,
SDF1, and RANTES loci and the uninfected status.
The homozygous CCR5-A32 mutation was also rare
(3.2%) among the seronegative individuals. The same
authors also noted a significant difference in the
frequencies of heterozygosity at the polymorphic DC-
SIGN (CD209) locus at 19p13.2 between the exposed
but seronegative and HIV-1-infected groups: however,
the observed frequency of heterozygotes was 3.2% (3/94),
and thus, this genetic skewing could not explain the
possible mechanisms that confer HIV resistance to the
majority of the seronegative individuals. Altogether,
our results have indicated the possible presence in
human chromosome 22 of a novel genetic factor that is
associated with strong T-cell and mucosal immune
responses to HIV-1 antigens.
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Appendix

The possible presence of a dominant allele having different
frequencies between the phenotypic groups was examined as
follows: Define x; as the number of individuals having the
genotype i/j (i < j) for the EUI group, where n = Zifj X is
the total number of individuals belonging to this group.
Assume that x = (x;);<; has a multinomial distribution
with the parameter a = (g;);<;, where Zigj a; = 1. For
convenience, let a; = a;. Similarly, define the notations y,
band z, cfor the HIV-1-infected and healthy control groups,
respectively. The frequency of the individuals having the
allele i for the EUI group is expressed as 4; = Zk aite.
Similarly, define b; and ¢. The hypothesis where the
frequencies of the individuals having the allele i for the
EUI and HIV-infected groups is the same is expressed
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as H; a; = b;. Similarly, consider the hypothesis 4, = ¢; to
compare the EUI with healthy control groups.

We tested whether or not the frequency of individuals
possessing a certain dominant allele in the EUI group was
different from those in other groups. Since there are multiple
candidate alleles at each locus, we must take multiple
comparisons into consideration. Let ; be the test statistic for
allele 1. t; and ¢ can be strongly correlated, especially when
most of the individuals having allele i or j are of the genotype
i/j. Therefore, the typically used Bonferroni correction can
be too conservative. A universally applicable method for
overcoming this problem is a closed testing procedure [29],
where f; is based on a well-acquainted variance stabilizing
transformation and the test statistic for a common hypothesis
is based on the maximization of #; values.

Let H be the closed set consisting of all the intersections of
the hypotheses’ H; values. Assume that we can make the
reject region with common significance level & for any
hypothesis H € H. The closed testing procedure says that we
can reject H € H only after we reject all the hypotheses
including H, using the corresponding reject region. Let f; be
the standardized test stadstic for the hypothesis H,. The
corresponding reject region becomes W; = {|t]| > ¢}.
Consider a common hypothesis H. For example, let H be
the intersection of Hy,.. ., Hy. The corresponding reject
region can be defined by W = {max,‘zh_,qllt,‘] >e}) We
used the following variance stabilizing type as the
standardized test statistic:

(Sin_l \/m —sin~! \/)T”y)

=

where n, = ZiSi x;j and ny = Zigj yij- As an advantage
over the commonly used likelihood ratio and Pearson’s x°
tests, the above type enables us to infer that the smaller a P
value is the stronger the rejection of the corresponding null
hypothesis, because the variances of the arcsine are constant
independent of the samples. In view of the closed testing
procedure, if the maximal intersection hypothesis H € H is
rejected, the individual hypothesis corresponding to the
minimum Pvalue can automatically be rejected. In addition,
if the hypothesis corresponding to the minimum P value
alone is rejected among the individual hypotheses, it is the
only rejected hypothesis.

The joint distribution of t; values can be approximated by
the multivariate normal distribution under the null
hypothesis, and the corresponding approximated P values
can easily be calculated for the individual hypotheses.
The approximated P values for a common hypothesis can be
calculated by using the central limit theorem and the
parametric bootstrap [30] based on the asymptotic null
distribution of #; values. To avoid unnecessary disturbances,
we tested only the hypotheses having the estimated
frequency > 0.1 when considering the common hypo-
theses, because alleles with a frequency < 0.1 cannot explain
the phenotype of the whole group. Calculations were
performed by drawing 100 000 random samples from the
approximated multivariate normal distribution for each
hypothesis.
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HIV O RABA 5 & O HIV I B YeH O R BERIE T,
CD8 [t o filaE=Ey: T #ilfg (CD8* cytotoxic T lympho-
cyte ; CTL) OWIZXHEETH S &0, I EBMHE
MOFALMICENTE, LELEMNS CTL 2l &
BEEINETE, HIV AR 5 C LidTsd, 2R
RIS U TRRBEMEITS 50 HIV IC X 5 CTL SHER
Zgn o DOHGHEF ORI EENFETHEENL D THE
<, ZORBRENNT 7T v DEFEHEICLE - THRDT
HHTH b, AFETIE, HIVERWNZ CIL OHFEI>L
7, i HIV BEEHIENC CTL LG ED L H B dDh L Wn
5 HICEAAR > T, SEOHREFMCR 5,

1. HIV BMEOREETTS HLA BRTER

HIV BGEE O FRRGEIT IC AR ZENRD SN 5, BT
B AR & CCRS OZRARY, X F X ERFINE
RAAHEShTWEY, 05 LEBRERICEDLZ2ER
3 HLA E{zTR & OMEETH 5,

HIV ICBEGR L o iacid, HIVEROBAER S o7
TV —LEED ETIEABESERICE - THESNT,
157 3/ BEIREDREVWRTF iR &%, 25 LT
F R O—#R1E, /MalkT MAC ( + OB413 HLA)
75 215 FLiEG LT, PO CHRIEEEICGETN, CIL
OFEE L TER&N D, HLA 7 5 2 T3ERHOEL
WATF (A, B, C&hHET 1,000 EHELE) T, ThEFho
HLA DF IR EL > LS EH - o7 F N EFEET Do
fo & 7243 HLA-A* 02 %355 A& HLA-A* 24 =§5> A TH,
#-EZHIVOEUELECHEKLTY, Bl x7F
FAHEE L CIERSNT CTLICE#ME NG, LIt
T, HIVIABIIEET A CILO L= b —{F, DA
MEDHLA 7 7 A 12> TWEMITIRET 5,

Egmmmse . PEREIS T860-0811 AEAREAEAFAGE 2-2-1
HBAKRY A XEREL v 5 — v 4 VRHIRSE
2005 F 9 A 4 04

HLA &z TFE & HIV BYYEOREETOMB & 11
T & Wi, E FOHLA 7 5 R 113 HLA-A, B, C L R&EL
3IWEOT ) VTHREh, FhEhsdd 255720
BR6EMEDEL >/ HLA 7 Y VvAFE>, I DEENE
WIEE, BRI BB FoBESHRENAKRE, &
DILE R CTLIRE PSR TE 209, BERELEIC
Lo TRHERMTHAEEEAONT VD, LirLTEA5, &
X T HLA-A* 24 % HLA-A% 02 15 &[] — O HLA # fZ 5
FicEo A (homozygote) 255743, T 9 L7 homozygote
TIREN -7 HLA 7 Y WEFE> A (heterozygote) 1<
T, T4 XNOFEETHREIFENCREVWI ERRESH
TWw3 (ED, 2O &id, HLA HFAd 5 CTL I
S HIV BIHUE ORI KR B RE 2 T %2R,
¥ 72, HLA-B* 57 DSRPEEI T OBEIE & HLA-B* 35 iREED
EHAEIT S HARET B 75 S {ERBI O HLA 7 ) VSR EEETTIC
BN A T L3, RSN APURANTF FOBELEEI
& - THIVHERENG CTL INBEOENENERL 5 2R
BLTWE, BAld, HREETOEIELFERET 2 HLA O
55, HAACHEIHEE O S W HLA-B* 51 it D
CTL ic & 34w 1 W X BQIBIEE O f#rH» &, HIV EREHE
DOIREEMEITIC A B HLA & 5\ I 50RO 5% o A
FEELTVLA,

BFHLA 7 5 X 17 ) LOHHIV S IREORS I
DWTHEEGE VISR S N, AREL HIVEAE D
T4k — FAEWRE LT, HLA @EF8 L REETOEH
EBEFIYET &, HIVICHd % CTL IHE O RFERIIENT &
HALbetoE A, HLA-A B, C 7 J®D5H HLA-B
T OVICHE SN B CTL RS D b & < EEEITOEILE
CFREET A EVWAHETH DY, ER, 7Y AT
HLA-B 7 ) #5600 FEFELL D Z M A > T THRK
TH b, HLA D37 ) W B A15 2 L FRERRIE, B
COBBEERICE AFRELEELOSNTEY, O &R
HIV BE T HLA-B TY VISR GEBETHH LV H iR
EFELL WV, L L, T O ORI, HL4-B*27
© HLA-B* 57 K EEB O 7 ) )V THEIC HIV BEEDR
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F 1 HIVEGYEDORE S HLA & TEOEM

B39 5 HLA HIV BEIc 52 2828 | Xk
HLA-A, B, C homozygosity I A XDETIEME 2, 3

HILA-B*35 T A T DETIEE 4, 5

HLA-B*57, HLA-B*27 TRREETT DB

HLA-A*01-B0* 8-DRBI* 03 T A XNOHEITEE 7, 8 -

HEJRIE L AEBEG ARG L - T, AT EHLAB 7 ) 0
OEBEMN 7 0 -7 o 7EINLDOME LA, i,
HIVAE Sk hNEHET A EEEL B L, HLA-A*
NROEHICEBLZTHEDOTWHLA 7 ) VW LTIETT
WWHIV 3@ L TWa icw, BEIREE S FIC Lok
LA NFRIC LT h, HIVEEEZEDERANT
HIV BEHIIC i & B ME D@0 CTL MBS D SE K D iR
FINE A SN

2. HIVH /ADERIZL S CTL IBEMND Dk

HIV 3 & £ X im%‘z—%?&éﬁmf# HIV BER T
ZRTCEBESNTVS, CTLICK AHEIREICHL
T, CILZE =7 H B0 f@mkﬁﬁcgﬂé&
BLT, CTL okl g 3 2 &ML ICI - TE Y,
ﬁﬁkmﬁwﬁmﬁémwtfﬁﬁmHW@EE?MH
a}mh%@ HLA BETRICH > TENE A, £ HLA
S dE U e TR AT Zsbbﬂto O ULRERE, 0
HLA \?bxﬁgq—%{é CTLx £+ —7ORNEOEFTH -
o, TR u LT\, BEERREI D &, EIE
I CTLIC L B EEEMESD YA v b A v EEFEEE RS
WEBENPEShER T, THLAEREDS L, CTL
TP —FHNEOEE G HLA HF E 049 TCR <E(D
WHERICEE LT, CTLIC L 359EIRE» S¥kh
EZoNB, $fE CTL v ]‘"‘7@&{75@&;&2@
£-T, RTF R ZERT 3ERBEO o€y v )
N —vEEZTLESEICLY, T =T RTF N
DPHERINGELCIELEOIFL LIEE A 5 = X A 9iHE X
NIBW, CH LI EAEEBEZADEDE, HIVY / 40
ERITE D CTL REINE o Ok, HWEZ ONT
Wik O bt 0 REFICh. > TS TWA I & i<
_Jt“ﬁé‘ﬂ Do

FRNTEHIS LA CTL = 24 — 7R, HIV BAYE

DIREEITICED L Y IChhb 2D A5/ ? HLAB*
7D Gag T E =T, FIF Vv IrHIE -7
TIEHE! J@k\CTLr“Aa FET LHIEBHONTOL S,
HIV B4t ;’xfﬁ Do TR Y 4 v REHE HFS
hfm‘_%g 3, COIEN—TICERENE CTLIRE

BEDL LN, 25 LEBEO—RTHE, ot h—
FHERIC—o OF R A 1h, N & EEERIC Ak
YA NVZBOEMABES N, T DOERIE, HLA-B*
7T5F& @ffi‘/\%étzbﬁ x;s'(d@ o fotcdh, BEERR
F CTL I X A RIEIRENZEFR2ICEDNTVEY, &
5Ltu&ﬂb HIV SZER B L TCTL I & 2 5E
IBE D SN BHEE, HIV BYYEOREENSHEITT A L i
O TH DB, L LS, CTL = 245 — 75 R LiFkE
ETOHEERTERNORERIVEXRESNTEL, B
FHCEAN, HDHVIIEFEDCTL = X7 — 7ﬂﬁﬂrﬁ
ITEBET A0, TR ~F7ERICH L CEBRES
EDEHICHIET 200 EIR S MICTE - TV O EEE
Z g

HIV 7/ L OBEBRChrH I KEBEFO— L LT,
HIV O8I E~DEENSH L, bLCITL T EF—7 0
SRS HIV OB L » THETH » 12354, CTL
Fo7ERGTHIV OBEEGELAENESE, BRELT
HIV ORI E < rd Lo (1D, 5 L5
HESIV B E LA VIR SIRE NI, S5,
A NNREHREAETSESL CTL = 27 — 7 EREF -
fo A VA MHC ORL ZMMOEEICEET 575 —2T
i3, BREHEOT7T I VBICED v A L 2 ERIBENEIET
5T EMSIVEEETFLE LU HIV REERBE THL

CTLZ XD RIERE DAL AEEEE DTS

K1 CTL 224 —7EEIIhrbAER
HIV 2T 2 CTL DREREOERE LS 74 12
BRI HFT 2ERT D/ Y3 v 255, CTL £ 2
r—-7EREOHB _%;%@Léo flhiicbxgasn
ZERMNEL ONDD, TNONEOEEHIVICE
BN - TEREEBICHESTALABEESMAL
WEshT\ha,
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RN T, HIV & 5 W0IE SIV A MHC 23F
ZMOBRICEE L 7o — 2T, 2275 - 7ERIEE
ENBIEMSTY, CTL BEINEIC X #REE v 1 b
ZHEBIHED N5 v AP, CTL = 247 — 7 EEOHBEE R
DERFTH AL ERBEBENLZE D, LrLENS, CD4”
T fOaNC & A HRakE e, Uik BARGRESRS 5 Widfho
HEEHNTLY 4 VRETFE, CTLUAOERIC L 211y
4 V2RSS, CTL TRy —~7EREOHBICHET S &
EZ oA, EE, @O CTLIGEZRTICbhhbo T,
T -7 BLUEOBIICERENBD NV HE L
(L%, kFE7—-4), BEME-D HIV ICHT 5 RFIC
SWOT RBERERDAOER G EYD, 51RO T
DB, HIVICE A CTL = X 4 — 7EROHIHENR
D, BRICL BT —THROB YT 1 v AREILE OFER
EFWHERERE, 7o F URRCERNERAEMST 5T
T, BB 2REEICHT 5 b b REIRED
WEARS»IcT S BT, FEFICHKEVWETF VTS D,

3. CTLIC& DY 41 I REHEOHER

MHC 7 F S=—4% 4 b I A vESEEOEES
W HIV RS CDS* THIIEOMEARIEST 5 &, 18
£ HIV BRELE Tl HIV £ 20978 CTL i+ I E7Es 5
B, oA v AEEEEET 5 & ORBEREEI L TV
%, ZDREKE LT, CD8” T s #aer)7s CTL & LT
FHCERTESVE VD T FASBRIES N, KL
CORFEEIHS N TV L, Feald, HIVERR CD8”
THfEFICE, ¢~ 7HFEREEERS A HIV BREEHTE
KT ER WY T2y PRV BEDTREVWNEEZ,
NETEBT LA HIVERNCIL 70— YOy A4 V2
TEMEAERE U, Z OE, HLA-B*35 Rk s
BFEMREO~7F F (IPLTEBAEL) ICHEHI7S CTL 55
&, MHC 7 F 5= —icfs& L, g7 F P2 vzl
tAEHIa A FE T B I bbb o9, HIV BGYmiac
LTEHEEELTWT SRR LAY, ISICHEERENC
LT, COBEORMY voEREBEIChT D BRI
FlLE A, CTL55 44 7D CTLOFEENEEL TH
n, Wl B b = FICRRNIEHBTIY A VA TEEICE
NI CTL Y 7+ v P OEEMEDL LTV, T &,
% D CTL OWBEDEIFNY DT 50T, Ly
AU R FEMREREN Y 5 7B CTL % 7t » M SEEZ T L
F H B, EERSED CTL I & B 4 b A BREEDS I
st VI LVEFTLARELTWS (EFS, %
TeEfEs),

F7, d oy VAT +— FRFD I N—7 (3 HLA-B*08 %
EBoEMKFIEE (long-term nonprogressor ; LTNP) @
Nef = £ F —7 (FLKEKGGL) (Z/ivEd % CTL =gt L

[FonAgEc@nicTL| |B7AAABEAETLICTL |

K 2 CTLICX 35y 4 v R BEREOREE(L

CTL T & % SR IR 2 14 BRI I3 RIERATIC HIV
OEBIASIET A5, HIVOHRICIE S,
1B R Y B 0 HIV ICW 4 5 CTL [G& % iRt
35 &, HIVIEENCDST Mlagis+oEvoh
2icbhrdH5d, CIL Oy A v 2 HREIZET
LTW3, iy 4 v 2aRICEN 2RO CTL 23
Bile EbiczOREEETET 200, HBVI
HEREDSE T L7 CTL W 5FFE I B DA D
Do BBy A L 2ICwT 5 b b CTL IRE I
FEPOENZ (KRS N TV 5,

too FOFEE, VB 132 £\WH TCR 2> CTL &, fthd
TCR %> CTL iCH_THEREICEN, TV P —TER
KHIETEABEETT LTV,

9 LR E, MESEMESE-Th-TH, THE
Lt 7% — (TCR) BEML S CTL ¥ 7k v FMETH, 1Y
ANWAFEEICESSH DI EERLTVWS, LichisT,
HIV BB O A b ARBINE QMG ZFE T 51013,
TURERN G THEOK LD T LA CTL O¥aE% BliE
IR S B HESVETH 5, —5, TCRARFICILY
AV RFEWICENI CTL % 7 & v b S—ER D B TE
ETAHEEEZBE, WY1 VAIE®RICENT TCR %
I — Fg HEBLTAMOBREEOCDS THIIICEAT S
licky, ThRIYEHLY 4 v ZEREA S - 7o CTL &K
BICTED T S E0TRETH 222, 5 LIiEREEC,
o4 VREHICEN T CTL OEEKORFEIR2, L7k
CTL #ZFBANCHEET 507 2 F VEREMEL IR
EN b,

4, CTILICLBIMOIANVAEEOTE b—TKEE

CTL  HIVHROEHO T U F — 77 F FICiEd
5, —2>OHLA 7Y VeI L ThEB X% 10 EEE
EONTF NECTL 2t -7 & L CEHBINTW S,
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Gag NANPDCKTI ++ + +

Rev VPLQLPPLERL | + -

= —7EEMEE, CTL O Y 1 L RiEHICEET 3
DIEAS I, fHEDZE N —7E, FNPHRT 2EAHE
OREGE, ForTv - AR EEAESRESRIC L AL
RhER, HLA DT & DGR EDSRE B 125, BRI
BRI RE CIRASNEZBR - JEICEE - T
W5, E Yang 513, CTL DI Y 4 v XiEHIE, 0
CTL BHUR~7F FAFBRT ABE L0 b, FoE%
kT A VO R EEOREESKREV I EAREL
t23)0

FhoF s ld, HLA-B*S1 B Om-> RS A2 £ —
T WT, CTL DIy A VREMZRE Lz (E2), T
NE Tl CTL B A AITE S 2 AR 3 B iahko
TR ISEZICH VW S N T WS, T OEBTIE HIV-1 %
R X B EATHIIIC £ M ORAEMA 5408E L 7 CD4Y T #8
faZB W, 7 Nef ERE I HLA 7 5 2 I FOHIE
RAETCORBEEZEF X, CTLIC L A{EETHH &%
BT B EBHMOENTY B, Nef[Bid HIV-1 ¥k (NL432)
EHWAIEICLD, CTLIZE > TEDHLVWEBTT
LY AV AREREZ BT 2 EBR R R TN L 702, 7 OFER,
FEERZECA V77 L —2@R T E b~ FICRNR
CTL TFBEELPLY A W ATEEA D 10D, Rev HEM
CTL BIiv A WRIEEZEEAERE L -7 (T2,
HLA-B*51 (T A RIEEEEITOEIEL ML TVWE T &%
Z % 5 &, HLA-B* 51 #j5i#E:  CTL 75 Nef ic & 2 HLA
A TFORBUKTIC bbb o FIRANETLY A L RiEE
AL ER, T LKCTL SRR TABIEXx ¥ 25
K& ->TOEDRd LN,

B Ui

IHFETYANRBRIYE N T 20BN EOWERE, £
WEMNBRE Y A V22T FNVEFLE L TED LN T X
foo HIV BREMED & 512, Efich iz » THEEMICTEDS
FHETABYYEICH LT, b NEBRERMAED LS IG
L9 5D, KEPLSHENE (ESNTHS, v 12
FrEHY CTL OHLY 4 IV ABKEEDS —HETI3 7, w4 V%
BHEIAHETEXHMOWCIL Y 72 v b DEIICE - TEE
T EHELE, BHREES ERY, 180 HIV BEYEICR

3o R ERIEENEE S REShTE TV 5, 413,
JTORTLEYTF— v v ERBRTRYARGIESR S
DOEEERAABL T, HIV ORELES bt FaEnsics
Z 5 EIMIEEDT Y 4 L 2 s BN CTL OEFE
LZDEIA N =X LR EPRENTEN D T Eick
D, BEGERICL D HIV OFIHIEE S A 7= XA
DfFH, b TENEBET 23 RO 1
Faha,
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Abstract

Objective: In order to evaluate long-term toxicity of Combivir, we retrospectively reviewed clinical records of HIV-1 infected cases under
treatment with Combivir-containing regimen and we analyzed the clinical data compared to other NRTIs-containing regimens.

Study design: A total of 55 patients who were on Combivir and 39 on a control regimen were examined.

Results: After starting treatment with Combivir-containing regimens viral load and CD4* T-cell count improved as well as the control group.
Rates of adverse events in Combivir group and ZDV (400 mg/day) + 3TC group were 50.9% (28/55) and 60% (12/20), respectively. Some of
these Japanese patients who started Combivir regimen as a first-line HAART (primary Combivir group) showed some decrease in hemoglobin
levels or neutrophil counts within 6 months. However, a significant recovery of these indices of hematological toxicities occurred in patients
who continued the regimen for 18-24 months.

Conclusion: Our findings suggest that the safety of 600 mg of ZDV is similar to 400 mg/day of ZDV and the existence of mechanisms that

compensate for anemia and for the neutropenia associated with long-term use of Combivir.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Prognosis of HIV infections dramatically improved af-
ter introduction of highly active anti-retro viral therapy
(HAART). However, the occurrence of adverse events and
drug resistance during long-term use of anti-retrovirals are
now big issues (Yeni et al., 2002; Dieleman et al., 2002).
Present HAART also has a problem to maintain a high ad-
herence because of the pill burden and patients’ quality of
life is affected. Combivir® is a fixed dose combination tablet
containing zidovudine (ZDV) and lamivudine (3TC) (Eron

* Corresponding author. Tel.: +81 96 373 6536 fax: +81 96 373 6537.
E-mail address: shuzo@Xaiju.medic.kumamoto-u.ac.jp
(S. Matsushita).

1386-6532/% — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/,jcv.2004.11.002

et al., 2000). Each tablet contains 300 mg of ZDV and 150 mg
of 3TC and has been widely used as a nucleoside reverse
transcriptase inhibitor (NRTI) component of HAART against
HIV-1 infection.

HIV infection and AIDS are known to be associated with
a significant hematological toxicity, including anemia, neu-
tropenia, and thrombocytopenia (Moses et al., 1998). In ad-
dition, studies with zidovudine have shown that this drug
may compound the hematological toxicity of HIV and lead
to an independent development of anemia and neutropenia
(Wilde and Langtry, 1993). Consistent with these observa-
tions, the incidence of anemia or neutropenia in mildly or
asymptomatic adults treated with zidovudine was between
1.1% and 9.7%, whereas in adults with AIDS or the AIDS
related complex it ranged from 15% to as high as 61% (Wilde
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and Langtry, 1993). In Japan, many physicians prescribe low
dose ZDV such as 400 mg/day to avoid drug-induced ane-
mia and neutropenia even though the standard dose of ZDV
is 500-600 mg/day in United States (Kimura et al., 1992,
1998). Given the dose-dependent nature of these adverse ef-
fects, they are concerned about increased risk of hematolog-
ical toxicity using Combivir that contains 600 mg of ZDV
as the daily dose for Japanese patients who have lower body
weights compared to patients in United States. Moreover,
long-term consequence of the hematological toxicity result-
ing from continuous use of Combivir has not been well de-
fined. We retrospectively reviewed clinical records of HIV-1
Infected cases under treatment of Combivir-containing regi-
men used in three hospitals in Japan and we analyzed clinical
data cross-sectionally to evaluate long-term toxicity of Com-
bivir. ‘

2. Patients and methods

HIV-1 positive Japanese patients were recruited from Ku-
mamoto University Hospital, Osaka National Hospital and
International Medical Center of Japan from June 1999 (af-
ter the Combivir launch) until June 2003. The clinical record
was investigated in aretrospective manner. All collected cases
were separated into four groups, as follows;

Primary Combivir Group (PCV): started Combivir as a first-
line HAART.

Secondary Combivir Group (SCV): changed to Combivir
from other NRTIs.

Primary Control Group (PCO): started NRTIs (except for
Combivir) as a first-line HAART.

Secondary Control Group (SCO): changed to NRTIs except
Combivir from other NRTIs.

We checked hemoglobin levels and neutrophil counts to
examine the influence on hematological toxicity of ZDV ev-
ery 6 months. We analyzed the data that could be followed
over 18 months for removing various biases such as drop out
cases with abnormal laboratory test values. Moreover, we
also checked the HIV-RNA, CD4*% T-cell counts and other
laboratory test data every 6 months. We also checked any
adverse events. This study was done under the approval of
the Institutional Review Board of the Kumamoto University
Hospital, Japan. All participants provided written informed
consent.

3. Results
3.1. Patients’ characteristics

Of the 94 data on subjects were 55 who were on Com-
bivir (PCV: 27, SCV: 28) and 39 were on control regimens

(PCO: 29, SCO: 10). The NRTIs used in the control group
included of 20 cases of ZDV (400 mg/day)+3TC, 18 cases

of stavudine (d4T) +3TC and one case of d4T + didanosine
(ddI). Patients’ characteristics are shown in Table 1. A couple
of factors are statistically different such as the sex (p<0.01:
Fisher’s exact test), weight (p <0.05: Student’s r-test) and
Karnofsky score (p =0.0062: Student’s #-test) between Com-
bivir group and control group. Combivir was likely to be
used for patients with a higher baseline weight and the
males. The mean viral load at baseline in Combivir group
was 10> copies/mL and for the control group was 10%!
copies/ml.. There was no statistical difference between the
groups. The baseline CD4* T-cell counts in Combivir group
were higher than in the control group significantly (393/mm?
versus 263/mm°; p=0.0101: Student’s ¢-test). Most patients
were prescribed efavirenz (EFV) or nelfinavir (NFV) asacon-
comitant drug. Fifty-two percent of all patients were on EFV
and 16% were taking NFV. The Combivir group had more
combination cases with EFV than did the control group, be-
cause these two drugs approved for use in Japan at the same
period have similar characteristics such as small pill counts
and frequency of ingestion.

3.2. Effects on hemoglobin levels

To avoid biases in the data resulting from inclusion of pa-
tients with a shorter time follow up, including drop out cases,
we focused on the patients that could be followed for over
18 months. Mean hemoglobin levels at baseline of Combivir
group (PCV group: 13.9 g/dL, SCV group: 14.2 g/dL.) were
higher than for the control group (PCO group: 13.1 g/dL,
SCO group: 13.7 g/dL) (Fig. 1A). It seems Combivir was
likely to give to those with a lesser risk of anemia. We di-
vided patients in PCV group into two sub-groups such as
hemoglobin level decreased (sub-group A; n=10) and not
changed or increased (sub-group B: n=8) at 6 months af-
ter starting Combivir. Fig. 1B shows a trend of hemoglobin
levels in sub-group A. Each hemoglobin level at 6, 12, 18
and 24 months after starting treatment decreased signifi-
cantly compared to baseline (p <0.005, p <0.005, p<0.005
and p <0.05, respectively; Wilcoxon matched pairs signed
rank test). However, the decreased hemoglobin levels at 6
months gradually recovered to the baseline level despite con-
tinuation of the same regimen. The hemoglobin level at 18,
24 months increased significantly compared to 6-month val-
ues (p <0.05 and p <0.005, respectively). On the other hand,
the hemoglobin level of sub-group B did not decrease for
18--30 months of follow up period (data not shown). The
difference of background between sub-groups A and B was
baseline level of hemoglobin and hematocrit. These levels in
sub-group A were higher than for sub-group B statistically
(14.9£1.2 versus 12.6£0.7; p<0.001, 44.4 £ 3.2 versus
37.4+2.0; p<0.001, Student’s r-test).

3.3. Effects on neutrophil counts

The trend of mean neutrophil counts was similar to counts
for hemoglobin levels. Mean neutrophil counts of all groups
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Table 1
Baseline characteristics

Combivir group (PCV +SCV) (n=53)

Control group (PCO +SCO) (n=39) p-value

Sex (male/female) 5411
Age . 35.9+9.5(22-68)
Weight (kg) 64.6 +10.8 (47.0-91.6)
Hemophilia

Non 48

A 5

B 2
Baseline VL (log)

<2.6 19

2.6-3 1

3-4 6

4-5 11

>5 15

Unknown 3

Mean £ S.D. 39+1.2

Range 2.6-5.9
Baseline CD4 count

<200 14

200-500 25

>500 13

Unknown 3

Mean £+ S.D. 393 &= 265

Range 1-1132
CDC class

Al 5

A2 22

A3 6

B1 2

B2 3

B3 2

Cl1 3

C3 12
Karnofsky score

20% 0

40% 0

50% 0 h

60% 1

70% 0

80% 4

90% 11

100% 39

Mean £ S.D. 95.8£79

32/7 0.00815°
38.6 %+ 10.7 (23-78) 0.2117°
59.6+11.2 (36.4-81.0) 0.0303°

(957
]

0.562%

[eREN]

11 0.4432b

4.1%£12
2.6-5.9

14 0.0101°
19

5

1

263£179

5-607

3 0.8064¢

0.0062°

CO N = O D=

~J
<

87.7+194

2 Fisher’ exact test.
b Student’s r-test.
¢ Wilcoxon 2-sample test.

were over 2000/mm> and did not have statistically change
from the baseline during the follow up period (Fig. 1C). We
separated subjects in the PCV group into two sub-groups
as well as for hemoglobin levels to examine the toxicity of
Combivir to neutrophils. In the sub-group C (n=10) those
with mean neutrophil counts decreased and the sub-group
D (n=7) included subjects with no changes or increased
neutrophil counts at 6 months after being on Combivir.
Fig. 1D shows the trend of the neutrophil counts in sub-
group C. Neutrophil counts at 6, 12, 18 and 24 months af-
ter starting the treatment decreased significantly compared

to baseline (p<0.005, p<0.05, p<0.05 and p<0.05, re-
spectively; Wilcoxon matched pairs signed rank test). How-
ever, the decreased neutrophil counts gradually recovered as
did hemoglobin levels. The mean neutrophil counts at 18
months increased significantly compared to data at 6 months
(p <0.05; Wilcoxon matched pairs signed rank test).

3.4. Effects on other laboratory test value

MCYV values at baseline for the secondary treatment group
such as SCV group and SCO group were higher than for pri-
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Fig. 1. Recovery after transient suppression of hemoglobin and neutrophil levels in patients with long-term use of Combivir. (A) Mean hemoglobin levels did
not change significantly in all groups during each treatment. The baseline hemoglobin level in the Combivir group (PCV + SCV) was higher than in controls
(PCO + SCO). (B) Mean hemoglobin levels at 6, 12, 18 and 24 months after start of treatment decreased significantly compared to baseline in the subgroup A of
PCV group (n=10). However the decreased hemoglobin level gradually reverted to the baseline levels despite continuation of the same regimen. Hemoglobin

levels at 12 and 18 months were significantly high compared to findings at 6 months. (Wilcoxon matched pairs signed rank test; “*p <0.05, "

### 1 <0.005).

(C) Mean neutrophil counts did not change significantly in all groups during each treatment. (D) Mean neutrophil counts at 6, 12, 18 and 24 months after
beginning treatment decreased significantly compared to baseline in sub-group C of PCV group (n = 10). However, the neutrophil counts gradually reverted to
baseline levels despite continuation of the same regimen. The neutrophil counts at 18 months was significantly high compared to that of 6 months (Wilcoxon

matched pairs signed rank test; “#p <0.05, *™p <0.005).

mary treatment groups such as PCV group and PCO group.
It seems ZDV or d4T in the secondary treatment group af-
fected red blood cell counts. However, after starting each
treatment, MCV values increased and became high at around
110/mm? in all groups (Fig. 2A). Other laboratory test values
did showed no notable changes (data not shown).

3.5. Adverse events

The most common adverse events in each group were
nausea/vomiting, dizziness and malaise. Anemia was ob-
served in two in the Combivir group and one in the con-
trol group. Discontinuing each treatment led to elimination
of these adverse effects. The anemia in two in the Com-
bivir group was observed 2 months after their starting treat-
ment, and that in one in the control group was evident
as early as the eighth day. The occurrence of anemia in

the control group was on ZDV 400 mg/day + 3TC. The fre-
quency of anemia in the Combivir group was 3.6% (2/55)
and similar to that in the control group {2.6% (1/39)}. The
20 in the control group on ZDV +3TC regimen were on a
ZDV 400 mg/day. We compared the safety profile of ZDV
600 mg/day to ZDV 400 mg/day. Adverse events rate of Com-
bivir was 50.9% (28/55) and 60.0% (12/20) of AZT +3TC
group. Moreover, the number who discontinued Combivir
group was 7 (12.7%) and that in ZDV +3TC group was 5
(25.0%). In the SCV group, nineteen were changed to Com-
bivir from ZDV 400 mg/day + 3TC. There were six with some
adverse events and these were similar to other groups’ events.
These observations suggest that increasing the ZDV dose to
600 mg/day does not affect the incidence of adverse events.
In addition there were no concomitantly used drugs that could
affect pharmacokinetic parameters of ZDV and enhance its
toxicity.
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Fig. 2. Changes in MCV values, HIV RNA level and CD4* T cell counts
in each group of patients. (A) MCV values for the secondary treatment
group such as SCV and SCO group were higher than for primary treatment
groups such as PCV and PCO group at baseline. However, after starting each
treatment, MCV values increased and became high at around 110/mm? in
all groups. (B) Mean HIV RNA level in all groups of treatment decreased
compared to baseline significantly (p < 0.05-p <0.001; Wilcoxon matched
pairs signed rank test). (C) Mean CD4™ T cell counts in all groups of treat-
ment increased significantly compared to the baseline (p<0.05-p<0.001;
Wilcoxon matched pairs signed rank test).

3.6. Effects on viral load and CD4" T-cell counts

Baseline viral load in the primary treatment group
(PCV +PCQ) was higher than in the secondary treatment
group (SCV + SCO). Mean baseline viral loads of each group
were 1040 copies/mL (PCV), 10%9 copies/mL (PCO), 1030
copies/mL (SCV) and 1037 copies/mL (SCO), respectively.
However, after starting each treatment, HIV RNA was not
detectable in serum samples from in each group (VL <50 or
<400 copies/mL) (Fig. 2B). Baseline CD4" T-cell count in
the SCV group was 518/mm° and higher than other groups
(PCV: 304/mm?, SCO: 345/mm3, PCO: 277/mm?) signif-
icantly (p<0.001; Student’s t-test) (Fig. 2C). This result
suggests effective treatment with the previous combination

for the SCV group. CD4* T-cell counts during each treat-
ment increased significantly (p <0.05-p <0.001; Wilcoxon
matched pairs signed rank test) and reached over 600/mm°>
at 30 months in all groups (Fig. 2C).

4. Discussion

The nucleoside reverse transcriptase inhibitor (NRTT) was
first developed as an anti-HIV drug. However, the appropriate
dosage was unclear because this type of drug is only active af-
ter being phosphorylated inside cells. A daily dose of 400 mg
of ZDV has been widely used in Japan because anemia and
neutropenia occurred frequently in cases of ingesting a higher
dose (800 mg/day) than did 400 mg/day of ZDV in a clinical
trial conducted in Japan (Kimura et al., 1992). Bone mar-
row toxicity associated with AZT such as macrocytic anemia
and neutropenia has been frequently reported for the patients
treated with a higher dose of ZDV mono therapy (Richman
et al., 1987). Given the dose-dependent nature of these ad-
verse effects, Japanese health care providers have some hes-
itance to prescribe Combivir that contains 600 mg of ZDV,
as the daily dose. Data on four patients with severe anemia
associated with Combivir have aiso been reported (Sibery
et al., 2003). To evaluate the long-term toxicity of Com-
bivir, we reviewed clinical records of HIV-1 infected
Japanese patients on treatment with Combivir-containing
regimen.

The results in this retrospective study showed that ane-
mia and adverse events occurred at comparable frequency
in each group of patients. Consistent with previous reports
(Hester and Peacock, 1998; Tseng et al., 1998) these adverse
events occurred in less than a few months after starting each
treatment. The frequency of anemia in the Combivir group
was only 3.7% (2/54), and it was similar to that for ZDV
400 mg/day +3TC group (5.0%) group. In other words there
was no difference in these groups with respect to the fre-
quency of anemia by the difference in the dose of ZDV. It is
also of note that the efficacy of Combivir was comparable to
that of 400 mg of ZDV of four times a day with a twice a day
dosing of 3TC. However, we have to take into account the
fact that Combivir was prescribed for heavy weight patients.
And such may mask the occurrence of adverse events as well
as the difference in efficacy.

We observed a certain degree of decrease in hemoglobin
levels and neutrophil counts in the subgroups of patients in
PCV (subgroups A and C, respectively). Interestingly, a grad-
ual recovery of these hematological toxicities occurred de-
spite the continuation of Combivir containing regimens. The
mechanism whereby the risk of hematological toxicity as-
sociated with increasing ZDV dosages may be related to the
intracellular accumulation of the toxic metabolite zidovudine
monophosphate (AZTMP) (Tornevik et al., 1995). AZTMP
interferes with both cellular DNA synthesis and exonuclease-
catalyzed removal of ZDV from host cell DNA (Sommadossi
et al., 1989; Harrington et al., 1993). In addition, at clinically
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relevant concentrations, AZTMP acts as a potent inhibitor of
the transport of pyrimidine nucleotide sugars into the Golgi
complex, thereby inhibiting protein glycosylation and alter-
ing glycosphingolipid synthesis (Yan et al., 1995). Therefore,
AZTMP may elicit cytotoxic effects on rapidly growing ery-
throcytes and neutrophil precursors, both by interfering with
nuclear DNA replication and by compromising the function
of membrane receptors involved in receiving of extracellu-
lar stimuli required for cell growth and differentiation. From
these observations it seems reasonable to speculate that either
decrease in the intracellular concentration of AZTMP or com-
pensatory mechanisms that improve the signal transduction
for erythropoiesis and myelopoiesis mediated by cytokines
contributed the recovery from hematological toxicities.

Two mechanisms may be related to the decrease in the
concentration of AZTMP: altered metabolism of nucleoside
analogues due to impaired nucleoside phosphorylation and
increased efflux of the compounds by membrane transport
mechanisms (Schuetz et al., 1999; Wijnholds et al., 2000).
These mechanisms have been considered to contribute to the
cellular drug-resistance (Dianzani et al., 1994; Groschel et al.,
1997; Fridland et al., 2000; Turriziani et al., 2000). However,
there was no evidence of treatment failure for patients in our
PCV group as we found an increase in CD4™ cell counts and
an undetectable HIV-RNA load. Furthermore, the MCV level
which is associated with the intracellular increase of AZTMP
was kept high. These observations suggest that decrease in
the level of AZTMP in the course of long-term treatment is
unlikely although we must determine longitudinal changes
of intracellular AZTMP level in precursors of blood cells in
patients on Combivir treatment. Other compensatory mech-
anisms against the hematological toxicity may occur. An in-
crease in erythropoietin or granulocyte-colony stimulating
factor (G-CSF) levels in compensation for chronic anemia or
neutropenia is another notion.
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Generation of High-Affinity Antibody against T
Cell-Dependent Antigen in the Ganp Gene-Transgenic Mouse"

Nobuo Sakaguchi,>*7 Tetsuya Kimura,” Shuzo Matsushita,” Satoru Fujimura,* Junji Shibata,’
Masatake Araki,* Tamami Sakamoto,® Chiemi Minoda,® and Kazuhiko Kuwahara*!

Generation of high-affinity Ab is impaired in mice lacking germinal center-associated DNA primase (GANP) in B cells. In this
study, we examined the effect of its overexpression in ganp transgenic C57BL/6 mice (Ganp™®). Ganp™® displayed normal phe-
notype in B cell development, serum Ig levels, and responses against T cell-independent Ag; however, it generated the Ab with
much higher affinity against nitrophenyl-chicken gammaglobulin in comparison with C57BL/6. To further examine the affinity
increase, we established hybridomas producing high-affinity mAbs and compared their affinities using BIAcore. C57BL/6 gener-
ated high-affinity anti-nitrophenyl mAbs (K, ~ 2.50 x 1077 M) of IgG1/A1 and contained the V186.2 region with W33L
mutation. Ganp™® generated much higher affinity (K, > 1.57 X 1077 M) by usage of V,,186.2 as well as noncanonical V7183
regions. Ganp™® also generated exceptionally high-affinity anti-HIV-1 (V3 peptide) mAbs (K, > 9.90 x 10~ '! M) with neutralizing
activity. These results demonstrated that GANP is involved in V region alteration generating high-affinity Ab. The Journal of

Immunology, 2005, 174: 4485-4494.

he Ag-driven B cells expressing high-affinity BCR, which

have been selected in secondary lymphoid organs, gener-

ate high-affinity Ab. Ag-driven B cells proliferate rapidly
by the stimulation with Ag and costimulatory molecules from Th
cells surrounding the germinal center (GC)® region, in which such
B cells undergo affinity maturation of Ig V region and class switch-
ing of the C region during the response to T cell-dependent Ag
(TD-Ag) in vivo (1, 2). For affinity maturation, introduction of
somatic hypermutation (SHM) in the V region is probably essential
and, in addition to this molecular alteration, the Ag-driven B cells
with high-affinity BCR must be selected or further enriched during
the maturation of Ag-driven B cells in GCs.

A 210-kDa germinal center-associated DNA primase (GANP)
protein, bearing RNA-primase and minichromosome maintenance
(MCM)3-binding activities, is up-regulated in GC B cells upon
immunization with TD-Ag in vivo and is induced by the stimula-
tion to BCR and CD40 in vitro (3, 4). The mutant mouse with ganp
gene knockout B cells (B-ganp™'7) has a severe defect in mount-
ing high-affinity Ab responses to TD-Ag (5), suggesting that
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GANP is required for generation of high-affinity Ab in response to
TD-Ag in vivo. However, there remained several possibilities to
account for the molecular mechanism in generation of high-affinity
V regions by the expression of GANP in GC B cells. GANP might
augment the induction of SHM in the V regions, resulting in the
affinity maturation of V regions during the proliferation and dif-
ferentiation of Ag-driven B cells in GCs. Alternatively, GANP
might be involved in the survival of the high-affinity BCR™ B cells
for the positive selection through the interaction of Ags captured
on the follicular dendritic cell network. The GCs of the B-ganp™'~
mice displayed an increase of apoptotic cells upon immunization
with TD-Ag SRBC, which suggested a partial involvement of
GANP in the survival of GC B cells. However, the ganp™'~ B
cells do not show marked abnormalities in the levels of apoptotic
and proapoptotic molecules after BCR cross-linkage (5). To study
the function of GANP in generation of high-affinity Ab response,
it is necessary to examine whether the affinity maturation of BCR
on the GC B cell is generated by the genetic alteration in the V
region gene.

We speculated that it would be possible to generate a high-
affinity Ab if we used mice with higher level GANP expression in
B cells. We studied whether the transgenic mouse with increased
expression of ganp gene could generate high-affinity Ab against
TD-Ag using a model epitope of 4-hydroxy-3-nitrophenyl acetyl
(NP)-hapten in the C57BL/6 background. To demonstrate the in-
creased affinity of the Ab in detail, we established the hybridomas
secreting anti-NP mAbs after immunization with NP-chicken gam-
maglobulin (CG) in Ganp™® mice. After selecting the high-affinity
mAbs against NP-hapten by differential ELISA method and the
BlAcore system, we examined the V region gene usage of the
hybridomas and compared the sequences with those from wild-
type C57BL/6 mice. The results suggest that the affinity maturation
of BCR on GC B cells is generated by the aitered V,, region usage
with increased SHM in Ganp™® mice.

Materials and Methods

Ganp’® mouse

The expression construct of mouse ganp cDNA under the mouse g pro-
moter and human Ig enhancer (6) was used for establishing the transgenic
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