1R 19-4 SHECHITDZROBEESD (2013 F 10 A~2014 F9 A]

ZLTEDIFTHEKRICDLNT

TSI —RECDNT

MSM DB oy MSM &t MSMBISH DS i MSM &t
RERAFIR R EEPR

ETERERE 69 63.9% 39 75.0% 5 62.5% 113 67 62.0% 32 61.5% 5 62.5% 104 61.9%
YR 19 17.6% 6 11.5% 2 25.0% 27 16 14.8% 8 15.4% 2 250% 26 15.5%
OOARGE 2 19% 1 1.9% 0 0.0% 3 7 65% 4 TI% 0 0.0% 11 65%

ETERE 0 0.0% 0 0.0% 0 0.0% 0 0 0.0% 2 38% 0 1.2%

mEE 18 16.7% 8 115% 1 12.5% 11.5% 1 14.9%
8 100.09 52.100.0% 00% 1000% 8 8 100.0%
RERAFILSRBR R AR

ETERE 44 84.6% 25 75.8% 7 87.5% 76 81.7% 44 84.6% 22 66.7% 7 87.5% 73 78.5%
A0 R 5 96% 6 18.2% 1 12.5% 12 12.8% 4 77% 7 21.2% 1 12.5% 12 12.9%
AT 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 1.9% 2 6.1% 0 0.0% 3 3.2%

ETERSE 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%

0 0.0% 5 54% 3 58% 2 6.1% 0 5.4%

AR 8 100. 93 1000% 52100, 3 1000% 81 03 100.0%

KERAFAR IS RGP

ETEHRE 26 68.4% 24 82.8% 75.0% 27 71.1% 20 69.0% 5 100.0% 52 72.2%
R 6 15.8% 4 13.8% 15.3% 4 10.5% 17.2% 0  0.0% 9 12.5%
RO 0 0.0% 1 3.4% 1.4% 1 26% 13.8% 0.0% 5  6.9%

ETEREG 0 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0 0.0%

WEE 6 15.8% 0 0.0% 8.3% 6 15.8% 0.0% 0 0.0% 6 83%
&5t 3810009 00.0%  100.0% 1000 1000%  5100.0% 72 10
KRBRAFERF RPN

ETERmR 132 69.8% 60 60.6% 26 70.3% 218 67.1% 127 67.2% 56 56.6% 23 622%
heacy j+ 35 18.5% 17 17.2% 18.8% 35 18.5% 19 19.2% 12 32.4%

REacX S} 2 11% 5 5.1% 2.2% 3 1.6% 6 6.1% 0 0.0%

ETEXRE 0 0.0% 1 1.0% 0.3% 2 1.1% 2 2.0% 0 0.0%

fiEE 20 10.6% 16 16.2% 11.7% 11.6% 16.2% 2 54%
SEf  189.1000%  991000% 125 100.0% 189 1000%  961000% 37 1000%
KBRAFRAARGERT

ETEHR 280 72.5% 119 70.8% 461 73.1% 262 67.9% 107 63.7% 60 77.9% 429 68.0%
Reach j 46 11.9% 23 13.7% 78 12.4% 55 142% 37 22.0% 10 13.0% 102 16.2%
OO 8 21% 5 3.0% 14  22% 13 34% 2 12% 2 26%

ETHEFRE 1 03% 3 1.8% 4  06% 2 05% 4 24% 0 0.0%

e 51 13.2% 18 10.7% 74 11.7% 54 14.0% 18 10.7% 5 85%
. &E 3861000% - 168100.0% 1631 100.0% 386 1000% 168 100.0% 77 100.0% 63
KBRATE BMREERT

ETEHE 29 74.4% 18 69.2% 6 75.0% 53 72.6% 25 64.1% 17 65.4% 6 75.0%
Reacy )] 3 77% 19.2% 1 12.5% 9 12.3% 5 12.8% 4 15.4% 1 12.5%
NG 1 26% 1 3.8% 0 00% 2 27% 3 77% 2 7.7% 0 0.0%

ETERE 0 0.0% 0 0.0% 1 12.5% 1 1.4% 0 0.0% 1 3.8% 1 12.5%

mEE 15.4% 2 77% 0 0.0% 8 11.0% 6 154% 2 77% 0 0.0%
T 3911000% 26 1000%  81000% . 73 100.0% 9 100.0% =26 .1000% . 81000%
KBRAFFISRARGERR

ETEBRE 16 25.4% 19 39.6% 3 42.9% 38 32.2% 16 25.4% 16 33.3% 3 42.9%
o E 7 11.1% 3 6.3% 1 14.3% 11 9.3% 7 11.1% 4  83% 0 0.0%
YOG 1 16% 0 00% 0 0.0% 1 0.8% 1 16% 0 0.0% 0 0.0%

ETERE 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 14.3%

OIS 39 61.9% 54.2% 3 42.9% 68 57.6% 39 61.9% 28 58.3% 3 42.9%
. BEt esdooo% 4800 7 100.0% 118 1000% 63 1000%  481000% 7 1000%
KERAF R EBRGERT

ETEBmR 56 75.7% 37 69.8% 3 37.5% 96 71.1% 67.9% 3 37.5% 89 65.9%
YR 11 14.9% 10 18.9% 4 50.0% 25 18.5% 13.2% 3 37.5% 26 19.3%
O 1 14% 2 38% 0 0.0% 3 22% 5.7% 1 125% 5 3.7%

ETER 0 0.0% 0 0.0% 0 00% 0 0.0% 57% 0 0.0% 3 22%

1 125% 11 81% 7.5% 1 125% 8.9%

: o 81000% 135 100.0% 00.0% 8 10C 100.0%

ChotCASTIZANS ‘

ETCEME 2489 655% 1362 66.8% 866 66.6% 4717 66.1% 2456 646% 1324 64.9% 830 63.8% 4610 64.6%
YR 942 248% 491 24.1% 328 252% 1761 24.7% 881 23.2% 474 232% 325 250% 1680 23.5%
POPOAGE 128 34% 101 5.0% 53  4.1% 282 4.0% 196 52% 139  6.8% 83 6.4% 418 5.9%

ETER 13 0.3% 16 0.8% 9 07% 38 0.5% 35  0.9% 30 1.5% 17 1.3% 82 1.1%

227  6.0% 69 3.4% 45  35% 341  4.8% 231 6.1% 72 3.5% 349 4.9%
0% 20397100.0% 1301 100.0% . 7139 100.0% = 3799 100.0% 2039 100.0% 7139 100.0°

- 114 -



9% 20 MSM RARE(CHITSHEmERIDNT (2013 4 10 A~2014 €9 A]

FMEHR10ERSD . ~e Pearson
19T 20-29%%; 30-39%% 40-497% 50-597% B0RELLE = X2 (E&3
n=72 n=795 n=554 n=352 n=106 n=63 n=1942 PiE
RS
ABRf 11 15.3% 130 16.4% 154 27.8% 117 332% 38 358% 33 524% 483 249% <0.01
KIRAF 8 111% 85 107% 46 83% 25 7.1% 6 57% 8 127% 178 9.2%
ChotCASTRRANE 53 73.6% 580 73.0% 354 63.9% 210 50.7% 62 585% 22 34.9% 1281 66.0%
SEERNT, TNETICHIVIRE (T ZRE) 2R EPBDETH?
3 23 31.9% 498 626% 437 78.9% 276 78.4% 88 83.0% 47 74.6% 1369 70.5% <0.01
RUNSEHIHT) 48 66.7% 294 37.0% 116 20.9% 75 21.3% 18 17.0% 16 254% 567 29.2%
EmE 1 14% 3 04% 1 0.2% 1 03% 0 0.0% 0 0.0% 6 03%
SERERZEEENFLEDN?
IATRZ 33 458% 512 64.4% 413 745% 270 76.7% 91 85.8% 52 82.5% 1371 706% <0.01
Kk - BA 6 83% 55 6.9% 23 42% 16 45% 0.0% 1 16% 101 52%
RE-ZOM 18 250% 94 11.8% 26 47% 11 3.1% 2.8% 48% 155 8.0%
HEEZE 15 208% 134 16.9% 92 16.6% 55 156% 12 11.3% 7 11.1% 315 16.2%
S HREEFBITRAZZTLSLBOELEN?
BATRLSERDE 47 653% 677 85.2% 509 91.9% 331 94.0% 99 934% 59 93.7% 1722 88.7% <0.01
ADBEDBNE, FREFONE 25 347% 117 147% 43 78% 20 57% 7 6.6% 4 63% 216 11.1%
EmE 0 0.0% 1 0.1% 2 04% 1 0.3% 0 0.0% 0 0.0% 4 0.2%
PIE St
AIRKE 57 79.2% 664 835% 463 83.6% 291 82.7% 94 88.7% 54 857% 1623 83.6% 0.63
ARSIt 15 208% 131 16.5% 91 16.4% 61 17.3% 12 11.3% 9 143% 319 16.4%
B25 BREGEE 2)EUA - SEIM
ETEmE 51 708% 591 74.3% 394 71.1% 251 71.3% 70 66.0% 41 65.1% 1398 72.0% 0.18
PRFEE 14 194% 158 19.9% 115 20.8% 65 185% 24 226% 13 206% 389 20.0%
A 3 42% 9 11% 15 27% 7 2.0% 2 1.9% 2 32% 38 20%
ETERE 1 1.4% 4 05% 0 0.0% 2 06% 1 0.9% 0 0.0% 8 04%
EEZ 3 42% 33 42% 30 54% 21 17% 9 85% 7 111% 109 56%
H25 RERRE 3)BRLPILSER
ETEWE 51 708% 570 71.7% 371 67.0% 241 68.5% 70 66.0% 36 57.1% 1339 68.9% 0.20
PYREE 15 208% 171 21.5% 131 236% 75 21.3% 23 21.7% 18 28.6% 433 22.3%
PR 3 42% 16 20% 19 3.4% 6 1.7% 4.7% 16% 50 2.6%
ETERHE 0 0.0% 4 0.5% 2 0.4% 3 0.9% 0.0% 0.0% 9 05%
EEE 3 42% 34 43% 31 58% 27 T7% 7.5% 8 127% 111 57%
H25 BREGEE 5)RLTZIHFER
ETEME 49 68.1% 564 70.9% 365 65.9% 231 656% 70 66.0% 38 60.3% 1317 67.8% 0.20
PRREE 18 25.0% 168 21.1% 135 244% 74 21.0% 22 208% 17 27.0% 434 22.3%
AEARZN 2 28% 23 29% 20 36% 16 45% 5 47% 0 00% 66 3.4%
ETERHE 0 0.0% 7 09% 3 05% 2 06% 1 09% 0 00% 13 07%
O 3 42% 33 42% 31 56% 29 82% 8 7.5% 8 127% 112 58%
25 BEBEE 4) IS5/ —FE
ETEWE 52 722% 541 68.1% 339 61.2% 208 59.1% 65 61.3% 38 60.3% 1243 64.0% <0.01
PYEE 14 194% 181 22.8% 133 24.0% 79 224% 20 189% 15 23.8% 442 22.8%
PP 0 00% 30 38% 41 74% 29 82% 10 94% 32% 112 58%
ETEARNE 2 28% 10 13% 10 1.8% 7 2.0% 2.8% 00% 32 16%
HEE 4 56% 33 42% 31 56% 29 82% 7.5% 8 127% 113 5.8%
S5 AASBE(OTER)
RTULEL 72 100% 788 99.1% 545 98.4% 342 97.2% 104 98.1% 58 92.1% 1909 98.3% <0.01
R 0 0.0% 7 0.9% 9 16% 10 28% 2 19% 5 79% 33 17%
I 3155y —dista(OTEHR)
RTULRLY 63 87.5% 681 85.7% 468 84.5% 310 88.1% 94 887% 62 98.4% 1678 86.4% 0.05
Rz 9 125% 114 143% 86 155% 42 11.9% 12 11.3% 1 16% 264 13.6%

- 115 =



II. FRARTIITH—E
BF 2% 3 ST Al



V. TREREOTITICEYT S—EX - FlITY

EE

ZA hL

HERS

-

HREE

Mayumi Imahashi,
Taisuke Izumi,
Dai Watanabe,
Junji Imamura,
Kazuhiro Matsuoka,
Hirotaka Ode,
Takashi Masaoka,
Kei Sato,

Noriyo Kaneko,
Seiichi Ichikawa,
Yoshio Koyanagi,
Akifumi
Takaori-Kondo,
Makoto Utsumi,
Yoshiyuki Yokomaku,
Takuma Shirasaka,
Wataru Sugiura,
Yasumasa Iwatani,

Tomoki Naoe

Lack of Association between
Intact/Deletion
Polymorphisms of the APOBEC3B
Gene and HIV-1 Risk

PLOS ONE

DOT:

10. 137
1/ jour
nal. po

ne.

0092861

2014

Yasuharu Hidaka,
Don Operario,
Hiroyuki Tsuji,
Mie Takenaka,
Hirokazu Kimura,
Mitsuhiro
Kamakura,
Seiichi Ichikawa

Prevalence of Sexual
Victimization and Correlates
of Forced Sex in Japanese Men

Who Have Sex with Men

PLOS ONE

Vol. 9
Issue

E95675

2014

EF AR
i) —

FELZEICBIT 5EELEBE
DPERRYYE T B51TE) & FHA
FARILOD L

BARY—<
RNV A

(Bl

Vol. 13

53-62

2014

MTE=,
)R,
A Bl
AATHE
SEANEF

FERE VRN FIHIZ 72 B IR
DaIa=F 4 ¥ —FHE)

HIV RRYGE
& AIDS @
VB (B

4-19

2014

- 117 -




OPEN 8 ACCESS Freely available online @PLOS l ONE

Lack of Association between Intact/Deletion
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Abstract

Objective: The human APOBEC3 family of proteins potently restricts HIV-1 replication APOBEC3B, one of the family genes, is
frequently deleted in human populations. Two previous studies reached inconsistent conclusions regardmg the effects of
APOBEC3B loss on HIV-1 acquisition and pathogenesxs Therefore, it was necessary to verify the effects of APOBEC3B on Hiv-
1 mfectlon in wvo :

'Methods. Intact (I) and" deletlon (D) polymorphlsms of APOBEC3B were analyzed usmg PCR. The syphilis, HBY and HCV
infection rates, as well as CD4* T cell counts and viral loads were compared among three APOBEC3B genotype groups 1, D/
I, and D/D) HIV-1 rephcatlon kinetics was assayed in vitro usmg primary cells derived from PBMCs. -

Results. A total of 248 HIV-1-infected Japanese men who have sex with men (MSM) patients and 207 umnfected Japanese
MSM. were enrolled in this study. The genotype analysis. revealed no sxgnn‘“ cant differences between the APOBEC3B
genotype ratios of the infected and the uninfected cohorts (p=0.66). In addition, HIV-1 disease progression parameters
were not associated with the APOBEC3B genotype. Furthermore, the PBMCs from D/D and I/1 subjects exhibited comparable
HIV-1 susceptlblllty

Conclusion: Our analysis of a populatlon -based matched cohort suggests that the antnwral mechanlsm of APOBEC3B plays
only a negligible role in ehmmatmg HIV 1 in vivo.
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Introduction vulnerable to HIV-1 Vif-mediated degradation, whereas APO-
. . . BEC3A and B are resistant [8-12].
Human APOBECS proteins are cellular cytidine deaminases Among the members of the APOBECS family, APOBEC3G

that play crucial roles in the inhibition of retroviral replication,
including that of HIV-1 [1-3]. The molecular mechanisms

underlying APOBEC3-mediated HIV-1 restriction are primarily pathogenesis of HIV-1 infection in vivo [13-19]. However, there is
dependent on the editing [1,2] and/or non-editing activities [4,5] litle consensus regarding the degree to which the other
of these enzymes. The family of genes encoding the seven APOBECS3 family members, especially APOBEC3B, are able to
APOBECS3 proteins (APOBEC3A, B, C, DE, F, G, and H) is  eqpjor HIV-1 replication i witro and in vivo. The ant-HIV-1

positioned in a tandem array on hur‘nan chr.omo.some 2216]. HIV' activity of APOBECS3B is undetectable when this gene is stably
1 produces an accessory protein, Vif, that invalidates the antiviral expressed in a human T cell line [20] and is detected only weakly

functions of the APOBECS3 proteins by mediating the ubiquitina- after the transient transfection of HEK 293T or HeLa cells [20
tion-proteasomal degradation of APOBECS in virus-producing

cells [7]. APOBECS3C, DE, F, G, and H (haplotype II) are

has been consistently shown to possess powerful anti-HIV-1
activity in cell-based systems [1,2], and this protein may affect the

22]. Because these findings have varied according to the
experimental conditions employed, there is a fundamental
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question whether the expression of human APOBEC3B, DE, and
F plays a critical role in HIV-1 restriction i vivo. The potential
role of APOBECS3B in modulating HIV-1 replication i vivo is of
particular interest because this protein is resistant to HIV-1 Vif-
mediated degradation [20,22-24].

A polymorphic deletion of a 29.5-kb segment between
APOBEC3A exon 5 and APOBECSB exon 8 has been identified
in human populations; this polymorphism causes the loss of the
entire APOBEC3B coding region [25]. A particularly high
frequency of APOBEC3B deletion has been found among Asians
[25]. According to Kidd et al., the deletion allele is rare in Africans
(1%) and Europeans (6%), more common in East Asians (36%)
and Amerindians (58%), and almost fixed in Oceanians (93%)
[25].

Two independent groups have reported contrasting findings
concerning the effects of the APOBEC3B gene deletion on HIV-1
acquisition and disease progression [26,27]. An et al. determined
that the deletion allele genotype correlated with a higher risk of
HIV-1 infection, whereas a study conducted by Itaya et al
concluded that the deletion polymorphism had no effect on HIV-1
acquisition and the rate of disease progression to AIDS. An et al.
included 4 patients with homozygous deletions of APOBEC3B in
their HIV-1-seropositive cohorts of 656 FEuropean and 296
African-American individuals but no homozygotes for the deletion
in their seronegative groups, which prevented a proper evaluation
of the impact of the deletion polymorphism on HIV-1 acquisition
and pathogenesis [26]. In contrast, the study conducted by Itaya
et al. in Japan utilized inappropriate enrollment [27], because the
enrolled patients were all hemophiliacs who had survived HIV-1
infection for at least 10 years prior to the study and the
information for individuals who had progressed to AIDS and
death before the enrollment date was excluded.

To examine the impact of the APOBEC3B deletion polymor-
phism on HIV-1 infection risk @ vivo, this study enrolled a
matched cohort in Japan and investigated the impact of
APOBEC3B gene intact/deletion polymorphisms on HIV-1
susceptibility and pathogenesis. In addition, we analyzed the
effects of different APOBEC3B genotypes on HIV-1 replication
kinetics #n vitro.

Materials and Methods

Sample Collection

A total of 248 Japanese HIV-1-positive men who have sex with
men (MSM) who were patients at Nagoya Medical Center
(n=203) and Osaka Medical Center (n=45) were enrolled in
this study from November 2011 to February 2013. The control
group comprised 207 Japanese HIV-1-negative MSM who were
recruited at the Nagoya Lesbian & Gay Revolution Plus NLGR+)
festival in June 2012. The study protocol was approved by the
ethics committees of Nagoya Medical Center (registration number
2011-430) and Osaka Medical Center. Written informed consent
was obtained from all the participants. The control subjects
recruited at the NLGR+ festival provided anonymous consent. To
collect information regarding their sex, nationality, age, and
sexuality, anonymous questionnaires collated with linked numbers
were obtained.

Genotyping

The APOBEC3B intact (I) and deletion (D) alleles were
genotyped using a previously reported polymerase chain reaction
(PCR) method [26] with slight modifications. Of note, the “intact
(1) in this study is used for the “insertion” that originally reported
by Kidd et al. [25]. Briefly, the primer sets for amplifying the

PLOS ONE | www.plosone.org
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Deletion and Insertion 2 fragments were the same as those
previously described [26], although one additional set of primers
for the Insertion 1 fragement was replaced by the two following
oligonucleotide primers: Insertion3_F: 5'-GAGTG-
GAAGCGCCTCCTC-3' and Insertion3_R: 5
CTCCTGGCCAGCCTAGC-3'. The QJAamp DNA Blood
Mini Kit (Qjagen, Valencia, USA) was used according to the
manufacturer’s protocol to extract genomic DNA from whole
blood (patients) or from buccal mucosa (controls).

Analysis of Viral Replication Capacity and Infectivity

Peripheral blood mononuclear cells (PBMCs) were isolated from
fresh blood samples from different HIV-1-negative donors with the
1/1 and D/D APOBEC3B genotypes (n=>5 for each) using Ficoll-
Hypaque density gradient centrifugation (Pharmacia, Uppsala,
Sweden). The PBMCs were then subjected to negative selection
with the MACS CD4 T Cell Isolation Kit (Miltenyi Biotec,
Cologne, Germany) to purify primary CD4" T cells. The cells
were activated with 1 pg/ml of phytohemagglutinin (PHA)
(Pharmacia) for 72 hours, infected with HIV-1 NL4-3 for 24
hours with a multiplicity of infection (MOI) of 0.01, washed twice,
and maintained in RPMI-1640 medium with 20% fetal bovine
serum (FBS), penicillin (50 U/ml)/streptomycin (50 pg/ml) (In-
vitrogen, Carlsbad, USA), and 20 U/ml interleukin-2 (IL-2)
(Roche Applied Science, Mannheim, Germany). The culture
supernatants were assayed for the p24 antigen using the HIV-1
p24 Antigen Assay Kit (Coulter Corporation, Fullerton, USA) on
the day of infection and on days 2, 4, 6, 8, 10, and 13 after
infection. To analyze the viral infectivity of the infected PBMGs,
culture supernatants were harvested six days post-infection and
inoculated into TZM-bl cells [29] in black 96-well plates. The viral
infectivity was assessed 48 hours post-infection by detecting B-
galactosidase activity using the Galacto-Star System (Applied
Biosystems, Foster City, USA).

Quantification of APOBEC3 mRNA

To analyze the mRNA expression levels of members of the
APOBECS3 family, unstimulated CD4" cells from three different
genotyped subjects were prepared for RNA isolation. The
induction rates of mRNA transcription for APOBEC3A or
APOBEC3G were analyzed using monocyte-derived macrophages
(MDMs). Briefly, monocytes were isolated from PBMCs from each
genotyped healthy donor using CDI14 MicroBeads (Miltenyi
Biotec). The enriched CD14" cells were plated at a cell density
of 1 x10%/ml in 12-well plates in RPMI-1640 medium (Sigma, St.
Louis, USA) with penicillin (50 U/ml)/streptomycin (50 pg/ml)
for three hours, followed by the addition of 10% FBS and 10 ng/
ml macrophage colony stimulating factor (M-CSF) (Peprotech,
Rocky Hill, USA). Adherent cells were cultured for eight days to
facilitate their differentiation into MDMs. Differentiated MDMs
either received no stimulation or were stimulated with 100 U/ml
of recombinant human interferon (IFN)-a (Sigma) for six hours
and were then lysed for RINA isolation. As previously described
[14,30], total RNA isolated using the QIAamp RNA Blood Mini
Kit (Qiagen) was used to synthesize cDNA with the SuperScript
III First-Strand Synthesis System (Invitrogen) using random
hexamers. The cDNA levels were quantified using real-time
PCR in a Thermal Cycler Dice Real Time System (TP800)
(Takara Bio, Shiga, Japan). The real-time PCR was employed to
analyze the levels of APOBECS, B-actin, and GAPDH mRNA,
and the assays were performed according to the manufacturer’s
protocol using SYBR Premix DimerEraser (Takara Bio). The
primer sets for the real-time PCR were purchased from FASMAC
Co., Ltd. (Atsugi, Japan) and the oligonucleotide sequences are
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shown in Table S1. The gene expression levels were calculated
using the AACt (Ct; cycle threshold) and are presented as the ratio
of APOBEC3 mRNA to B-actin or GAPDH mRNA.

Statistical Analysis

The relationships between APOBEC3B genotype and baseline
characteristics were assessed using the Fisher exact test for
categorical variables. The Mann-Whitney U-test was used for
continuous variables. All the statistical analyses were performed
with the statistical software EZR (Saitama Medical Center, Jichi
Medical University), which is a graphical user interface for R (The
R Foundation for Statistical Computing, version 2.13.0). More
specifically, this software is a version of R commander (version
1.6-3) modified to add statistical functions that are frequently used
in biostatistics [31]. All the p values were two-tailed. The effects of
APOBEC3B gene deletion on the disease progression of HIV-1
were evaluated based on the CD4+ T cell counts and log10 HIV-1
viral load (RNA copy number/ml) at more than two time points
before the start of antiretroviral therapy (ART). Patients whose
CD4" T cell counts and HIV-1 viral loads were measured at fewer
than two time points were excluded from the statistical analyses of
these factors. Other related infectious diseases were identified in
the patients using the following definitions. If the rapid plasma
reagin test and/or the Treponema pallidum latex agglutination
(TPHA) test were positive, the patient was considered positive for
syphilis. Patients were considered hepatitis B virus (HBV)-positive
if either hepatitis B surface antigen (HBsAg) or hepatitis B core
antibody (HBcAb) was present. In addition, patients were
considered hepatitis C virus (HCV) carriers if they tested positive
for HCV antibodies.

Results

APOBEC3B Genotype Frequencies in the Cohorts

The demographics of the HIV-1-positive and HIV-1-negative
cohorts are shown in Table 1. A total of 248 HIV-l-infected
Japanese MSM patients and 207 uninfected Japanese MSM were
enrolled and analyzed in this study. To conduct a matched cohort
study, all the participants were recruited from Nagoya and Osaka
in the central area of Japan. First, a comparative analysis of the
APOBEC3B genotype among the participants indicated that there
were no significant differences in APOBEC3B genotype frequency
between the HIV-1-positive (D/D 7.7%, I/D 44.0%, and I/1
48.4%) and HIV-l-negative (D/D 8.7%, 1/D 39.6%, and I/1
51.7%) cohorts (p=0.66) (Table 1). A comparison of the
distributions of the APOBEC3B deletion allele in the HIV-1-
positive and HIV-1-negative cohorts revealed that the D allele
occurred in the HIV-l-positive (29.6%) and HIV-l-negative
-subjects (28.5%) at comparable rates (p=0.71). We also analyzed
the ¢cDNA sequences of APOBEC3B 1 allele isolated from the
Japanese healthy donors with the 1/ or I/D genotypes (Table S1).
There was one variant (rs#2076109): K62 (allele frequency, or
AF =0.4) (E62 as the reference) although we could not detect any
other variants changing the amino acid sequences within the 15
alleles. According to the 1000 Genome database, the variant
(AF = 0.373) appears globally distributed but not limited in Japan
or Asia. In addition, we tested the antiviral effect of APOBEC3B
E62 and the variant with an overexpression system using 293T
cells (Figure S1). The results demonstrated that the E62 variant
had equivalent antiviral activity to APOBEC3B K62 in vitro. These
data suggest that the I alleles in our Japanese cohorts are not
strongly biased in terms of genetic and functional features.

Next, we analyzed the HIV-l-positive individuals for the
prevalence of HBV, HCV, and syphilis, as well as for HIV-1
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disease progression at a minimum of two time points before the
commencement of ART. The prevalence of each infectious disease
is presented in Table 2. The frequencies of the three APOBEC3B
genotypes (D/D 7.6%, I/D 45.4%, and I/1 47.0%) among the
132 HBV-positive patients were not significantly different from
those of the 94 HBV-negative individuals (D/D 9.6%, 1/D 41.5%,
and 1/1 48.9%) (p = 0.69). In addition, the APOBEC3B genotype
distributions did not differ significantly between the HCV-positive
and HCV-negative patients (p=1.00) or between the syphilis-
positive and syphilis-negative patients (p = 0.62) (Table 2).

We also assessed the rates of both CD4" T cell decline and
plasma viral load increase at different time points after the first
patient visit to the hospital prior to ART treatment. As shown in
Figure 1, the changes in the CD4" T cell counts (cells/pl/day) and
viral loads (log)g copies/ml/day) did not differ significantly
according to APOBEC3B genotype (CD4: p=0.054; viral load:
p =0.96). The data from the 46 patients (D/D 6.5%, I/D 41.3%,
and 1/1 52.2%) who began ART before the second measurement
of the CD4" T cells and viral loads were excluded from the
analysis. Of these 46 patients, 32 (D/D 3.1%, I/D 50.0%, and 1/1
46.9%) began ART shortly after their first hospital visit due to
AIDS onset; this decision was based on the domestic clinical
guidelines of the Ministry of Health, Labor, and Welfare of Japan.
There were no significant differences in the proportions of the
APOBEC3B genotypes between the patients with CD4" T cell
count and viral load data from at least two time points and the 46
patients without complete data (p=0.91). Detailed demographic
information on the HIV-1 (+) patients is shown in Table 3.
Moreover, we analyzed the non-ART periods from the first
diagnosis through the ART introduction and set two groups:
longer and shorter than median days from diagnosis to ART. As
the genotype frequencies were compared (Table 4), the results
showed no significant difference in the APOBEC3B genotype
between the two groups (p = 0.96).

Moreover, we performed deep sequencing of the HIV-I
proviral DNAs that were isolated from the I/1, I/D or D/D
patients’ PBMGs, and then analyzed the hypermutation rates on
APOBEC3-prefered dinucleotide sequences: GG>AG and GA>
AA mutations. The results showed that the hypermutation
frequencies vary among different individuals although the levels
of GA>AA hypermutation relative to the GG>AG are compa-
rable among the three APOBECSB genotypes (Figure S2). The data
suggest that the APOBECS3B is not likely a major contributor to
introduce hypermutations on the proviral DNAs in HIV-1(+)
patients’ PBMCs.

The Effects of APOBEC3B Genotype on Other APOBEC3
Expression Profiles

To assess whether the APOBEC3B gene deletion altered the
expression of the other proximal APOBEC3 genes, we compared
mRNA expression profiles in fresh, unstimulated primary CD4*
cells of each APOBEC3B genotype: D/D, I/D, and I/1. As shown
in Figure 2A, the mRINA expression levels of APOBEC3A, which
is the APOBECS family member located closest to the APOBEC3B
gene, were not significantly different between the 1/1 and D/D
genotype groups (p = 0.63), although the levels would likely vary
considerably among individuals. As expected, APOBEC3B
mRNA expression levels were not detected in the D/D subjects
(Figure 2A). The APOBEC3B mRNA levels in the I/D subjects
were somewhat lower than in the I/I subjects, although this
difference was not statistically significant (Figure 2A, p=0.12).
Moreover, the relative levels of APOBEC3C, DE, F, G, and H
mRNA were comparable among the 1/1, I/D, and D/D subjects
(Figure 2A). We also analyzed APOBEC3B mRNA levels in
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Table 1. APOBEC3B genotype frequency in HIV-1-positive patients and HIV-1-negative controls.

HIV-1

Genotype

D 82207 (39.6)

Aliele

R D
| 296/414 (71.5)

oes

44.0)

349/496 (70.4)

*Determined using the Fischer exact test.
doi:10.1371/journal.pone.0092861.t001

PBMCs isolated from healthy donors and HIV-1 seropositive
patients with or without the ART. Similar to the pattern of
APOBEC3B mRNA levels in the CD4+ T cells of three genotyped
subjects (Figure 2A), the mRNA expression is slightly lower in the
1/D genotyped PBMCs than in the I/1 whereas no detectable level
of APOBEC3B mRNA in the D/D PBMCs (Figure S3). The
different expression levels between the I/D and 1/1 PBMCs were
not statistically significant (Figure $3). Moreover, comparative
analysis showed that the APOBEC3B mRNA level of each I/1 or
I/D genotype appears relatively higher in the HIV-1 (+) patients,
regardless the ART-treatment, than in the uninfected donors.
However, the difference was not statistically significant (Figure S3).

In the APOBEC3B D allele, the APOBEC3A mRNA contains a
3'-untranslated region of APOBEC3B’s and is subject to the
upstream regulatory elements of the APOBEC3A. Thus, we further
assessed whether the degrees to which APOBEC3A and
APOBEC3G mRNA expression was stimulated by IFN-o in
MDMs differed between the APOBEC3B 1/1 and D/D genotypes.
The APOBEC3G mRNA expression was used as a control
because the gene is distal to the APOBEC3B loci on the genome. As
shown in Figure 2B, IFN-o stimulation resulted in APOBEC3A
mRNA increases in the I/1 and D/D MDMs of 1,999 1,190-fold
and 1,251 £264-fold, respectively. The APOBEC3G mRNA levels

increased upon IFN-o stimulation by 28.6%41.8-fold (I/I} and
38.9+18.0-fold (D/D). A comparison of the mRINA expression
magnitudes between the two homozygous APOBEC3B genotypes
revealed no significant differences (p=0.4 and p=0.4 for
APOBEC3A and APOBEC3G, respectively).

The Effects of APOBEC3B Genotype on HIV-1
Susceptibility in Vitro

We further analyzed the viral replication kinetics in primary
PBMC:s isolated from D/D or I/1 donors. At an MOI of 0.01, the
efficiency of HIV-1 replication was comparable between the D/D
and I/1 genotypes (Figure 3A). The p24 antigen levels in the
culture supernatant from the I/I and D/D PBMCs were
8.7+3.0x10° pg/ml and 1.3%0.2x10° pg/ml, respectively, on
day 8 (p =0.31) and 8.4+0.2x10° pg/ml and 1.320.3x10° pg/
ml, respectively, on day 6 (p =0.13). At the peak of infection (day
6), the virus-containing supernatants derived from D/D and I/I
PBMCs exhibited comparable levels of infectivity (p =0.86)
(Figure 3B). These data suggest that the different APOBEC3B
deletion genotypes are not associated with significantly different
levels of HIV-1 susceptibility  viro.

Table 2. APOBEC3B genotype frequency and clinical parameters in HIV-1-positive patients.

APOBEC3B genotype

i . D/D(%) :: B IID (%) e |I| (%) o ‘ & i p" i
HBV
 Positive . 10132(76) . 60/132(454) . 62132(470) . 069
Negative 9/94 (9.6) 39/94 (41.5) 46/94 (48.9)
e isgag ey ke
106/241 (44.0)

19/241(7.9) 116/241 (48.1)

9/i 16' (7.8) ' ' 47/'!16' (40;5)

' 60/116 (51.7) 0.6é '
 Negtive R R T
Unknown 0/1 (0) 1/1 (100) 0/1(0)
*Determined using the Fischer exact test.
doi:10.1371/journal.pone.0092861.t002
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Figure 1. Analysis of effects of genotype on parameters of HIV disease progression in the HIV-1-infected cohort. (A) Changes in CD4*
T cell counts (celis/pl/day) (n=202). (B) Changes in HIV-1 RNA levels (log;, copies/mi/day) in plasma (n=202). The box plots show data between the
25th and 75th percentiles with central horizontal lines representing the median, and with whiskers showing the 10th and 90th percentiles. The open
circles represent outliers with data >1.5-fold of the interquartile range. All the p values were determined using the Kruskal-Wallis test.

doi:10.1371/journal.pone.0092861.g001

Discussion

There is only limited information about the roles played by
APOBEC3 family members i vivo, with the exception of
APOBEC3G. Previously, two independent groups reported
conflicting conclusions regarding the impact of the APOBECSB
gene deletion on human HIV-1 infection # vivo, and this issue
remains unclear [26,27]. Therefore, to determine the effects of
different APOBEC3B genotypes on HIV-1 infection in vivo and
in vitro, we investigated the frequencies of intact and deletion
polymorphisms of the APOBEC3B gene in a matched cohort in
Japan.

The comparison of APOBEC3B genotypes in HIV-1-infected
patients and HIV-1-negative controls revealed similar APOBEC3B
genotype distributions in the two groups: D/D 7.7%, 1/D 44.0%,
and I/1 48.4% in the infected cohort versus D/D 8.7%, I/D
39.6%, and I/1 51.7% in the uninfected cohort (p=0.66). In
addition, no significant associations between the APOBEC3B
genotype and the subclinical parameters of disease progression
were observed among the HIV-1-positive patients. We also found
no differences between the mRNA expression profiles of other
APOBECS3 family members in PBMCs. Furthermore, the IFN-o-

Table 3. Demographics of the cohorts.

stimulated mRINA induction rates for APOBEC3A and APO-
BEC3G in MDMs did not differ between the D/D and I/1
genotypes. Moreover, the HIV-1 susceptibility levels in PBMCs
were comparable between the two genotypes. Considered
together, our findings suggest that the loss of APOBECS3B is not
significantly associated with HIV-1 acquisition and pathogenesis
in vwo and with HIV-1 susceptibility @ vitro, which fully supports
the results of the cohort study conducted by Itaya et al [27].
There are two possible explanations for the lack of APOBEC3B
mvolvement in HIV-1 restriction. First, the APOBEC3B protein
cannot be incorporated into viral cores. Efficient HIV-1 restriction
requires that APOBECS family proteins are packaged into virions
through associations with viral and/or nonviral RNA [1,2,28-30]
and that the proteins are localized to the plasma membrane in
virus-producing cells [31]. APOBEC3G colocalizes with HIV-
1 RNA and cellular RNA in P bodies [32] and are dispersed
throughout the cytoplasm that facilitate interactions with HIV-1
Gag proteins and their incorporation into nascent virions [1,2]. In
contrast, APOBEC3B predominantly localizes to the nucleus
[20,21,33], which may prevent its incorporation into virions.
The second possible explanation is that the low expression level
of APOBEC3B in PBMCs [22,34,35] is insufficient to block HIV-

HIV-1 Negative HIV-1 Positive
(n=207) (n=248)
Age (years), median [IQR]* 33 [26-39] 40 [36-51]
Year of diagnosis, median [IQR] ° NAP 2008 [2005-2010]
ART naive at entry, n (%) NAP 20 (8%)
CD4" cell count at entry (cells/mm?3), median [IQR] ? NAP 451 [294-534]
HIV-1 viral load at entry (copies/mL), median [IQR] ® NAP 61 [<40-410]
History of AIDS, n (%) NAP 32 (13%)
Days from diagnosis to entry, median [IQR] 2 NAP 1470 [539-2256]
Observation periods for disease progression (days), median [IQR] ? NAP 56 [28-88]
Days from diagnosis to ART, median [IQR] ? NAP 88 [38-599]
2IQR denotes interquartile range.
PNA, Not applicable.
doi:10.1371/journal.pone.0092861.t003
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Table 4. APOBEC3B genotype frequency on the days from diagnosis to ART (n=246).

days from diagnosis to ART

8 days> (%)

Genotype
b/Df L Se@Ey
I1/D ‘ ’49 (19.9')‘ -

59 (24.0)
ey

(Median days from diagnosis to ART =88 days).
*Determined using the Fischer exact test.

doi:10.1371/journal.pone.0092861.t004

1 replication, as shown in Figure 3. Similar to the HIV-1 results,
overexpressed APOBEG3B potently suppresses HBV replication
in vitro [36). However, a study by Abe et al. on the frequency of
the D/D genotype in HBV carriers demonstrated that the
APOBEC3B gene deletion was not responsible for chronic HBV
infection [37]. These data suggest that the high expression of
APOBECS3B & vitro may produce exaggerated effects on both
HIV-1 and HBYV infection i vitro.

The diagnosis date of 2 patients(each patient’s genotype is I/l and I/D, respectively.) are unknown.

naires. Because approximately 80% of the HIV-1-positive patients
in Japan are MSM [38], we investigated the effects of APOBEC3B
deletion polymorphisms on this major mode of HIV-1 transmis-
sion rather than on the two other major modes (injection drug use
and heterosexual intercourse). However, the effect of APOBEC3B
genotype is less likely to be dependent on the mode of HIV-1
transmission because APOBEC3B mRINA expression in hemato-
poietic cells is lower and less tissue-specific than that of most of the

All the participants enrolled in this study were Japanese MSM, other APOBECS family members [22,34,35].

according to the information provided on anonymous question-

A
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Figure 2. APOBEC3 mRNA expression levels depending on APOBEC3B genotype. (A) Comparison of mRNA expression levels of APOBEC3 in
CD4" cells isolated from intact (I/I), hemizygous (I/D) and deletion (D/D) individuals of healthy donors. The relative mRNA expression levels of
APOBEC3A (I/I, n=8; I/D, n=4; D/D, n=4), APOBEC3B (I/I, n=11; I/D, n=7; D/D, n=5), APOBEC3C (I/l, n=12; I/D, n=7; D/D, n=5), APOBEC3DE (/1
n=11; /D, n=9; D/D, n=5), APOBEC3F (I/l, n=12; I/D, n=7; D/D, n=5), APOBEC3G (I/l, n=12; I/D, n=7; D/D, n=5), and APOBEC3H (I/l, n=6; I/D,
n=7; D/D, n=4) were determined using quantitative RT-PCR and were normalized to GAPDH. The red (//I) or gray (D/D) dots represent the expression
levels of donors whose PBMCs were used for the in vitro kinetics of HIV-1 replication and infectivity in Figure. 3. The p values were calculated using
Welch's t-test. The error bar represents the standard error of the mean (SEM). (B) APOBEC3A (A3A) and APOBEC3G (A3G) mRNA expression levels
under basal conditions (Ctrl) and after stimulation with 100 U/ml (+IFN-a) of interferon (IFN)-o in CD14" MDMs isolated from healthy control subjects.
The black and white bars indicate D/D (n=3) and I/l (n=4) individuals, respectively. The p values were calculated with the Mann-Whitney U-test. The
error bars represent the standard deviation. n.d., not detected. Ct, cycle threshold. n.s., not significant (p=0.4 for both cases).
doi:10.1371/journal.pone.0092861.g002
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Figure 3. The kinetics and infectivity of HIV-1 depending on
APOBEC3B genotype. (A) The kinetics of HIV-1 replication in PBMCs
isolated from I/l (black dot) or D/D (gray dot) subjects (n=5 each). (B)
The infectivity values of virus-containing supernatants derived from 1/1
(black bar) and D/D (gray bar) PBMCs six days post-infection are
provided relative to the values normalized with equal amounts of p24.
The assay was performed using samples from three donors, and a
representative result is shown. The p values were calculated using
Welch’s t-test. The error bars represent the SEM.
doi:10.1371/journal.pone.0092861.g003

In the D/D genotype, APOBEC3A mRINA expressed from the
genome has a 3'-untranslated region corresponding to that of
APOBECS3B. In addition, the genomic location of the APO-
BEC3G coding region is closer to the highly IFN-responsive
transcriptional element of APOBEC34 in the D/D genome than to
in the I/I. Therefore, we evaluated whether APOBEC3B gene
deletion altered the IFN-stimulated gene induction of the other
APOBECS3 family members. Our results suggest that the 29.5-kb
genomic deletion of APOBEC3B does not significantly affect the
expression profiles of the proximal APOBEC3 family genes.
Therefore, it is unlikely that the loss of the APOBEC3B gene in
the D/D population leads to functional compensation via the
mRNA expression modulation of the other APOBEC3 family
members. Interestingly, Biasin et al. have demonstrated that
increased levels of APOBEC3G mRNA in PBMCs, (primarily
CD14" MDMs) following exposure to IFN-o correlated with HIV-
1 susceptibility both # vivo and in vitro [13]. Our results showed
that the induction magnitude of APOBEC3G mRNA upon the
IFN-o stimulation was similar between the I/T and D/D genotypes
(Figure 2B). This suggests that different HIV-1 susceptibility
observed by Basin et al. is unlikely linked to the APOBEC3B
intact/deletion genotypes.

Recent studies of tumors such as breast cancers [39-41] and
lymphomas [42] have shown that increased expression of
APOBEC3B i vivo was linked to the chronic induction of
mutations and/or instability in genomic DNA. We did not
observe any significant diagnosable HIV-associated cancers in our
short-term cohort study. It may be necessary to continue our
prospective studies for a longer period. In addition, because other
studies have suggested that APOBEC3B gene deficiency is
associated with higher susceptibility to two other ancient
pathogens, human T-cell leukemia virus type 1 [43,44] and
Plasmodium falciparum (the causative agent of malaria) [45], it would
be beneficial to further investigate the correlations between
APOBEC3B genotype and susceptibility to unknown pathogens.

Conclusions

Our analysis of a population-based matched cohort provided
important evidence that the loss of the APOBEC3B gene is not
associated with risk of HIV-1 infection and disease progression. In
addition, the i vitro kinetics of HIV-1 replication and the
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infectivity of the virus in PBMCs were comparable between the
D/D and I/T subjects. These results suggest that the APOBEC3B
antiviral mechanism plays only a negligible role in eliminating
HIV-1 in vivo. This finding may explain why HIV-1 has not
evolved a Vif-based strategy to counteract APOBEC3B restriction.
Further analyses to explore the role(s) of APOBEC3B in human
are also required in other cohorts with diverse genetic back-
grounds in Asia.

Supporting Information

Figure S1 Overexpression of two APOBEC3B variants
and the antiviral effect of the variants in vitro. (A) A DNA
fragment of the complete APOBEC3B open reading frame was
amplified by RT-PCR from each RNA sample of healthy donors
with APOBEC3B K62 (A3B K62) and E62 (A3B E62). Each of the
fragment was replaced into the APOBEC3G gene position of the
pcDNA A3G (Myc-His) WT (A3G WT) plasmid as previously
described [8]. The primer sets for amplification of APOBEC3B
cDNA were used as follows: the 1st PCR, 5'- gagcgggacaggga-
caagcg and 5'- aacccaggtctctgectice; the 2nd PCR, 5'-
tcgageggeegcatgaatccacagatcagaaatccg and 5'- cgata-
caagcttgtttcectgattetggagaatgge. The resultant APOBEC3B ex-
pression plasmids, pcDNA APOBEC3B K62 and pcDNA
APOBEC3B E62, contain a C-terminal MycHIS tag (consisting
of Myc and hexa-histidine epitopes). The sequences of both the
insert and the boundary regions for the APOBECS3B expression
plasmids were verified by DNA sequencing. The expression or
control (Vector) plasmids were transfected into human embryonic
kidney cells (HEK 293T) by using FuGENE HD (Promega,
Madison, USA). At 48 hr after transfection, cell lysates were
prepared with Laemmli buffer containig 2.5% 2-Mercaptoethanol
and analyzed by western blot. Protein bands were probed with
anti-B-tubulin rabbit polyclonal antibody (1/2,500) (ab6046,
Abcam, Cambridge, USA) or anti-His mAb (1/3,000) (D291-3,
Medical & Biological Laboratories Co., Nagoya, Japan) as
previously reported [8]. (B) The effect of two APOBEC3B
variants on HIV-1 infectivity i vitro was analyzed. For virus
production, 293T cells were cotransfected with 1 pg of pNL4-
3 WT (HIV-1 WT) or pNL4-3ui{-) (HIV-1 vf-)) plus 1 (black) or
0.1 (gray) pg of pcDNA APOBEC3B K62, pcDNA APOBEC3B
E62, pcDNA 3.1 (-) (Vector), or pcDNA A3G (Myc-His) WT.
Because it has been reported that the antviral effect of
APOBEC3B on HIV-1 i vitro can be observed when overex-
pressed in 293T cells but not T cell lines [20], we used 293T cells
for the virus production. Virus infectivity was determined using
TZM-bl cells [29]. Relative infectivity as relative light units (RLU)
was calculated by normalizing for the amount of input CA,
determined by p24 antigen ELISA (ZeptoMetrix, Buffalo, USA).
Three independent experiments were performed. Results from
one representative experiments are shown. A3G, APOBEC3G.
(TIF)

Figure S2 Quantitative hypermutation analysis of APO-
BEC3-prefered dinucleotide motifs in the proviral DNA
isolated from PBMGCs of HIV-1 (+) patients. (A) Genomic
DNAs from patients’ PBMC (n =4, for each APOBEC3B genotype
I/1, I/D, and D/D) were extracted using the QJAamp DNA
Blood Mini Kit. The proviral DNA fragments were prepared by
nested PCR using the PrimeSTAR GXL DNA Polymerase
(Takara Bio). For the first PCR, a 2,877-bp DNA fragment of
pol (RT-IN) region (nt 2,388-5,264 according to the numbering
positions of HXB2 strain, K03455) and a 1,095-bp fragment of vif’
region (nt 4,899-5,993) were independently amplified with
300 nM of each primer set: po/, DRRTIL (5'-atgatagggggaattg-
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gaggttt) and DRINIR (5'-cctgtatgcagaccccaatatg); vif, DRVIFIF
(5'-cgggtttattacagggacagceag) and DRVIFIR (5'-
getgteteegettettectgecat). For the nested PCR, a 2,735-bp (pol, nt
2,485-5,219) and an 859-bp (vif, nt 4,953-5,812) fragment were
generated using primer sets, DRRT7L (5'-gacctacacctgtcaaca-
taattgg)/DRRT7R (5'-cctagtgggatgtgtactictgaactta) and
DRVIF2F  (5'-ctctggaaaggtgaaggggcagta)/  DRVIF2R  (5'-gaa-
taatgcctattetgetatg), respectively. The resulting PCR  products
were purified with the QIAquick PCR Purification kit (Qiagen)
and quantified with the Quant-iT dsDNA BR kit (Life
Technologies). Paired-end DNA libraries were prepared using
the Nextera DNA sample prep kit (llumina, San Diego, USA)
according to the manufacture’s protocol. The DNA libraries were
sequenced on a MiSeq (Ilumina) using the MiSeq reagent kit v2 to
produce 250 bp x2 paired-end reads. The reads generated by
deep sequencing were mapped onto the reference sequence of
HXB2 strain by BWA 0.7.3a program (http://bio-bwa.
sourceforge.net). Then, sequences of a 150-base pairs-long region
were extracted and the sequences containing bases with quality
scores under 30 were omitted by our & Aouse program. (B) Among
the extracted sequences, the hypermutation types and the numbers
of the dinucletitide sequences, GG>AG (red) and GA>AA (blue),
were analyzed. In order to detect hypermutations, the unique
sequences with >5-fold coverage depth were used. The frequency
(%) of hypermutaion is shown as mutation rates per dinucleotide
(GG or GA) sequence with two color-coded scales below. The
positions of the hypermutations in each patient sample are
represented based on the nucleotide position of HXB2 strain.
Since no sequences at the 3'-end part of v (5470-5619) in sample
ID #15, 47 and 73 were mapped onto HXB2 (panel A), the
hypermutation frequency in the portion (5,485-5,619) is not
shown. (C) The cumulative histograms represent number of
hypermuated positions (y-axis) for GG>AG (red) or GA>AA
(blue) at the degree of hypermutation (%) (x-axis). Bars were
denoted for every 10% of the frequency degree.

(PDF)

Figure 83 Relative expression levels of APOBEC3B
mRNA in three different APOBEC3B genotyped subjects
of healthy donors or HIV-1-infected patients. Total RNA
samples were isolated from PBMCs of three different genotyped
subjects, intact (I/I); hemizygous (I/D); and deletion (D/D)
individuals, of healthy donors (Uninfected), or HIV-1 (+) patients
before (Naive) or after (Treated) cART. Each genotype includes 3
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Introduction

Globally, there have been an increasing number of studies
examining health and psychosocial risk factors affecting men who
have sex with men (MSM) [1]. Much of this attention has focused
on disproportionate HIV prevalence among MSM across inter-
national settings [2—4]. However, additional research has also
shown that MSM in diverse geographic regions may also
experience psychological and social vulnerabilities — such as
discrimination and interpersonal violence — which can contribute
to further health challenges in this population [5-9]. A nascent
literature has examined health outcomes in Japanese MSM. Some
of the documented health challenges among Japanese MSM
include HIV risk [10], drug use [11], and suicidal ideation and
attempted suicide [12]. Studies to date suggest a need for
enhanced understanding into the risk factors for health problems
in Japanese MSM.

Previous research has suggested that adverse behavioral and
psychosocial health indicators in Japanese MSM might be due, in
part, to exposure to social stressors [13]. For example, stigma,
homophobic abuse, and victimization are forms of social stress
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reported in MSM samples in Japan [12,13]. Experience of
homophobic stigma has been shown to be related to psychological
problems and sexual risk behaviors in MSM populations in other
parts of Asia [14-17]. This finding is consistent with minority
stress theory [18], which postulates that exposure to negative social
or interpersonal events can compromise the psychological well-
being of sexual minority individuals and thereby contribute to
higher prevalence of mental and physical health problems in
MSM.

Sexual victimization is an extreme form of social and
interpersonal stress that MSM may experience, and can contribute
to further psychological and behavioral health risks among those
who have been victimized. Sexual victimization can be defined as
any form of involuntary sexual interaction or contact with another
person, which can occur in childhood as well as in adulthood [19].
Studies have shown that MSM with a history of childhood sexual
victimization show greater sexual risk behavior in adulthood and
have higher prevalence of HIV infection compared with their
MSM peers who have not experienced sexual victimization [20].
There are few studies that have examined adult sexual victimi-
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zation experiences among men. This may be due, in part, to
underreporting of adult sexual victimization, stigma about
discussion of sexual victimization in adult men, and myths about
men’s vulnerability to sexual victimization [21]. However, a
review of research on sexual victimization in adult men found that
MSM were more likely to report experiences of adult sexual
victimization compared with heterosexual men [21]. Forced sex is
a specific type of sexual victimization that has extremely adverse
physical and mental health consequences among male victims.
Individuals with a history of forced sex can have long-term risk for
HIV, trauma, and maladaptive health risk behaviors [22].

To date, there are no known studies exploring sexual
victimization, including forced sex, among Japanese MSM and
its potential role in affecting the health and psychological well-
being in this population. To enhance understandings of the health
of Japanese MSM, the aims of this paper are to explore (i) the
prevalence of different types of sexual victimization in a large
population sample, and (ii) associations between history of forced
sex and other psychosocial and behavioral risk factors. Because
this is an understudied topic, findings from this analysis can
provide insight for future research and potentially guide interven-
tions to address the health and well-being of MSM in Japan who
have a history of sexual victimization and forced sex.

Method

Recruitment

The internet was used to recruit a diverse sample of Japanese
MSM for a study of health behaviors and well-being. The internet
has been argued to be an acceptable method for collecting large,
heterogeneous samples of hard-to-reach populations [23,24].
Internet technology can be helpful in reaching gay, bisexual,
and questioning men who are less comfortable attending
homosexual-themed venues, such as bars and nightclubs. Data
collection through the internet can also increase the opportunity
for participants to respond anonymously by avoiding face-to-face
contact [11,13], which might be a barrier to participation due to
MSM stigma in Japanese culture. Informational announcements
about the study were placed on internet websites catering to
Japanese MSM audiences. In addition to posting banners on gay-
related websites, recruitment strategies included: flyers distributed
in gay venues, announcements posted in gay organizational
newsletters as well as in gay magazines, and announcements
posted at social network websites catering to gay men. We
designed the internet banners and informational flyers in a manner
that would draw the attention of MSM, e.g., using physically
attractive male models. However, we designed a range of
recruitment media (e.g., information-only announcements without
pictures or using gay-relevant slogans and symbols) to minimize
bias associated with recruiting men solely based on their response
to sexually suggestive images. Announcements provided informa-
tion about the research project and eligibility for participation.
Potential participants were directed to an internet site to learn
more about the study. Participant inclusion criteria included: 1)
being a Japanese male who has ever had sex with men; 2) having
internet access; 3) having Japanese written language fluency.

Procedure

Participants who met inclusion criteria entered a secured
internet website to complete the anonymous online survey. The
website first presented informed consent information. If partici-
pants understood the purposes of the study and agreed to the
terms of participation, they clicked an “Agree” button, and they
then accessed the questionnaire. All items and response options
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were presented in Japanese language, and participants’ responses
were immediately saved in a firewall-protected database. To
minimize the chances that participants would complete the survey
multiple times, we examined internet protocol addresses and
internet providers encoded within the data and, if encoded
information appeared similar, checked the demographic data for
redundant information. Internet protocol addresses were deleted
before conducting analysis. Using a procedure validated previously
in an internet study of MSM in Japan, we asked participants to
define two terms that were identified through earlier formative
research as well-known colloquial expressions in the Japanese
MSM/gay community (which translated into English would mean
“gay men/gay society” and “heterosexual”) [11,13]. Data from
men who were unable to define the terms were excluded from
analysis. Data were collected between August 11 and November
30, 2005. The study protocol was approved by the Ethics
Committee of Nagoya City University School of Nursing.

In total, 6,260 participants attempted to complete the
questionnaire, 196 people were excluded due to missing data,
140 were excluded because of data duplication or because they
could not define the slang terms, 73 were excluded because they
were not males, and 120 were excluded because they did not live
in Japan.

Measures

Participants reported demographic characteristics, including
age, highest educational level, and sexual orientation (gay,
bisexual, heterosexual, undecided, unsure and other). Participants
were asked whether they had ever experienced a range of sexual
interactions against thetr will, including the following: being
undressed by another person, target of verbal sexual abuse, forced
to kiss another person, sexually touched by another person, forced
to touch the genitals of another person, forced to engage in vaginal
sex with a female, forced to engage in oral sex (with a male or
female), forced to engage in anal sex with a male, and any other
form of unwanted sexual interaction. Participants also described
whether they had ever been harassed or bullied in school by others
due to their sexuality, and whether they had close gay/bisexual
friends to whom they could confide in and close heterosexual
friends to whom they could confide in. They completed the
Japanese version of the Center for Epidemiologic Studies
Depression Scale (CES-D); participants were categorized as being
moderately depressed based on a score greater than 16 [25].
Participants also reported whether they had ever attempted
suicide. Finally, participants reported their HIV status, frequency
of condom use when engaging in anal sex, and recent
methamphetamine use.

Data analysis

Statistical analysis was conducted using SPSS v.21. First, we
described the prevalence of different types of sexual victimization,
sociodemographic variables, and self-reported psychosocial and
behavioral health variables. Second, we examined correlates of
forced sex, using chi-square tests to assess bivariate associations
and multivariable logistic regression to identify independent
associations controlling for other co-variates. Multivariable
regression analysis was based on procedures described in Hosmer
& Lemeshow [26], in which we entered into the regression model
any variable that had a moderate bivariate association with forced
sex at p<<.25. Adjusted odds ratios (ORs) and 95% confidence
intervals (95% Cls) were reported.
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Table 1. Participant characteristics and associations with history of forced sex in a sample of Japanese MSM (n=5,731).

Total Lifetime experience of forced sex

Overall

Missing
- Gay

Bisexual

Educational level

E\)ér b’eeny teased vérba!!y in"ch ’words’ks'uch asy No
“homosexual, faggot, fag”
I;:v‘er'beeﬁ ’bLAJIIiéd othér fhén Véfbai téasing ' ' N‘ow

T et s s e S

Depression in past week Not depressed

Ever attempted suicide

Went to any sex venues in 6 months No

Have close gay/bisexual friends
Have close heterosexual friends

HIV status

Ever used methamphetamine

Unprotected anal intercourse in 6 months

Yes

No university degree

R

doi:10.1371/journal.pone.0095675.t001

Results

Data from a total of 5,731 respondents are included in this
analysis (Table 1). The mean age was 30.8 years (SD=8.9,
range = 12-82), with 6.5% between 12 and 19 years old, 42.4%
between 20 and 29 years old, 35.5% between 30 and 39 years old,
11.4% between 40 and 49 years old, and 3.6% over the age of 50
(n =34 did not report their age). Over half (56.4%) of the sample
had completed a University degree. Over two-thirds (67.5%)
identified themselves as gay and 25.9% identified as bisexual. Over
half (54.5%) had been verbally teased with words such as
“homosexual, faggot, fag” and 45.1% had experienced other
forms of bullying. The majority of participants reported having
close gay/bisexual male friends (65.1%) as well as close
heterosexual friends (58.6%). Over one-third (38.8%) reported
moderate levels of depression (CES-D >16), and 14.0% had ever
attempted suicide. Overall, 5.3% identified as HIV-positive,
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48.7% reported having unprotected anal sex in the past six
months, 52.6% had visited a sex venue in the past six months, and
3.7% had ever used methamphetamines.

Prevalence of sexual victimization experiences are reported in
Table 2. Overall, 21.4% of the sample reported experiencing any
of the types of sexual victimization assessed in this survey. The
most common forms of sexual victimization included unwanted
sexual touching (16.7%), being undressed (10.5%), being forced to
kiss someone (9.6%) and being forced to touch someone’s genitals
(8.8%). A total of 500 participants (8.7% overall; 40.8% of those
who reported any sexual victimization) reported ever experiencing
any forced sex. Overall, 6.5% experienced forced anal sex, 5.9%
experienced forced oral sex, and 2.0% experienced forced vaginal
SeX.

Bivariate correlates of a history of forced sex are listed in
Table 1. Forced sex was associated with younger age, experience
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Table 2. Prevalence of different forms of lifetime sexual victimization in a sample of Japanese MSM (n=5,731).

Forms of sexual victimization n %
Undressed 600 105
Abused with obscené words 392 6.8
Forced kiss 553 : 9.6
Touched 957 16.7
Forted to touch genital part 507 88
Forced vaginal sex 113 2
Forced oral sex 338 : 59
Forced anal sex 372 6.5
Other k 215 - 38
Any forced sex (vaginal, oral, anal) 500 8.7
Any forms of sexual vicﬁmizaticn (any of above) 1,224 214 .

doi:10.1371/journal.pone.0095675.t002

of verbal teasing due to being gay, experience of other forms of
bullying due to being gay, depression, history of attempted suicide,
having close heterosexual friends, HIV-positive status, unprotected
anal sex, vising a sex venue, and history of methamphetamine use
(p<<.01).

Variables that were independently associated with a history of
forced sex are shown in Table 3. Based on multivariable regression
analysis, forced sex was shown to be significantly associated with
depression (OR = 1.55, 95% CI = 1.28-1.89), history of attempted
suicide (OR =2.25, 95% CI=1.81-2.81), experience of bullying
(OR=1.38, 95% CI=1.13-1.68), having close heterosexual
friends (OR=1.26, 95% CI=1.03-1.55), visiting a sex venue
(OR=1.27, 95% CI=1.04-1.54), having unprotected anal sex
(OR =1.56,95% CI=1.29-1.90), HIV positive status (OR = 1.57,
95% CI=1.10-2.24), and ever using methamphetamines
(OR=1.57, 95% CI=1.05-2.36).

Discussion

Over one-fifth (21.4%) of this large sample of MSM in Japan
reported experiencing at least one form of sexual victimization as
assessed in this study, and 8.7% reported a history of forced sex.
MSM who had ever experienced forced sex were significantly
more likely to report experiencing psychological risks (ie.,
depression, attempted suicide, other forms of bullying) and other
behavioral risks (unprotected anal sex, sex venue attendance,
methamphetamine use) compared with their peers who did not
experience forced sex. These cross-sectional findings suggest that
assessing for sexual victimization and addressing the consequences
of forced sex might be an important component of clinical
screenings or public health interventions related to HIV preven-
tion and mental health services for MSM in Japan.

Findings here are consistent with studies from other settings
which indicate that HIV and other health disparities affecting
MSM must be understood in the context of psychosocial stressors
and contextual factors that determine health risk behaviors among
members of this population [18]. Consequently, integrated and
holistic approaches to health care for MSM may be warranted —
particularly approaches that consider history of adverse psycho-
logical and behavioral co-factors that need intervention [1].

Capacity to provide holistic health services to MSM in Japan,
however, is currently limited. Among Japanese MSM, 80% have
not disclosed their sexual orientation to parents, thus these men
may experience difficulty seeking help from their family members.

PLOS ONE | www.plosone.org

Although poor mental health status such as depression was
apparent in this population, experience of accessing mental health
services was low [27]. These findings suggest that MSM may
experience difficulty seeking support from parents as well as in
medical care settings, potentially due to the fear of prejudice and
discrimination. Professionals such as mental care providers, nurses,
public health professionals providing HIV counseling and testing,
and clinical psychologists would benefit from improved training to
understand about the needs of this population, in order to provide
adequate professional services and support to MSM. Japanese
MSM would benefit from resources that identify health service
providers or health settings that are friendly and competent in
working with sexual minority patients and populations. Currently,
there are no known publically available resources to help MSM in
Japan identify health services in general, especially mental health
care. Development of referral networks, brochures, and websites
with information about appropriate and confidential services for
MSM is warranted.

There are notable strengths to this study. This is the first known
study of the prevalence of sexual victimization and correlates of
forced sex in Japanese MSM. Use of the internet allowed us to
recruit a large sample of MSM, and suggests the utility of internet
and social media for outreach and recruitment to MSM in Japan,
a population that might otherwise be hard to reach. Findings
expose a need for appropriate and confidential health services for
MSM, and suggest the role of sexual victimization as a
determinant of behavioral health and psychosocial problems in
this population.

Limitations to this study must be considered. First, the study
used a cross-sectional design which prevents interpretation of
causality or temporal order among variables. Second, although
this is a large MSM sample, participants were recruited using non-
representative sampling methods. Because we did not use targeted
recruitment efforts to achieve a sociodemographically representa-
tive sample, findings might not be generalizable to MSM who do
not access gay-themed internet or periodical content or men who
felt uncomfortable completing an online survey. Third, self-report
measures might have been affected by social desirability or recall
biases. Fourth, because this was an exploratory study, and the first
of its kind in Japan, we did not have access to culturally validated
measures of sexual victimization and other risk behaviors in
Japanese MSM. Although measures of sexual risk and other health
behaviors in this survey have also been reported in previous studies
of Japanese MSM [11,13], future research must better assess the
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Table 3. Multivariable regression to identify independent correlates of forced sex in a sample of Japanese MSM (n=5,731).

Lifetime experience of forced sex

Age group

Sexual orientation

Ever b"e,ér’\’ teased ‘verbaklly‘kw'ith wé'rds such as “hoymdéekual,;fygggof, fag"’

Ever been bullied other than verbal teasing =~

b cose gyl rends

Have close heterosexual friends === =

 methamphetamine

d anal intercourse in 6 months

(0.33-1.38

Missng 099 (028-350)
Gay ref.
Bisexwal 124 (100-155)

Other 0.81 (0.53-1.25)

University degree ’ (0’.84’;1,2’3)’ -
,Ng,: I e s
Yes 1 (0.9341 .39)
No ’
Yes (1.1 3—1 68)

 Notdepressed

Depressed (1.28-1.89)

No.

Yes

(1.81-2.81)

Yes (1.04-1.54)

Yes B 112 (0.90-1.38)
Yes 126 (103-155)
Positive k 1.57 (1 .1k0-’2.'24)
NO : ref :
Yes 157 (1.05-236)
: No e s - : :
Yes 156  (1.29-190)

doi:10.1371/journal.pone.0095675.t003

psychometric properties and cultural sensitivity of sexual behavior
and victimization measures for use with this population. Fifth,
most measures of sexual behavior, victimization, and other risk
behaviors in this survey assessed lifetime experience, resulting in
limited inferences about temporal windows which might affect
health risk.

Conclusion

In summary, this study highlights the role of prior sexual
victimization in contributing to the psychological and behavioral
risks of MSM in Japan. Findings reported here correspond with a
substantial literature (mostly conducted in the West) on the
associations of sexual victimization — including childhood sexual
victimization as well as adult victimization — on psychological
adjustment and future sexual risk outcomes. Efforts to address

PLOS ONE | www.plosone.org

these issues among Japanese MSM are warranted. Such efforts
must be mindful of cultural and social factors that might challenge
provision of holistic services to Japanese MSM, and which might
also present barriers to access of health service and disclosure of
problems among Japanese MSM.
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