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Expression of CCRS, a major coreceptor for human
immunodeficiency virus type 1 (HIV-1), is regulated by a
number of transcription factors. Here we report that the
YY1 transcription factor down-regulates CCR5 pro-
moter activity and that overexpression of YY1 reduces
cell surface CCR5 expression and infectibility by R5-
HIV-1. Because YY1 also down-regulates promoter activ-
ities of CXCR4, another major coreceptor for HIV-1 and
HIV-1 long terminal repeat, this transcription factor
may play a critical role in the pathogenesis of HIV-1
disease.

YY1 is a ubiquitous transcription factor that regulates a
number of cellular and viral promoters, depending on the gene
as well as the cell type in question (reviewed in Ref. 1). This
transcription factor down-regulates expression from the hu-
man immunodeficiency virus type 1 (HIV-1)! long terminal
repeat (2) as well as the promoter for CXCR4, a major corecep-
tor for X4-HIV-1 (8). Furthermore, YY1 may influence matu-
ration and uncoating of the HIV-1 virions through its interac-
tion with cyclophilin A (4). Thus, the YY1 transcription factor
may play a critical role in the pathogenesis of HIV-1 disease.

CCRS5, a receptor for the CC chemokines regulated upon
activation, normal T cell-expressed and -secreted, macrophage
inflammatory protein-le and -1 is essential for cellular entry
of R5-HIV-1 (reviewed in Ref. 5). Levels of its expression ap-
pear to be critical for infectibility by R5 HIV-1 (6) or rate of
disease progression in infected individuals (7). We have cloned
and characterized the promoter region of CCR5 and identified
several transcription factors that transactivate it (8—-10).

In this study, we demonstrate that YY1 down-regulates
CCR5 expression, and overexpression of YY1 reduces cell sur-
face CCR5 expression and infectibility by R5-HIV-1, further
emphasizing its importance in the pathogenesis of HIV-1
disease.
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EXPERIMENTAL PROCEDURES

Plasmids—Plasmids pGL-CCR5 and pGL-CCR5(—417) were de-
scribed previously (8). Plasmid pGL-CCR5 (YY1-WT) contains the
CCR5 promoter sequence spanning —607 to +61 relative to the major
transcription start site (T'SS) (8), followed by the luciferase reporter
gene in plasmid pGL3-basic (Promega Corp., Madison, WI). Plasmid
pGL-CCR5 (YY1-MT) has mutations (shown in bold letters below) at
—594 and —593 relative to the TSS on the YY1 motif (indicated by
underline) (AAAAAGATGGGAAA —AAAAAGATCCGAAA). Plasmids
pCMV-YY1 and phPES2(—327/+59), a luciferase reporter driven by
human cyclooxygenase-2 gene promoter, are generous gifts from T.
Shenk (Princeton University, Princeton, NJ) (11) and H. Inoue (Nation-
al Cardiovascular Center Research Institute, Osaka, Japan), respec-
tively (12). To construct plasmid pcDNA/GFP-YY1, the YY1 coding
region was amplified by polymerase chain reaction using forward
primer 5'-ATGGCCTCGGGCGACACCCTCTAC-3' and reverse primer
5'-TCACTGGTTGTTTTTGGCCTTAGC-3’, and cloned into pcDNA3.1/
NT-GFP-TOPO (Invitrogen). The resultant plasmid expresses green
fluorescence protein GFP-YY1 fusion protein under the control of the
human cytomegalovirus major immediate early promoter. To construct
pcDNA/GFP, pcDNA3.U/NT-GFP-TOPO was digested with Kpnl,
treated with T4 DNA polymerase, and re-ligated with T4 DNA ligase.

Cells—Peripheral blood mononuclear cells (PBMC) were obtained
from healthy volunteers (Red Cross Blood Center in Nagasaki Prefec-
ture, Japan), and CD4* T cell-enriched PBMC were propagated as
described previously (13). Where indicated, CD4* T cell-enriched
PBMC were stimulated with recombinant human interleukin-2 (IL-2)
(100 units/ml) for 7 days.

Transfection and Transient Expression Assays—Transfections of
PBMC were performed using electroporation as described previously
(14) or the Human T Cell Nucleofector™ kit (Amaxa Biosystems). In
brief, 5 X 10® PBMC were resuspended in 100 ul of Human T Cell
Nucleofector solution, mixed with a total of 5 ug of plasmid DNA, and
pulsed using the Nucleofector program U-14. Luciferase assays for
transient expression assays were performed as described previously
(14). 293 cells were transfected as described previously (13).

Gel Mobility Shift Assays—Nuclear extracts were prepared from
PBMC or 293 cells as described previously (15), and gel mobility shift
assays were performed as described previously (15). Anti-YY1 rabbit
polyclonal antibody was purchased from Santa Cruz Biotechnology
(Santa Cruz, CA). Oligonucleotides used for competition studies are
listed in Table I.

Flow Cytometric Analysis—Expression of cell surface CCR5 or CD4
was determined by staining cells with monoclonal anti-CCR5 Ab 2D7
phycoerythrin (PE)-conjugate or monoclonal anti-CD4 Ab RPA-T4 PE-
conjugate (BD PharMingen), respectively, and analyzing in FACScan
(Becton-Dickinson Immunocytometry Systems, San Jose, CA). GFP ex-
pression from pcDNA/GFP or pcDNA/GFP-YY1 was also analyzed
in FACScan. ; .

Single-round Viral Infection and Flow Cytometric Analysis for Intra-
cellular Expression of p24 Ag—The recombinant, replication-incompe-
tent virus NL4—3luc-R~E~ that had been complemented with R5 JR-FL
Env was designated NL4—3luc/JR-FL here and propagated as described
previously (13). Approximately 5 X 10 PBMC were stimulated with
hIIL.-2 (100 units/ml) for 7 days, transfected with 5 ug of pcDNA/GFP or
pcDNA/GFP-YY1, and mock-infected or infected with NL4-3luc/JR-FL
at 16 h after transfection.

For intracellular p24 Ag staining, the transfected and (mock-)infect-
ed cells were washed once in phosphate-buffered saline containing 5%
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TaBLE I
Oligonucleotides used for gel mobility shift assays

Sequences corresponding to cis-acting elements are underlined. Mutated nucleotides are shown in bold letters.

Oligonucleotide

Sequence

R5(—607/-584)
R5(—-607/-584)-MT
R5(—786/-763)
YY1-C

STAT-C

5'-TCCAGAAAAAGATGGGAAACCTGT -3’
5'-TCCAGAARAAGATCCGAAACCTGT-3’

5'-TGAACTTGACCATATACTTATGTC -3’
5'-CGCTCCGCGGCCATCTTGGCGGCTGGT -3

5'-GTATTTCCCAGAAAAGGAAC-3'

>
i~

Fig. 1. YY1 down-regulates CCR5
promoter. A, nuclear extracts were pre-
pared from 40 X 10° PBMC that had been
transfected with pcDNA3.1 (lane 2) or
pCMV-YY1 (lanes 3-6), or from 293 cells
that had been transfected with pcDNA3.1
(lane 8) or pCMV-YY1 (lane 9). Gel mobil-
ity shift assay was performed with those
nuclear extracts and YY1-C as a probe.
Lanes 1 and 7 represent probe alone.
Where indicated, anti-YY1 rabbit poly-
clonal antibody (lane 5) or control rabbit
serum (lane 6) was added to the reaction.
FP indicates free probe. An arrow indi-
cates the YY1 complex. A bracket indi-
cates nonspecific complexes that ap-
peared variably among experiments (data
not shown) and were not disrupted by an-
ti-YY1 antibody (lane 5). B, five million
CD4™ T cell-enriched PBMC were trans-
fected with 2.5 pg of pGL-CCR5 along

:
g
:

PBMELYY1)

|

with the indicated amount of pPCMV-YY1 Cr
and/or pcDNA3.1. Luciferase assays in
the transfected cell lysates were per-
formed 24 h after transfection. Reporter 6
activity was shown as luciferase activity
relative to that without pCMV-YY1 co- 2 5 1
transfection. Results are reported as 5
means = S.E. from three independent ex- =
periments. C, five million CD4* T cell- 5 4
enriched PBMC were transfected with 2.5 -E"
pg of pGL-CCR5, pGL-CCR5 (—417), or 8§ 31
phPES2(—327/+59) along with 2.5 pg of z
pCMV-YY1 or pcDNAS3.1. Luciferase ac- &
tivity was shown as arbitrary light units. 2
Results are reported as means * S.E.
from three independent experiments. 1

(]

male AB human serum (Sigma) and 0.04% sodium azide. The cells were
fixed and permeabilized using the Cytofix/Cytoperm kit (BD PharMin-
gen), washed twice with the wash buffer provided by the manufacturer,
and resuspended in 50 ul of a 1:150 dilution of mouse anti-HIV-1 p24
monoclonal Ab PE conjugate (KC57; Coulter, Inc., Miami, FL). After a
30-min incubation in dark on ice, the cells were washed twice and
analyzed in FACScan for GFP and p24 expression.

RESULTS

Overexpression of YY1 Down-regulates CCR5 Promoter—Be-
cause we and others have demonstrated that the YY1 tran-
scription factor mediates a variety of effects on HIV-1 infection,
we wanted to investigate whether this transcription factor
plays a role in CCR5 expression on CD4™" T cells, a target for
HIV-1. First, we transfected CD4" T cell-enriched PBMC or
293 cells with pGL-CCR5 along with pCMV-YY1 or control
plasmid. Gel mobility shift assay using YY1-C oligonucleotide
(Table I) containing the YY1 consensus binding site demon-
strated that the endogenous level of YY1 expression in PBMC
or 293 cells was increased by transfection with pCMV-YY1

5
7
3
£
of

S B
3 £
3 3
£ NE § 100
=
Z
oz
(X3 80
<
(0]
2]
] ,
3z 804
T
=3
]
9]
2 40 1
[
&
20
& FP
Q
78 pCMV-YY1 ©¢ 02 1 5
pcDNA31 & 4.8 4 [t}
Ll pcDNAZ.1
B HEMV-YV1

pGL-CCR5  pGL-CCR5(-417) phPES2(-327/+59)

(Fig. 1A). Overexpression of YY1 down-regulated CCR5 pro-
moter activity in a dose-dependent manner (Fig. 1B); however,
truncation of the CCR5 promoter region down to —417 relative
to the TSS resulted in much reduced responsiveness to YY1
(Fig. 10), suggesting that a region upstream from —417 rela-
tive to the TSS contains a YY1-responsive element(s). In con-
trast, YY1 had little, if any, effect on cox-2 promoter activity
(Fig. 1C).

Identification of a YY1 Binding Element on the CCR5 Pro-
moter—By scanning the DNA sequence, we found two candi-
date sites for YY1 binding on the CCR5 promoter region up-
stream from —417 relative to the TSS. Gel mobility shift assays
demonstrated that one of the two, spanning from —607 to —584
relative to the TSS, can form a DNA-protein complex that was
disrupted by the YY1 consensus oligonucleotide (Fig. 24, lanes
7 and 8). Unlabeled R5(—607/—584) oligonucleotide, but not
R5(—607/—584)-MT in which the putative YY1 site was mu-
tated (Table I), also disrupted the DNA-protein complex forma-
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Fic. 2. YY1 binds to CCR5 pro-
moter. A, gel mobility shift assays and
competition studies. R5(—607/—584)
probe was incubated with PBMC nuclear
extracts in the presence of a 50- (lanes 3,
5, 7, and 9) or 500-fold (lanes 4, 6, 8, and
10) molar excess of non-labeled oligonu-

R5(-607/-584)

13005

:antiserum

control
Anti-YY1

:competitors B

R5(-607/-584)-MT

YYi-C
STAT-C

cleotides (see Table I), indicated above the

figure as competitors. Lane I represents
probe alone. Lanes 2-10 represent reac-
tions in the presence of PBMC nuclear
extracts. FP indicates free probe. An ar-
row indicates the YY1 complex. B, gel-
shift interference analysis with anti-YY1
antibody. The reaction mixture for bind-
ing between R5(—607/—-584) oligonucleo-
tide and PBMC extracts was incubated
with either normal rabbit serum (lane 2)
or anti-YY1 rabbit polyclonal antibody
(lane 3). The solid arrow indicates the
YY1 complex, which was disrupted by an-
ti-YY1 antibody (lane 3), but not control &

ey | 4@

e | @

FP FP

L1,

serum (lane 2).
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Unstimulated IL-2

Fold Reduction

pGL-CCR5(YY1-WT) pGL-CCR5(YY1-MT)

Fic. 3. YY1 down-regulates CCR5 promoter. A, effect of YY1 site
mutation on CCR5 promoter activity. CD4™ T cell-enriched PBMC were
unstimulated or stimulated with IL-2 (100 units/ml) for 7 days and
transfected with 2.5 ug of pGL-CCR5(YY1-WT) or pGL-CCR5(YYI-MT).
Reporter activities are shown as arbitrary light units. Results are
reported as means * S.E. from three independent experiments. B, the
YY1 motif on the CCR5 promoter mediates YY1-mediated transrepres-
sion. Five million CD4™ T cell-enriched PBMC were transfected with
2.5 pg of pGL-CCR5(YY1-WT) or pGL-CCR5(YY1-MT) along with 2.5 pg
of pCMV-YY1 or pcDNA3.1. Fold reduction indicates luciferase activity
relative to basal promoter activity (pcDNAS3.1 co-transfection). Results
are reported as means * S.E. from three independent experiments.

tion (Fig. 24, lanes 3-6). Anti-YY1 antibody specifically dis-
rupted DNA-protein complex formation (Fig. 2B, lane 3),
indicating that this complex contains YY1. On the contrary,

123456 78910 1

2 3

pcDNAGFP pcDNAGFP-YY1

-

0.34% k3

lsctype

6.33%

v
w

4.17%

Fic. 4. Overexpression of YY1 reduces cell surface expression
of CCRS. Five million CD4* T cell-enriched PBMC were stimulated
with IL-2 for 7 days and transfected with 5 pg of pcDNA/GFP (left
panels) or pcDNA/GFP-YY1 (right panels), stained with IgG2a PE (up-
per panels) or anti-CCR5 PE (lower panels), and analyzed in FACScan.
The dot blot shows green fluorescence intensity (GFP or GFP-YY1
expression) in x-axis and PE color intensity (CCR5 expression) in y-axis.
Results are representative of three independent experiments.

R5(—786/—763) probe, spanning from —786 to —763 relative to
the TSS, could not form the YY1 complex (data not shown).
Mutation on the YY1 Binding Site Markedly Reduces YY1-
mediated Down-regulation of CCR5 Promoter—To demonstrate
that the aforementioned YY1 binding site is functional, YY1
effects on pGL-CCR5 (YY1-WT) or pGL-CCR5 (YY1-MT) in
which the YY1 site is mutated were compared. Mutations on
the YY1 site had minimal effect on basal activity of the CCR5
promoter but significantly inhibited CCR5 promoter activity
induced by IL-2 stimulation (Fig. 3A) or phorbol myristate
acetate plus ionomycin (data not shown). Thus, endogenous
YY1 may play an important role in down-regulating the CCR5
promoter in cells that were stimulated to induce CCR5 expres-
sion, but not in unstimulated cells. YY1 potently down-regu-
lated reporter activity of pGL-CCR5 (YY1-WT) by more than
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pcDNA/GFP pcDNAGFP-YY1

22% o

Fic. 5. Overexpression of YY1 re-
duces infectibility of cells by R5-
HIV-1. CD4* T cell-enriched PBMC were
stimulated with IL-2 for 7 days and trans-

Mock-infected ~

fected with pcDNA/GFP (left panels) or
pcDNA/GFP-YY1 (right panels) and, 16 h
later, mock-infected or infected with
NL4-3luc/JR-FL. The cells were stained
with anti-HIV-1 p24 Ab-PE or IgGl PE =

0.9%

2.5%"%; 0.8%

(data not shown). The dot blot shows
green fluorescence intensity (GFP-YYI
expression) in x-axis and PE color inten-
sity (p24 expression) in y-axis. Results are
representative of three independent
experiments.

44.0% ]

HIV-infected &)

21%

13.1%

10-fold; however, mutations on the YY1 site markedly reduced
YY1 suppression of reporter activity (less than 3-fold reduction)
(Fig. 3B). These results suggest that the YY1 binding site is
functional and plays a critical role in YY1-mediated down-
regulation of the CCR5 promoter. Although residual respon-
siveness of pGL-CCR5 (YY1-MT) to YY1 may imply the pres-
ence of other YY1 binding site(s) on the promoter, we could not
find any sequence resembling the YY1 motif.

Overexpression of YY1 Down-regulates Cell Surfoce Expres-
ston of CCR5—As shown above, the YY1 transcription factor
can down-regulate the CCR5 promoter; however, it is well
known that YY1 can mediate totally different effects, depend-
ing upon promoter constructs and cell types to be tested. To
demonstrate whether cell surface expression of CCR5 is actu-
ally down-regulated by YY1, we overexpressed YY1 by trans-
fecting CD4™ T cell-enriched PBMC with pcDNA/GFP-YY1 and
determined cell surface expression of CCR5 or CD4 by flow
cytometry. Like pCMV-YY1, pcDNA/GFP-YY1 down-regulated
reporter activity from pGL-CCR5 when co-transfected (data not
shown). After a 7-day stimulation with IL-2, more than 30% of
CD4™ T cell-enriched PBMC expressed CCR5 (Fig. 4, lower
panels; data not shown). GFP-positive cells expressed CCR5 at
levels comparable with GFP-negative cells after pcDNA/GFP
transfection (Fig. 4, left panels). However, significantly fewer
GFP-positive cells expressed CCR5 after pcDNA/GFP-YY1 trans-
fection (Fig. 4, right panels). Thus, overexpression of YY1
appears to reduce cell surface expression of CCR5. On the con-
trary, CD4 expression on GFP-positive cells after pcDNA/GFP
transfection (94%; mean fluorescence intensity 36.9) was com-
parable with that on GFP-positive cells after pcDNA/GFP-YY1
transfection (93%; mean fluorescence intensity 34.0).

Overexpression of YY1 Decreased Infectibility by R5-HIV-1—
Having had the aforementioned results, we wanted to deter-
mine whether overexpression of YY1 could inhibit HIV-1 infec-
tion. Because YY1 has variable effects depending upon cell type
and because continuous and strong expression of YY1 is toxic to
cells (data not shown), YY1 was transiently overexpressed in
IL-2-stimulated, CD4™ T cell-enriched PBMC by transfection
with pcDNA/GFP-YY1. The transfected cells were then mock-
infected or infected with NL4-3luc/JR-FL that is competent
only for a single-round infection. HIV-1 infection was demon-

10 1w o

Possible Anti-HIV-1 Activities Mediated by YY1

HIV-1 Replicative Cycle YYI1-Mediated effects

Entry : Down-regulation of CCR5 / CXCR4
} expression
Uncoating : Inefficient uncoating due to lack of
| cyclophilin A in virion

Reverse Transcription / Nuclear
Translocation / Integration

§

Transcription

y

Translation

!

Assembly / Maturation : Block to incorporation of cyclophilin
! A into virion, leading to inefficient
i i t cycl
Budding uncoating during the next cycle

FiG. 6. Possible anti-HIV-1 activities mediated by YY1.

: Down-regulation of LTR activity

strated by intracellular p24 Ag staining. As shown in Fig. 5,
GFP-positive cells expressed p24 at levels comparable with
GFP-negative cells after pcDNA/GFP transfection (Fig. 5, left
panels). In contrast, many fewer GFP-positive cells expressed
p24 after pcDNA/GFP-YY1 transfection (Fig. 5, right panels).
Thus, overexpression of YY1 appeared to render CD4* T cells
less infectible by R5-HIV-1.

DISCUSSION

In this study we have demonstrated that the YY1 transcrip-
tion factor can down-regulate expression of CCR5 at the pro-
moter level. Levels of CCR5 expression appear to correlate well
with infectibility of CD4™" T cells by R5 HIV-1 (6) and rate of
disease progression (7). Expression of CCR5 appears to be
highly regulated by a number of cytokines, cell activation, or
differentiation (16—20). At the promoter level, several tran-
scription factors have been demonstrated to up-regulate CCR5
expression, including p65 (RelA) (21), C/EBP-3 (22), GATA-1
(9), and Octamer (10). The present study has extended our
understanding of the molecular mechanism of regulation of
CCR5 prometer activity by adding YY1 as the first transcrip-
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tional repressor of the promoter. We further demonstrated that
overexpression of YY1 actually down-regulates cell surface
CCRS5 expression and infectibility by R5-HIV-1.

We have previously demonstrated that YY1 down-regulates
the promoter for CXCR4, another major co-receptor for HIV-1
(3). YY1 is also known to down-regulate the HIV-1 long termi-
nal repeat promoter (2). Furthermore, YY1 associates with
cyclophilin A, which may be critical for maturation and uncoat-
ing of HIV-1 virions through its interaction with Gag (4). Taken
together with the present study, it is reasonable to consider
that the YY1 transcription factor plays important roles in the
pathogenesis of HIV-1 disease (Fig. 6). Further investigations
to delineate the molecular and cellular mechanisms that regu-
late expression of HIV coreceptors and to develop therapeutic
interventions using anti-HIV-1 host factor(s) such as YY1
are warranted.
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IN VITRO REACTIVATION OF HUMAN IMMUNODEFICIENCY VIRUS-1 UPON
STIMULATION WITH SCRUB TYPHUS RICKETTSIAL INFECTION
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Department of Molecular Microbiology and Immunology, Nagasaki University Graduate School of Biomedical Sciences, Nagasaki,
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Abstract.

While a number of microbial infections induce a transient burst in viral load in individuals infected with

human immunodeficiency virus-1 (HIV-1), a recent study has suggested that scrub typhus may suppress HIV-1 infection.
We investigated the effects of Orientia tsutsugamushi on HIV-1 infection. In vitro HIV-1 infection experiments were
conducted using peripheral blood mononuciear cells (PBMC) acutely infected with RS and X4 HIV-1 or PBMC derived
from patients receiving highly active antiretroviral therapy (HAART) whose plasma viral load was undetectable.
Stimulation of PBMC with O. tsutsugamushi induced production of proinflammatory cytokines and B-chemokines, and
markedly down-regulated expression of CCRS. Although pretreatment with O. tsutsugamushi rendered PBMC resistant
to RS HIV-1, it otherwise enhanced HIV-1 replication. Stimulation by O. tsutsugamushi induced HIV-1 replication in
PBMC from patients receiving HAART. These findings suggest that scrub typhus does not necessarily suppress HIV-1
infection and does have potential to enhance HIV-1 replication.

INTRODUCTION

Immune activation or perturbation of cytokine networks -

following microbial coinfections generally increases human
immunodeficiency virus-1 (HIV-1) viremia. However, Watt
and others have recently reported the possible HIV-1-
inhibitory effects of scrub typhus,' which is an acute febrile
disease that is endemic in tropical Asia where HIV-1 infection
is also prevalent. Their hypothesis is intriguing but also re-
mains somehow speculative, partly because of difficulty in
conducting a prospective and well-controlled clinical study in
Thailand, as well as a lack of precise laboratory data support-
ing their hypothesis. We investigated effects of Orientia tsut-
sugamushi infection on in vitro HIV-1 infection of peripheral
blood mononuclear cells (PBMC).

MATERIALS AND METHODS

Cells. The PBMC were isolated from healthy volunteers
who were not infected with HIV, as described previously.?
Resting CD4" T cells were isolated from HIV-1-infected in-
dividuals whose plasma viral RNA was undetectable upon
receiving highly active antiretroviral therapy (HAART), as
described previously.>*

Viruses and rickettsiae. Virus stocks were prepared by
transfecting 293 cells with the following HIV-1 infectious mo-
lecular clones:> ADS (subtype B, RS), YU-2 (subtype B, R5),
NLA4-3 (subtype B, X4), ELI1 (subtype B, X4), 89.6 (subtype
B, R5X4), and 93JP-NHI1 (subtype E, R5X4). The proinflam-
matory cytokines tumor necrosis factor- o (TNF-a) and in-
terleukin-18 (IL-1B), as well as the B-chemokines regulated
upon activation normal T cell expressed and secreted
(RANTES) protein and macrophage inflammatory protein-
1B, were not detected in these virus stocks.

Cell-free stocks of O. tsutsugamushi strains Karp or Kuroki
were propagated in 1.929 cells.’ In certain experiments, O.
tsutsugamushi stocks were pretreated at 56°C for 60 minutes.
Rickettsial replication was not detected by the 1.929 cell cul-
ture method.

Infections. For acute infection experiments, PBMC derived
from healthy volunteers were mock-infected or infected with
cell-free stocks of O. tsutsugamushi strains Karp or Kuroki,
and then infected with HIV-1 stocks. Inocula were standard-
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ized by reverse transcriptase (RT) activity (10,000 cpm per 4
x 10° cells, as determined by RT assays). Viral replication was
monitored by RT activity in cell-free culture supernatants.”
For reactivation experiments, PBMC derived from patients
receiving HAART were mock-infected or infected with the
Karp strain, and viral replication was monitored by measuring
p24 antigen levels in cell-free culture supernatants.>*

Single-round viral replication assays. A replication-
incompetent luciferase-reporter recombinant virus NL4-3luc-
R™E~ was pseudotyped with envelope (env) protein from R5
HIV-1 JRFL or X4 HIV-1 HXB2.?> The PBMC were not
treated, pretreated, or post-treated with the Karp strain (live
or heat-inactivated) or supernatants from O. tsutsugamushi
(Karp strain)-infected autologous PBMC, and luciferase ac-
tivity in the infected cell lysates was determined.”

Flow cytometry. Cell surface expression of CCRS and
CXCR4 was demonstrated by staining cells with phycoeryth-
rin-conjugated anti-CCR5 monoclonal antibody 2D7 and
anti-CXCR4 monoclonal antibody 12G5 (R&D Systems,
Minneapolis, MN) and analyzed by FACScan (Becton-
Dickinson Immunocytochemistry Systems; San Jose, CA).?

Transient expression assays. Forty million PBMC were
transfected with 40 pg of pGL-HIV-1-LTR (a luciferase re-
porter under the control of the HIV-1 long terminal repeat
[LTR]) along with 10 pg of pSV2-CAT or pSV2-Tat (encod-
ing HIV-1 Tat), and luciferase activity in the transfected cells
was determined, as described previously.?

Enzyme-linked immunosorbent assay (ELISA). Levels of
cytokines were determined by commercially available ELISA
kits, according to the manufacturer’s instruction (R&D Sys-
tems).

RESULTS

Dichotomous effects of O. tsutsugamushi on in vitro
HIV-1 infection. In acute HIV-1 infection experiments,
PBMC were infected with O. tsutsugamushi, and then in-
fected with R5 HIV-1 {which uses chemokine receptor CCRS
to infect the cell), X4 HIV-1 (which uses CXCR4), or R5X4
HIV-1 (which uses both CCRS and CXCR4). Stimulation
with O. tsutsugamushi consistently enhanced infection with
X4 or R5X4 HIV-1, irrespective of subtypes B or E (Figure
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FIGURE 1. Dichotomous effects of Orientia tsutsugamushi on in vitro replication of human immunodeficiency virus-1 (HIV-1). Infection with
O. tsutsugamushi enhanced replication of X4 HIV-1 (A, NL4-3 and B, ELI1) and R5X4 HIV-1 (C, 89.6 and D, 93JP-NH1), but suppressed
replication of R5 HIV-1 (E, AD8 and F, YU-2). Peripheral blood mononuclear cells were uninfected (squares) or infected (cireles) with the O.
tsutsugamushi Karp strain for 24 hours prior to HIV-1 infection, and HIV-1 replication was monitored by reverse transcriptase (RT) assays.

Similar results were obtained using the Kuroki strain of O. tsutsugamushi.

1A-D). However, the R5 HIV-1-inhibitory effect of O. tsut-
sugamushi was not consistent; it either suppressed (Figure 1E
and F and donors 1, 3, and-5 in Table 1) or enhanced (donors
2 and 4 in Table 1) replication of R5 HIV-1. Cell viability of
O. tsutsugamushi-stimulated cultures, as judged by trypan
blue staining, was similar to that of unstimulated cultures.
These results suggested that O. tsutsugamushi has several dif-
ferent activities against HIV-1 infection.

To more precisely delineate how O. fsutsugamushi can
modulate HIV-1 infection, we performed single-round viral
replication assays in which PBMC were uninfected or infected
with O. tsutsugamushi prior to or after HIV-1 infection. In
these assays, pretreatment with O. fsutsugamushi suppressed
RS3, but not X4 HIV-1 infection (Figure 2). In contrast, post-
treatment enhanced HIV-1 infection, irrespective of corecep-
tor usage (Figure 2). Heat-inactivated O. tsutsugamushi had
effects similar to those of live O. tsutsugamushi stocks (Figure
2). Thus, O. rtsutsugamushi appeared to inhibit CCRS5-
mediated cellular entry of R5 HIV-1 and facilitate the post-
entry viral replicative cycle. In addition, the productive rep-
lication of O. tsutsugamushi is not necessary for its effects.

Down-regulation of CCRS5 expression by O. fsuisuga-
mushi. Since the level of CCRS expression correlates well
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with infectability of cells with RS HIV-1, we hypothesized
that O. tsutsugamushi infection leads to down-regulation of
CCRS5 expression. Flow cytometry studies have clearly
proven our hypothesis: O. tsutsugamushi infection down-
regulated CCRS expression (Figure 3 and Table 1) but had
little effect on CXCR4 expression.®

Up-regulation of HIV-1 LTR activity by O. tsutsugamushi.
Next, we investigated how O. tsutsugamushi infection en-

TaBLE 1

CCRS5 expression and infectability by R5 human immunodeficiency
virus-1 (HIV-1) of peripheral blood mononuclear cells (PBMC)
stimulated with Orientia tsutsugamushi*

CCRS expression (%) RS HIV-1 infectability (cpm/pL)

Donor Unstimulated Stimulated Unstimulated Stimulated
1 5.1 <0.5 2,460 480
2 6.8 11 1,980 4,230
3 24 <0.5 2,690 140
4 0.8 <0.5 120 710
5 3.6 <0.5 2,360 220

* Cell surface CCR5 expression was determined by flow cytometry 24 hours after stimu-
lation of PBMC from five donors with the O. tsutsugamushi Karp strain. Peak reverse
transcriptase titers in infection of unstimulated or stimulated PBMC with HIV-1 AD8 are
shown as RS HIV-1 infectability. Results in donor 1 are also shown in Figures 1E and 3.
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FIGURE 2. Differential effects of Orientia tsutsugamushi (OT) on
R5 human immunodeficiency virus-1 (HIV-1) infection before and
after cellular entry. Pretreatment with O. tsutsugamushi suppressed
RS5 HIV-1 infection, while post-treatment enhanced HIV-1 infection.
A replication-incompetent luciferase-reporter recombinant virus
pseudotyped with envelope (env) protein from RS HIV-1 JRFL or
X4 HIV-1 HXB2 was infected into peripheral blood mononuclear
cells (PBMC). The PBMC were not treated, pretreated (pre), or
post-treated (post) with the O. tsutsugamushi Karp strain (live or
heat-inactivated), and luciferase activity in the infected cell lysates
was determined. Fold induction indicates luciferase activity relative
to that of a control (unstimulated) experiment. Results (mean x SD)
of triplicate experiments are shown.

hanced post-entry HIV-1 replication. In transient expression
assays using PBMC, HIV-1 LTR promoter activity from pGL-
HIV-1-LTR was markedly enhanced by stimulation with O.
tsutsugamushi infection (Figure 4). Thus, increased viral rep-
lication resulted, at least in part, from up-regulation of viral
transcription.

Mediation of the effects of O. tsutsugamushi infection on
HIV-1 infection through soluble activity. In good agreement
with previous studies demonstrating that O. tsutsugamushi
infection induces production of a number of cytokines includ-
ing TNF-a, interferon-y (IFN-y), and B-chemokines,”® levels
of TNF-a, IFN-y, and RANTES protein in cell-free superna-
tants of O. tsutsugamushi-infected PBMC were 645 pg/mL,
170 pg/mL, and 8,350 pg/mL, respectively, while uninfected
cells released < 15.6 pg/mL of TNF-a, <15.6 pg/mL of IFN-y,
and 120 pg/mL of RANTES protein, respectively. Although
proinflammatory cytokines such as TNF-a have been shown
to transactivate HIV-1 LTR activity, IFN-y and RANTES
protein have dichotomous effects on HIV-1 replication, de-
pending upon cell types and/or virus strains.? To demonstrate
that soluble activity mediated by those cytokines plays a criti-
cal role in modulating HIV-1 infection of O. tsutsugamushi-
infected PBMC, cell-free supernatants were collected from O.
tsutsugamushi-infected PBMC. Autologous uninfected
PBMC were ireated with the supernatants along with minocy-
cline (5 pg/mL) to prevent replication of O. tsutsugamushi
prior to or after infection with HIV-1. Minocycline did not
influence HIV-1 infection at the concentration used in this
study. As shown in Figure 5, soluble factors derived from O.
tsutsugamushi-infected cells had similar effects on HIV-1 in-
fection to O. tsutsugamushi infection per se.

In vitro reactivation of HIV-1 upon stimulation with O.
tsutsugamushi. Finally, we tested whether stimulation with O.

tsutsugamushi can induce HIV-1 replication from PBMC de-
rived from HIV-1-infected individuals whose plasma viral
RNA was undetectable after HAART. Apheresis to obtain
PBMC was performed according to protocol approved by the
National Institute of Allergy and Infectious Diseases Institu-
tional Review Board (Bethesda, MD). The CD8* T cells and
HLA-DRY cells were depleted by Dynabeads (Dynal, Lake
Success, NY) CD8 and HLA-DR, and there were less than
0.1% HLA-DR"CD4" T cells (activated CD4™* T cells) in the
remaining PBMC preparations. These cells did not release
HIV-1 p24 antigen without any stimulation; however, stimu-
lation with phytohemagglutinin plus IL-2 induced in vitro
HIV-1 replication in all patients tested (Table 2). When these
cells were stimulated with O. tsutsugamushi, HIV-1 replica-
tion was induced in two of the four patients tested (Table 2).
Thus, O. tsutsugamushi stimulation appears to have capability
of inducing HIV-1 replication in patients whose plasma vire-
mia is undetectable.

DISCUSSION

Orientia tsutsugamushi is a gram-negative bacillus that is an
obligate intracellular parasite, and is distributed in many
Asian countries and Pacific islands. Since HIV-1 infection is

=5 Control

02 108 104
" 0. tsutsugamushi
162 163 ’ ”””1'[)‘5I

— CCR5

FIGURE 3. Down-regulation of expression of CCR5 by infection
with Orientia tsutsugamushi. Peripheral blood mononuclear cells
were infected with the Karp strain, and 24 hours later cell-surface
expression of CCR35 was determined by flow cytometry using a mono-
clonal antibody (2D7) to CCRS. Staining with an isotype control
(shaded areas) and with the monoclonal antibody to CCR5 (solid
lines) are shown.

—158~—



560 MORIUCHI AND OTHERS

4
Control
0. tsutsugamushi
3
&
=
=
=
=
] 2 b
e
e
=
<[
;

pSV2CAT  pSV-Tat

FiGURe 4. Up-regulation of human immunodeficiency virus-1
(HIV-1) long terminal repeat (LTR) activity by Orientia tsutsuga-
mushi. Peripheral blood mononuclear cells were transfected with
pGL-HIV-1-LTR along with pSV2CAT or pSV-Tat, and stimulated
with O. sutsugamushi. Luciferase activity in the transfected cell ly-
sates was determined two days after transfection. Results (mean +
SD) of triplicate experiments are shown.

also endemic in some of these areas, interaction between the
two microorganisms may have clinical significance. In this
regard, a recent study from Thailand has reported that acute
scrub typhus infection may suppress HIV-1 infection,' which
is in striking contrast to many other microbial coinfections
that generally result in enhanced replication of HIV-1.° How-
ever, difficulty in conducting a prospective and well-
controlled clinical study in Thailand, as well as the lack of
precise laboratory data supporting their hypothesis, has re-
sulted in substantial controversy.

Our in vitro study has suggested that O. tsutsugamushi in-
fection had impacts on HIV-1 infection in several different
ways, and that the net effect depends upon the balance of
positive and negative factors. Difference in the net effects
observed among different donors is intriguing and deserves
further evaluation. Our preliminary data suggest that a num-
ber of host factors are involved in such variability (Moriuchi
M, Moriuchi H, unpublished data). For example, while up-
regulation of HIV-1 expression from the LTR promoter sec-
ondary to proinflammatory cytokine production would ben-
efit HIV-1 infection, down-regulation of CCRS5 expression as
well as production of chemokines would inhibit HIV-1 entry.
Activation of LTR by microbial stimulation has been dem-
onstrated in a variety of other co-infections.” We have previ-
ously reported similar dichotomous effects of bacterial cell
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FIGURE 5. Mediation of the effects of infection with Orientia tsut-
sugamushi on human immunodeficiency virus-1 (HIV-1) infection
through soluble activity. Peripheral blood mononuclear cells (PBMC)
were infected with a replication-recombinant virus pseudotyped with
envelope (env) protein from R5 HIV-1 JRFL or X4 HIV-1 HXB2.
The PBMC were not treated, pretreated (pre), or post-treated (post)
with supernatants from autologous PBMC infected with the O. tsut-
sugamushi Karp strain, and luciferase activity in the cell lysates was
determined. Fold induction indicates luciferase activity relative to
that of a control (untreated) experiment. Results (mean + SD) of
triplicate experiments are shown.

wall components such as lipopolysaccharide (LPS) of gram-
negative bacilli, lipoteichoic acid of gram-positive cocci, and
lipoarabinomannan of mycobacteria on HIV-1 infection.?
Our results in the present study were not unexpected, since O.
tsutsugamushi contains LPS in its cell wall structure, although
rickettsial LPS generally has weaker endotoxin activity than
that of other gram-negative bacilli. Thus, although it is still
possible that in vivo infection with O. tsutsugamushi may have
substantially distinct effects on HIV-1 infection, our in vitro
study suggests that scrub typhus does not necessarily suppress
HIV-1 infection and does have potential to enhance HIV-1
replication.

Interactions between HIV and other microbes do not ap-
pear to be simple. Recently, measles infection has been shown
to suppress HIV viremia in patients,’® and we have also dem-
onstrated that malaria parasites may suppress HIV-1 infec-

TABLE 2

In vitro reactivation of human immunodeficiency virus-1 (HIV-1)
upon stimulation with Orientia tsutsugamushi*

p24 (pg/mL)
CD4+ Tcells HIV-1 RNA
Patient (/uL) copies (/fmL) Unstimulated O. g hi PHA/IL-2
1 303 <50 <18 <718 54
2 238 <500 <7.8 27 55
3 601 <500 <7.8 8.0t 116
4 596 <50 <1.8 39 64

Peripheral blood mononuclear cells were derived from patients 1 through 4 3,4 whose
plasma viremia was undetectable by the Amplicor Ultrasensitive HIV-1 Monitor assay
(Roche, Diagnostics Corporation, Indianapolis, IN} in patients 1 and 4 or bDNA assays
(Chiron, Emeryville, CA) in patients 2 and 3, were depleted of CD8* cells and HLA-DR*
cells, and were either unstimulated or stimulated as indicated. Peak HIV-1 p24 titers that
were obtained on day 16 are shown. PHA = phytohemagglutinin, IL-2 = interleukin-2.

+ HIV-1 replication in the PBMC of patient 3, as determined by slight increase in p24 titer
on day 16, was not able to be expanded by further passages.
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tion in vitro.'! Further studies are required for better under-
standing of interaction between these microbes and HIV-1 in
co-infected patients.
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Epstein-Barrvirus (EBV}isanimportant pathogen
in human immunodeficiency virus (HIV)-infected
individuals that causes lymphoma and other
lymphoproliferative disorders upon disease pro-
gression; however, interaction between the two
viruses during acute infection is not well known.
Expression of CCR5, a major coreceptor for HIV,
was enhanced on CD4™ T cells from patients with
acute EBV infection. Furthermore, susceptibility
of those cells to R5-HIV-1, but not X4-HIV-1, was
increased. EBV effects on CCR5 expression on or
susceptibility to R5-HIV-1 of CD4™ T cells did not
require coinfection of the same cell with the two
viruses, because CD4™1 T cells from patients with
acute EBV infection were not infected with EBV.
Considering that both HIV and EBV are transmit-
ted by intimate contact, such possible interaction
between the two viruses may have implications
for viral transmission and the pathogenesis of
HIV disease. J. Med. Virol. 71:343-346, 2003.
© 2003 Wiley-Liss, Inc.
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INTRODUCTION

Chemokine receptor CCR5 serves as a major core-
ceptor for HIV-1, and levels of CD4™ T cell surface
expression correlate well with in vitro susceptibility to
R5-HIV-1 [Wu et al., 1997] and determine the rate of
CD4™" T cell decline or HIV-1 disease progression in
patients [Reynes et al., 2001]. CCR5 expression is
variable among individuals and is regulated by immu-
nologic [Moriuchi et al., 1997, 1999; Patterson et al.,
1999; Moriuchi and Moriuchi, 2001, 2003] or microbial
[Moriuchi et al., 1998a,b; Juffermans et al., 2000;
Tkachuk et al., 2001] stimulation. It has been shown
that CCR5 is expressed characteristically on type 1
T helper cells (Thls) [Bonecchi et al., 1998] that con-
trol predominantly cell-mediated immune responses

© 2003 WILEY-LISS, INC.

and appear to be involved in chronic inflammatory
conditions.

Epstein-Barr virus (EBV) infects B cells and acute
EBV infection causes infectious mononucleosis (IM),
in which a large number of CD4" T cells as well as
CD8" T cells are activated. Not surprisingly, these T
cells exhibit Thl phenotypes {Zaunders et al., 2001] to
prevent from malignant transformation of infected B
cells. Therefore, we hypothesized that CCR5*CD4* T
cells are increased and support R5 HIV-1 infection in
acute EBV infection. To test this hypothesis, we tried
to determine CCR5 expression levels and in vitro
susceptibility to R5 HIV-1 of CD4* T cells derived from
patients with IM.

MATERIALS AND METHODS
Patients and Cells

Six patients (628 years; mean age, 16 years) with IM
were recruited and tested for EBV antibodies. Acute
EBYV infection was confirmed by the presence of IgM
antibody to viral capsid antigen (VCA) or seroconversion
of anti-VCA IgG. Informed consent was obtained from
individuals with demonstrated acute EBV infection
or their parents, and heparinized blood was drawn at
acute phase (within 7 days after onset of the disease) and
convalescent phase (8—4 weeks after onset of the
disease). Peripheral blood mononuclear cells (PBMC)
were isolated from the patients or healthy control
individuals, and CD4" T cells were purified (>98%) as
described previously [Moriuchi et al.,, 2000a,b] and
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Fig. 1. Expression of CCR5 (A) or CXCR4 (B) on CD4" T cells derived from 6 patients with IM and
6 healthy control individuals. Each pair of acute and convalescent phases of EBV infection are connected by
solid lines. Percentage of CCR5™ cells (A) or CXCR4 ¥ cells (B) among CD4™ T cells is shown.

frozen at —80°C until use for infection experiments.
Approximately 3 x 10° CD4* T cells from each donor
were tested for EBV DNA and HIV-1 proviral DNA with
polymerase chain reaction, and neither of them was
detected (<10 copies).

Flow Cytometry

Monoclonal antibodies (MAb), CD4-fluorescein isothi-
ocyanate (FITC) (clone RPA-T4), CCR5-phycoerythrin
(PE) (clone 2D7), and CXCR4-PE (clone 12G5), were
purchased from BD PharMingen (San Diego, CA).
Approximately 300 ul fresh heparinized blood was
incubated for 30 min at 4°C in the dark with 8 pg/ml
anti-CD4-FITC MAb, and 8 ug/ml anti-CCR5-PE or anti-
CXCR4-PE MAD. Isotype-matched MADb controls (BD
PharMingen), used at the same concentration as the
MAD, served as negative controls. The cells were washed
three times in RBC lysing buffer (Sigma Chemical Co.,
St. Louis, MO), resuspended in PBS (pH 7.4), and then
analyzed in FACScan (double labeling) using CellQuest
software (Becton-Dickinson Immunocytometry, San
Jose, CA).

Infection Assays

A pair of CD4" T cells at acute and convalescent
phases were thawed, incubated in RPMI 1640 medium
supplemented with 10% fetal bovine serum, and sub-
jected to HIV-1 infection experiments without any
stimulation. R5 HIV-1 AD8 and X4 HIV-1 NL4-3 stocks
were propagated as described previously [Moriuchi
et al, 1998al, tested for reverse-transcriptase (RT)
activity, and used at 5,000 RT counts per 3 x 10° CD4*
T cells. Viral replication was determined by RT assays,
as described previously [Moriuchi et al., 1998a]. HIV-1

infection experiments were performed twice for each
individual with similar results (data not shown).

RESULTS

As shown in Figure 1A, CCR5 expression was
markedly increased on CD4" T cells in acute EBV
infection as compared to that on control CD4*" T cells.
CCR5 expression levels were decreased to those com-
parable to control at convalescent phase. In contrast,
CXCR4 expression was comparable between acute and
convalescent phases (Fig. 1B).

Next, CD4* T cells obtained at acute or convalescent
phases were infected with R5 or X4 HIV-1. CD4™ T cells
at acute phase of IM supported R5 HIV-1 infection more
efficiently than did those at convalescent phase (Fig. 2A;
Table I, patient 1). In contrast, CD4™ T cells at neither
acute nor convalescent phase efficiently supported X4
HIV-1 replication (Fig. 2B; Table I, patient 1), although
these cells fully supported X4-HIV-1 infection upon

TABLE I. HIV-1 Replication in CD4* T Cells Derived From
Patients With IM*

Peak RT activity (cpm/ul)

R5-HIV-1 X4-HIV-1
Patient  Acute Convalescent  Acute  Convalescent
1 1721 501 298 . 252
2 1223 278 190 <100
3 2175 621 432 367
4 786 <100 <100 <100

*CD4* T cells were purified and frozen at acute and convalescent
phases of IM. A pair of CD4" T cells at acute and convalescent phases
were thawed and subjected to HIV-1 infection assays. Peak RT
activities are shown.
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Approximately 3 x 10

CD4* T cells derived from acute and convalescent phases of patient 1 were infected

with HIV-1 AD8 (A) or HIV-1 NL4-3 (B), and cell-free supernatants were collected every four days for RT

assays.

stimulation with phytohemagglutinin (data not shown).
Similar results were obtained from three other IM
patients examined (Table I, patients 2—4).

DISCUSSION

Our study has suggested that CD4% T cells derived
from patients at acute phase of IM efficiently supported
R5-HIV-1 infection without any artificial in vitro stimu-
lation. An EBV-encoded transactivator, EB nuclear
antigen-2, has been shown to upregulate HIV-1 long

terminal repeat promoter in vitro [Scala et al., 1993].
However, such interaction requires coinfection of a
single cell with both HIV-1 and EBV, which is unlikely
based upon the fact that EBV DNA was not detected in
CD4" T cells used for in vitro HIV-1 infection. A number
of microbial infections induce lymphocyte activation,
which has been associated with enhanced replication of
HIV-1 in coinfected individuals [Blanchard et al., 1998;
Moriuchi et al., 1998a,b, 2000a,b]. Although acute EBV
infection also induced lymphocyte activation, it was
not enough to support X4 HIV-1 infection. Therefore,
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lymphocyte activation alone was not sufficient to in-
crease susceptibility to R5 HIV-1. The precise mechan-
ism whereby acute EBV infection favors replication of
R5-HIV-1 remains obscure; however, increased CCR5
expression levels during acute EBV infection may also
predispose efficient replication of R5 HIV-1.

Since EBV is transmitted by intimate contact such as
kissing, it is not unreasonable to consider that both EBV
and HIV can be transmitted simultaneously or sequen-
tially. Furthermore, R5-HIV-1 is a transmitting virus,
while X4-HIV-1 emerges upon disease progression
[Zhu et al., 1993]. Therefore, possible interaction
between R5-HIV-1 and EBV, as demonstrated in this
study, may have implications on the pathogenesis of
acute HIV infection. This hypothesis warrants further
investigation.
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Seminal fluid enhanced human T-cell leukemia virus type 1 (HTLV-1) infection by transactivating the
HTLV-1 long terminal repeat promoter, which is chromosomally integrated in a cell-type-dependent manner.
Our data may indicate a potential role for seminal fluid in the sexual transmission of HTLV-1 and imply

complex features of regulation of HTLV-1 expression.

Human T-cell leukemia virus type 1 (HTLV-1), the caus-
ative agent of adult T-cell leukemia and HTLV-associated
myelopathy, is transmitted vertically via breastfeeding and hor-
izontally via sexual intercourse. Male-to-female transmission
occurs exceedingly more frequently than female-to-male trans-
mission (15). Given such a disproportion between genders in
susceptibility to sexual transmission of HTLV-1, it is possible
that a semen-derived factor(s) facilitates male-to-female trans-
mission (10-12). We show here that seminal fluid enhances in
vitro HTLV-1 infection. We also report that the seminal fluid-
mediated effect on HTLV-1 expression requires its chromo-
somal integration and is cell type specific.

(This report was previously presented in part at the 11th
International Conference on Human Retrovirology: HTLV
and Related Viruses, 2003 [abstract P96].)

Seminal fluid enhances HTLV-1 replication and transmis-
sion. Seminal fluid was prepared from healthy male volunteers
as described previously (1). Peripheral blood mononuclear
cells (PBMC) obtained from asymptomatic HTLV-1 carriers
were cultured in the presence or absence of seminal fluid.

HTLV-1 pl19 antigen levels were measured as described
previously (10). Cellular DNA was extracted by a QlAamp
blood DNA kit (QIAGEN K.K,, Tokyo, Japan) and subjected
to PCR with a QuantiTect SYBR Green PCR kit (QIAGEN).
The upstream and downstream primer sequences in the
HTLV-1 tax gene that were selected for PCR analysis were
5'-CCCACTTCCCAGGGTTTGGACAGAG-3' and 5'-CTG
TAGAGCTGAGCCGATAACGCG-3', respectively. Quanti-
tative determination of the amplified products was done with
the iCycler iQ Real-Time Detection System (Bio-Rad Labo-
ratories, Inc., Hercules, Calif.). Heat activation (15 min at
95°C) of hot-start Taq polymerase was followed by 50 cycles of
denaturation (30 s at 95°C), annealing (30 s at 50°C), and
extension (30 s at 72°C). The cell numbers used for PCR
analysis were confirmed by simultaneous PCR of the tubulin
gene. Cellular RNA was extracted with a QIAamp RNA kit
(QIAGEN) and subjected to PCR with a QuantiTect SYBR
Green reverse transcription (RT)-PCR kit (QIAGEN). One-
step RT-PCR was performed at 50°C for 30 min, followed by

* Corresponding author. Mailing address: Department of Pediatrics,
Nagasaki University Hospital, Nagasaki 852-8501, Japan. Phone: 81-
95-849-7297. Fax: 81-849-7301. E-mail: hiromori@net.nagasaki-u.ac.jp.

the same reactions as above. Tax mRNA levels were standard-
ized by using those of tubulin mRNA.

HTLV-1 p19 antigen production and Tax mRNA levels were
markedly enhanced by seminal fluid while proviral loads were
modestly enhanced (Table 1). Although semen may be diluted
in and poured out of the female genital tract after sexual
intercourse, the concentration used in these experiments (1%)
could be easily achieved in vivo. The viability of PBMC was
found by trypan blue staining to be 80 to 90% and 85 to 95%
in the presence and absence of 1% seminal fluid, respectively,
throughout the experiments. These results suggest that seminal
fluid can enhance HTLV-1 replication

To demonstrate whether seminal fluid can enhance viral
transmission, PBMC from HTLV-1-uninfected individuals
were cocultured with carriers’ PBMC that had been treated
with mitomycin C (MMC). Since MMC rendered the carriers’
PBMC incapable of proliferating and supporting de novo

TABLE 1. Seminal fluid enhances replication and
expression of HTLV-1¢

D Seminal Proviral load (Tax mRNA/tubulin  p19 antigen
OfOT flnid  (copies/100 PBMC)  mRNA) X 100 (pg/mi)
1 - 0.35 1.08 <25
+ 1.25 4.18 68
2 - 2.86 3.63 254
+ 10.6 42.5 2,880
3 - 0.12 0.76 <25
+ 0.19 9.24 186
4 - 1.02 2.20 45
+ 1.44 6.86 122
5 - 0.08 0.022 <25
+ 0.30 132 32
6 - 2.42 211 102
+ 4.41 10.1 654

“ PBMC from six asymptomatic HTLV-1 carriers were propagated, and 3
million PBMC each were cultured in the presence or absence of seminal fluid
(19). Cell-free supernatants and cell pellets were collected on day 5. DNA and
RNA were purified from the cell pellets, and real-time PCR and real-time
RT-PCR were performed to estimate proviral loads and Tax mRNA levels,
respectively. HTLV-1 p19 antigen levels in cell-free supernatants were deter-
mined by enzyme-linked immunosorbent assay.
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FIG. 1. Seminal fluid-mediated effects on HTLV-1 infection. (A)
Seminal fluid facilitates de novo HTLV-1 infection. PBMC were iso-
lated from three asymptomatic HTLV-1 carriers and treated with
MMC as described previously (2). MMC-treated, HTLV-1-infected
PBMC were cultured either alone or with PBMC derived from healthy
uninfected donors at a ratio of 1:1. Where indicated, seminal fluid
(1%) was added to the cultures. On day 7, whole cultures were har-
vested for DNA purification and proviral loads were determined by
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HTLV-1 infection, HTLV-1 replication in the coculture largely
depends on viral transmission to PBMC from HTLV-1-unin-
fected individuals (4, 10). Seminal fluid increased HTLV-1-
infected cell numbers in this coculture system but had little
effect on infected cell numbers in MMC-treated PBMC alone
(Fig. 1A), suggesting that seminal fluid facilitated de novo
HTLV-1 infection in PBMC derived from uninfected donors.
Seminal fluid upregulates expression from the HTLV-1
LTR. Since we have previously demonstrated that certain sem-
inal fluid-derived factors can transactivate the HTLV-1 long
terminal repeat (LTR) (10-12), we investigated the effects of
seminal fluid on the HTLV-1 LTR. Plasmid pHTLV-luc, pro-
vided by K.-T. Jeang (National Institute of Allergy and Infec-
tious Diseases, Bethesda, Md.) (7), was transfected into PBMC
with a Human T-Cell Nucleofector kit (Amaxa Biosystems) as
described previously (13). Transfections of HeLa (cervical car-
cinoma) cells, CHOK1 cells, HeLa-luc cells, or CHOK1-luc
cells (containing a chromosomally integrated HTLV-1 LTR-
driven luciferase gene), also gifts of K.-T. Jeang (14), were
performed by a modified calcium phosphate method (9). Trans-
fection efficiency in these adherent cells was tested by cotrans-
fection with pMACS14.1 (Miltenyi Biotec, Bergisch Gladbach,
Germany), followed by flow cytometry for CD14 expression,
and was found to be comparable (data not shown).
Unexpectedly, seminal fluid downregulated HTLV-1 LTR
activity in HeLa cells (Fig. 1B). Interestingly, however, it en-
hanced HTLV-1 LTR activity in HeLa-luc cells (Fig. 1B),
indicating that seminal fluid has opposing effects on the
HTLV-1 LTR, depending on whether it exists episomally or is
chromosomally integrated. The effects mediated by seminal
fluid appear to be cell type dependent, because it had no effect
on HTLV-1 LTR activity in CHO or CHO-luc cells (Fig. 1B).
Trypan blue staining demonstrated that the seminal fluid con-
centrations used in these experiments were not toxic to those
cell lines (data not shown). To clarify how seminal fluid influ-
ences HTLV-1 LTR activity in PBMC, we transfected carriers’

real-time PCR. Proviral loads in MMC-treated, HTLV-1-infected
PBMC in the absence of seminal fluid were between 0.82 and 1.3
copies per 100 PBMC, and the results shown are means * standard
errors shown as proviral loads relative to them. Student ¢ tests were
performed for statistical significance (*, P < 0.05; ##, P = 0.05).
(B) Differential effects of seminal fluid on HTLV-1 transcription.
HeLa and CHOKI1 cells were transfected with pHTLV-luc and pMT-
Tax, while HeLa-luc and CHOK1-luc cells were transfected with pMT-
Tax alone. The transfected cells were left untreated or treated with the
indicated concentrations of seminal fluid and harvested for luciferase
assays 2 days after transfection. Data are means =+ stand errors from
six independent experiments, and results are shown as fold induction
relative to the luciferase activity in untreated (control) cells. Student ¢
tests were performed for statistical significance (*, P < 0.05; %, P =
0.05). (C) Seminal fluid increases expression from integrated provirus
but decreases expression from transfected plasmid in PBMC. PBMC
derived from asymptomatic HTLV-1 carriers were transfected with
pHTLV-luc and either left untreated or treated with the indicated
concentrations of seminal fluid. The transfected cells were harvested 2
days later, cell Iysates were subjected to luciferase assays, and RNA
purified from the cells was subjected to real-time RT-PCR for Tax and
tubulin mRNAs. The data shown are means * standard errors from six
independent experiments, and results are shown as fold induction
relative to those in untreated (control) cells. Student ¢ tests were
performed for statistical significance (*, P < 0.05; **, P = 0.05).
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PBMC with pHTLV-luc and treated the transfected cells with
seminal fluid. LTR activity from the episomal plasmid was de-
termined by luciferase assay, and LTR activity from the inte-
grated proviral DNA was inferred on the basis of Tax mRNA
levels. As shown in Fig. 1C, seminal fluid downregulated the
activity of the episomal HTLV-1 LTR while upregulating ex-
pression from the integrated HTLV-1 LTR. These results sug-
gest that seminal fluid can enhance the transcriptional activa-
tion of proviral DNA in carriers’ PBMC, probably contributing
to seminal fluid-induced HTLV-1 replication and transmission.

Sexual, particularly male-to-female, transmission has been
critical for the coexistence of HTLV-1 with the host because
infected females subsequently transmit the virus to the next
generation. Male-to-female transmission is exceedingly more
efficient than female-to-male transmission, at least in part be-
cause this virus is highly cell associated (15), although involve-
ment of cell-free virus in sexual transmission was not ruled out.
Furthermore, male-to-female transmission may also be poten-
tiated by the fact that the target tissue in the female genital
tract is greater in size than that in the male genital tract.

This study suggests that seminal fluid-derived factors may
play a role in sexual transmission. We have previously dem-
onstrated that prostaglandin E2 (10), lactoferrin (11), and
transforming growth factor B (12), all of which are major
constituents of seminal fluid, could enhance in vitro HTLV-1
replication. However, while they upregulated HTLV-1 LTR
activity in transient-expression assays (10-12), seminal fluid-
mediated activity upregulated chromosomally integrated HTLV-
1 LTR but not transiently transfected pHTLV-luc. Therefore,
the effect of crude seminal fluid may not be simple addition of
those factors but has more complex features. Our preliminary
studies, including size fractionation and treatment with RNase
A or proteinase K, indicate that not a single factor but a com-
bination of several factors is involved in the effects of seminal
fluid on the HTLV-1 LTR (data not shown).

Differential requirements for activation of the integrated
and transiently transfected HTLV-1 LTR (14) and the human
immunodeficiency virus type 1 LTR (3, 8) have been reported.
The HeLa-luc cells used in this study were a pool of three
independent HeLa clones with integration of two to four cop-
ies of pHTLV-luc, to minimize biases stemming from particu-
lar cellular integration sites (14). We also used PBMC from
several different HTLV-1-infected donors to perform the ex-
periments whose results are shown in Fig. 1B. Therefore, it is
unlikely that the discrepancy in seminal fluid-mediated effects
between the integrated and transiently transfected HTLV-1
LTR depends on integration sites.

Since seminal fluid-mediated transactivation of the HTLV-1
LTR was observed in PBMC and HeLa cells but not in CHOK
cells, cell-type-specific mechanisms must be considered. Inter-
estingly, induction of the expression of certain genes in cervical
epithelial cells by seminal fluid has also been reported (5, 6).
We confirmed this observation and extended the targets of this
seminal fluid activity to PBMC. It is of note that seminal fluid
induces expression of heat shock protein 70 (Hsp70) in cervical
epithelial cells (5) and that HTLV-1 expression is enhanced
following the cellular stress response that results in production
of Hsp70 family proteins (2). Therefore, Hsp70 may play a role
in the cell-type-dependent effect of seminal fluid on HTLV-1
infection.
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Our preliminary studies suggested that the observed activity
of seminal fluid on HTLV-1 LTR transactivation appears to
result not from a single factor but from a combination of
several factors. This complex feature of the effect of seminal
fluid was not unexpected, considering the fact that seminal
fluid contains a number of factors, including nucleases, pro-
teases, and many other bioactive factors. Further studies are
necessary to determine by what mechanisms and which fac-
tor(s) in seminal fluid mediates chromosomal integration-de-
pendent transactivation of the HTLV-1 LTR.
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Breastfeeding plays a substantial role in mother-to-child transmission of human immunodeficiency virus
type 1 (HIV-1). Mammary epithelial cells, as well as macrophages and lymphecytes, are thought to serve as
sources of the virus in breast milk. Soluble factors in breast milk exert various biclogical functions, including
immune tolerance or immune modulation, and may influence milk-borne infection with HIV-1. In this study we
show that transforming growth factor B (TGF-§), a major cytokine in breast milk, inhibited HIV-1 infection
of mammary epithelial MCF-7 cells but enhanced that of macrophages. TGF- downregulated the HIV-1 long
terminal repeat (LTR) promoter in MCF-7 cells but upregulated it in macrophages. Stimulation with TGF-§
suppressed NF-kB binding to the HIV-1 LTR in MCF-7 cells, at least in part by downregulating induced IeB
kinase expression. Cell type-dependent effects of TGF-f on HIV-1 expression may play a role in milk-borne

infection with HIV-1.

Mother-to-child transmission accounts for the majority of
human immunodeficiency virus type 1 (HIV-1) infections of
children. In the developing countries where exclusive bottle-
feeding is not feasible, up to 14 to 24% of babies born from
HIV-1-infected mothers will be infected through breastfeeding
(6, 7, 25). Although 75% of all milk-borne transmission ap-
pears to occur by 6 months of age, transmission continues
throughout the lactation period (6, 7, 25).

HIV-1 strains are classified according to their coreceptor
usage, and R5-tropic virus that utilizes CCR5 as an entry
coreceptor is almost always a transmitting virus (31, 33). Breast
milk contains both HIV-1-infected cells and cell-free virions,
both of which appear to be contagious. The cell composition of
breast milk changes throughout lactation period. Colostrum
and early (<2 weeks after delivery) milk are rich in cells, such
as macrophages (50 to 75%), neutrophils (20 to 40%) and
lymphocytes (3 to 10%) (8), and macrophages appear to be the
principal cellular carriers of HIV-1 in colostrum and early milk
(28). Macrophages are susceptible to R5-tropic HIV-1 but
much less to X4-tropic virus (1, 3) which utilizes CXCR4 as an
entry coreceptor. Although the major source of HIV-1 in ma-
ture (>2 weeks after delivery) milk remains unknown, mam-
mary epithelial cells, the predominant cell type in mature milk
(8), have been shown to be susceptible to certain (mostly X4-
tropic) HIV-1 strains (18, 28, 30).

Breast milk also contains a number of soluble factors that
exert various functions, including antimicrobial activities and
induction of immune tolerance or immune modulation. Cer-
tain milk whey components such as lactoferrin (24) and pros-
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taglandin E (5, 29) have been shown to inhibit HIV-1 replica-
tion. Transforming growth factor-B (TGF-B) is a major cytokine
in breast milk. Among the three isoforms of TGF-B, TGF-B1,
expressed in endothelial, hematopoietic, and connective tissue
cells, and TGF-B2, expressed in epithelial and neuronal cells,
are contained in human milk. Colostrum contains 140 pg (67 to
186 pg) of TGF-B1 and 3,325 pg (1,376 to 5,394 pg) of TGF-B2
per ml, while mature milk contains 83 pg (17 to 114 pg) of
TGF-B1 and 1,644 pg (592 to 2,697 pg) of TGF-B2 per ml (9).

TGF-B acts as an anti-HIV-1 or pro-HIV-1 factor, depend-
ing on cell type, virus strain, timing of treatment, or combina-
tion of other factors (13, 15, 17, 27); however, no substantial
differences in effects on HIV infection among the TGF-B iso-
forms could be found (13). Here we studied whether TGF-B
influences HIV-1 expression in major breast milk cells such as
mammary epithelial cells and macrophages. Our data impli-
cate bifunctional activity of TGF-B in mother-to-child trans-
mission of HIV-1.

MATERIALS AND METHODS

Cells. Human mammary epithelial MCF-7 cells were obtained from the Amer-
ican Type Culture Collection and propagated in RPMI 1640 medium supple-
mented with 10% fetal calf serum (Gibco-BRL, Gaithersburg, Md.), 100 U of
penicillin per ml, and 100 pg streptomycin per ml. Monocyte-derived macro-
phages were propagated from healthy donors’ peripheral blood mononuclear
cells by sorting CD14-positive cell fraction with AutoMACS (Miltenyi Biotec,
Auburn, Calif.) according to the manufacturer’s instructions and propagated in
Duilbecco’s minimal essential medium supplemented with 10% human male AB
serum (Sigma Chemical Co., St. Louis, Mo.), penicillin and streptomycin. Purity
of CD14-positive cells was more than 96% by flow cytometric analysis (data not
shown). CD14-negative peripheral blood mononuclear cells, designated periph-
eral blood lymphocytes, contained less than 0.3% CD14-positive cells (data not
shown).

Viruses and single- or multiple-round viral replication assays. For single-
round viral replication assays, replication-incompetent luciferase reporter mo-
lecular clone pNL43-luc-R™E™ was complemented with Env glycoprotein from
ADA (R5 HIV-1), JR-FL (R5 HIV-1), 89.6 (R5X4 HIV-1), EL1l (primary X4
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