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ABSTRACT

Keywords:

Kaposi's sarcoma-associated herpesvirus
Kaposi's sarcoma

Multicentric Castleman's disease

Viral macrophage inflammatory protein

Recent studies have indicated that vMIP-I and vMIP-II play important roles in the pathogenesis of Kaposi's
sarcoma-associated herpesvirus (KSHV)-related diseases due to the effects of these proteins on vascularization.
We developed monoclonal antibodies against KSHV-encoded viral macrophage inflammatory protein-I (vMIP-I)
and vMIP-II to study these expression profiles and reveal the pathogenesis of KSHV-related diseases. The MAbs
against vMIP-I and vMIP-II reacted to KSHV-infected cell lines after lytic induction. Both vMIP-I and the vMIP-1I
gene products were detected 24 h post-induction with 12-0O-tetradecanoylphorbol-13-acetate until 60 h in the
cytoplasm of primary effusion lymphoma cell lines. In clinical specimens, both VMIP-I and vMIP-II gene products
were detected in the tissues of patients with multicentric Castleman'’s disease. On the other hand, only vMIP-II
was detected in a subset of Kaposi's sarcoma. We concluded that these antibodies might be powerful tools. to
elucidate the pathogenesis of KSHV-related diseases.

vMIP-1
VMIP-II
Chemokine
KSHV
HHV-8

© 2012 Elsevier Inc. All rights reserved.

Introduction

Kaposi's sarcoma-associated herpesvirus (KSHV), also known as
human herpesvirus 8 (HHV-8), is a gammaherpesvirus originally
identified in HIV-positive Kaposi's sarcoma (KS) tissues (Chang et al,,
1994). KSHV is responsible for AIDS associated cancers such as Kaposi's
sarcoma (KS), primary effusion lymphoma (PEL), and multicentric
Castleman's disease (MCD) (Cesarman et al, 1995; Schalling et al,,
1995; Soulier et al,, 1995). As is the case for all herpesviruses, KSHV
has two life cycles, one latent and the other lytic. Lytic gene expression
can be induced by the treatment of latently infected cells with chemical
agents such as 12-O-tetradecanoylphorbol-13-acetate (TPA), sodium
butyrate (Arvanitakis et al, 1996; Miller et al, 1997). It has been
demonstrated that two KSHV-encoded chemokines, K6 (which encodes
a vMIP-1) and K4 (which encodes a vMIP-11), are expressed in the course
of lytic infection (Moore et al., 1996; Sun et al., 1999). Previous reports
showed that both vMIP-I and vMIP-II induced Ca®™ signal transduction

# Corresponding author, Tel.: 481 6 6879 3780; fax: +81 6 6879 3789.
E-mail address: kueda@virus.med.osaka-u.acjp (K. Ueda).
! Equal contribution by these authors.

0042-6822/$ - see front matter © 2012 Elsevier Inc. All rights reserved.
doi:10.1016/j.virol.2012.01.008

via certain chemokine receptors and the receptor-dependent migration
of cells (Benelli et al., 2000; Chen et al., 1998; Endres et al.,, 1999; Kledal
et al,, 1997). In addition, in a chick chorioallantoic membrane assay, the
both proteins showed strong angiogenic properties (Boshoff et al,
1997). However, little is known about the contribution of vMIPs to
KSHV malignancy under physiologic conditions.

In this report, we generated new monoclonal antibodies against
vMIP-I and vMIP-1I, and confirmed the detection of both vMIP-I and
vMIP-II in histological sections of tissues from MCD patients as well as
in KSHV-infected PEL cell lines. In cases of KS, vMIP-II was detected,
but not vMIP-1. These results suggest that the expression properties of
vMIP-I and vMIP-II might be related to KSHV-associated diseases, and
may even be involved in the generation of diseases. Thus, antiviral
chemokine MAbs could potentially become useful tools for the diagno-
sis of KSHV-related diseases.

Materials and methods
Cells

Kaposi's sarcoma-associated herpesvirus-positive cell lines (BC-1,
BC-3, BCBL-1 and TY-1 cells) and a negative cell line (BJAB cells) were
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Fig. 1. Cross reactivity between anti-vMIP-I and anti-vMIP-Il MAb., 293 T cells were
transfected with either 2 pg of pCAGGS- VMIP-1 or 2 pg of pCAGGS-VMIP-II plasmids.
Forty-eight hours after transfection, the cells were harvested and expression of vMIP-I or
VMIP-Il was tested by Western blot analysis using the anti-vMIP-I or -vMIP-Il MAD,
respectively. Actin was also probed with anti-actin monoclonal Ab as a loading control.

obtained from the American Type Culture Collection (ATCC) (Manassas,
VA). These cells were grown in RPMI 1640 (Nakalai Tesque, Inc.,, Kyoto,
Japan) supplemented with 10 IU/m! penicillin G, 10 pg/ml streptomycin,
10% heat-inactivated fetal bovine serum (FBS) (HyClone, Logan, UT) in a
5% CO, atmosphere. In addition, 293 T and 293/EBNA (Clontech) cells
were grown in Dulbecco's modified Eagle's medium (DMEM) (Nakalai
Tesque, Inc.) supplemented with 101U/ml penicillin G, and 10 pg/ml
streptomycin, 10% FBS, and 200 mM L-glutamine.
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Plasmids

In order to express vMIP-1 and vMIP-II, the ORFs were cloned into
the pCAGGS eukaryotic expression vector, and pCAGGS-vMIP-I and
PCAGGS-vMIP-1I were established. The plasmid vector, pCAGGS was
kindly provided by Dr. ]. Miyazaki of Osaka University (Niwa et al,
1991). Briefly, fragments including vMIP-I and vMIP-Il ORFs were
amplified by PCR using the following primer sets: vMIP-I-Met (5'-
CGGTACCGAATTCTCCAGATGGCC-3') and vMIP-I-Ter (5/-ACTCGA-
GAATTCTACTTGTCATCGTCGTCCTTGTAGTCGGAAGCTATGGCAGGCAG-
37); and vMIP-II-Met (5'-AGGTACCGAATTCAGTTATGGACACCAAGGGC-
3) and vMIP-lI-Ter (5-ACTCGAGAATTCTACTTGTCATCGTCGTCCITG-
TAGTCGGAGCGAGCAGTGACTGG-3"). The PCR products were cloned
into pCR2.1 (Invitrogen) and sequenced. After digestion with EcoR],
the fragments were ligated into the EcoRI site of the pCAGGS vector.
Then, the DNA fragments encoding vMIP-I and vMIP-II were liberated
by EcoRI, and were inserted into pCAGGS to generate the expression
vectors pCAGGS-vMIP-I and -vMIP-II, respectively. vMIP-I (pGEX-
vMIP-1) and vMIP-II (pGEX-vMIP-II) were also generated using PCR-
based technology using BCBL-1 genomic DNA as a templete. The coding
region, without a signal peptide, was amplified with vMIP-I-Eco
(CAGAATTCGCGGGGTCACTCGTGTCG-3"), vMIP-I-Sal (CTGTCGACCGTC-
TAAGCTATGGCAGG-3'), vMIP-II-Eco (5'-CGGAATTCGCGTCCTGGCATA-
GACCG-3'), and vMIP-II-Sal (5-GGGTCGACATTCTTCAGCGAGCAGTG-
3’). The amplified vMIP-I and the vMIP-II fragments were digested
with FEcoRI and Sall and inserted downstream of the GST coding of
PGEX-5X-1 (GE Healthcare, Uppsala, Sweden) at the EcoRI and Sall
sites to construct pGEX-vMIP-I and pGEX-vMIP-II. To express a full-
length and the deletion mutants of the GST-vMIP-I and GST-vMIP-II
fusion protein, the genes for GvM1-Full, GvM1-D1, GvM1-D2,
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Fig. 2. Epitope mapping of the anti-vMIP-I and the anti-vMIP-II MAbs. To map the regions of vMIP-] and vMIP-1I recognized by the anti-vMIP-] and anti-vMIP-II antibody, a series of
GST-vMIP-1 and GST-vMIP-I fusion proteins containing the individual regions of vMIP-I and vMIP-II were constructed as described in Fig. 2C and F, and the proteins were expressed in
E. coli. The lysates of the fusion proteins, vMIP-I1 and vMIP-II, and its deletion mutants were immunoblotted with an anti-GST antibody (A and D) and an anti-vMIP-I (B) and an
anti-vMIP-Il antibody (E) to detect GST-vMIP-I or GST-vMIP-II fusion proteins. Lane 1, GM1-Full; lane 2, GyM1-D1; lane 3, GVM1-D2; lane 4, GvM1-D3; lane 5, GvM1-D4; lan3 6, GST
inFig. 2A and B. Lane 1, GvM2-Full; lane 2, GyM2-D1; lane 3, GYM2-D2; lane 4, GvM2-D3; lane 5, GST (in D only) in Fig. 2D and E. Summary of GST-vMIP-I (C) and GST-vMIP-1I (F) deletion
mutants. Individual regions of vMIP-I and vMIP-1 were cloned in-frame into the pGEX-5X~1 vector to generate GST-vMIP-1 and GST-vMIP-II fusion proteins, respectively. The boxes at left
indicate GST, and the white boxes with slashed lines indicate individual domains of vMIP-I and vMIP-IL. 1, GyM1-Full(1-95a.a.); 2, GvM1-D1(25-95a.a.); 3, GWM1-D2(45-95a.a.); 4,
GvM1-D3(61-95a.a.) in Fig. 2C, and 1, GvM2-Full(1-94a.a.); 2, GvM2-D1(24-94a.a.); 3, GvM2-D2(43-94a.a.); 4, GvM2-D3(60-94a.a.) in Fig. 2F.
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Fig. 3. Detection of vMIP-I and vMIP-II gene products in a KSHV-infected PEL cell line.
BC-1 and BC-3 cells were treated with TPA for the indicated number of hours, and the
whole-cell extract was prepared after the indicated time post-induction. vMIP-1 and
vMIP-Il were detected by Western blotting and IFA with anti-vMIP-I and -vMIP-II
antibodies. Western blot analysis of protein extracted from BC-3 and BJAB cells
(A), and BC-1 and BJAB cells (B) with either the anti-vMIP-I or the anti-vMIP-Il MADb.
Arrows indicate actin, vMIP-1, and vMIP-II proteins. As expected, the estimated sizes
of the vMIP-I and vMIP-II proteins, based on comparisons with the migration of molec-
ular size markers, was around 10 kDa. Expression kinetics of vMIP-I (left panel) and
VvMIP-II (right panel) in TPA-treated BC-3 (C) and BC-1 (D) cells by Western blot
analysis. BC-1 and BC-3 cells were harvested after 6, 12, 24, 48, and 60h
post-induction. The lysate was subjected to Western blot analysis as in (A).

GvM1-D3, GvM2-Full, GyM2-D1, GvM2-D2, and GvM2-D3 genes
were generated by PCR using the following primer sets: vMIP-I-
1F (5'-ATGAATTCCAGATGGCCCCCGTCCAC-3') and vMIP-I-5R (5'-
CCGTGTCGACCGTCTAAGCTATGGCAGGCAGC-3"); VvMIP-I-2F (5'-
ATGAATTCGCGGGGTCACTCGTGTCG-3") and vMIP-I-5R; vMIP-]-3F
(5'-ATGAATTCCCGCCCGTCCAAATTC-3’) and vMIP-I-5R; vMIP-I-4F
(5'-ATGAATTCCCAAAACCCGGAGTTATTTITGC-3’) and vMIP-I-5R; vMIP-
[I-1F (5’-CGGAATTCGTTATGGACACCAAGGGC-3’) and vMIP-II-5R
(5'-GGCAGTCGACTCTTCAGCGAGCAGTGACTG-3); vMIP-II-2F (5/-
GGGAATTCCTGGGAGCGTCCTGGCATAGAC-3') and vMIP-II-5R; vMIP-II-
3F (5’- AAGAATTCTTACCACAGGTGCTTCTGTCC-3') and vMIP-II-5R; and
VMIP-I-4F (5-TGGAATTCAAGCCGGGTGTGATATTTTTG-3’) and vMIP-II-
5R. The PCR products were cloned into pCR2.1 (Invitrogen, Carlsbad,
CA) and confirmed by sequencing. The products were digested with the
EcoRI and Sall restriction enzymes and were cloned into pGEX-5X-1
(GE Healthcare). The PCR conditions for all products were as follows: 25
cycles of 94 °C for 1 min, 55 °C for 1 min, and 72 °C for 2 min in a TP480
PCR thermal cycler (Takara Shuzo, Kyoto, Japan).

Immunization and generation of monoclonal Abs against vMIP-I and vMIP-II

In mice, anti-vMIP-I and -vMIP-II antibodies were raised against the
GST-vMIP-I and GST-vMIP-II fusion protein, respectively. These GST
fusion proteins were purified on a glutathione-Sepharose 4B column
(GE Healthcare), and the GST-vMIP-1 and the GST-vMIP-II fusion pro-
teins were conjugated to keyhole limpet hemocyanin KLH (Calbiochem.
Co., LaJolla, CA). Mice were initially immunized with 250 pg each of the

purified GST-vMIP-I or -l fusion protein in Freund's complete adjuvant
administered to the peritoneal cavity, and 200 pg of the antigen in
Freund’s incomplete adjuvant were injected again 14 and 28 days
after the first injection. The mice were exsanguinated 7 days after the
last injection. To generate MAbs against vMIP-1 and vMIP-II, hybridomas
were established by fusing splenocytes from the hyperimmune mice
using a nonproducing myeloma cell line, Sp-2/0-Ag14 (ATCC, Manassas,
VA). After selection in medium containing hypoxanthine-aminopterin-
thymidine, cells secreting MAbs were screened by immunofluorescence
assays (IFA). The TPA-induced and ~uninduced BCBL-1 cells were fixed
in acetone and exposed to supernatants of the hybrid cells. Clones
secreting antibodies reactive with TPA-stimulated BCBL-1 cells were
expanded and isolated by limiting dilutions.

Transfection analysis of vMIP-I and vMIP-II

To express the vMIP-1 and vMIP-1I proteins, 293/EBNA cells were
transfected with pCAGGS-vMIP-I and -vMIP-II plasmids using TransIT-
LT1 (Mirus Bio LLC, Madison, WI). The transfected cells were incubated
for 48 h in DMEM supplemented with 10% FCS. The cells were harvested
and lysed with lysis buffer (0.05 M Tris-HCI [pH 8.0], 0.15 M Nacl, 0.5%
sodium deoxycholate, 1% Triton X-100, 0.1% sodium-dodecyl sulfate
[SDS]). The cell lysate was fractionated by electrophoresis on 16%
polyacrylamide gel as described below.

Antibodies and Western blotting

The expression of VMIP-I and vMIP-II in BC-3 cells stimulated with
TPA was determined with MAbs against vMIP-I and vMIP-II, respective-
ly, as noted above. The concentration of proteins extracted from BC-3
cells was normalized using a BCA Protein Assay Kit (Thermo Fisher
Scientific Inc., Rockford, IL). The samples were subjected to SDS-15%
polyacrylamide gel electrophoresis under reducing conditions, and
were electrophoretically transferred to PVDF membranes (Bio-Rad Lab-
oratories, Hercules, CA). The membranes were blocked for 1 h while
being shaken at room temperature in PBS containing 0.05% Tween 20
and 5% w/v nonfat skim milk. The membranes were incubated with a
primary antibody and were then incubated for 1 h with an appropriate
dilution of horseradish peroxidase (HRP)-conjugated goat anti-mouse
IgG antibodies (Santa Cruz Biotechnologies, Santa Cruz, CA). The prima-
ry antibody against actin, anti-actin (Ab-1) mouse MAb, was purchased
from Merck (Merck KGaA, Darmstadt, Germany). The bound HRP-
labeled antibodies were detected with a West Pico substrate kit for
horseradish peroxidase (Thermo Fisher Scientific Inc).

IFA

BC-3 cells (107 cells) in RPMI 1640 medium with supplements were
induced with 25 ng/ml TPA (Sigma Chemical Co., St. Louis, MO). The
cells were collected after 0, 4, 8, 12, 24, 48, and 60 h for analysis of the
expression kinetics, and for cellular localization analysis 48 h after
exposure to TPA. The cells were washed in phosphate-buffered saline
(PBS), pH 74, and spotted on glass slides. The spots were air-dried,
then fixed in ice-cold acetone for 10 min. The cells were then washed
with a washing buffer (PBS supplemented with 0.1% Triton X-100) for
15 min, and incubated with either an anti-vMIP-I or an anti~-vMIP-II
MADb (diluted 1:100 in [FA dilution buffer [PBS containing 2% bovine
serum albumin, 0.2% Tween-20, and 0.05% NaNz]) for 1h at 37 °C.
Then, the slides were washed with the washing buffer, and incubated
for 1 h at room temperature with a pre-standardized diluted fluorescein
isothiocyanate (FITC)-conjugated goat anti-mouse IgG (Tago Immuno-
logicals, Camarillo, CA). The slides were washed and stained with 4/,
6’-diamidino-2-phenylindole (DAPI) to detect nuclei and were
mounted with 50% (v/v) glycerol in PBS. For formalin-fixed paraffin-
embedded tissues, antigen retrievals were performed on the de-
paraffined sections using citrate buffer. Alexa 488 or 568-conjugated
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Fig. 4. Expression of vMIP-1 and vMIP-II in BC-3 and BC-1 cells by IFA. After 4, 8, 12, 24, 48, and 60 h, BC-3 (A) and BC-1 (B) cells were labeled either with the anti-vMIP-I (upper) or
the anti-vMIP-1I (lower) MAD followed by goat anti-mouse FITC-conjugated Abs. FITC photomicrographs showing anti-vMIP-I and anti-vMIP-1l immunoreactivity in BC-3 and BC-1
cells treated with TPA. (C) Cellular localization of vMIP-I and vMIP-11 in BC-3 (C) and BC-1 (D) cells. The cells were stained with DAPI (&, d, g and j), and the localization of vMIP-1 and
VvMIP-II was visualized by IFA with anti-vMIP-I or -vMIP-1I MAbs (b, e, h and k); panel a and b, d and e, g and h, and j and k were merged (c, f, i and ). Fluorescence photormicro-
graphs revealed anti-vMIP-I and -vMIP-II immunoreactivity using FITC-conjugated anti-mouse IgG MADb.

"BC-1

anti-mouse or rabbit antibodies (Invitrogen) were used as the Immunohistochemistry

secondary antibodies. Confocal microscopic analysis was performed

(FV-1000, Olympus, Tokyo, Japan), and the contrast was adjusted Formalin-fixed paraffin-embedded tissues from KS and MCD patients,
before the images were exported as TIFF files to Adobe Photoshop. and those from an animal model of KSHV-associated solid lymphoma
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Fig. 5. Expression of vMIP proteins in KSHV-associated diseases. (A-C) Hematoxylin and eosin staining and immunohistochemistry for vMIPs in serial sections of a tissue sample
from a patient with MCD. Brown stains indicate positive signals. The nucleus was counter-stained by hematoxylin. (D and E) Higher magnification view of VMIPs expression in an
MCD case. Some large lymphocytes in the mantle zone were stained. (F and G) vMIP-I and vMIP-1I expression in a KS sample. (H and I) Expression of vMIPs in an animal model of

KSHV-associated lymphoma in SCID mice.

were sectioned and stained with hematoxylin and eosin (H&E). Immuno-
histochemistry of the serial sections was performed with either the anti-
vMIP-I or -II MAb. For the second- and third- phase reagents used for
immunostaining, a CSAIl kit (DAKO, Copenhagen, Denmark) was used.
An animal model of KSHV-associated solid lymphoma, which was estab-
lished as described previously (Katano et al., 2000b), was also subjected
to immunohistochemical analysis. Briefly, TY-1 cells were inoculated
into the subcutaneous tissue of mice with severe combined immunodefi-
ciency (SCID). One month after inoculation, lymphomas appeared in the
subcutaneous region at the inoculation site. Lymphoma cells contained
the KSHV genome, and expressed various viral proteins of KSHV
(Katano et al., 2000Db).

Table 1 .
Expression of vMIP-I and VMIP-II in MCD and KS tissue samples.

KSHV proteins, (+)/total

Cases VMIP-] VMIP-1I
MCD (3)3 (3)3
KS (0)/5 (2)/8

Chemotaxis assays

Chemotaxis assays were performed as described previously
(Nakano et al, 2003). Briefly, THP-1 cells were washed twice with
chemotaxis buffer, 0.5% bovine serum albumin, 20 mM HEPES, pH 7.4,
in RPMI 1640. Migration of cells was assessed in a cell culture chamber
(Costar, Cambridge, MA), with the upper and lower compartments
separated by a 3 pm pore size polycarbonate filter (???). The lower
compartment of the chamber was filled with dilutions of vMIP-I,
vMIP-II (R&D Systems, Minneapolis, MN) or with PBS alone, and/or
with each 10pg/ml anti-vMIP-I or -vMIP-Il MAbs at a volume of
600 pl. The upper compartment contained 100 pl of THP-1 cell suspen-
sions in chemotaxis buffer (10> cells/well). The chambers were then
incubated for 4 hours at 37 °C, 5% CO,, and spun at 300 x g, 4 °C, for
5 min. Finally, the cells from the lower compartment were counted.

Results
Specificity of the anti-vMIP-I MAb and the anti-vMIP-II MAb

In order to check specificity of the MAbs, we transfected vMIP-I and
vMIP-II expression vectors (pCAGGS-vMIP-I, and -II) into 293/EBNA
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Fig. 6. (A) Expression of vMIPs. LANAT and ORF59 in the animal model of KSHV-associated solid lymphoma by confocal microscopy. vMIPs were labeled with Alexa 488 (green).
LANAT1 (upper panels) and ORF59 (Jower panels) were labeled with Alexa 568 (red). {B) Expression of vMIPs in MCD. (a) HE staining and immunohistochemistry of LANA1 and
ORF59. (b-e) Immunofluorescence assay on MCD lesion. A germinal center is shown in the center of each panel. This case is KSHV-positive large B cell lymphoma arising in
MCD (for interpretation of the color references in this article, the reader is referred to the online version).

cells, respectively. The total lysate of the transfected cells was subjected
to Western blot analysis. vMIP-I and vMIP-II proteins were detected
with anti-vMIP-1 or vMIP-Il MAbs, respectively (Fig. 1). These anti-
bodies did not show cross-reactivity each other.

Epitope mapping of the anti-vMIP-I and anti-vMIP-II MAbs

We established hybridoma clones secreting MAbs against vMIP-I
and vMIP-II, respectively. To map the regions of vMIP-I and vMIP-II
where anti-vMIP-I and anti-vMIP-II antibody reacted, a series of GST-
fused vMIP-I and vMIP-II deleted proteins were constructed as
described in Fig. 2C and F, and used for Western blot analysis with an
anti-GST antibody (Santa Cruz Biotechnology Inc), (Fig. 1A, D) and the
anti-vMIP-I or the anti-vMIP-II (Fig. 1B, E) antibody, respectively. The
results showed that all GST-vMIP-I and GST-vMIP-II fusion proteins
interacted with the anti-GST antibody (Fig. 2A, D) and showed that
GvM1-Full, GyM1-D1, and GvM1-D2 reacted with the anti-vMIP-I anti-
body, whereas GvM1-D3 did not (Fig. 1B), and GvM2-Full and GvM2-D1
reacted with the anti~-vMIP-II antibody, whereas GvM2-D2, and GvM2-
D3 did not (Fig. 2E). Thus, these results demonstrated that an anti-
vMIP-I MAbs was successfully generated and suggest that the amino
acid residues 61 to 95 of vMIP-I could be a major epitope reacted with
the anti-vMIP-I antibody. On the other hand, the amino acid residues
24 to 42 of vMIP-II could be an epitope reacted with the anti-vMIP-II
antibody.

Expression of vMIP-I and vMIP-II in the KSHV-infected PEL cell line

We tested vMIP-I and vMIP-II expression in KSHV and Epstein Barr
virus (EBV) dually infected PEL cell lines (BC-1), KSHV infected PEL

cell lines (BC-3) and in non-infected Burkitt's lymphoma cell line
(BJAB), and detected them in TPA-stimulated BC-3 and BC-1 cells with
developed antibodies, but not in BJAB cells non-stimulated BC-3 or
BC-1 cells (Fig. 2A, B). In a KSHV infected PEL cells, BC-1 and BC-3,
VMIP-1 and vMIP-II were detected around at 10 kDa, which matches
the size deduced from amino acids length (Fig. 3C, D). Actually, vMIP-1
was detected from 6 hours post induction and vMIP-II was at 24 hours
in BC-3 cells (Fig. 3C), and vMIP-1 and vMIP-1I were detected at 24 h
in BC-1 cells (Fig. 3D). In the immunofluorescence microscopy, the
number of vMIP-II expressing cells seemed to be more than that of
vMIP-1 in BC-3 cells (Fig. 4A, B). In order to analyze the cellular localiza-
tion of vMIP-I and vMIP-II protein, BC-3 and BC-1 cells stimulated with
TPA were doubly labeled with DAPI (Fig. 4C, a,d and D, g, j), and either
the anti-vMIP-I MAb (Fig. 4C, b and D, h) or the anti-vMIP-Il MAb
(Fig. 4C, e and D, k). Merged images were shown in Fig. 4C, ¢, f, and D,
i, 1). The vMIP-I and the vMIP-II clearly showed cytoplasm and possibly
membranes in TPA-induced BC-3 and BC-1 cells (Fig. 4C, b, e, and D,
h, k).

Expression of vMIPs in KSHV-associated diseases

To know the expression of vMIPs in KSHV-associated diseases, im-
munohistochemistry for vMIPs was performed on pathological samples
of eight KS cases, three MCD cases, and the animal model of KSHV-
associated solid lymphoma (Fig. 5). Immunohistochemistry demon-
strated that vMIP-I and vMIP-1l were detected in some cells in the man-
tle zone of germinal center and the interfollicular zone in KSHV-positive
MCD samples (Fig. 5A to E). Both vMIP-I and vMIP-1I were detected
predominantly in the cytoplasm of large lymphocytes. The numbers of
positive cells varied among three MCD cases examined. On the other
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Fig. 7. Neutralizing activity of anti-vMIP-I and -vMIP-Il MAbs. THP-1 cell migration in
response to increased concentrations of vMIP-1 and vMIP-1I (1, 10, 100 nM), and the neu-
tralizing activity of 10 pg/ml anti-vMIP-I and -vMIP-II MAbs against vMIP-I and vMIP-II
were measured, as outlined in Materials and Methods, by using the transwell migration
assay system. Various doses of vVMIP-1 and vMIP-II were tested for their ability to induce
the chemotaxis of THP-1 cells. The data presented are from one experiment, and are
representative of the triplicate experiments performed. The error bars indicate the
standard deviations of three independent experiments.

hand, any positive signal of vMIP-I1 was not observed in all KS cases
(Fig. 5F, G). vMIP-II was rarely detected in the cytoplasm of spindle
cells in two KS cases at the nodular stage out of eight KS cases. In the
samples of animal model of KSHV-associated solid lymphoma, both
vMIP-I and vMIP-Il were detected in the cytoplasm of a part of lympho-
ma cells (Fig. 5H, 1). These data showed that vMIP-I and vMIP-II were
expressed in cells in MCD and KSHV-associated lymphoma, but vMIP-
Il was rarely in KS (Table 1). To know the association of vMIPs expres-
sion with expression of other KSHV-encoded proteins, we examined
immunofluorescence assay on KSHV-associated diseases. Since, all
KSHV-infected cells express LANA1, vMIPs-positive cells were positive
for LANA1. However, expression pattern of LANA1 showed diffuse
nuclear staining in vMIPs-positive cells in the animal model of KSHV-
associated solid lymphoma (Fig. 6A). Confocal microscopy revealed
that vMIP-I stain showed usually cytoplasmic pattern, but rarely diffuse
nuclear staining pattern in vivo. Almost all cells with vMIPs expression
were also positive for ORF59 protein, a lytic protein of KSHV. IFA also
demonstrated that vMIPs-positive cells expressed LANA1 at various
levels in MCD clinical samples (Fig. 6B, a to c). A large portion of
vMIPs-positive cells also expressed ORF59 protein in MCD (Fig. 6B, d,
e). These data suggest that vMIPs are expressed by cells with KSHV-
Iytic infection in KSHV-associated MCD and lymphoma.

Neutralization of vMIP-I and vMIP-II by anti-vMIP-I and anti-vMIP-II MAbs

We examined whether the anti-vMIP-I and anti-vMIP-II MAbs could
neutralize the chemoattractant of vMIP-I and vMIP-II to induce the
migration of THP-1 cells. As expected, vVMIP-I and vMIP-II induced
migration of THP-1 cells (Fig. 7A, B), but not with PBS alone. However,
anti-vMIP-I and anti-vMIP-II MAbs inhibited respective vMIP-I
and vMIP-ll-induced cell migration of THP-1 cells at 10 pg/ml final
concentration.

Discussions

It was known that KSHV encodes three chemokine genes of the
so-called viral macrophage inflammatory proteins: vMIP-I, vMIP-II,
and vMIP-IIl in the genome. Analysis of the translated amino acid
sequence indicate that the vMIP-I and vMIP-II gene have four conserved
cysteines capable of forming two essential disulfide bonds (first cyste-
ine and third cysteine, and second cysteine and fourth cysteine). The
family of chemokines comprises CC, CXC, C, and CX3C subfamilies. The
vMIP-I and vMIP-II have four cysteines, the first two of which are
found in the sequence of CC, which correspond to the CC profile.
These gene products were expressed in the phase of KSHV lytic infec-
tion (Moore et al., 1996; Sun et al., 1999). Both vMIP-I and vMIP-II
were expressed in a KSHV-infected cell lines, BC-3, which had been
treated with TPA. Mono-specific polyclonal Abs against vMIP-I and
vMIP-II have been described in previous studies that investigated the
localization of vMIPs in PEL cells (Nakano et al.; 2003). In the present
study, we developed the respective MAbs that reacted either with
KSHV vMIP-1 or vMIP-II. We first applied these MAbs against KSHV
vMIP-I and vMIP-II to detect KSHV-infected BC-3 and BC-1 cells by
Western blotting and immunofluorescence assay. The Western blot
analysis revealed that both the anti-vMIP-I and the anti-vMIP-II MAbs
reacted to the 10-kDa proteins considered specific to the respective
vMIP protein. The anti-vMIP-I MAb was shown to be reactive with the
epitopes in the middle of the protein (sequence, PPVQILKEWYPTSPAC),
and the epitope of the anti-vMIP-Il MAb was shown to be reactive at the
N-terminal end (sequence, LGASWHRPDKCCLGYQKRP). Further immu-
nofluorescence analysis of the cellular localization of both vMIP-I and
vMIP-11 with anti-vMIP-I and anti-vMIP-Il MAb showed a cytoplasmic
pattern of expression in BC-3 and BC-1 cells. As the results indicated -
that these gene products were expressed in the cytoplasm, it might be
located at the KSHV-infected BC-3 or BC-1 cells membrane prior to
secretion. An investigation of the antigenic specificities of MAbs against
KSHV vMIP-I and vMIP-I in MCD and KS patients has not yet been
reported. Here, immunohistochemical analysis detected only vMIP-II
in samples from both KS and MCD patients, but vMIP-1 was not detected
in KS cases: however, both vMIP-1 and vMIP-II proteins were expressed
in some cells in the interfollicular zone of MCD tissues. Lytic proteins of
the KSHV such as K8, RTA, and ORF59 have been detected in large lym-
phocytes in the mantle zone of MCD cases (Dupin et al., 1999; Katano
et al,, 2000a). The expression of vMIPs showed a similar pattern to
that of the Iytic proteins in MCD tissues. In contrast, lytic protein expres-
sion, including that of vMIPs, was rare in the KS lesions (Abe et al.,
2006). In the present study, we demonstrated that vMIPs were
expressed in the cells expressing ORF59 protein. Thus, our data clearly
indicated that the expression of vMIPs is associated with lytic infection
in individual cells affected by KSHV-associated diseases. Human mono-
cytic cell line THP-1 respond to various chemokines suggesting that
they express receptors for these chemokines (Wang et al,, 1993). Previ-
ous study, vMIP-I and vMIP-II were shown chemotaxis in THP-1 cells
(Nakano et al,, 2003). It has been reported that vMIP-I acts as a specific
agonist for CC chemokine receptor 8 (CCR8) (Dairaghi et al,, 1999;
Endres et al., 1999) and vMIP-II shows a Ca?™ flux as a specific agonist
for CCR3 (Boshoff et al, 1997). Our data showed anti-vMIP-I and
anti-vMIP-II MAbs were able to neutralize vMIP-I- and vMIP-II-
mediated chemotaxis in THP-1 cells. However, neutralizing activities
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of anti-vMIP-I MAb was apparently low, even the addition of 10 pg/ml
MADs. These findings support the assumption that anti-vMIP-I and -
VMIP-II MAbs-blocked chemotaxis in THP-1 cells act through binding
to the certain amino acid residue of vMIP-I and vMIP-IL

In summary, MADbs developed specifically for this series were used to
detect vMIP-1 and vMIP-Il in MCD and KS tissues, which may account for
certain clinical features of MCD and KS. To gain a better understanding
of these important viral genes, additional studies will be needed that
focus on revealing vMIP-1 and vMIP-1I expression profiles during lytic
infection. Taken together, these studies provide an insight into the path-
ogenesis of the contribution of vMIP-1 and vMIP-II to the lytic induction
of KSHV. These MADs could serve as useful tools to clarify the pathogen-
esis of KSHV-related diseases.
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Introduction

Although the incidence of new cases of cytomegalovirus (CMV)
end-organ disecase (EOD) has decreased by 75%—-80% with the
advent of antiretroviral therapy (ART) and is currently estimated
to be <6 cases per 100 person-years [1], CMV-EOD is still one of
the major debilitating diseases among patients with advanced HIV
infection.

CMV preemptive therapy is commonly used for patients
scheduled for hematopoietic cell transplantation and solid organ
transplantation, with clinical evidence of efficacy[2-6], however, it
is not generally recommended in HIV patients [7] because of
concerns regarding cost-effectiveness, risk of developing CMV
resistance, side effect and the lack of a proven survival benefit [8].
A prospective trial in cooperation with Roche company to
evaluate the efficacy of preemptive therapy in the pre-HAART
(highly active ART) era showed significant preventive effect of oral

PLOS ONE | www.plosone.org

ganciclovir (GCV) [9]. However; other studies conducted in both
pre-HAART and HAART eras showed no significant effect
[10,11]. However, the above studies included patients who had
previously received ART. Therefore, the efficacy of preemptive
therapy against CMV infection remains unknown in treatment-
naive patients with advanced HIV-1 infection in the HAART era.

We retrospectively compared the incidence of CMV-EOD in a
cohort of ART-naive adult patients with advanced HIV infection
(low CD4 count and plasma CMV-DNA-positive). One group of
these patients had received CMV preemptive therapy, while the
other had not received such therapy.

Methods

Ethics Statement
The study was approved by the Human Research Ethics
Committee of National Center for Global Health and Medicine,

May 2013 | Volume 8 | Issue 5 | 65348
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Tokyo. All patients included in this study provided a written
informed consent for their clinical and laboratory data to be used
and published for research purposes. This study has been
conducted according to the principles expressed in the Declaration
of Helsinki.

Study design

We performed a retrospective, single-center cohort study to
elucidate the effectiveness of preemptive GCMV treatment in HIV-
infected patients with positive CMV viral load in the prevention of
CMV-EOD. The study was conducted at the National Center for
Global Health and Medicine, Tokyo, onc of the largest clinics for
patients with HIV infection in Japan, with more than 2,700
registered patients as of December 2006. The study population
comprised treatment-naive HIV infected patients aged more than
17 years, with CD4 count less than 100/l and positive plasma
CMV DNA viral load, who presented for the first time at our
hospital between January 1, 2000 and December 31, 2006. Those
with CMV-EOD at presentation and those with <3 months of
follow-up were excluded. The follow-up period was 2 years from
the initial visit.

Definition of CMV-EOD and CMV preemptive therapy

CMV-EOD was diagnosed according to standardized ACTG
criteria (see Table S1) [11]. CMV retinitis was routinely screened
for by dilated indirect ophthalmoscopy at both the first visit to the
hospital and a few months after the commencement of ART.
Other evaluations, such as endoscopy and bronchoscopy, were
carried out in response to the symptoms and clinical condition.
The diagnosis of CMV-EOD was established by at least two
experts from our hospital.

CMV  preemptive therapy was prescribed based on the
clinician’s assessment. CMV preemptive therapy was provided at
our institution for patients with plasma CMV DNA of
>5000 copies/ml. For patients with plasma CMV DNA of
>3000 but less than 5000 copies/ml, the decision to initiate
preemptive therapy was left to the attending physician, taking into
consideration the overall clinical condition, such as subsequent rise
in plasma CMV DNA and/or use of immunosuppressants, such as
steroids and chemotherapeutic agents. Ganciclovir (GCV) and
valganciclovir (VGCV) were the most commonly used agents,
followed by foscarnet (FOS). The choice of induction (intravenous
GCV 5 mg/kg every 12 hours, oral VGGV900 mg twice a day or
intravenous FOS 90 mg/kg every 12 hours) or maintenance dose
(intravenous GCV 5 mg/kg every 24 hours, oral VGCV 900 mg a
day or intravenous FOS 90 mg/kg every 24 hours) was based on
the clinical condition, such as the level of plasma CMV DNA or
state of immunosuppression. The duration of therapy varied across
individuals. CMV preemptive therapy was defined as at least a 7-
day treatment with agents effective against CMV. The normal
course of CMV preemptive therapy was 2 weeks of GCV
induction dose followed by VGCV or GCV maintenance dose
until plasma CMV DNA became negative. Patients were retreated
based on clinicians’ decision under some conditions with high risks
for CMV-EOD as described above, if plasma CMV DNA became
positive again after preemptive therapy.

Measurements

Plasma CMV DNA was measured using real-time PCR with a
lower limit of detection of 200 copies/mL{CMV geniQ), Bio
Medical Laboratory, Inc., Tokyo, Japan). Plasma CMV DNA was
measured routinely at the first visit in patients with CD4 count of
<100/pl, and re-examined every week or monthly, according to
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the level of plasma CMV DNA viral load or immune status and at
the discretion of the attending physician.

In this study, the primary exposure variable was CMV
preemptive therapy over no CMV preemptive therapy. The
potential risk factors for CMV-EOD were determined based on
previous studics [12-18], and included basic demographics and
laboratory data, including age, sex, CD4 cell count, HIV viral
load, plasma CMV DNA, and presence or absence of other
medical conditions (concurrent use of steroids, concurrent
chemotherapy and concurrent AIDS-defining discases). For cach
patient, data on or closest to the day of the first visit to our hospital
were retrieved for analysis.

Statistical analysis

Categorical and continuous baseline demographics and labora-
tory data were analyzed using Pearson’s chi-square test and
Student’s t-test, respectively. The time from the first visit to our
hospital to the development of CMV-EOD was analyzed by the
Kaplan Meier method for patients on CMV preemptive therapy
and no CMV preemptive therapy, and the log-rank test was used
to determine the statistical significance. Censored cases represent-
ed those who died, dropped out, or were referred to other facilities
before the end of follow-up period. The Cox proportional hazards
regression analysis was used to estimate the impact of CMV
preemptive therapy on the incidence of CMV-EOD. The impact
of basic demographics, baseline laboratory data, and other
medical conditions was also ecstimated with univariate Cox
proportional hazards regression.

To estimate the unbiased prognostic impact of CMV preemp-
tive therapy, we used three models based on multivariate Cox
proportional hazards regression analysis. Model 1 was the
aforementioned univariate analysis for CMV preemptive therapy.
Model 2 included age and sex, plus Model 1, in order to adjust for
basic characteristics. In Model 3, we added variables with
significant relation to CMV-EOD by univariate analysis or
assumed as risk factor(s) for CMV-EOD in the literature[12-20]
(e.g., CD4 count per 1/pl decrement, HIV viral load per logl0/
ml, CMVDNA viral load per logl0/ml, concurrent steroid use,
concurrent chemotherapy and concurrent AIDS defining disease).
Statistical significance was set at two-sided p values <0.05. We
used hazard ratios (HRs) and 95% confidence intervals (95%Cls)
to cstimate the impact of each variable on CMV-EOD. All
statistical analyses were performed with The Statistical Package for
Social Sciences ver. 17.0 (SPSS, Chicago, IL).

Results

Of the 199 HIV-infected patients with CD4 count <100/pl and
positive plasma CMV DNA viral load referred to our hospital
between January 1, 2000 and December 31, 2006, 126 patients
were recruited in the study. Of these, 96 patients received CMV
preemptive therapy while 30 did not (Figure 1). Table 1 lists the
demographics, laboratory data, and medical conditions of the
study population at baseline. The majority of the study population
were males, East Asians, and relatively young (median: 42 years).
There were no differences in baseline CD4 count (p = 0.595) and
HIV viral load (p = 0.628) between the two groups. Patients of the
CMV preemptive therapy group had higher plasma CMV DNA
viral load (p<<0.001), more likely to have developed AIDS defining
discases (p = 0.042), and tended to have been treated concurrently
with steroids (p =0.009), compared with the non-CMV preemp-
tive group. There were no significant differences in the use of
chemotherapy (p =1.000) and in time to initiation of ART since
study entry (p =0.393, Table 1) between the two groups.
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199 Patients with CD4 count less than 100/ul and positive plasma CMV DNA viral load
at first visit to our hospital between 2000 and 2006

Excluded 21 patients with CMV
end-organ diseases at first visit

Excluded 47 patients with follow
period less than 3 months

Excluded 5 patients on ART at first
visit

l

96 patients with no
CMV preemptive therapy

30 patients with
CMV preemptive therapy

Figure 1. Flow chart of inclusion and exclusion criteria. Of the 199 subjects, 73 were excluded and the remaining 126 were included in the
study. The latter group was divided into the preemptive therapy group (n=30) and the non-therapy group (n=96).

doi:10.1371/journal.pone.0065348.g001

During the follow-up period, CMV-EOD occurred in 3 (10.0%)
patients of the preemptive therapy group and 30 (31.3%) of the
non-preemptive therapy group, with an estimated incidence of
60.9 and 230.3 per 1000 person-years, respectively. Figure 2
depicts the time from the first visit to our hospital to the
development of CMV-EOD by Kaplan Meier method in the two
groups. The incidence of new cases of CMV-EOD was
significantly higher in the non-preemptive therapy group, com-
pared with the preemptive therapy group (p=0.027, Log-rank

test). The median time from the first visit to the diagnosis of CMV-
EOD was 67 days (range, 25-67) for the preemptive therapy
group, and 54 days (range, 14-326 days) for the non-preemptive
therapy group.

Univariate analysis showed a significant relationship between
CMV preemptive therapy and low incidence of CMV-EOD
(HR =0.286; 95%CI, 0.087-0.939; p =0.039) (Table 2). On the
other hand, high CMV viral load and HIV viral load tended to be
associated with CMV-EOD, while old age, low baseline CD4

Table 1. Baseline demographics and laboratory data of patients who did and did not receive CMV preemptive therapy.

(n=96)

Median (range) age 41 (24-76)

86 (89.5)

28.0 (0-97)
! (loa10/ml)
Median (range) CMVDNA viral load (log10/ml)

3.0 (2-5)

Concur 0

Median (range) time (days) to ART* 66 (2-399)

Non-preemptive therapy

Preemptive therapy

(n=30) P value

44 (25-66) 0.729

29 (96.7)

35.5 (3-87)

4.3 (2-5)

<0.001

59 (13-158)

*11 missing values.

doi:10.1371/journal.pone.0065348.t001
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Categorical and continuous variables were analyzed using Pearson’s chi-square test and Student’s t-test, respectively.

May 2013 | Volume 8 | Issue 5 | 65348



94

(=3
=3
izt
el

80 et
L
R + -
60
Preemptive therapy (30)
R IRt Control (96)

Log-rank p = 0.027

Patients without CMV end-organ disease (%)
fd
=

<

200 400 600 800
Time since study entry (days)

oot

Figure 2. Kaplan-Meier curve showing the time to develop-
ment of cytomegalovirus (CMV)- end-organ disease (EOD) in
the preemptive and non-preemptive therapy groups. Compared
to patients on CMV preemptive therapy, those who did not receive
preemptive therapy were more likely to develop CMV-EOD (p =0.027,
Log-rank test).

doi:10.1371/journal.pone.0065348.g002

count, use of steroids, chemotherapy, and concurrent AIDS
defining diseases were not associated with CMV-EOD. Multivar-
iate analysis identified CMV preemptive therapy as a significant
preventive factor against CMV-EOD after adjustment for age and
sex (Model 2; adjusted HR=0.289; 95%CI, 0.088-0.949;
p=0.041, Table 3), and after adjustment for other risk factors
(Model 3; adjusted HR =0.172; 95%CI, 0.049-0.602; p =0.005,
Table 3). In addition, multivariate analysis showed that high CMV
viral load corrclated significantly with CMV-EOD (Model 3;
adjusted HR =1.941; 95%CI, 1.266-2.975; p =0.002, Table 3).

Of the 33 patients with CMV-EOD, 22 (66.7%) developed
CMV  retinitis, 4 (12.1%) developed esophagitis, 3 (9.1%)
developed gastroduodenitis, 6 (18.2%) developed colitis and 1
(3.0%) developed pneumonitis. All 3 patients with CMV-EOD of
the preemptive therapy group developed retinitis (Table 4).

Table 2. Results of univariate analysis to estimate the risk of
various factors in inducing CMV end-organ disease.

Hazard ratio 95% Ci P value

a % preemptive therapy : 0286 o 0087—0939 0039
Female 1.284 0.392-4.209 0.680

CD4 count per 1/l decrement 1.001 0.989-1.013  0.867

HIV viral load per log10/ml 1875 0905-3884 0091
CMV viral load per loglo/ml 1450 0984-2136  0.060
R e e
CHGm‘OT’I”IEI’pr B ‘ ' 1.390 0;488—3‘955 0.537
ConcurentADS 0703 02901704 0436

Cl: confidence interval
The Cox proportional hazards regression analysis was used.
doi:10.1371/journal.pone.0065348.t002
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Of 30 patients who received preemptive therapy, 20 (66.7%)
received an induction dose of GCV, and 7 patients (23.3%)
received maintenance dose. The remaining agents used for
preemptive therapy were an induction dose of VGCV, a
maintenance dose of FOS and an induction dose of cidofovir.
The duration of the preemptive therapy varied between 7 days
and 2 months, The following side effects were noted in patients on
CMV preemptive therapy: grade 3/4 leukopenia =7, 23.3%)
and grade 2 hypercreatininemia (n=1, 3.3%). Both side effects
developed during the use of GGV, Five patients (5.2%) of the non-
preemptive therapy group and 4 patients (13.3%) of the
preemptive therapy group died during the study period. Of the
former group, 3 deaths were due to opportunistic infections
{cryptococcus meningitis, non-tuberculous mycobacterial infection
and Pneumocystis jiroveci pneumonia), 1 due to bacterial infection
(sepsis), and 1 due to suicide. Of the latter group, 2 deaths were
due to opportunistic infections (malignant lymphoma and P. jirovect
pneumonia) and 2 due to bacterial infection (bacterial pneumo-
nias). Deaths and bacterial infections related to preemptive
therapy were not observed in our study. The mortality rate was
not significantly different between the two groups (p =0.193, Log-
rank test, Figure 3).

Discussion

The results of this observational cohort of treatment-naive HIV-
infected patients with positive plasma CMV DNA showed a
significantly lower incidence of CMV-EOD by one-fourths in the
CMV preemptive therapy group than in the non-precmptive
therapy group, over the 2-year observation period. This finding
was significant, despite higher risk for CMV-EOD in the
preemptive therapy group, such as higher plasma CMV DNA,
higher prevalence of concurrent AIDS defining discases and more
concurrent steroid use, compared with the other group. Univariate
and multivariate analyses identified anti-CMV preemptive therapy
as a significant preventive factor against CMV-EOD.

Our study is the first to illustrate the significance of anti-CMV
preemptive therapy in treatment- naive HIV-infected patients with
CMV viremia and CD4 count less than 100/pl in the HAART
era. The hazard ratio of development of CMV-EOD decreased by
82.8% following preemptive therapy, compared with no preecmp-
tive therapy, even after adjustment for plasma CMV DNA viral
load and other factors. The current guidelines do .not generally
recommend anti-CMV preemptive therapy although this is based
on sparse evidence, such as cost effectiveness, CMV resistance,
and drug side effects [7]. However, our study suggests that
preemptive therapy is a feasible option, if the effective target of
preemptive therapy could be selected. Furthermore, the study
confirmed that plasma CMV DNA, a known risk factor for CMV-
EOD [12-18], was a significant independent risk factor.

A few prospective clinical trials investigated the efficacy of
preemptive therapy in both the pre-HAART era and HAART
era. In these studies, oral GGV at 1000 mg thrice daily was used in
the pre-HAART era regimen [9,10] while VGCV at 900 mg twice
daily was the regimen used in the HAART era [11]. The patients
investigated in the above three studies were HIV-treatment-
experienced patients. One study in the pre-HAART era reported
the efficacy of preemptive therapy in patients with CD4
count<<50 pl [9], while the other studies showed no significant
preventive effect [10,11]. In the ACTG A5030 study, the
prospective clinical trial in the HAART era, which evaluated the
efficacy of oral VGCV 900 mg twice a day for 3 weeks among
HIV-infected patients with CD4 count <100 cells/mm?, plasma
HIV RNA >400 copies/mL, plasma CMV viremia and on stable
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Table 3. Results of multivariate analysis to estimate the preventive effect of CMV preemptive therapy against CMV end-organ

Model 1 Crude

Use of steroid

Concurrent AIDS

Model 2 Adjusted

Model 3 Adjusted

2217 0.912-5.393

0.664 0.288-1.534

0.930 0.337-2.569

*P<0.05 in Model 3
HR: hazard ratio, Cl: confidence interval
The Cox proportional hazards regression analysis was used.

doi:10.1371/journal.pone.0065348.t003

or no HAART, the authors reported a low incidence of CMV-
EOD among subjects both with and without preemptive therapy
[11]. The authors attributed the low incidence to improvement of
immune function induced by potent ART. Actually, in that study
[11], the number of patients who had received ART at study entry
was about 80% of the total. In contrast, the subjects of our study
were all treatment-naive patients and possibly at higher risk for
CMV-EOD compared to those enrolled in the ACTG A5030.
Thus, the use of CMV preemptive therapy reported in our study
under the clinical scenario of poor immune status without ART at
study entry resulted in better outcome than in previous studies. In
our study, there was no significant difference in the timing of ART
between the two treatment groups. Although our study did not
include the time to the initiation of ART as a variable in uni- and
multivariate analysis because the values for 11 cases were missing,
multivariate analysis with the time to the initiation of ART
together with other variables similarly identified preemptive
therapy as a significant preventive factor (adjusted HR =0.235;
95%CI, 0.064-0.868; p = 0.030).

The survival benefits of CMV preemptive therapy were
controversial in previous prospective clinical trials. One study
suggested the survival benefits of 3 g/day oral GCV preemptive
therapy [9], while other studies showed no evidence of the survival

Table 4. Details of CMV end-organ disease.

Variables with significant difference by univariate analysis or assumed as risk factors for CMV-EOD in the literature were included in model 3.

benefit [10]. On the other hand, two prospective cohort studies in
the HAART era showed the relation between CMYV viremia and
high mortality [21] and suggested the benefit of CMV therapy
[22], whereas our results showed no significant difference in
mortality rate between the two groups. The reason for this
discrepancy could be attributed to low mortality rate, small sample
size and the disproportionally high risk of the therapy group in our
study. The mortality rate (5.0 deaths per 100 person-years) in our
study was similar to that in a study conducted in the HAART era
(5.7 deaths per 100 person-years)[19] and was considerably lower
than in studies from the pre-HAART era. Since the mortality rate
has markedly decreased in advanced HIV infected patients
following the introduction of potent ART in the HAART era
[23,24], not only the survival benefit but also quality of life, such as
improvement of eye function, should be emphasized in the future.

The side effects of preemptive therapy have also been of
concern [25]. Our findings showed the development of grade 3 to
4 leukocytopenia in 23.3% of the patients who received
intravenous GCV, and was the major side effect of preemptive
therapy. Some patients who developed leukocytopenia required
treatment with granulocyte colony-stimulating factor (G-CSF) and
showed complete recovery. Thus; careful follow-up of patients on
preemptive therapy is necessary. For these reasons, preemptive

CMV-EOD

n (%)

Retini

4* (11.1%)

Esophagitis 116.5(69-164)

Gastro, ;

Colitis ' 6* (16.7%)

Pneumoniti (2.8%) 3131 ¢
Tofa‘] H 36%"(;i06%) ‘ 55 (14—326)

Time to development (days)

Non-preemptive therapy
group

Preemptive therapy group

4* (12.1%) 0

6% (18.2%) 0

33* (100%)

3 (100%)

with retinitis plus colitis.
doi:10.1371/journal.pone.0065348.t004

PLOS ONE | www.plosone.org

*Three patients of the non-preemptive therapy group had multiple CMV-EOD; one with retinitis plus esophagitis, one with retinitis plus gastroenteritis and the other
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Figure 3. Kaplan-Meier curve showing the time to death in the
preemptive and non-preemptive therapy groups. There was no
significant difference in the survival rate between the two groups
(p=0.193, Log-rank test).

doi:10.1371/journal.pone.0065348.g003

therapy might place patients at greater risk in resource-limited
setting, where close monitoring is difficult and the risk of bacterial
infection is high. It is noteworthy, however, that death and
bacterial infection related to preemptive therapy were not
observed in our study.

The present study has several limitations. Due to its retrospec-
tive nature, it was not possible to control the baseline character-
istics of the enrolled patients. However, patients with potential risk
for CMV-EOD, such as those with high plasma CMV DNA, high
concurrent AIDS and high steroid use, were more likely prescribed
the preemptive therapy. It is noteworthy that the incidence of
CMV-EOD was significantly lower in the preemptive therapy
group despite this adverse environment.

Second, the criteria for treatment, choice of drugs and duration
of CMV preemptive therapy were not rigidly controlled in the
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affected the results of the present study.

In conclusion, the present study demonstrated a lower incidence
of CMV-EOD following CMV preemptive therapy by one-fourth,
compared with no preemptive therapy, in treatment-naive patients
with CMV viremia. High plasma CMV DNA was identified as an
independent risk for CMV-EOD. Further studies are warranted to
clucidate the efficacy, safety and cost-effectiveness of anti-CMV
preemptive therapy in HIV infected patients at high risk for EOD.
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Background. Anti-Entamoeba histolytica antibody (anti- E. histolytica) is widely used in seroprevalence studies
though its clinical significance has not been assessed previously.

Methods. Anti-E. histolytica titer was measured at first visit to our clinic (baseline) in 1303 patients infected
with human immunodeficiency virus type 1 (HIV-1). The time to diagnosis of invasive amebiasis was assessed by
Kaplan-Meier method and risk factors for the development of invasive amebiasis were assessed by Cox proportional-
hazards regression analysis. For patients who developed invasive amebiasis, anti-E. histolytica titers at onset were
compared with those at baseline and after treatment.

Results.  The anti-E. histolytica seroprevalence in the study population was 21.3% (277/1303). Eighteen patients
developed invasive amebiasis during the treatment-free period among 1207 patients who had no history of previous
treatment with nitroimidazole. Patients with high anti-E. histolytica titer at baseline developed invasive amebiasis
more frequently than those with low anti-E. histolytica titer. Most cases of invasive amebiasis who had high anti-
E. histolytica titer at baseline developed within 1 year. High anti-E. histolytica titer was the only independent predic-
tor of future invasive amebiasis. Anti-E. histolytica titer was elevated at the onset of invasive amebiasis in patients
with low anti-E. histolytica titer at baseline.

Conclusions. Asymptomatic HIV-1-infected individuals with high anti-E. histolytica titer are at risk of invasive

amebiasis probably due to exacerbation of subclinical amebiasis.

Keywords.

seroprevalence; Entamoeba histolytica; HIV-1; anti-E. histolytica antibody; amebiasis.

Invasive amebiasis caused by Entamoeba histolytica is
the second most common cause of parasite infection-
related mortality worldwide, accounting for 40 000-
100 000 deaths annually [1]. Recently, it was reported
that invasive amebiasis is prevalent not only in develop-
ing countries where food or water is contaminated with
stool, but also in East Asian developed countries
(Korea, China, Taiwan and Japan) and Australia as a
sexually transmitted infection (STI) [2-4]. On the
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other hand, the annual incidence of human immu-
nodeficiency virus type 1 (HIV-1) infection is also on
the rise among men who have sex with men (MSM) in
these countries [5-8], with resultant growing con-
cern regarding invasive amebiasis in HIV-1-infected
MSM [9-14].

Serum anti-E. histolytica antibody (anti-E. Histolytica)
is widely used as an index marker for the presence of
amebiasis. It is used not only in developing countries
[15-22] but also in developed countries where amebia-
sis is spreading as an STI [3, 9, 23-26]. Furthermore,
the seroprevalence of anti-E. histolytica antibody in
HIV-1-infected individuals is generally higher than in
HIV-1 negative ones [3, 9, 15, 24]. However, only
limited information is available on the seroprevalence
of amebiasis in Japan [25, 26] despite the increasing
number of invasive amebiasis among HIV-1-infected
individuals reported lately [27, 28].
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Serum anti-E. histolytica antibody is also widely used for the
diagnosis of invasive amebiasis based on the high sensitivity
and good differentiation ability from other amoeba species,
such as Entamoeba dispar and Entamoeba moshkovskii [29].
However, the primary disadvantage of this method is that it
cannot distinguish current infection from past infection. More-
over, anti-E. histolytica antibody titer can be elevated even in
asymptomatic infected individuals, and seroconversion of anti-
E. histolytica was reported in the absence of any symptoms in
longitudinal follow-up in endemic areas [14]. At present, the
pathogenesis of amebiasis in asymptomatic anti-E. histolytica
-positive individuals remains poorly understood.

In the present study, we found high seroprevalence of anti-E.
histolytica antibody in HIV-1-infected adult Japanese. Retro-
spective analysis of these seropositive individuals indicated that
those with high anti-E. histolytica titer are prone to future inva-
sive amebiasis. These findings highlight the clinical significance
of anti-E. histolytica positivity and enhance our understanding
of the pathogenesis of invasive amebiasis.

MATERIALS AND METHODS

Ethics Statement

This study was approved by the Human Research Ethics Com-
mittee of our hospital, the National Center for Global Health
and Medicine, Tokyo. The study was conducted in accordance
with the principles expressed in the Declaration of Helsinki.

Study Design and Population

The present study was a single-center retrospective cohort
study. Our facility is one of the largest core hospitals for pa-
tients with HIV-1 infection in Japan, with >3000 registered pa-
tients. The study population was HIV-1-infected patients who
were referred to our hospital for management of HIV-1 infec-
tion for the first time between January 2006 and April 2012.

Anti-E. histolytica Antibody Testing

Indirect fluorescent-antibody (IFA) assay was used for the de-
tection of anti-E. histolytica antibody in serum by using a slide
precoated with fixed E. histolytica. This method can distinguish
amebiasis caused by E. histolytica from that caused by other
amoeba species, such as E. dispar and E. moshkovskii. The sen-
sitivity and specificity of this method for the detection of E. his-
tolytica infection are comparable with other methods, such as
counterimmunoelectrophoresis and indirect hemagglutination
amebic serology [29, 30]. The commercial kit, Amoeba-Spot IF
(bioMerieux SA), is currently approved for the diagnosis of E.
histolytica infection in Japan. Based on the instructions en-
closed with the kit, the biological samples were initially diluted
at 1:100 with phosphate-buffered saline (PBS) and then incu-
bated for 30 minutes at room temperature on slides precoated
with fixed E. histolytica. Then, the slides were washed with PBS
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twice, treated with the fluorescent-labeled anti-human antibod-
ies, and incubated for another 30 minutes at room temperature.
The slides were washed again, and cover slips with buffered
glycerol were placed over the slides. Fluorescence in each slide
was examined with fluorescence microscope and compared
with negative control slides. Seropositivity was defined as posi-
tive response in serum sample diluted at 1:100, and anti-E. his-
tolytica titer was determined by the highest dilution for the
positive response.

Development of Invasive Amebiasis in Patients Without History
of Nitroimidazole Treatment

Newly registered HIV-1-infected individuals who underwent
anti-E. histolytica testing at first visit were included in this anal-
ysis. Patients were excluded from the follow-up study (1) if they
had been treated previously with nitroimidazole (metronida-
zole or tinidazole) or (2) if they were treated with nitroimida-
zole at first visit to the clinic. The clinical characteristics and
results of serological tests for other STIs, such as syphilis and
hepatitis B and C viruses (HBV and HCV), were collected from
the medical records. The follow-up period spanned from the
time of the first visit to May 2012, unless patients died from
other causes during this period, dropped out, or were referred
to other facilities.

The diagnosis of invasive amebiasis was based on the
medical records of 3 different clinicians and satisfied one of the
following 2 criteria, as described elsewhere [12-14]; (1) identi-
fication of erythrophagocytic trophozoites in biological speci-
mens (stool or biopsy sample) of HIV-1-infected patients with
symptoms of invasive amebiasis, such as fever, tenesmus, and
diarrhea, (2) identification of liver abscess by imaging studies
in seropositive (titer >x100) patients with symptoms related to
invasive amebiasis who showed clinical improvement after ni-
troimidazole monotherapy. For patients who developed inva-
sive amebiasis during follow-up, we compared anti-E.
histolytica titer at the time of onset of invasive amebiasis with
those at first visit (baseline) and after nitroimidazole therapy.

Statistical Analysis

The patients’ characteristics and results of serological tests on
STIs were compared using ¥ test or Student ¢ test for qualita-
tive or quantitative variables, respectively. The time to the diag-
nosis of invasive amebiasis was calculated from the date of the
first visit of our hospital to the date of diagnosis of invasive am-
ebiasis. Censored cases represented those who died, dropped
out, or were referred to other facilities during the follow-up.
The time from first visit to the diagnosis of invasive amebiasis
was calculated by the Kaplan-Meier method followed by log-
rank test to determine the statistical significance. The Cox pro-
portional-hazards regression analysis was used to estimate the
impact of anti-E. histolytica titer at baseline on the incidence of
invasive amebiasis. The impact of basic clinical characteristics,
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