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A novel detection system was established pre-
viously for cells infected with the human cyto-
megalovirus (HCMV) in vitro that utilizes the
unique IE1-dependent nuclear dispersion of
promyelocytic leukemia (PML) bodies early in
the HCMV replication cycle. This assay system,
designated ‘“‘the PML assay,” makes use of
the GFP-PML-expressing cell line SE/15, and
allows real-time monitoring of infected cells by
fluorescence microscopy without any staining
procedures. A rapid and quantitative drug sus-
ceptibility testing was developed for low-titer
clinical isolates propagated in fibroblasts in
vitro. The present study sought to exploit the
PML assay for evaluating in vivo status of
HCMYV without virus isolation. Progeny viruses
were detected directly from peripheral blood
mononuclear cells (PBMCs) infected in vivo
obtained from hematopoietic stem cell trans-
plantation recipients. The overall positivity of
the PML assay tended to correlate with the
levels of genomic DNA. Direct phenotypic sus-
ceptibility testing detected one ganciclovir
(GCV)-resistant case among 19 samples, which
was confirmed further by genomic and plaque
reduction assays. However, in another patient
with the sequence-proven mutant confirmed
by sequencing, the progeny viruses exhibiting
GCV-resistance were not detected. Studies on
the isolated virus from the latter patient sug-
gested the possibility that replication efficiency
may differ between PBMCs and lesions infected
in vivo, which may hamper the detection of
GCV-resistant viruses by the PML assay, at least
in this case. Taken together, the PML assay is
sufficiently sensitive to monitor replication-
competent HCMV directly from PBMCs infected

© 2012 WILEY PERIODICALS, INC.

in vivo, and provides a novel tool for compar-
ing the characteristics of HCMV strains infected
in vivo. J. Med. Virol. 84:479-486, 2012.

© 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Despite recent advances in antiviral therapy, hu-
man cytomegalovirus (HCMV) remains a common vi-
ral pathogen that causes problematic infections,
especially in patients undergoing hematopoietic stem
cell transplantation and solid organ transplantation.
The diagnosis and monitoring of HCMV in hematopoi-
etic stem cell transplantation and solid organ trans-
plantation recipients have advanced rapidly in the
last two decades [Razonable et al., 2002; Baldanti
et al., 2008], which has allowed the development of
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prophylactic or preemptive therapies for HCMV infec-
tion and disease [Griffiths and Boeckh, 2007]. The
widely used HCMV diagnostic assays include the de-
tection of pp65-positive leucocytes in antigenemia
assays and quantitative PCR assays of viral DNA in
blood [The et al., 1990; Grossi et al., 1995; van der
Meer et al., 1996], both of which are based on the
presence of virus or viral products in blood irrespec-
tive of the infectivity. Although pp65-guided preemp-
tive therapy is highly effective in the management of
HCMYV infection and disease [Boeckh et al., 1996;
Kanda et al., 2001; Asano-Mori et al., 2005], and is
believed to reflect the activity of HCMV in vivo, insuf-
ficient sensitivity has been reported occasionally in
patients with HCMV-associated gastrointestinal dis-
ease or HCMV retinitis [Boeckh and Ljungman,
2009]. On the other hand, genomic DNA evaluation
by quantitative PCR is a highly sensitive method,
although increased viral loads may include both repli-
cation-competent and -incompetent viruses and/or
debris from infected cells [Razonable et al., 2002; Bal-
danti et al., 2008]. To improve patient management,
rapid and accurate determination of drug susceptibili-
ty is important to distinguish apparently reduced
sensitivity against antivirus drugs caused by severe
immunosuppression. Some paradoxical phenomena,
such as dissociation between antigenemia and the vi-
ral load, have been reported [Gerna et al.,, 2003].
Analysis of HCMV infectivity in vivo is important for
understanding the molecular basis of these inconsis-
tent phenomena, concomitant with currently available
clinical testing. Although the shell vial assay is an al-
ternative method for evaluating replication-competent
viruses [Gleaves et al., 1984; Griffiths et al., 1984;
Patel et al., 1995], it is labor-intensive for monitoring
active HCMV in clinical specimens.

A novel detection system was established previously
for cells infected with HCMV in vitro that makes use
of SE/15 cells stably expressing GFP-PML [Ueno
et al., 2006; Ueno and Ogawa-Goto, 2009]. In the nu-
cleus of these cells, HCMV deposits its genome adja-
cent to promyelocytic leukemia (PML) bodies and
starts IE transcription, which leads to disruption of
the PML bodies mainly through de-SUMOylation of
PML protein by the function of IE1 protein [Korioth
et al., 1996; Ahn and Hayward, 1997; Muller et al.,
1998]. Hence, visual assessment by fluorescence mi-
croscopy is sufficient for detection without the necessi-
ty for any further procedures, such as fixation and
staining. The assay can detect progeny viruses of not
only laboratory strains but also clinical isolates. These
features permit continuous tracing over the time
course of a single culture, and are particularly advan-
tageous for clinical specimens, the amounts of which
are often limited. Thus, it is expected that the use of
GFP-PML-expressing cells will provide a quantitative
method for monitoring replication-competent viruses
as an alternative to the shell vial assay.

In the present study, a protocol for direct detection
of HCMV progeny viruses is presented for evaluation
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of peripheral blood mononuclear cells (PBMCs)
infected in vivo from patients undergoing hematopoi-
etic stem cell transplantation, which enables suscepti-
bility tests for anti-HCMV drugs without virus
isolation procedures. In this article, the detection sys-
tem using GFP-PML-expressing cells is designated
the PML body assay (“the PML assay”), and positive
cells exhibiting diffuse GFP-PML in their nucleus
are designated “PML-positive” cells, which were trig-
gered by infection of progeny viruses during in vitro
cocultures.

MATERIALS AND METHODS
Patients and Clinical Specimens

The present prospective study was approved by the
ethical committees at Saitama Medical Center of Jichi
Medical University and Toranomon Hospital. After in-
formed consent was obtained, 25 whole blood speci-
mens from 20 individuals who underwent allogeneic
hematopoietic stem cell transplantation from an HLA-
matched or -mismatched donor at Saitama Medical
Center of Jichi Medical University or Toranomon Hos-
pital were evaluated. The patients were diagnosed as
positive in HCMV antigenemia tests by the C7-HRP
or C10/C11 method during routine surveillance. The
patient characteristics are summarized in Table 1.

Blood specimens (~15 ml) were aliquoted into
three parts, comprising 200 pl for virus isolation in
fibroblasts, 200 pl for DNA extraction and the
remaining volume for PBMC preparation. PBMCs
were prepared using Lymphoprep (Axis-Shield, Oslo,
Norway) according to the manufacturer’s instructions,
and cultured in fibronectin-coated 24-well plates at a
density of 0.6-2 x 10° cells/well. DNA was extracted
from 200 pl of whole blood using QIAamp DNA blood
mini kits (Qiagen, Hilden, Germany). Quantitative
PCR of the genomic HCMV DNA was performed as
described previously [Leruez-Ville et al., 2003].

TABLE 1. Summary of Patients’ Characteristics

50 (17-65)
10/10

Age, median (range)

Sex (male/female)

CMYV serostatus before transplantation
Recipient CMV-positive 19
Donor CMV-positive 10

Underlying disease
AML

SAA
ATL
DLBCL
ALL
CML

Graft source
Bone marrow
Peripheral blood stem cell
Cord blood

Donor type
Matched related
Mismatched related
Unrelated
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Cell Culture, Virus, and Reagents

The SE/15 cell line [Ueno et al., 2006] was used
throughout this study. HCMV clinical isolates were
propagated and titrated in human embryonic lung
fibroblasts. Virus inoculums were prepared by ultra-
sonication of infected fibroblasts and stored in medi-
um containing glycerol. Plaque reduction assays in
fibroblasts or drug susceptibility tests estimated by
SE/15 cells were carried out as described previously
[Ueno et al.,, 2006]. Ganciclovir (GCV), foscarnet
(FOS) (Sigma—Aldrich, St. Louis, MO) and cidofovir
(a generous gift from Prof. E. De Clercq) were used as
anti-HCMYV drugs.

Protocol for In Vitro Infection of PBMCs by
Clinical Isolates and Detection of Progeny
Viruses by SE/15 Cells

PBMCs were prepared from EDTA-treated blood
obtained from HCMV genome-negative volunteers
and cultured in RPMI1641 medium containing 10%
FBS. The protocol for the PML assay was determined
using PBMCs infected in vitro as follows. PBMCs
(4 x 10°% were cultured in 24-well plates, and non-
adherent cells were removed by washing with PBS.
Subsequently, 200 pl of a clinical isolate inoculum
was added and incubated for 2 hr. The cells were then
extensively washed with PBS and cultured in
RPMI1641 medium containing 10% FBS. At 3 days
post-inoculation, SE/15 cells (5 x 10*) were added af-
ter extensive washing with PBS, and maintained until
9 or 10 days post-inoculation. The numbers of PML-
positive cells were counted daily by fluorescence mi-
croscopy. To characterize the cell types of the HCMV-
infected cells, PBMCs infected in vitro were subjected
to immunofluorescence analyses using antibodies
against UL44 (Dako, Glostrup, Denmark) and CD14
(Novocastra Laboratories, Newcastle Upon Tyne, UK).
UL44, an HCMV early gene antigen, was detected in
the nucleus of CD14-positive cells (data not shown),
confirming that monocytes/macrophages were the tar-
gets for the viruses. Among several reagents reported
to be enhancers of HCMV replication in fibroblasts
[West and Baker, 1990], dexamethasone (Dex) was
found to be effective for progeny production in these
cultures. Therefore, 5 pM Dex was used in the follow-
ing experiments for cells infected in vivo.

Coculture of PBMCs Infected In Vivo With SE/15
Cells and Monitoring of Progeny Viruses

PBMCs (0.6-2 x 10° cells/well) from allogeneic he-
matopoietic stem cell transplantation recipients were
cultured in RPMI1641 medium containing 10% FBS.
In Exp.0D, the coculture was started on the day of
PBMC preparation and continued until day 6 or 7,
while in Exp.3D, SE/15 cells were added on day 3 of
PBMC culture and the culture was continued until
day 9. During the cocultures, the numbers of PML-
positive cells were monitored daily by fluorescence
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microscopy. In some experiments, cocultures were
performed in the presence or absence of GCV or FOS.

Statistical Analysis

Fisher’s exact test was used to compare the positive
rates of the PML assay or virus isolation.

RESULTS

Detection of Progeny Viruses Produced From
PBMCs Infected In Vivo

To test whether the PML assay detects progeny vi-
ruses produced by cells infected in vivo, PBMCs from
patients with a variety of antigenemia levels after he-
matopoietic stem cell transplantation were used. Two
series of experiments were carried out, designated
Exp.0D and Exp.3D (Fig. 1A). In Exp.0D, the cocul-
ture started on the day of PBMC preparation, while
in Exp.3D, SE/15 cells were added on day 3 of PBMC
culture, and the numbers of PML-positive cells were
monitored (Fig. 1A and B). In most cases, PML-posi-
tive cells began to appear from days 3 to 4 and peaked
around day 5 in Exp.0D, while they peaked from
days 7 to 9 in Exp.3D. Representative curves for
Exp.0D and Exp.3D in the presence and absence of
5 pM Dex are shown in Figure 1C and D, respective-
ly. More than 60% of the specimens tested responded
to Dex treatment to various degrees.

The results of the PML assay together with the
virus isolation are summarized in Table II. Overall,
20 of 25 (80%) samples were positive in either Exp.0D
or Exp.3D. On the other hand, HCMV was successful-
ly isolated in 11 of 25 (44%) samples using fibroblasts,
and PML assays were positive in 10 of the 11 culture-
proven HCMV-infected specimens. For comparison
with the genomic DNA levels, the samples were
categorized into two groups based on the copy num-
bers of the HCMV genome, namely low-grade (<5 x
102 copies/ml) and high-grade (>5 x 10° copies/ml)
groups. No viruses were isolated in the low-grade
group, while viruses were successfully isolated from
64% of the high-grade group specimens.

In the high-grade group, 12 of 16 (75%) samples
exhibited PML-positive cells in Exp.0D, which was
significantly higher than the corresponding 2 of 8
(25%) samples for the low-grade group. Higher num-
bers of PML-positive cells were observed in the high-
grade group in both Exp.0D and Exp.3D. However,
a considerable number of high-grade group specimens
exhibited undetectable or very low levels of PML-
positive cells despite high levels of antigenemia and/
or genome copy numbers. No significant difference
was observed for the peak appearance day between
the two groups.

Drug Susceptibility Test Using PBMCs
Infected In Vivo

To establish a susceptibility test for anti-HCMV
drugs in Exp.3D, PBMCs were cultured singly in the
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Fig. 1. Time-course profiles of progeny virus production from
PBMCs obtained from hematopoietic stem cell transplantation recip-
ients. A: Schematic representation of the PML assay using PBMCs
infected in vivo obtained from patients after hematopoietic stem cell
transplantation. B: Representative images of PML-positive cells
(lower, shown by arrows) and PML-negative cells (upper) during the
PML assay upon cocultures with the PBMCs infected in vivo.
Images under fluorescence microscopy are shown. C-F: Exp.0D

presence or absence of GCV for 3 days, followed by
the start of coculture at day 3 (Fig. 1A). Addition of
GCYV inhibited the production of PBMC-derived proge-
ny viruses in Exp.3D, but not in Exp.0D (Fig. 1C and
D). The PML-positive cells in Exp.0D, even in the
presence of GCV, were attributed to active viruses at
blood sampling that had already passed through the
phase of viral DNA replication, thereby escaping the
inhibitory action of GCV that specifically targets viral
DNA polymerase. Among the 19 samples tested for
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(C,E) and Exp.3D (D,F). In Exp.0D the coculture was started on the
day of PBMC preparation. In panel C, the coculture was carried out
in the presence or absence of GCV. In Exp.3D, SE/15 cells were
added on day 3 of PBMC culture and the culture was continued until
day 9 in the presence or absence of GCV. Representative curves for
Exp.0D and Exp.3D in the presence and absence of 5 uM Dex are
shown. C, D: #hsct-24; E, F: #hsct-14.

Exp.3D, six samples were determined to have appar-
ent low sensitivity for GCV under the conditions used
(Figs. 1F and 2A, Table III).

Genomic sequencing analyses revealed mutations
conferring GCV-resistance in one patient (#hsct-17),
who had been treated with GCV for more than
75 days. The mutations included C603W in the UL97
gene and T503I in the UL54 gene. Using an isolated
virus strain from #hsct-17, an increased ICsq for
GCV (21 pM) was confirmed, which was defined as a
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infectivity in the lesions, while the data in the PML
assay are supposed to represent the productivity of
replication-competent viruses derived from mono-
cytes/macrophages infected in vivo. If this is the case,
the dissociation between the antigenemia/viral loads
and the PML assay may suggest that HCMYV infected
in vivo does not necessarily replicate with similar effi-
ciency between PBMCs and the lesions.

The dissociation was particularly prominent in the
sequence-proven GCV-resistant virus #hsct-22, which
showed very low numbers of progeny viruses despite
extremely high antigenemia or viral loads. Interest-
ingly, slow replication in PBMCs was reproduced by
in vitro experiments using simultaneously obtained
blood culture isolates. Although virus tropism to leu-
cocytes and/or endothelial cells can be affected by mu-
tation of the genes encoding UL128-UL131A during
in vitro culture [Akter et al., 2003; Hahn et al., 2004;
Sinzger et al., 2008], a genomic sequence analysis
revealed that the isolated virus at the fifth passage
had no apparent mutations that led to amino acid
substitutions or deletions in the UL128-UL131A
genes compared with those of the blood sample (data
not shown). To overcome the issues for these non-re-
spongsive samples, a detailed characterization of the
virus is now being undertaken, including analyses of
the genomic sequences of other genes and the clinical
background information of the patients.

In most of the specimens tested in this study,
direct phenotypic susceptibility testing under the
conditions used appeared to be feasible, although
further improvements are required. It is notable
that some of the “apparent low-sensitivity” samples
showed relatively high numbers of PML-positive cells,
in contrast to the low numbers of PML-positive
cells for the sequence-proven GCV mutants. Since the
pathogenesis of HCMV infection is related to a num-
ber of interactions between HCMV and the host im-
mune response, the host factors that can affect
the numbers of PML-positive cells remain to be eluci-
dated. However, a preliminary study revealed that
several reported risk factors that impacts on HCMV
infection had no bias for low GCV susceptibility, in-
cluding the donor HCMV serostatus before transplan-
tation, acute GVHD and relapse of antigenemia (data
not shown). Further studies on the molecular basis of
the cell type-specific preferential propagation of clini-
cal strains may provide insights for better under-
standing of HCMV infection and disease.
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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-II
gene products were detected 24 h post-induction with 12-O-tetradecanoylphorbol-13-acetate until 60 h in the
cytoplasm of primary effusion lymphoma cell lines. In clinical specimens, both vMIP-1 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.

© 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
avMIP-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.: +81 6 6879 3780; fax: +81 6 6879 3789.
E-mail address: kueda@virus.med.osaka-u.acjp (K. Ueda).
1 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-II, 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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1B

Fig. 1. Cross reactivity between anti-vMIP-I and anti-vMIP-II MAb. 293 T cells were
transfected with either 2 pg of pCAGGS- vMIP-I or 2 g 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 MADb,
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/ml 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 10 [U/ml penicillin G, and 10 pg/ml
streptomycin, 10% FBS, and 200 mM L-glutamine.

A B
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Plasmids

In order to express VMIP-I 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-II ORFs were
amplified by PCR using the following primer sets: vMIP-I-Met (5'-
CGGTACCGAATTCTCCAGATGGCC-3") and vMIP-I-Ter (5-ACTCGA-
GAATTCTACTTGTCATCGTCGTCCTTGTAGTCGGAAGCTATGGCAGGCAG-
3); and vMIP-1I-Met (5'-AGGTACCGAATTCAGTTATGGACACCAAGGGC-
3’y and vMIP-II-Ter (5’-ACTCGAGAATTCTACTTGTCATCGTCGTCCITG-
TAGTCGGAGCGAGCAGTGACTGG-3/). The PCR products were cloned
into pCR2.1 (Invitrogen) and sequenced. After digestion with EcoRI,
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 EcoRI 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-I1 and GST-vMIP-1i
fusion protein, the genes for GvMI-Full, GyM1-D1, GvM1-D2,
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Fig. 2. Epitope mapping of the anti-vMIP-I and the anti-vMIP-Il MAbs. To map the regions of vMIP-I and vMIP-II recognized by the anti-vMIP-I and anti-vMIP-II antibody, a series of
GST-vMIP-1 and GST-vMIP-II 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-I 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-II antibody (E) to detect GST-vMIP-I or GST-vMIP-II fusion proteins. Lane 1, GvM1-Full; lane 2, GyM1-D1; lane 3, GvM1-D2; lane 4, GvM1-D3; lane 5, GvM1-D4; lan3 6, GST
in Fig. 2A and B. Lane 1, GyM2-Full; lane 2, GvM2-D1; lane 3, GvM2-D2; lane 4, GyM2-D3; lane 5, GST (in D only) in Fig. 2D and E. Summary of GST-vMIP-I (C) and GST-vMIP-II (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-I 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-II. 1, GvM1-Full(1-95a.a.); 2, GvM1-D1(25-95a.a.); 3, GYM1-D2(45-95a.a.); 4,
GvM1-D3(61-95a.a.) in Fig. 2C, and 1, GvM2-Full(1-94a.a.); 2, GyM2-D1(24-94a.a.); 3, GvM2-D2(43-94a.a.); 4, GyM2-D3(60-94a.a.) in Fig. 2F.
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Fig. 3. Detection of vMIP-1 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-I and
vMIP-1I were detected by Western blotting and IFA with anti-vMIP-1 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-II MAb.
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, GvM2-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'); vMIP-1-2F (5'-
ATGAATTCGCGGGGTCACTCGTGTCG-3’) and vMIP-I-5R; vMIP-I-3F
(5'-ATGAATTCCCGCCCGTCCAAATTC-3') and vMIP-I-5R; vMIP-1-4F
(5'-ATGAATTCCCAAAACCCGGAGTTATTTTGC-3’) and vMIP-I-5R; vMIP-
[I-1F  (5'-CGGAATTCGTTATGGACACCAAGGGC-3’) and vMIP-II-5R
(5'-GGCAGTCGACTCTTCAGCGAGCAGTGACTG-3"); vMIP-1I-2F (5'-
GGGAATTCCTGGGAGCGTCCTGGCATAGAC-3') and vMIP-II-5R; vMIP-II-
3F (5’- AAGAATTCTITACCACAGGTGCTTCTGTCC-3") and vMIP-II-5R; and
VMIP-II-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-1 and -vMIP-1I 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-I and the GST-vMIP-II fusion pro-
teins were conjugated to keyhole limpet hemocyanin KLH (Calbiochem.
Co., La Jolla, CA). Mice were initially immunized with 250 pg each of the

purified GST-vMIP-I or -1I 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-I and vMIP-II proteins, 293/EBNA cells were
transfected with pCAGGS-vMIP-I and -vMIP-II plasmids using TransIT-
LT1 (Mirus Bio LLC, Madison, WI1). 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-HCl [pH 8.0], 0.15 M NadCl, 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-I], 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
1gG 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 IFA dilution buffer [PBS containing 2% bovine
serum albumin, 0.2% Tween-20, and 0.05% NaNs]) 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



