CHEMOKINES

KSHV-encoded CC chemokine vMIP-IIl is a CCR4 agonist, stimulates
angiogenesis, and selectively chemoattracts TH2 cells
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Kaposi’'s sarcoma-associated herpesvi-
rus (KSHV) encodes 3 genes that are
homologous to cellular chemokines.
VvMIP-Ill, the product of open reading
frame K4.1, is the most distantly related
to human chemokines and has yet to be
characterized. We have examined the
interaction of vMIP-IIl with chemokine
receptors, its expression in KS lesions,
and its in ovo angiogenic properties. We

show expression of vMIP-IIl in KS lesions
and demonstrate the stimulation of angio-
genesis by this chemokine, like vMIP-I
and vMIP-II, in the chick chorioallantoic
membrane assay. vMIP-III does not block
human immunodeficiency virus entry
through the coreceptors CCR3, CCRS5, or
CXCR4. However, vMIP-IIl is an agonist
for the cellular chemokine receptor CCR4.
CCR4 is expressed by TH2-type T cells.

Consistent with this, vMIP-Ill preferen-
tially chemoattracts this cell type. Be-
cause of these biologic properties and
because it is expressed in KS lesions,
VMIP-IIl may play an important role in the
pathobiology of KS. (Blood. 2000;95:1151-
1157)

© 2000 by The American Society of Hematology

Introduction

Kaposi sarcoma (KS) is the most common tumor associated witMIP-IIl, we have expressed this chemokine in mammalian cells

human immunodeficiency virus (HIV) infectionKS-associated and purified it to near homogeneity. In this study, we have

herpesvirus (KSHV, also known as human herpesvirus 8) westermined the receptor binding and chemotactic activation profile

originally identified in KS lesions and is considered to be thir vMIP-III. In addition, we have investigated the expression of

etiologic agent of KS:2KSHV has also been found in patients withyMIP-I11 in KS lesions along with its role in angiogenesis and HIV

primary effusion lymphoma and multicentric Castleman diseas@fection.

suggesting that it may play an important role in these lymphoprolif-

erative diseases!
The KSHV genome is comparable to that of other gammgaterials and methods

herpesviruses, such as Epstein-Barr virus and herpesvirus Saimiri

(HSV) 5 These viruses encode numerous genes with similarity @oning, expression and purification of vMIP-I1I

human sequences. An interesting feature of KSHV is that it encod]ense

3 n_ovel C_hemoklne g7enes located within the long unique COd"Px? polymerase chain reaction and cloned into the mammalian expression
region of its genome&’ Two of these genes, vMIP-I and vMIP-II, vector pDEF10. Stable clones of Chinese hamster ovary (CHO) cells

share extensive (60%) sequence identity, whereas VMIP-IIl, the, essing high levels of vMIP-IIl were obtained as described previdusly.
product of KSHV open reading frame K4.1, is more distantly |njtial purification of vMIP-IIl was performed from CHO cell culture
related, sharing homologies to vMIP-I and vMIP-II of approxisupernatants by heparin sulfate affinity chromatography using a CL-6B
mately 37%. column (Pharmacia, Uppsala, Sweden). The column was washed with 0.2
Previous studies have shown that vMIP-1 and vMIP-Il interagtol/L NaCl in 20 mmol/L Tris, pH 7.5, and vMIP-IIl was eluted with 0.6
with cellular chemokine receptors and stimulate angiogefigsismol/L NaClin 20 mmol/L Tris, pH 7.5. The eluted material was separated
These studies demonstrated the ability of vMIP-I to bind CCR5 arfé an 18% SDS-PAGE gel and electroblotted onto polyvinylidene fluoride
inhibit HIV infection. Additionally, vMIP-II was shown to bind (PVDF) membrane (Novex, San Diego, CA). Doublet bands of 9 to 10 kd,
CCR3 and CCRS8 as an agonist, block HIV infection throu(‘:]ﬁorr_espondlng to the predicted m|grat|op of vMIP-IIl, were |nd|V|dl_JaIIy
CCR3, and bind as an antagonist on a wide variety of ChemokiEéC'SEd from the membrane, and Ntérminal sequence was determined

receptor$:” The third KSHV-encoded chemokine, vMIP-IlI, has Y Edman degradangn using an ABI 473A protein sequencer (Applied
Biosystems, Foster City, CA).

y?t to be Characterlz'ed.. A_lthm_]gh VMIP-I and V_MIP'” share Large-scale purification of vMIP-IIl was performed by cation-exchange

significant sequence similarity with human chemokines (43% a'Eqromatography using an S-5 column (Sartorius, Edgewood, NY). The

52%, respectively, with MIPd), vMIP-IIl is more distantly cojumn was washed with 0.2 mol/L NaCl in 20 mmol/L Tris, pH 7.5, and

related. The closest related human chemokines are TARC afigted with 0.8 mol/L NaCl in 20 mmol/L Tris, pH 7.5. The elution peak and

eotaxin, which share 35% and 38% homology, respectively. flanking fractions were analyzed by SDS-PAGE and detected by Coo-
To gain a better understanding of the functional properties ofassie staining.

coding region of vMIP-IIl was isolated from a genomic clone of KSHV
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Mass spectrometric analysis ing.13 Briefly, cells were washed once in phosphate-buffered saline and
. . . _resuspended in binding buffer (50 mmol/L HEPES, pH 7.5, 1 mmol/L
VMIP-III purified by ca_tlon‘-exchange chromatography was qlluted 1:2 V_\me:aCIz, 5 mmoliL MgCh, 0.5% BSA, and 0.05% azide). Binding reactions
5 mmol/L octylglucoside in 20 mmol/L Tris, pH 6.8, and mixed 1:2 with o0 yerformed in 96-well, round-bottom tissue culture plates (Costar,
callbrgtlon mixture #3 in S.lnaplnlc acid matrix (PerSeptlve B',OSyStem%orning, NY) for 90 minutes at room temperature. Each reaction consisted
Fr_ammgham, MA) accord_mg ‘to th_e manufacturer’s instructions. ONn% 5 x 106 cells, 0.1 nmol/L radiolabeled chemokine, and various concen-
microliter of the sgmple-callbrgtlon mlxture was spotted_on t'he _sample plfﬂgtions of unlabeled chemokine (for competition binding) in a total volume
and allowed to air dry. Matrix-assisted laser _desorptlon/|on|za.t|on—ma8§200 pL. Samples were then transferred to 96-well, glass-fiber filter plates
spectrometry (MALDl'MS) was performed using a Voyager Elite mfdsﬁ\/lillipore, Bedford, MA), which were precoated with 0.5% polyethylen-
spectrometer (PerSeptive Biosystems). The system was operated 'nimﬁe, washed twice with binding buffer containing 0.5 mol/L NaCl, and
linear-delayed extr_acti_on m‘ode with 337-nm nitrogen Igse_r (Las_er_Sciencg unted on & counter (Wallac, Gaithersburg, MD). Nonspecific binding
Nevyton, MA). Bovine insulin (M= 573_?"59) andescherichia colthiore- was defined as binding that could not be displaced by a 500-fold molar
doxin (M = 11 673.48) were used as size standards. excess of unlabeled ligand. Data are presented as percentage specific
Generation of polyclonal antibodies to vMIP-III binding, calculated by 10& ([S-B])/[T-B]), where S is the binding of the
radiolabeled ligand, B is nonspecific binding, and T is the total binding in
vMIP-IIl was chemically synthesized by Gryphon Sciences (San Francisghe absence of competitors.
CA) using t-butyl-oxycarbonyl chemistries on a peptide synthesizer (430A;
Applied Biosystems, Foster City, CA). This material could not be refolde@hemotaxis assays
and was used as an immunogen to generate polyclonal rabbit antibodies to

VMIP-1]I. 10 For chemotaxis assays,X 1(f cells were resuspended in 0.1 m RPMI
' 1640 medium containing 0.5% BSA and loaded into the upper chamber of a
Western blotting transwell chemotaxis chamber (0.3-um pore size; Costar, Corning, NY).

Chemokines were added to the lower wells in a volume of 0.6 mL. After 4

For Western blotting, samples were electroblotted to PVDF membrangs,s at 37°C, cells in the lower chamber were collected and counted by
(Novex) using 300 mA constant current for 30 minutes at room temperatuggy,, cytometry (FACScan, Becton Dickinson, NJ). Data are expressed as

Blots were bloocked_ in tris-buffered saline containing 0.1% tween 2fe numper of cells that migrate through the filterSEM or percentage
(TBS-Tw20)/1% bovine serum albumin (BSA) and probed with anti-vMIPp 5 ¢ of cells. Cells that migrated in the absence of chemokine served as a
1 rabbit polyclonal antisera (1:5000). After 3 washes with TBS-Tw20, goglsseline negative control.

antirabbit antibodies conjugated to horseradish peroxidase (Transduction

Laboratories, Lexington, KY) were added (1:5000) and incubated at roa@eneration of TH1 and TH2 cell lines

temperature for 30 minutes. Blots were washed 3 times with TBS-Tw20 and

detected by autoradiography using electro-chemiluminescence (Renggort-term TH1 and TH2 cell lines were derived from the peripheral blood

sance ECL; NEN Life Science Products, Boston, MA). of normal healthy donors as previously describedriefly, peripheral
blood mononuclear cells were isolated on Histopaque gradients (Sigma, St.
Kaposi sarcoma lesion preparation Louis, MO). Naive (CD4, CD45RA") T cells were obtained by negative

selection using a cocktail of monoclonal antibodies to remove monocytes
Late-stage KS nodule whole-cell lysates were prepared from paraffif- 9 y

! ) ) nti-CD14), B-cells (anti-CD19, anti-CD20), CD8 T cells (anti-CD8),
embedded samples. Twenty-five sections of 25-um thickness were solubi- . . .
: - . . . natural killer cells (anti-CD56), and memory CD4 T-cells (anti-CD45R0).
lized in 4Xx Laemmeli buffer. Viscous samples were sheared with

26-gauge needle and boiled, and equivalent amounts of protein were Ioadgf?m.lbOdles were obtained ffom Pharmmgen (San D|<_ego, .CA)' Negative
ection was performed using goat antimouse antibodies coupled to

- Use
on an SDS-PAGE gel and electroblotted to PVDF for vMIP-IIl detection. magnetic beads (BioMag: PerSeptive Biosystems), according to the manu-

Cell culture facturer’s instructions. To generate polarized TH1 cell lines, QD4
CD45RA" T-cells (2x 10°/mL) were cultured for 4 days in the presence of
THP-1 cells (ATCC, Rockville, MD) and the pre-B lymphoid cell line L1.22 ng/mL IL-12, 200 ng/mL anti—IL-4, and 2.5 ug/mL phytohaemagglutinin
(kindly provided by Irv Weissman, Stanford, CA) were grown in RPMI-pHA (Sigma). To obtain TH2 lines, T cells from the same donor were
10% fetal calf serum. L1.2 cells transfected with CCR3 and CCR4 (k|nd%|tured for 4 days in the presence of 10 ng/ml_ IL-4, 2 ug/mL anti—IL-12,
provided by Osamu Yoshi), and CCR5 were grown in RPMI-10% FCS arghd 2.5 ug/mL PHA (cytokines and anticytokine reagents were obtained
500 pg/mL G418. U87/CD4 cells expressing CCR3, CCR5, or CXCRfom R&D Systems, Minneapolis, MN). After polarization, cells were
(kindly provided by Dan Littman) were grown in Dulbecco’s modifiedexpanded by culture in 100 U/mL IL-2 (Boehringer Mannheim, Indianapo-
Eagle’s medium supplemented with 5% fetal calf serum. lis, IN) for 10 days. TH1/TH2 polarization was confirmed by assaying for
interferon (IFN)sy and IL-4, respectively, in phorbol myristate acetate/
ionomycin-treated cultures or by intracellular staining for Ifldnd IL-415
The angiogenic activity of vMIP-IIl was tested in the chicken chorioallan-
toic membrane assay as described previoUsly.

Angiogenesis assay

HIV infection assay Results

The effects of vMIP-IIl on HIV infection were determined in infectivity EXpression and purification of recombinant vMIP-I11

assays as described previoudlyBriefly, U87/CD4 cells bearing the yMIP-IIl was amplified from the KSHV genome and engineered
appropriate chemokine receptor were pretreated with chemokine for ?Or expression in mammalian cells. The expression plasmid was
minutes before exposure to a dual-tropic primary HIV strain 2028 a . ) .
approximately 1000 focus-forming U/mL. After 3 hours, cells were washegabIy expressed in CHO cells, and recombinant vMIP-IIl was

and incubated for 4 days before fixing and immunostaining for p24 antigéﬁcreted into the culture media. VMIP-IIl was purified to near

as described previousH. homogeneity by cation exchange chromatography of culture super-
o natants and elution with 0.8 mol/L NaCl (Figure 1A). SDS-PAGE
Receptor binding assays analysis of the peak fractions from this purification step revealed

Sodium iodide 125-I-labeled chemokines (MCP-1, MCP-4, MDC, anthat VMIP-IIl ran as a doublet with a mass between 9 and 10 kd.
MIP-1a) were purchased from Amersham—Pharmacia Biotech (Piscataw&ynino-terminal sequence analysis confirmed that both bands in the
NJ). Receptor-ligand interactions were studied by using whole-cell bindoublet corresponded to vMIP-III beginning at amino acid 27,
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Figure 1. Purification and characterization of vMIP-IIl A B Peak
expressed in CHO cells. (A) vMIP-IIl was purified from Fractions
culture supernatants of stably transfected CHO cells by Column Load 1 2 3 4 9677.08
cation exchange chromatography. Column washes were 148 1 40000
performed at 0.2 mol/L NaCl/20 mmol/L Tris, pH 7.2, and
VMIP-IIl was eluted at 0.8 mol/L NaCl/20 mmol/L Tris. (B)
SDS-PAGE analysis followed by Coomassie blue stain-
ing of the peak fractions shown in A. (C) vMIP-IIl was
subjected to MALDI-MS. The 9677.08 and 9153.67 peaks
correspond to full-length vMIP-III and vMIP-IIl, which
have been truncated at the carboxy terminus, respectively.
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which is consistent with proteolytic processing of the predictechemokine receptors CCR2, CCR3, CCR4, and CCRS5. Stable
26-amino acid signal peptide. transfectants expressing CCR2 were unavailable for this study;
Analysis of the purified material by mass spectrometry identiherefore, we used THP-1 cells to assess vMIP-III in competition
fied a major protein species at 9677.67 d, which is within 1 massth 23-labeled MCP-1. THP-1 cells naturally express CCR2,
unit of the predicted molecular weight for mature vMIP-1Il, and and MCP-1 does not interact with other known chemokine
minor species at 9153.67 d (Figure 1C). The smaller mass speaieseptors? Stable transfectants of the mouse pre-B cell line L1.2
presumably corresponds to the faster migrating band on SD&ere used for CCR3, CCR4, and CCR5 bhinding. vMIP-1l was able
PAGE and has a molecular weight consistent with that of vMIP-Itlb compete for binding to each of these receptors (Figure 4A);
after the removal of 4 amino acids at the carboxy terminus. ThH®wever, the IG, values, which ranged from 100 nmol/L for CCR4
9890.63 d species is a matrix adduct. Minor carboxy terming 968 nmol/L for CCR2 (Figure 4C), were significantly greater
processing has also been reported for vMIP-II expressed timan those observed for their natural ligands.
mammalian cell§. Additionally, MALDI-MS indicates that the To determine whether vMIP-IIl could act as an agonist for any
CHO-expressed material is not posttranslationally modified bef these receptors, chemotaxis assays were performed on the cells
cause the observed mass for vMIP-IIl is identical to the predicteded for competition binding. vMIP-IIl at concentrations up to 1
mass of vMIP-III. pmol/L did not show any agonist activity toward THP-1 or
L1.2/CCR3 cells (Figure 4B). The respective ligands for these
receptors, MCP-1 and eotaxin, elicited the characteristic bimodal
To determine whether vMIP-I1I protein is expressed in KS lesionshemotaxis curve with the maximum number of cells migrating at
we examined advanced-stage KS nodule lysates by immunoblot-
ting. Polyclonal antisera were prepared in rabbits by immunizatiorA B
with synthetic vMIP-III. This antisera was specific for vMIP-11I, as
shown by the lack of cross-reactivity with vMIP-I or vMIP-II

Expression of vMIP-III in KS lesions

(Figure 2A) or with a panel of human chemokines (data not 250 250
shown). As shown in Figure 2B, a band that comigrates with 44
recombinant vMIP-IIl could be detected in 2 KS nodule samples 148

isolated from the same patient. Preimmune sera did not detect the gg
bands (data not shown).

30 60
Induction of angiogenesis by vMIP-III 22 42
After our finding that vMIP-I and vMIP-II have angiogenic 17 30
activities? vMIP-I1Il was tested for its ability to stimulate angiogen- 22
esis in the chicken chorioallantoic membrane assay. As showni 6 17
Table 1, vMIP-I1I stimulated significant angiogenesis in this assay. 6
One microgram vMIP-III (the highest dose tested) stimulated ar S =  VMIP-II
angiogenic response that was similar to that observed for thi E = 2 2 = e~ —
positive control, basic fibroblast growth factor (bFGF). > % E E 8 ﬁ ﬁ E

[ - - i

Inhibition of HIV infection b ; E § Z %
Although vMIP-I and vMIP-II have been shown to inhibit HIV E ~ = =
infection in assays using chemokine coreceptors CCR5 and CCR: “E g
respectivelyf,”16at concentrations as high as 200 nmol/L, vMIP-I11I 2

did not inhibit infection through these coreceptors or through the

. . Figure 2. Specificity of vMIP-IIl antibodies and expression of vMIP-IIl in KS
CXC chemokine receptor CXCR4 (Flgure 3)' lesions. (A) Polyclonal antibodies were generated in rabbits and examined for their

X o . ability to recognize synthetic or mammalian cell-derived vMIP-IIl by Western blotting.
Chemokine receptor binding and chemotaxis With the exception of the crude supernatant, 100 ng each sample was loaded.
. . T ... Synthetic vMIP-1 and vMIP-II served as negative controls. (B) Expression of vMIP-III
Usmg Competltlon'bmdmg assays, we next tested the ablllty g}llesionsfrom advanced-stage KS was determined by Western blotting. Blots probed

VMIP-IIl to compete with the natural ligands for the humarwith preimmune sera did not detect these bands.
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Table 1. vMIP-IIl is angiogenic in the chick embryo chorioallantoic
membrane assay

Angiogenic responset Percentage

Dose  Number of maximum
Sample*  (ug) embryos + +/— - Scoret score
VvMIP-III 1.00 8 3 3 2 4.5 56.3

0.50 0 3 3 15 21.4
bFGF 0.50 8 5 1 2 55 68.8

0.25 8 2 3 3 35 43.8
BSA 2.00 8 1 1 6 15 18.8
H,O — 10 0 0 10 0.0 0.0

*Angiogenic induction was performed by methylcellulose disk containing recom-
binant vMIP-IIl, bFGF as a positive control. Disks containing BSA, vehicle alone
(water) were used as negative controls.

TAngiogenic responses were scored by 3 investigators: (+) unanimously
positive; (+/—) split or unclear judgment; (—) unanimously negative.
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Conversely, TH2 cells showed a robust chemotactic response to
MDC, whereas the response to RANTES was substantially less
(Figure 5A, TH2). ELC, a ligand for CCR?7, elicited responses in
both cell types, which is consistent with the reported expression
profile’® (Figure 5A). Polarization of TH1/TH2 lines from a
different donor and generated under the same conditions was
confirmed by measuring IFNand IL-4 production after activation
with calcium ionophore and phorbol ester (data not shown).
Consistent with the response of TH2 cells to MDC, vMIP-IIl, in a
dose-dependent manner, preferentially stimulated the chemotaxis
of TH2 cells (Figure 5B). Similar to the chemotaxis profile for
L1.2/CCRA4 cells (Figure 4B), vMIP-Ill elicited peak chemotaxis at
500 to 1000 nmol/L, with approximately 5-fold more TH2 cells
migrating in response to vMIP-IIl when compared to TH1 cells

$Scores of 1, 0.5, and 0 were counted for (+), (+/—), and (—), respectively. The from the same donor.

percentage maximum score is the division of the scores by the number of embryos.

approximately 10 nmol/L chemokine (Figure 4B). vMIP-III diS'Discussion

played weak agonist activity toward L1.2/CCR5 with less than

30% maximal migration of that seen by RANTES, a natural agonigithough the genome of KSHV encodes 3 chemokine-like genes,
of CCRS. In contrast to the other chemokine receptors, L1.2/CCRgy yMIP-1 and vMIP-II have previously been characteri#8d->

cells migrated dramatically to vMIP-IIl. The peak response wWaghig study has shown that the open reading frame K4.1 in the
observgd from 500 nmol/L to 1000 nmol/L (Figure 4B), which iscgy genome encodes a functional CC chemokine that has
approximately 1.5 to 2 logs greater than that observed for e nist properties toward the chemokine receptor CCR4. First, we

natural ligand MDC (10 nmol/L.). demonstrated that mammalian cells can secrete and correctly
process VMIP-IIl to generate a biologically active protein (Figure

1). Moreover, by Western blot analysis we were able to show
TH1 and TH2 cells have recently been shown to express Chem\fR?IlP-III expression in KS lesions (Figure 2), suggesting that in

. . ; 20 ; . . . . ;

kine receptors differentialll®2° In particular, TH1 cells express ;i aynression by virally infected cells may contribute to the

CCR5 and CXCR3, whereas TH2 cells express CCR3 and CC%
|

thobiology of KSHV. The expression of KSHV chemokines has
Both populations express CCR7. The CCR4 ligands TARC al % 9y P

- . . viously onl n demonstr he mRNA level in th
MDC have been shown to induce the migration of TH2 cel eviously ony b_ee demonst ated_ at the eve the
. W . .context of KSHV-infected B-cell cavity lymphoma after phorbol
selectively?, therefore, using the same methods for the generation

_] -11%,23 i i _134
of TH1 and TH2 lines, vMIP-Ill was tested for similar activity. ester treatment (vMIP-I,- Y . andinKS Ie5|ons.(vMIP 1y
. . . Advanced-stage KS lesions are characterized by pronounced
Short-term TH1 and TH2 lines were established, and their T-cell L )
eovascularization of the affected tisselhe KSHV-encoded

olarization was confirmed by intracellular staining of IL-4 an% ; . : .
b Y d -protein-coupled receptor, ORF 74, binds a wide variety of

IFN-y using flow cytometry® To demonstrate that T-cell lines . - . - S
prepared in this manner expressed the reported set of chemol&HSmOk'nes and constitutively induces angiogenesis in a vascular

receptors, their chemotactic profiles to TH1- and TH2-specil‘l'ec_ndome'ial growth factor (VEGF)-dependent marﬁﬁé?.c_hemo_-
chemokines were examined (Figure 5A). Using chemokines Kfes of the CXC class have been shown to have angiostatic and
concentrations that induced maximal chemotaxis, TH1 cells nfingiogenic activity? but cellular CC chemokines have not been
grated to the CCRS5 ligand RANTES, whereas the response to f§@0rted to have such activities. On the contrary, we have

CCR4 ligand, MDC, was markedly weaker (Figure 5A, THl)previoust shown that the KSHV-encoded CC chemokines vMIP-I
and vMIP-II induce angiogenesiswhereas control CC chemo-

kines RANTES and MIP-d& have no effect. Using the same chick
chorioallantoic model of angiogenesis, we showed that vMIP-III is
also a stimulator of angiogenesis (Table 1). One microgram
VMIP-III stimulated angiogenesis similarly to 0.5 pg bFGF. On a
per-mole basis, vMIP-I1I (9.6 kd) at 1.0 pg proved to be approxi-
mately 4-fold less potent than bFGF (17 kd) at 0.5 pg in the
stimulation of angiogenesis (Table 1). We used the same scoring
system in a previous study to evaluate vMIP-I and vMIP-II in the

Chemotaxis of primary TH1/TH2 cells to vMIP-IlI

vMIP-IIT CCR3

vMIP-1II CXCR4

vMIP-III CCR5

% infection

A SDF CXCR4

20 chicken chorioallantoic membrane asdpwever, direct compari-
0 5 g VMIP-Ii CCR3 sons of the vMIP potencies cannot be made because of the
0 50 100 150 200 differences in performance of the positive controls used (VEGF vs
bFGF). Nevertheless, each vMIP achieved a maximal angiogenic
Chemokine (nM) response at approximately 1 pg. On a per-mole basis, relative to the

Figure 3. Effect of vMIP-IIl on HIV infection. ~ U87/CD4 cells bearing the relevant
chemokine receptor were pretreated with chemokine for 30 minutes before exposure
to a dual-tropic primary HIV strain at approximately 1000 focus-forming U/mL. After 3
hours, cells were washed and incubated for 4 days before fixing and immunostaining
for p24 antigen.

positive controls used, the vMIPs were approximately 4- to 5-fold
less effective in the stimulation of angiogenesis. vMIP-1 and
vMIP-II were, however, more effective than IL-8, a CXC chemo-
kine known to induce angiogenegfsThese findings suggest that at
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Figure 4. Interaction of vMIP-IIl with chemokine A. Competition Binding B. Chemotaxis
receptors. (A) Radioligand competition-binding stud-
ies were performed on THP-1 cells (which naturally 120 THP-1/CCR2 .CCR3 o0, THP-1/CCR2 oo CCR3
express CCR2), and L1.2 cells were stably transfected o =] g
with CCR3, CCR4, or CCR5. The radioligand forms of 1008 1 oo 15000
the natural ligands for these receptors were as follows: w0 % f a0
MCP-1 (THP-1/CCR2), MCP-4 (CCR3), MDC (CCR4), & ¢ e *
and MIP-1a (CCR5). Competition was performed using '2 404 b b b
either the unlabeled natural ligand (#) or vMIP-Il @). = 21 o S e o
(B) The cell lines used for binding studies were usedin ~ _, © + o * o .
chemotaxis assays with either the natural ligands for < e )
these receptors; MCP-1 (CCR2), eotaxin (CCR3), MDC E 10CCRY 120.CCRS @ 12 CeRrd oo CORS
(CCR4), RANTES (CCR5), (#) or vMIP-IIl (OJ). (C) ICso %5 1o — 100 E
values from A are summarized. = 80 o rooee
® @ 1 g

40. 40 L oo roon

20 20. g 2000 2000

0. . - * 0. - ? < Z N o

o % -8 -7 6 0 -9 -8 -7 -6 0-10 -9 -8 -7 -6 -5 0-10 -9 -8 -7 -6 -5

analog [log M] chemokine analog [log M] chemokine

C. Ligand IC50 values
receptor  VMIP-TIIIC,, cognate ligand IC,,
THP-1/CCR2 968 nM MCP-1 1.5 nM

CCR3 273 nM MCP-4 220 pM
CCR4 100 nM MDC 150 pM
CCRS 195 nM MIP-1¢ 155 pM

least 4 distinct viral gene products can potentially contribute to tleemotaxis toward vMIP-III, suggesting the lack of usefulness of
generation of new blood vessels in KS. these receptors by this ligand. Although thed@alues are similar,

Recent studies have shown that vMIP-I and vMIP-II can inhibihe observation that cells expressing CCR5 and CCR3 show little to
HIV infection by viruses that use CCR5 or CCR3 (respectively) as chemotaxis to vMIP-III is intriguing. Comparatively, vMIP-II
coreceptors:16vMIP-1Il does not block viral entry through CCR3, binds several chemokine receptors as an antagonist and is reported
CCRS5, or CXCR4 at the concentrations tested (Figure 3), suggedst-be an agonist for CCR&.3* Similarly, vMIP-IIl may be
ing that in vivo it is unlikely to directly affect the interaction of HIV optimized by the virus to bind, but not activate, various chemokine
with host cells (Figure 3). receptors.

KS lesions are noted for prominent leukocyte infiltrate consist- Consistent with the binding data, peak chemotaxis induced by
ing of monocytes, lymphocytes, and mast c&i§herefore, rather vMIP-IIl occurred from 500 to 1000 nmol/L, which is 50 to 100
than examine vMIP-IIl as a leukocyte antagonist, experiments weimes less potent than MDC (peak chemotaxis at 10 nmol/L)
designed to determine receptor use followed by assays for agoifiigure 4B). Notwithstanding its low potency, vMIP-III is a
activity. Although calcium mobilization has historically been alightly more efficacious ligand than MDC because L1.2/CCR4
method of choice for initial measurements of agonist activity, it ha=ells consistently show approximately 30% greater migration
been reported that chemokines can elicit chemotaxis withaiatvMIP-III.
inducing calcium mobilizatioR! Therefore, cells expressing che-  Although the binding affinity and potency of vMIP-III/CCR4
mokine receptors that interact with vMIP-11l were examined fointeractions may appear impractical in a physiological sense,
agonist properties in chemotaxis assays. Competition-bindiagemokine—chemokine receptor interactions with similar character-
experiments indicated vMIP-III has similar affinities for CCR3jstics exist. By comparison, HCC-1 (hemofiltrate CC chemokine)
CCR4, and CCRS5 (Figures 4A, 4C) with d¢values 2 to 3 logs has recently been identified as a ligand for CCR1, which has an
greater than the natural ligands for these receptors. Neverthelé€gg of 93 nmol/L (vs 1.3 nmol/L for MIP-&) and stimulates
only cells expressing CCR4 responded substantially to vMIP-IIl imaximal chemotaxis at 100 nmol/L (vs 1 nmol/L for MIRBJ133
chemotaxis assays. THP-1 cells, which express several chemoKimterestingly, HCC-1 is secreted constitutively in vivo to a level of
receptors (CCR1, CCR2, CXCR233and Cx 3CR1), showed no 90 nmol/L, which is near the I§gof this CCR1 ligand. Even though
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Figure 5. vMIP-IlI selectively chemoattracts TH2 cells. (A) Peripheral blood-derived CD4+ TH1 and TH2 lines were confirmed for their respective lineage designation by
intracellular staining for IFN-y and IL-4 (inset) and tested with lineage-specific chemokines RANTES (TH1), MDC (TH2), and ELC (TH1/2) in chemotaxis assays. Chemokine
concentrations were used at concentrations that elicited maximal chemotaxis (10 nmol/L for RANTES and MDC; 5 nmol/L for ELC). (B) TH1 and TH2 lines were examined for
their ability to undergo chemotaxis in response to vMIP-III. The chemotactic profile is similar to that for CCR4 transfectants (Figure 4B).
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we can detect vMIP-IIl by Western blot in KS lesions, we arenay evade the host immune response in part by deviating the
unable to quantify the amount of vMIP-IIl in the lesion or in serunimmune response from a TH1 to a TH2 microenvironment within
at this time. the KS lesion. vMIP-E* vMIP-I1,8 and vMIP-11l have been shown

T-cell subpopulations differentially express chemokine receps chemoattract TH2 cells preferentially. Consistent with these
tors920 The selective expression of chemokine receptors bservations, T cells present in the KS lesion show a predominant
functionally distinct populations of effector T cells may explain th&H2 pattern of cytokine secretionThe TH2 cytokine IL-4 has
polarized cytokine profile (TH1 vs TH2) seen in lymphocyte®een shown to induce monocyte secretion of MBEherefore,
isolated from different disease settif§SSTH1 cells preferentially resident monocytes within the KS lesion may further amplify the
express CCR5 and CXCR3, whereas TH2 cells express CCR@&¢ruitment of TH2 cells with the release of endogenous
CCR4, and CCR&81°2037Consistent with its ability to act as an CCR4 ligand.
agonist for CCR4-bearing cells, vMIP-III preferentially chemoat- Interestingly, a similar model of immune deviation involving a
tracts TH2 cells derived from peripheral blood lymphocyte€CR4 ligand in states of neoplasia exists in Hodgkin disease.
(Figure 5B). Five times as many TH2 cells as TH1 cells migrated odular scleroses of Hodgkin disease are histologically similar to
response to vMIP-Ill. TH1 and TH2 lines prepared in th&s lesions’3 with Reed-Sternberg (RS) cells analogous to the KS
same manner responded appropriately to lineage-specijsindle cells. RS cells have been shown to secrete high quantities of
chemokines and to ELC, the ligand for CCRY7 that is expresséte CCR4 ligand TARG4 The lymphocytes in close vicinity of RS
on both populations (Figure 5A). The low level of migracells are almost exclusively CB4 and of the TH2 phenotype.
tion observed by the TH1 population (Figure 5B) may be attributethe production of TARC by RS cells is thought to be responsible
to the level of purity of the TH1/TH2 lines, coupled with thefor this predominant TH2 microenvironment and thus is proposed
observed weaker response of L1.2/CCR5 cells to VMIP-Ids a possible mechanism for subverting effective immune
(Figure 4B). response4

The finding that vMIP-Ill is a functional ligand for CCR4 and  Taken together, these findings suggest that vMIP-III, with its
has chemotactic abilities raises the question of the physiologifgiogenic and chemotactic abilities, may play a diverse role in the
significance of this viralkine in the pathology of KS. It is We”pathobiology of KS. In particular, vMIP-Ill, by preferentially
established that TH2 cytokines down-regulate TH1 respolisés. recruiting TH2 cells, may aid in the deviation of the immune
The host response to viral infection is mediated principally by THlesponse to a TH2 microenvironment and thus evade the host
cells®and several viruses have evolved mechanisms to limit THhmune response. This represents a previously undescribed mech-
responses. For example, the interaction of measles virus with digism of viral persistence that may lead to the development

receptor on macrophages inhibits production of IL-12, a cytoking povel therapeutic strategies for the treatment of KSHV-
that is critical for the generation of a TH1 respofi$€he closely ediated disease.

related y-herpesvirus Epstein-Barr virus encodes a functional
homolog of the cytokine IL-10, which inhibits the production of the
TH1 cytokine_ IFN=y, whereas a qumber qf pox viru_sc_es enCOd%cknowledgments
soluble proteins that bind and inhibit the biologic activity of TH1
cytokines®®40 KSHYV itself encodes functional cellular homologsWe thank Dr Irv Weissman for supplying us with the L1.2 cells, Dr
that are known promoters of TH2 immunity, viiZand inhibitors Osamu Yoshie for the CCR3 and CCR4 transfectants, Dr Hai Le
of the TH1 cytokine IFNy*! VIRF-1. Trong for amino terminal sequence analysis of vMIP-IIl, Dr Ashok
The demonstration that vMIP-IIl is expressed in KS lesions arflumar for performing the MALDI-MS, and Dr Yasu Takeuchi for

is a chemoattractant for committed TH2 cells suggests that KSH¥Ipful discussions.
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