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Chemokine scavenging by the human cytomegalovirus
chemokine decoy receptor US28 does not inhibit
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Abstract

The human cytomegalovirus has found smart ways to exploit the chemokine network in order to subvert immune attack. Chemokines trigge
the arrest and firm adhesion of inflammatory cells to the vascular wall. Scavenging of chemokines by viral decoy receptors, such as US28, mig}
prevent arrest of leukocytes to the vascular wall and impair an antiviral immune response. We determined the effect of chemokine scavengin
by endothelium-expressed signaling mute US28 (US28R129A) on static monocyte adhesion. Despite the chemokine scavenging capacity
US28R129A, expression of this construct by endothelial cells was insufficient to disrupt leukocyte adhesion to cytokine-activated monolayers. Ou
results suggest that the concentrations of chemokines that trigger firm leukocyte adhesion are too high to be efficiently scavenged by viral chemokir
decoy receptors like US28. From the results of this experimental model a role for US28 in viral immune evasion by chemokine scavenging woulc
appear therefore unlikely.
© 2005 Elsevier B.V. All rights reserved.
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Chemokines are important mediators of immunity againsence Yaddi and Newton, 1994 A chemokine gradient directs
viral infections. They activate cytotoxic T lymphocytes and extravasated inflammatory cells towards the site of infection.
enhance the recruitment of inflammatory celMapalingam  Although chemokine scavenging was sufficient to reduce mono-
et al., 2003; Salazar-Mather and Hokeness, 2088avenging cyte chemotaxis in vitroandolph-Habecker et al., 2002he
of chemokines by virus-encoded decoy receptors is a straeffect of chemokine scavenging by HCMV-infected endothelial
egy to impair leukocyte recruitment and subsequent antiviratells on leukocyte arrest is not known.
activity. The human cytomegalovirus gene US28 encodes a In addition to chemokine scavenging, US28 also consti-
chemokine receptor homolog that internalizZ&hemokines tutively activates pro-inflammatory transcription factors such
with high efficiency in vitro Billstrom et al., 1999; Bodaghi as NFkB and CREB Casarosa et al., 2001; Waldhoer et
et al., 1998; Randolph-Habecker et al., 2D0Bnmobilized al., 2003, which might upregulate the expression of adhe-
chemokines on the apical surface of activated endothelial cellsion molecules, cytokines and chemokines that enable leuko-
trigger leukocytes to become adherent by inducing rapid inteeyte adhesion. Expression of US28 in vascular smooth muscle
grin avidity and affinity changesAfon and Feigelson, 2002; cells results in a chemotactic response towards RANTES/CCL5
Johnston and Butcher, 2002h monocytes3-chemokines, such and MCP-1/CCL2 gradientsS{reblow et al., 1999 The role
as MCP-1/CCL2, MIP-&/CCL3 and RANTES/CCLS5, increase of US28 in the viral life cycle remains unclear. More likely,
the expression of32 (CD18) integrins and facilitate adher- chemokine scavenging and signaling are two different activ-

ities of US28 that occur simultaneously. The significance

of signaling and scavenging by US28 may differ between

* Corresponding author. Tel.: +31 50 3614776; fax: +31 50 3619911. different phases of the viral life cycle. Evasion of antivi-
E-mail address: m.c.harmsen@med.umcg.nl (M.C. Harmsen). ral immune responses enables the virus to persist, whereas

0166-3542/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.antiviral.2005.11.003



J.M. Boomker et al. / Antiviral Research 69 (2006) 124-127 125

for virus replication and dissemination immune activation issensitive as no uptake was found after incubation for 90 min at
indispensable. 4°C. This indicates that chemokine uptake depends on active
We aimed to investigate the effect of chemokine scavengtransport mechanism, and is not due to spontaneous diffusion
ing by US28 on leukocyte arrest. To exclude the influence obf the protein Fig. 1B). The observation that US28 rapidly
US28 signaling, we constructed a mutant receptor US28R129ternalizes chemokines and that mutation of the DRAI motif
that did not activate NiB (data not shown). Chemokine inter- blocks G protein-mediated signaling is in concordance with pub-
nalization was measured in confluent monolayers of CHO-klished datalichelson et al., 1997; Waldhoer et al., 200Bhe
cells that were grown in 24 well plates. At 24 h after trans-US28R129A construct appeared to be slightly more efficient
fection, 44 nCi of'?-labeled RANTES/CCL5 was added to in chemokine internalization than the wild type receptor. This
each well and incubated for 30, 60, 90 and 120 min &G37To  might reflect an increased recycling rate of the signaling mute
remove cell surface-bound chemokines, cells were washed witteceptor (Waldhoer et al., 2003as transfection efficiencies were
0.01 M phosphate buffer followed by incubation with 200 mM comparable for both constructs {0%, data not shown).
acetic acid/50 mM NacCl, pH 2.5, for 5min. Subsequently cells For leukocyte adhesion studies, we selected the human pre-
were lysed by addition of 0.5 M NaOH. Total activity in the cell monocytic cell line MonoMac-6 as this cell line responds to
lysate was quantified in an LKB multichannel counter. We found3-chemokines Cross et al., 1997 such as RANTES/CCLS5.
for both constructs that RANTES/CCLS5 is rapidly sequesteredVlonoMac-6 is also well characterized in a static adhesion
within the intracellular fractionKig. 1A). The US28R129A assayFrl et al., 199%. Furthermore, MonoMac-6 cells express
appears to internalize RANTES/CCL5 more efficiently than thethe integrin Mac-1 that interacts with ICAM on endothelial
wild type US28. The uptake of RANTES/CCLS5 is temperature-cells that is required for sustained adhereries ét al., 1995.
As a model for endothelial cells, we used primary cell cul-
14 tures of human umbilical vein endothelial cells (HUVEC) in
which we expressed the US28 gene through retroviral trans-
duction. For the construction of retroviruses we used the
bicistronic LZRS-linker—-IRES—GFP vector in which the gene
of interest was linked to a downstream internal ribosomal entry
site (IRES) and the green fluorescent protein (GFP) marker
gene that allowed independent translation of the products of
both genes in the transduced target cetiedmskerk et al.,
1997. Recombinant retroviruses were produced after transfec-
tion of the 293T-basedNX-A amphotropic packaging cell
line (kindly provided by Dr. G. Nolan, Stanford University,
Palo Alto, CA) with the LZRS-US28R129Amyc—IRES-GFP.
' HUVECs were grown to subconfluency and incubated for
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(A) incubation time 18 h with undiluted retrovirus-containing supernatant contain-

—#-US28 —M—US28R129A —DO— non-transfected ing 5pg/ml polybrene (Sigma—Aldrich). Efficiency of trans-

duction was determined by measuring the number of GFP-
positive cells by flow cytometry. Previously, it was shown that
expression of US28 in HUVEC resulted in efficient chemokine
internalization Billstrom et al., 1999 The static adhesion
151 assay was performed according to a protocol adapted from
Molema et al. (1998)At 7 days after transduction, subcon-
fluent monolayers of HUVECs were grown in 24 well plates
10 4 (Corning, Cambridge, MA) and stimulated with 20 ng/ml T&NF
(Boehringer Ingelheim GmbH, Basel, Swiss) overnight. For flu-
orescent staining, MonoMac-6 cells were loaded with.@8nl
5 - of 1,7-dioctadecyl3,3,33-tetramethylindocarbocyanide per-
chlorate (Dil) (Molecular Probes, OR) at 3 for 1h in
’—*—-_I; 5% CQ atmosphere and intensively washed before use. To
0 . each well 0.25¢ 10° MonoMac-6 cells were added. After
- §7egrees tormoeratirg oo incubation at 37C for 30 min, adherent cells were washed
e ronsignalociid p. B i three times using pre-warmed PBS. HUVECs and adherent
MonoMac-6 cells were harvested by adding trypsin/EDTA
Fig. 1. RANTES binding and internalization by transfected CHO-k1 cells. Pergg|ytion (0.5/0.2 mg/ml; Sigma-Aldrich); and short incuba-

12 wells approximately 100 pg df5-RANTES was added. Activity of the tion at 37°C. After adding 251 of Flow Count Fluoro-
internalized fraction was measured over time. Cells were incubated &t &7 )

90 min (A). Furthermore, the ligand uptake was measured E3ihd £ C for spheres (Coulter Corporation, Mlaml) samples were analyzed
90 min (B). Indicated are the average and S.E.M. of three independent triplicat®y flow cytometry (Coulter EPICS Elite Flow Cytometer, Coul-
measurements. ter Corporation). Based on their fluorescence, the number of
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adherent cells relative to the number of fluorospheres could bgrate the US28R129A gene into the genome of HUVECS. Undi-
easily determined. RANTES/CCLS5 responsiveness was deteldted tissue culture supernatant from hybridoma 5/3—-2.1 (IgG1)
mined by addition of increasing concentrations (10-100 ng/mlwas used for the detection of ICAM. PE-conjugated goat-anti-
of RANTES/CCL5 (Peprotech) to TN¥Factivated HUVEC  mouse IgG was used as a secondary antibody. Mean fluorescence
monolayers. For chemokine scavenging, RANTES/CCL5 wadntensities were determined by flow cytometric analysis (Coulter
added 2 h prior to addition of MonoMac-6 cells. EPICS Elite Flow Cytometer, Coulter Corporation).

Activated endothelial cells secrete chemokines that are Neither retrovirus transduction alone, nor the expression
sequestered by proteoglycans and trigger the arrest of circof US28R129A affected ICAM surface expression level of
lating monocytes at the endothelial cell surface. Chemokinendothelial cellsKig. 2B). For chemokine scavenging in the
receptor signaling in monocytes increases affinity and avidabsence of US28 signaling, we transduced HUVECs with
ity of integrins upon which they can interact with endothelial US28R129A—retrovirus. US28R129A expression on endothe-
cell adhesion molecules. Chemokine scavenging at the cell sulial cells did not inhibit chemokine-induced MonoMac-6
face may impair monocyte integrin avidity and affinity changeadhesion Fig. 2C). The chemokine scavenging potential of
and subsequent adhesion. To check whether the expression @d628R129A was not sufficient to significantly reduce leukocyte
US28 molecules was sufficient to reduce monocyte arrest wadhesion to endothelial cells, even when a substantial num-
designed an experiment in which we validated the chemokingser of cells was transduced-80%, data not shown). In our
induced adhesion and the impact of US28R129A expressiorstatic leukocyte adhesion model, we were able to show that
We found that only high concentrations of exogenously addedur system is responsive to exogenously added chemokines
RANTES/CCLS5 triggered a significant increase of monocyte(Fig. 2A). Recently, others have shown that leukocyte adhe-
arrest Fig. 2A). Subsequently, retroviruses were used to inte-sion requires oligomerization of chemokines on cell-surface
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Fig. 2. The effect of US28R129A chemokine scavenging on chemokine-induced adhesion of MonoMac-6 cells to HUVEC. Addition of increasing amounts of
RANTES increased the number of adherent MonoMac-6 cells toaFaldfivated HUVEC monolayers. For the addition of 100 ng/ml RANTES the increase was
statistically significant{ < 0.05,n = 3) (A). A bicistronic message encoding both the US28R129A gene and the green fluorescent protein (GFP) gene was delivered to
the HUVECS by retrovirus transduction. Therefore, we assumed that all fluorescent cells also expressed the US28R129A molecule. To investigateowingsh
transduction by itself affected ICAM-1 expression levels, the level of cell-surface ICAM-1 was determined by flow cytometry using PE-conjugatiedathon
antibody against ICAM-1. No differences between retrovirus transduced and non-transduced cells were found. Nor did the presence of US28Rh2%vaffec

of ICAM-1 expressiong=1) (B). For the chemokine scavenging assay, transduced HUWE#0%) were loaded with 100 ng/ml RANTES 2 h before addition of
MonoMac-6 cells. No effect of chemokine scavenging on MonoMac-6 adhesion was foaiil (C). All experiments were repeated twice.
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expressed proteoglycans which usually occurs at very highrl, w., Weber, C., Wardemann, C., Weber, P.C., 1995. Adhesion properties of
chemokine concentration®\jpay et al., 1999 If that is the MonoMac 6, a monocytic cell line with characteristics of mature human
case, it is unlikely chemokine scavenging by US28R129A can_ Monocytes. Atherosclerosis 113, 99-107.

contribute to reduced oligomerization and subsequent adheG_rabovsky, V., Feigelson, S., Chen, C., Bleijs, D.A., Peled, A., Cinamon, G.,
1bu u 9 1Zall u qu Baleux, F., Arenzana-Seisdedos, F., Lapidot, T., van Kooyk, Y., Lobb,

sion trig.gerin.g. More_over, .in vi_trp studies have Shown that RR. Alon, R., 2000. Subsecond induction of alpha4 integrin clustering
chemokine-triggered integrin avidity changes occur in subsec- by immobilized chemokines stimulates leukocyte tethering and rolling on
onds Grabovsky et al., 2000Chemokine scavenging may, on endothelial vascular cell adhesion molecule 1 under flow conditions. J.

its best, delay leukocyte arrest rather than reduce the actual num- ExP- Med. 192, 495-506. _
ber of adherent leukocytes. We show that at least in vitro thgeemSkerk’ M.H., Blom, B., Nolan, G., Stegmann, A.P., Bakker, A.Q., Wel-
yies. ! jer, K., Res, P.C., Spits, H., 1997. Inhibition of T cell and promotion of

chemokine Scaveng.ing capagity of US28is in_SUﬁiCient t(? affect natural killer cell development by the dominant negative helix loop helix
leukocyte arrest. This would indicate that during HCMV infec-  factor 1d3. J. Exp. Med. 186, 1597-1602.

tion of endothelial cells, US28 does not play an important rolelohnston, B., Butcher, E.C., 2002. Chemokines in rapid leukocyte adhesion
as a chemokine scavenger triggering and migration. Semin. Immunol. 14, 83-92.
) Mahalingam, S., Friedland, J.S., Heise, M.T., Rulli, N.E., Meanger, J., Lid-
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