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Kinetics of CXCR4 and CCRS5 up-regulation and human immunodeficiency virus
expansion after antigenic stimulation of primary CDBAlymphocytes

Reinhard Maier, Maria Matilde Bartolomé-Rodriguez, Corinne Moulon, Hans Ulrich Weltzien, and Andreas Meyerhans

The chemokine receptors CCR5 and
CXCR4 are coreceptors for the human
immunodeficiency virus (HIV) and deter-
mine the cell tropism of different HIV
strains. Previous studies on their regula-
tion were performed under conditions of
unspecific T-lymphocyte stimulation and
provided conflicting results. To mimick
physiologic conditions, highly purified pri-

mary Staphylococcus  enterotoxin B
(SEB)-reactive CD4 T lymphocytes were
stimulated in the presence of autologous
antigen-presenting cells and the kinetics
of CCR5 and CXCR4 surface expression
and HIV replication were studied. Both
chemokine receptors were transiently up-
regulated with maximal expression at day
3 after stimulation. The stimulated T cells

were equally susceptible to productive
infection with R5-and X4-tropic virus
strains. Thus, antigenic stimulation of T
cells promotes efficient replication of
both, T cell-tropic and macrophage-tropic
HIV. (Blood. 2000;96:1853-1856)
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Chemokines are small chemotactic active cytokines. Together wi HIV-resistant state. This is in part mediated by the CD28-§
their receptors, they orchestrate the distribution of effector cells dépendent down-regulation of CCRS5 transcription. In addition, th&
the immune system. With the finding that the coreceptors for tieduced synthesis of the chemokines RANTES (regulated o
human immunodeficiency virus (HIV) belong to the chemokinectivation, normal T cell expressed and secreted), MiPahd
receptor family, these molecules came into the center of interest\iP-18,56 leads to an internalization of surface CCRBhese
cytokine research. The 2 main coreceptors of HIV are CCR5 argbults contrast previous observations made in vivo, where antige
CXCR4, and they determine the tropism of the virus. Macrophagieduced T-cell activation promotes efficient HIV and simian
tropic or nonsyncytium-inducing (NSI) viruses utilize CCR5 (nowimmunodeficiency virus (SIV) replicatight! Experiments of
referred to as R5-tropic HIV), whereas T-lymphotropic or Skoetscher and colleaguésre compatible with these latter observa-
viruses utilize CXCR4 (X4-tropic HIV). CCRS5 has been shown t§ons. They have shown that CCRS5 is highly expressed on activat
be of great importance for horizontal HIV transmission. AhomozycD4 T cells in vivo, ie, on the Th1 cells of rheumatoid joifds.
gous 32-base pair (bp) deletion in tBR gene ACCR5) was The conditions of T-cell stimulation seem to influence theg
significantly more frequent in a large cohort of seronegativ@xpression pattern of CCR5 and CXCR4 on CD4 T cells and ma
individuals when compared with HIV-infected persons, suggestifjfect the propagation of HIV strains with different chemokine 5
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a protective effect against infectidnin contrast, deletions in réceptor usage. However, so far itis unknown as to what extent arg!
CXCRA4 have not been observed in humans. Studies with knockdiiggnitude these parameters may be affected by conditions &f
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Because chemokine receptors are crucial to HIV entry, it Rresenting cells in vitro.

essential to determine their distribution and to study their regula-

tion. The main target cells for HIV in vivo are CD4T lympho- .

cytes? Various in vitro studies have suggested that CXCR4 ardMlaterial and methods

CCR?5 are differentially expressed and regulated on these cells.

example, CXCR4 is mainly expressed on naive CD# cells

(CD26°w, CD45RA", CD45R0O") and CCR5 mainly on effector/ Nickel sulfate (NiSQ6H,0) andStaphylococcusnterotoxin B (SEB) were

memory T cells (CD2&", CD45RA", CD45RO9N 4 The stimu- pur_chased from Sigma,_ Deisenhofen, Germaﬁ;aphylocogcgs:ntero—

lation of peripheral blood mononuclear cells (PBMCs) with PHACXIN E (SEE) from Toxin Technology, FL. IL-2 arith-thymidine were
obtained from Amersham, Braunschweig. Nickel-specific T-cell clones

interleukin-2 (IL-2), or immobilized antibodies to CD3 leads to A ore generated and stimulated as described elsewhd@tod from

rapid up-reg.ulatlon of CXCR4. In Contrast, F:_CRS eXpress'%balthy blood donors was obtained from the local blood bank as buffy coats
decreases slightly up to day 3 and shows a significant up-regulatigq ysed for the isolation of primary T cells and monocytes. Primary CD4 T
only on IL-2 stimulation at later timesThe activation of CD4 T lymphocytes and monocytes were isolated from blood and grown in RPMI
lymphocytes by immobilized CD3 and CD28 antibodies induces as40 supplemented with 5% heat-inactivated, pooled human AB serum.

E%Tls and reagents

20z aunr g0 uo 3senb Aq jpd 581000

From the Department of Virology, Institute of Medical Microbiology and
Hygiene, Homburg, Germany; and Max-Planck Institute of Immunbiology,
Freiburg, Germany.

Mikrobiologie und Hygiene, Universitat des Saarlandes, 66424 Homburg,
Germany; e-mail: andreas.meyerhans@med-rz.uni-sb.de.

The publication costs of this article were defrayed in part by page charge
payment. Therefore, and solely to indicate this fact, this article is hereby
marked “advertisement” in accordance with 18 U.S.C. section 1734.

Submitted March 14, 2000; accepted May 2, 2000.
Supported by the BMBF and SFB399.

Reprints: Andreas Meyerhans, Abteilung Virologie, Institut fur Medizinische ~ © 2000 by The American Society of Hematology

BLOOD, 1 SEPTEMBER 2000 - VOLUME 96, NUMBER 5 1853


https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V96.5.1853&domain=pdf&date_stamp=2000-09-01

1854 MAIERetal BLOOD, 1 SEPTEMBER 2000 + VOLUME 96, NUMBER 5

Purification and positive selection of SEB reactive CD4 ~ * Tcells  of plastic-coated anti-CD3 and anti-CD28 to recover HIV from the

PBMCs were isolated from buffy coats by Ficoll-Hypaque (Pharmacif,BNICS of patleljts under.hlghlly active antiretroviral theréfpy.
Freiburg, Germany) density gradient centrifugation. Monocytes wefalthough these discrepancies might be due to the clonotype of the
Separated by p|astic adherence. CDdells were enriched from the antibodies used or their aCCESSIbI“ty for T-cell |IgandS, it is
remaining cells in suspension by depletion of CD19- and CD8-positive celi§icertain what would happen during the stimulation of antigen-
with the respective antibody-coated Dynabeads (Dynal, Hamburg, Gepecific CD4 T cells by professional antigen-presenting éélls.
many). Positive selection of 8-, V14-, and \B17-positive CD4 T cells To elucidate the chemokine receptor expression under such
was performed with monoclonal/specific antibodies (Coulter, Hamburg, conditions, initial experiments were performed with 2 nickel
Germany) and the Dynal RAM CELLection Kit (Dynal). Cells were(nj2+)-specific CD4 T-cell clones and autologous Epstein-Barr
recovered from the b_eads b_y DNase dlgestlon.The _punty was determi Pus (EBV)-immortalized B cells as antigen-presenting cells
Zﬁtfg)(x;g:?\zgz ;aggsa::greoﬁaen%r%zoerythrm (Sigma) as a Seconda(r;é(PCs). Besides their specificity for Ni2they bear a 817 T-cell

' receptor (TCR) and could therefore be stimulated with $EB8n
the basis of the cytokine-expression pattern, the investigated clones
had a Th2 and ThO phenotype, respectively. In accord with previous
data, CXCR4 was expressed and CCR5 was hardly detectable
Monocytes were grown overnight and used as autologous antigegithout stimulationt2 However, on stimulation with Ni2 or SEB,

presenting cells. Briefly, monocytes were detached from the plastic surfasgR5 and CXCR4 expression were up-regulated in comparab
by incubating in phosphate-buffered saline/ethylenediamine tetraacetic aﬁ[ﬁiantities (data not shown).

(PBS/EDTA) (3 mmol/L) for 10 minutes at 37°C. Cells were washed, . . - - . ) - .
seeded at a density ofX1 10° cells/mL in 96 flat-bottomed well plates, and Stimulation of highly purified antigen-specific primary CDA T §

incubated at 37°C overnight. Subsequently, cells were irradiated with 60 &ég(nphocytes "?afjs to a transient up-regglgtlon of CC_RS ?‘”%
and \B3-, VB14-, and \B17-positive CD4 T cells were added in a ratio of CXCR4. To mimick most closely the conditions of physiologic 2
1:1. The cells were cultured with and without addition of SEE, SEB, af@fimary T-cell stimulation and to analyze the effect on HIV g

Stimulation of purified V. B3-, VB14- and VB17, and CD4 *
T cells with SEB
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SEB plus IL-2, respectively. coreceptor expression, an experimental system was established t%at
contains highly purified antigen-specific T cells, autologous culs
Human immunodeficiency virus infection tured monocytes as APCs, and a superantigen as the speciﬁc

) ) antigen. No exogenous IL-2 was added, thus the T cells were sole§/
R4-tropic HIV-1Lai was propagated on Molt-4 clone 8 cells, the RS—tropl@ependent on the cytokine produced on stimulation. SEB-reactivé
i

HIV-1BaL on primary macrophages. HIV-containing supernatants were used . )
the infection of PBMCs, corresponding to 200 cpm of reverse transcriptaggs" VB14-, and \B17-expressing primary CD4 T cells were

activity per 16 cells. Virus production was monitored for up to 3 weeks by testinipOlated via antibody-coated magnetic beads from the PBMCs
culture supematants for HIV p24 twice a week with a specific enzyme-linkétealthy blood donors. The purity was always greater then 979
immunosorbent assay (ELISA) (Dupont; IKpGermany). (Figure 1A). Autologous monocytes were enriched by plastic‘:;

adherence and cultured overnight. During this time, they increasg
Flow cytometry their stimulatory capacity significantly and can even be used t@

) . nerate primary immune responses in ir8efore using them
Cells were harvested, washed, and fixed in 2% paraformaldehyde. Ther&%— P Y P 9

ter, they were washed and immunostained with anti-CD4-PE-Cy5 (Coulter APCZS’ they Werg irradiated to aV(,"d any.backgroun.d repllcatlog
anti-CCR5 (Number MABL18OF; R&D, Wiesbaden, Germany), antiO! HIV. SEB-reactlveTceIIs were elther stimulated with SEB andg
CXCR4 (Pharmingen, Hamburg, Germany), or anti-HLA-DR (DakolL-2 or with SEB alone. The proliferative response was measureé
Hamburg, Germany). Phenotypic analysis was performed on a FACSdAna standard proliferation assay. Chemokine receptor expressign
using CellQuest software version 3.1, both from Becton Dickinso@nd the activation markers CD69 and HLA-DR were determineds
Heidelberg, Germany.
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Proliferation assays Donor A Donor B

A

Proliferation of primary CD4 T cells was assayed Bl-thymidine
incorporation from days 4 to 5 and 7 to 8 in duplicate. Cultures were pulsed
with 0.037 Mbq (1.Ci) per well 3H-thymidine for 16 hours. Cells were
harvested on GF/A filters, and thymidine uptake was determined using a
Berthold-Inotech Trace-96 (Berthold, Wildbad, Germany).
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Results and discussion B sessiLz __m | T | [Qgay s
Research on the effect of anti-CD3 T-cell stimulation on CCR5 SEB —H th T W ey 7o

expression and HIV replication has produced conflicting results.
Rabin and colleagu&shave documented a moderate increase of
CCR5 on memory CD4 T cells after stimulation with soluble
anti-CD3 antibody. Carroll and colleagdeshave shown that _ - _
immobilized anti-CD3 and anti-CD28 reduce CCR5 surface expragiire 1 B, 1B14 &nd VBLT expression on posiively selocted priman
A X T "human CD4 T cells and their proliferation after antigenic stimulation. (A) Cells
sion and lead to an HIV-resistant phenotype. The latter conditiofjge positively selected with VB-specific mouse antibodies, stained with a PE-
might resemble the physiologic way of immune cell activation. Ifrabeled antimouse antibody, and analyzed on a FACSsort. The filled histogram shows
our hands. however, the stimulation with immobilized anti-CD%8 staining of nonselected cells with the secondary antibody alone. (B) The prolifera-
) b . .tive response of primary CD4* T cells was determined at day 4 and 7 in duplicates.
and anti-CD28 results in the UD'reglJIatlon of CCR5 and €XPansIeLyis were incubated over night with 0.037 MBq (1 n.Ci) 3H-thymidine and harvested

of R5-tropic HIV (data not shown). This is concordant with the usen glass fiber filters. These filters were measured with a Trace 96.
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Figure 2. Kinetic of CCR5, CXCR4, and HLA-DR expression and HIV expansion
after antigenic stimulation.  (A) Positively selected V@3-, VB14-, and VB17-bearing
CDA4 T cells were stimulated with SEB (20 ng/mL) in the presence of autologous APCs
and the surface expression of CCR5, CXCR4, and HLA-DR was analyzed by flow
cytometry. Two representative results from 8 different blood donors are shown. (B)
The SEB-reactive CD4" T cells were stimulated and infected with HIV-1, and
HIV-1g,, . HIV-p24 was determined in the cell-free culture supernatant by ELISA.
(+/-) and (+/+) characterizes the genotype of CCRS5 of the respective blood donors
A and B as determined by PCR. (—) represents the 32-bp deletion of one allele. A
comparable HIV expansion was observed with T cells from 4 different blood donors.
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expressed the activation markers CD69 and HLA-DR, (2) the SEB
reactive \B3-, VR14-, and \B17-expressing T cells responded to
SEB (Figure 1B, Figure 2A) but not to SEE, which reacts wiftbv
or VB8 (Figure 2B and data not shown), and (3) SEB did not
activate non—SEB-reactivePs- and \38-expressing CD4 T cells
(data not shown). The presence of exogenous IL-2 failed to show
any influence on the kinetics or the degree of CCR5 and CXCR4
up-regulation, but prolongated the proliferative response (Figure
1B, Figure 2A).

Maximal expression of CCR5 and CXCR4 was observed at day
3 after antigen-specific CD4 T-cell stimulation. This coincides with
the time when naive T cells leave the lymphoid organs after
antigenic stimulation in vivd! Using in vitro differentiated Th1l
and Th2 cells, a switch of chemokine receptor expression was
observed on TCR stimulation and was associated with an altereg
homing behavio?? Likewise, especially the up-regulation of CCR5 2
might help T-cell migration into sites of inflammation where the
CCRS5 ligands RANTES, MIPd, and MIP-B are abundant.
However, because about 1% of white individuals lack functional
CCR5 expression and seem not to be especially susceptible ﬁ)
infectious diseases, other chemokine receptors might compensa?te
for a CCR5 defect.
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The physiologic stimulation of antigen-specific CD4 T lympho- §
cytes promotes the productive HIV infection with R5- and X4-§
tropic viruses (Figure 2B). To determine whether the degree og
chemokine receptor up-regulation was sufficient to support HIVtgr
replication, highly purified SEB-specificp8, 14, and 17 CD4 T &
cells were stimulated with SEB as above and infected wnh;_i
R4-tropic HIV-1Lai and R5-tropic HIV-1BaL. These virus strains g

were chosen because of their strict coreceptor usage, as ewdenc&d
by their capacity to induce only syncytia in U87-CXCR4— and-
U87-CCR5—expressing indicator cell lines, respectively (data no§
shown). Virus replication was monitored by measuring HIV-p24 mg
the cell culture supernatant. Only SEB stimulation supported virug
growth, whereas SEE as a control antigen did not.
The stimulation of primary CD4 T cells leads to a significant &
up-regulation of CCR5 and CXCR4 and a HIV-permissive phenom
type of the cells. This provides evidence that antigenic stlmulatlorg
per se cannot be the reason for the preference of R5 tropic viruses
in HIV transmission. Rather, the dominant expression of CCR5, ieg
in the genital tract or on immature dendritic cells might be a moreg
important facto?324 Overall, the results strengthen the important 8
role of antigen for efficient HIV replication. As bacterial superanti- <
gens are very common antigens, these antigens might contribute
significantly to the HIV load in vivo.
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