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Abnormal Expression of the B-Cell Homing Chemokine Receptor BLR1
During the Progression of Acquired Immunodeficiency Syndrome

By Reinhold Förster, Georgina Schweigard, Sabine Johann, Thomas Emrich, Elisabeth Kremmer, Christoph Nerl,
and Martin Lipp

The putative chemokine receptor BLR1 has been identified tissues in healthy individuals. Most interestingly, in 75% of
as the first G-protein–coupled receptor involved in B-cell all human immunodeficiency virus (HIV)" individuals, periph-
migration and in microenvironmental homing to B-cell folli- eral blood B cells were identified as not expressing BLR1 and
cles and to germinal centers. In healthy individuals, expres- phenotypically resembling germinal center cells of lymphoid
sion of BLR1 is restricted to all mature recirculating B cells tissue. Using BLR1 as a marker molecule, this study identi-
and to a subpopulation of T-helper memory cells. In the pres- fies peripheral blood lymphocytes in HIV" individuals that
ent study, we analyzed the distribution of BLR1 on defined are usually restricted to lymphoid tissue in healthy individu-
lymphocyte subsets during the progression of acquired im- als. Because HIV infection is active in lymphoid tissue even
munodeficiency syndrome. It is shown that the proportion at the clinically latent stage, aberrant expression of the B-
of T-helper memory cells coexpressing BLR1 continuously cell homing chemokine receptor BLR1 might be an early indi-
decreases during the infection, whereas a high proportion cator for the onset of destruction of lymphoid tissue.
of g/d T cells expressing BLR1 can be found in peripheral
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blood. The latter subpopulation is restricted to lymphoid

I chemokine recepors CCR5 or CCR3 for productive infection
of target cells.8-12 These results help to explain earlier obser-

NFECTION WITH THE human immunodeficiency virus
(HIV) is the initial event of a complex and multifactoral

disease characterized by progressive dysfunction and final vations that showed that expression of CD4 in nonhuman
cell lines is not sufficient for productive infection with HIV-destruction of the immune system.1 Recent advancement in

the understanding of both virus infection and virus replica- 1, although CD4 mediates firm attachment of the virus to
the surface of the cells.13,14tion led to a new understanding of HIV pathogenesis. Until

Chemokine receptors belong to the large family of hetero-recently, the lag period between infection with the virus and
trimeric, G-protein–coupled receptors that are characterizedonset of the disease had been interpreted as the virus laying
by seven hydrophobic transmembrane spanning domains (re-quiescent in infected individuals for years before it is acti-
viewed in Murphy15). These receptors have been shown tovated. However, recent evidence suggests that up to 109

play a major role in inflammatory and allergic processesvirions are produced and removed daily by the immune sys-
by directing neutrophils, eosinophils, and macrophages totem, even at the latent phase of the disease.2,3 Because
inflammed or infected areas of the body (reviewed in Baggio-lymphoid organs such as lymph nodes can harbor high
lini et al16). We have identified a novel member of this super-amounts of the virus even when they cannot be detected in
family termed BLR117,18 and shown that BLR1 is the firstperipheral blood,4-6 these organs are of particular importance
lymphocyte-specific member of this gene family, becausein the study of the pathogenesis of acquired immunodefi-
it is only expressed on mature recirculating B cells and aciency syndrome (AIDS). Major progress in the understand-
subpopulation of T-helper memory cells.19 Sequence align-ing of the mechanisms underlying the initial interactions
ment of chemokine receptors identified a subgroup withinbetween virus and target cell has been recently achieved by
this receptor family currently consisting of BLR1, BLR2/the identification of new HIV receptors. It has been convinc-
EBI1, and CXCR4.15 Because the physiologic ligands foringly shown that the chemokine receptor CXCR4 (formerly
BLR1 and BLR2 have not yet been identified and as SDF-termed fusin or LESTR) is used by lymphotropic strains
1 has only recently been recognized as a ligand forof HIV-1 as a coreceptor needed for virus entry,7 whereas
CXCR4,20,21 little is known about the function of these recep-macrophage-tropic strains and primary isolates need the
tors. Using blr1 knock-out mice, we succeeded in identifying
BLR1 as a major regulator for B-cell migration. Mice lacking
this receptor had no or only a few morpholocically alteredFrom the Max-Delbrück-Center for Molecular Medicine, Berlin-
Peyer’s patches, showed altered structure of the splenic whiteBuch, Germany; the Städtisches Krankenhaus München-Schwabing,

Abteilung. Hämatologie und Onkologie, München, Germany; the pulp, and had no functional germinal centers (GC) in the
Institute für Experimentelle Chirurgie, der TU München, München, spleen and in Peyer’s patches.22

Germany; and the Haematologikum der GSF, München, Germany. Because GC, the area of isotype switching, and B-cell
Submitted February 20, 1997; accepted April 10, 1997. maturation have been identified as major reservoirs for HIV
Address reprint requests to Reinhold Förster, Dr Med Vet, Max- and are subjected to progressive histopathologic changes

Delbrück-Center for Molecular Medicine, Robert-Rössle-Str. 10, D- during infection with the virus,4,5,23-27 we analyzed the ex-
13122 Berlin-Buch, Germany.

pression of BLR1 in HIV/ individuals. We show aberrantThe publication costs of this article were defrayed in part by page
expression of the receptor on both B and T cells, even atcharge payment. This article must therefore be hereby marked
the clinically latent stage, and provide evidence that expres-‘‘advertisement’’ in accordance with 18 U.S.C. section 1734 solely to
sion of BLR1 on defined peripheral blood lymphocyte sub-indicate this fact.
sets might reflect activating and remodelling processes lead-q 1997 by The American Society of Hematology.
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MATERIALS AND METHODS

Seventy-seven adult HIV/ patients at various stages of the disease
were admitted to the Staedtische Krankenhaus Muenchen-
Schwabing and randomly enrolled in this study. Patients were classi-
fied either according to the Walter Reed staging classification 28 or
according to their absolute CD4 cell counts (ú500/mL, between 200
and 500/mL, and õ200/mL). The control group consisted of age-
matched healthy individuals working at our laboratories.

The following antibodies were used in this study: anti-CD19, anti-
CD4, anti-CD8, anti–ab-T-cell receptor (TCR), anti–g/d-TCR, and
anti-CD25 were purchased from Becton Dickinson (Heidelberg, Ger-
many). Anti-CD45R0, anti-CD23, anti-CD38, and anti-CD10 were
purchased from Dianova (Hamburg, Germany), and anti-CD3 (clone
26-II-8; rat IgG2b) was kindly provided by Dr Rolf Schuh (Fresenius,
Munich, Germany). The anti-BLR1 monoclonal antibody (MoAb)
RF8B2 has been described elsewhere.19

Peripheral blood was anticoagulated with EDTA and erythrocytes
were lysed with a NH4Cl solution. For triple fluorescence analysis,
white blood cells were incubated with biotinylated anti-BLR1 MoAb
(1 mg/mL for 20 minutes at 127C). Cells were then stained simultane-
ously with streptavidin-cychrome (1:200; Pharmingen, San Diego,
CA) and further stained by fluorescein isothiocyanate (FITC)- and/ Fig 1. Frequency of CD4" CD45R0" memory cells and of CD4"
or phycoerythrin (PE)-conjugated primary antibodies at saturating CD45R0" memory cells coexpressing BLR1 in healthy and HIV-in-
amounts for 20 minutes at 127C. After two final washings, lympho- fected subjects. Peripheral blood lymphocytes (PBL) were stained
cytes were analyzed with a FACScan flow cytometer (Becton Dickin- with CD4-FITC, CD45R0-PE, and BLR1-biotin/streptavidin-cychrome

as described in the Materials and Methods. Gates were either set atson).
CD4" cells to determine the percentage of T-helper cells associatedStatistical analysis was performed using the Mann-Whitney test.
with the CD45R0 isoform (s) or at CD4" CD45R0" cells to determineIn those experiments in which HIV/ individuals were allocated into
the percentage of T-helper memory cells coexpressing BLR1 (●). Re-subgroups, P values were further subjected to Bonferroni-Holm con-
sults are the meanÔ SD. *PÚ .05, **PÚ .01, and ***PÚ .001, alwaysditions (a Å .05).
versus HIVÏ control (Mann-Whitney test).

RESULTS

Expression and distribution of the G-protein–coupled re- evidence that characteristic changes of the subset distribution
within the g/d/ T cells occur in HIV/ individuals.29 Asceptor BLR1 on peripheral blood lymphocytes was analyzed

using a panel of MoAbs and three-color flow cytometry. shown in Fig 2A, there was no significant difference in the
percentage of peripheral blood a/b/ T cells or g/d/ T cellsHIV-seropositive individuals were either allocated into 6

groups in accordance to the Walter Reed classification (WR1 between healthy controls and HIV/ individuals (P Å .34 and
P Å .36, respectively). However, striking differences in thethrough WR6) or into three groups reflecting to the total

numbers of CD4/ cells per microliter (ú500/mL, 200 to 500/ distribution of BLR1/ cells within the a/b or g/d compart-
ment were observed between controls and HIV/ individuals.mL, and õ200/mL). Because the expression of BLR1 on T

cells is restricted to a subpopulation of CD4/CD45RO/19 T- The percentage of a/b/ T cells expressing BLR1 was re-
duced (13.1% v 8.1%, P õ .0001; Fig 2B), whereas thehelper memory cells, we analyzed these subpopulations in

HIV/ individuals. Interestingly, the proportion of T-helper percentage of g/d/ T cells expressing BLR1 was strongly
increased in HIV patients compared with normal controlscells with a memory phenotype (CD4/CD45RO/) signifi-

cantly increased with decreasing lining total CD4 counts, (1.8% v 12.7%, Põ .0001; Fig 2B). Further analysis showed
that the frequency of g/d/ T cells coexpressing BLR1 hadwhereas the proportion of CD4/CD45RO/ coexpressing

BLR1 decreased (Fig 1). In healthy controls, 45% of CD4/ already significantly increased in HIV/ patients without any
sign of the disease (WR1) and that progression of the diseasecells were associated with the CD45RO isoform, and 25%

of this double-positive population coexpressed BLR1. In the leads to increased levels of peripheral recirculating g/d/

BLR1/ T cells (Fig 3A). Interestingly, these observationsgroup of HIV/ individuals with absolute CD4 counts greater
than 500/mL, between 200 and 500/mL, and less than 200/ are paralleled by the irregular expression of BLR1 on B

cells, because BLR10 B cells are also detected in WR1 HIV/mL, the percentage of CD4/ cells expressing CD45R0 in-
creased to 57%, 68%, and 85%, respectively. In contrast, individuals (Fig 3B). Their frequency increases during the

progression of AIDS and approximately 75% of all HIVthe percentage of CD4/CD45RO/ cells coexpressing BLR1
decreased to 17%, 13%, and 10%, respectively (Fig 1). These patients contain B cells not expressing BLR1 (Fig 3B). Fur-

ther analysis of this subpopulation showed that their pheno-data suggest that the percentage of T-helper cells with a
memory phenotype increases during the progression of the type resembles those of germinal center cells: they are large

cells (as determined by forward scatter intensities; Fig 4A)disease, whereas T-helper memory cells coexpressing BLR1
are progressively diminished. and the majority (75%; range, 50% to 99%; n Å 8) express

high levels of CD38 (Fig 4B). Interestingly, other markersAlthough there have been conflicting reports on the rela-
tive percentage of peripheral blood g/d/ T cells, there is frequently observed on activated B cells, such as CD10,
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cells undergo proliferation and isotype switching, BLR1 gets
downregulated.19 These data indicate that BLR1 is essen-
tially involved in the formation of GC. Interestingly, recent
evidence shows that chemokine receptors not only direct
leukocyte migration but also that some members such as
CXCR4, CCR5, or CCR3 are essentially required to allow
productive infection with the human immunodeficiency vi-
ruses HIV-1 and HIV-2.7-12

Fig 2. Distribution of a/b" and g/d" T cells and coexpression of
BLR1 on these subpopulations on PBL derived from healthy (s; n !
15) or HIV-infected subjects (●; n ! 69). PBL were stained with anti-
BLR1-biotin/strepavidin-cychrome and were either incubated with
anti-a/b" TCR-FITC MoAb or with anti-g/d" TCR-FITC MoAb. The
percentage of T cells expressing a/b or g/d chains was calculated
(A) and the percentage of BLR1" cells in each subpopulation was
determined (B). Results are the mean Ô SD. ***P Ú .001 versus HIVÏ

control.

CD23, or CD25, were not expressed at detectable levels
(data not shown).

DISCUSSION

We identified the G-protein–coupled receptor BLR1 that
is expressed on mature B cells and a subpopulation of T-
helper memory cells as the first lymphocyte-specific member
of this gene family.19 BLR1 shows significant relationship
to receptors for interleukin-8 and other members of the
chemokine receptor family.17,18 Although the ligand for
BLR1 is currently unknown, it seems likely that this receptor
belongs to the chemokine receptor family, because a charac-
teristic sequence motive at the end of transmembrane domain
III, DRYLAIVH, that is unique to members of this family
is also present in BLR1 (reviewed in Murphy15). Chemokine
receptors are known to act as regulators of leukocyte migra-
tion during inflammatory processes (reviewed in Baggiolini
et al16). Using gene targeted mice carrying a mutation in the
blr1 locus, we could identify BLR1 as the first chemokine
receptor regulating B-cell homing to defined lymphoid or-
gans.22 These animals showed a severe impairment in the
development of Peyer’s patches and the formation of splenic
follicles was found to be aberrant. Although high numbers
of germinal founder cells were present in this organ, no
functional GC developed. Furthermore, upon adoptive trans- Fig 3. Different expression pattern of BLR1 on g/d" T cells (A) and
fer into wild-type mice, B cells isolated from blr1-mutant on B cells (B) during the progression of AIDS. The BLR1-phenotype

of peripheral blood B cells was determined as described for Fig 1mice entered the T-cell–rich area but failed to migrate to
using anti-BLR1 MoAb and either anti-g/d MoAb or anti-CD19 MoAb.the B-cell follicle.22 These data strongly suggest that expres-
HIV" individuals were grouped according to the Walter Reed classifi-sion of BLR1 is required for navigating GC founder cells cation. Results of each experiment (m) and the mean Ô SEM for

through the T-cell zone into the B-cell follicle, where they each group are shown (Mann-Whitney test with Bonferroni-Holm
conditions, a ! .05).then initiate the formation of GC. Interestingly, once GC
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centroblasts that escaped from the GC, eg, due to the destruc-
tion of the follicular dentritic cell network31 or due to a
failure to undergo apoptosis caused by altered expression of
cytokines or other cellular molecules (eg, bcl-2 and Apo).
The appearance of BLR10 peripheral blood B cells repre-
sents an early abnormality in HIV patients, because it is
already detectable in WR1 patients. Soon after the patients
show any clinical symptoms (WR2 through WR6), the fre-
quency of peripheral blood B cells not expressing BLR1
increases (Fig 3B).

The expression of different isoforms of CD45 has been
postulated to distinguish naive from memory T cells. It is
thought that expression of the high molecular weight isoform
CD45RA characterizes naive T cells, whereas CD45R0, the
low molecular weight isoform, characterizes antigen-experi-
enced memory T cells.36 In this study, we have shown that
the percentage of classically defined T-helper memory cells
(CD4/ cells coexpressing CD45R0) increases with decreas-
ing total CD4 counts. These findings are contrasted by the
functional loss of immunologic memory during the progres-
sion of the AIDS reported earlier (reviewed in Helbert et
al37). However, because the proportion of CD4/ CD45R0/

Fig 4. Characterization of BLR1Ï B cells. PBL were incubated with
cells coexpressing BLR1 parallels both loss of immunologicCD19-PE, BLR1-biotin/strepavidin-cychrome, and FITC-conjugated
memory and progression of the disease (Fig 2), it seems thatCD38 MoAb. CD19" cells were gated and analyzed. If not indicated

otherwise, the horizontal and vertical scales are log 10 antibody fluo- BLR1 is a suitable marker to define functional competent
rescence intensities. Lymphocyte forward scatter intensity (FSC) re- T-helper memory cells in HIV/ individuals.
flects cell size. Representative experiments from an HIV" (WR5) and At present, the function of lymphocytes expressing g/dan HIVÏ individual are shown.

TCR and its alteration under pathologic conditions is poorly
understood. These cells are frequently found in the spleen
and, to a lesser extent, in the thymus, tonsils, and the lung.38,39

Both activation and aberrant function of B cells are known
A transient increase in the number of circulating g/d/ T cellsto occur during HIV infections and it seems that processes
has been reported in malaria infected individuals,40 and datawithin GC are involved in the progression of the disease. In
show changes within the g/d/ T-cell subset in HIV/ individ-situ hybridization showed that high numbers of virus parti-
uals.29 Interestingly, in healthy individuals, only 1% to 2%cles can be identified in germinal centers.30 Furthermore,
of peripheral blood g/d/ T cells coexpress BLR1, whereaspersistent generalized lymphadenopathy, characterized by
about 23% of tonsillar g/d/ T cells express BLR1 (R.F.,progressive fragmentation and degeneration of follicular
unpublished results). In the present study, we did not finddentritic cells leading to follicular depletion, represents an
significantly altered g/d/ T-cell numbers in the HIV/ group;early abnormality in HIV patients.31 Early reports have de-
however, there was a significant shift from a/b/ T cellsscribed an increased responsiveness of peripheral B cells
to g/d/ T cells coexpressing the BLR1 molecule in HIVto mitogens, hypergammaglobulinemia with a predominant
individuals (Fig 3). As shown above for B cells, it seemsanti-HIV reaction, and spontaneous Ig secretion in vitro.32,33

that, in the peripheral blood pool of HIV/ individuals, aThe source of B-cell activation has been unclear, because in
g/d/ T-cell subpopulation can be identified that is usuallyvitro stimulation with native viral proteins did not trigger
restricted to lymphoid tissue. These findings are supportedlymphocyte proliferation. Moreover, removal of CD8/ lym-
by others describing HIV infection as both active and pro-phocytes from culture could not prevent spontaneous Ig se-
gressive in the lymphoid organs during the clinically latentcretion and it has been suggested that membrane-bound tu-
period of HIV infection.4-6 Because BLR1 belongs to a recep-

mor necrosis factor-a may be involved in this process.34,35

tor family involved in lymphocyte migration, it will be of
These effects could be explained also by the escape of acti-

interest to elucidate whether deregulated expression of BLR1
vated germinal center B cells to the peripheral blood pool.

participates in the pathogenesis of lymphomas frequently
GC B cells are large cells in rapid cell cycle and are further

found in HIV patients.
characterized by the expression of high levels of CD38 and

In summary, this study shows that deregulated expression
by the absence or low expression of BLR1.19 Alternatively,

of the B homing chemokine receptor BLR1 is an early event
the B cells may undergo abnormal maturation in the GC, during the pathogenesis of AIDS, most probably reflecting
where they become persistently activated and enlarged. the stage of activation and destruction of lymphoid tissues

In HIV-seropositive individuals, we identified a subpopu- even during the clinically latent period of HIV infection.
lation of large CD19/ B cells with high levels of CD38 but
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FÖRSTER ET AL524

the G-protein-coupled receptor BLR1 defines mature recirculatingREFERENCES
B cells and a subset of T memory helper cells. Blood 84:830,1. Fauci AS: Multifactorial nature of human immunodeficiency
1994virus disease: Implications for therapy. Science 262:1011, 1993

20. Oberlin E, Amara A, Bachelerie F, Bessia C, Virelizier JL,2. Ho DD, Neumann AU, Perelson AS, Chen W, Leonard JM,
Arenzanaseisdedos F, Schwartz O, Heard JM, Clarklewis I, LeglerMarkowitz M: Rapid turnover of plasma virions and CD4 lympho-
DF, Loetscher M, Baggiolini M, Moser B: The CXC chemokine

cytes in HIV-1 infection. Nature 373:123, 1995
SDF-1 is the ligand for LESTR/fusin and prevents infection by T

3. Wei X, Ghosh SK, Taylor ME, Johnson VA, Emini EA,
cell line adapted HIV-1. Nature 382:833, 1996

Deutsch P, Lifson JD, Bonhoeffer S, Nowak MA, Hahn BH, Saag
21. Bleul CC, Farzan M, Choe H, Parolin C, Clarklewis I, So-

MS, Shaw GM: Viral dynamics in human immunodeficiency virus
droski J, Springer TA: The lymphocyte chemoattractant SDF-1 is a

type 1 infection. Nature 373:117, 1995
ligand for LESTR/Fusin and blocks HIV-1 entry. Nature 382:829,

4. Pantaleo G, Graziosi C, Demarest JF, Butini L, Montroni M,
1996

Fox CH, Orenstein JM, Kotler DP, Fauci AS: HIV infection is active
22. Förster R, Mattis EA, Kremmer E, Wolf E, Brem G, Lipp

and progressive in lymphoid tissue during the clinically latent stage
M: A putative chemokine receptor, BLR1, directs B cell migration

of disease. Nature 362:355, 1993
to defined lymphoid organs and specific anatomic compartments of

5. Embretson J, Zupancic M, Ribas JL, Burke A, Racz P, Tenner the spleen. Cell 87:1037, 1996
Racz K, Haase AT: Massive covert infection of helper T lympho- 23. Armstrong JA, Dawkins RL, Horne R: Retroviral infection
cytes and macrophages by HIV during the incubation period of of accessory cells and the immunological paradox in AIDS. Immunol
AIDS. Nature 362:359, 1993 Today 6:121, 1985

6. Piatak M Jr, Saag MS, Yang LC, Clark SJ, Kappes JC, Luk 24. Emilie D, Peuchmaur M, Maillot MC, Crevon MC, Brousse
KC, Hahn BH, Shaw GM, Lifson JD: High levels of HIV-1 in N, Delfraissy JF, Dormont J, Galanaud P: Production of interleukins
plasma during all stages of infection determined by competitive in human immunodeficiency virus-1-replicating lymph nodes. J Clin
PCR. Science 259:1749, 1993 Invest 86:148, 1990

7. Feng Y, Broder CC, Kennedy PE, Berger EA: HIV-1 entry 25. Fox CH, Tenner Racz K, Racz P, Firpo A, Pizzo PA,
cofactor: Functional cDNA cloning of a seven-transmembrane, G Fauci AS: Lymphoid germinal centers are reservoirs of human
protein-coupled receptor. Science 272:872, 1996 immunodeficiency virus type 1 RNA. J Infect Dis 164:1051,

8. Alkhatib G, Combadiere C, Broder CC, Feng Y, Kennedy PE, 1991
Murphy PM, Berger EA: CC CKR5: A RANTES, MIP-1alpha, MIP- 26. Spiegel H, Herbst H, Niedobitek G, Foss HD, Stein H: Follic-
1beta receptor as a fusion cofactor for macrophage-tropic HIV-1. ular dendritic cells are a major reservoir for human immunodefi-
Science 272:1955, 1996 ciency virus type 1 in lymphoid tissues facilitating infection of CD4/

9. Choe H, Farzan M, Sun Y, Sullivan N, Rollins B, Ponath PD, T-helper cells. Am J Pathol 140:15, 1992
Wu L, Mackay CR, LaRosa G, Newman W, Gerard N, Gerard C, 27. Tenner-Racz K, Racz P, Dietrich M, Kern P: Altered follicular
Sodroski J: The beta-chemokine receptors CCR3 and CCR5 facilitate dendritic cells and virus-like particles in AIDS and AIDS-related
infection by primary HIV-1 isolates. Cell 85:1135, 1996 lymphadenopathy. Lancet 1:105, 1985

10. Deng H, Liu R, Ellmeier W, Choe S, Unutmaz D, Burkhart 28. Redfield RR, Wright DC, Tramont EC: The Walter Reed
M, Di Marzio P, Marmon S, Sutton RE, Hill CM, Davis CB, Peiper staging classification for HTLV-III/LAV infection. N Engl J Med
SC, Schall TJ, Littman DR, Landau NR: Identification of a major 314:131, 1986
co-receptor for primary isolates of HIV-1. Nature 381:661, 1996 29. Kabelitz D, Pechhold K, Bender A, Wesselborg S, Wesch

11. Doranz BJ, Rucker J, Yi Y, Smyth RJ, Samson M, Peiper D, Friese K, Janssen O: Activation and activation-driven death
SC, Parmentier M, Collman RG, Doms RW: A dual-tropic primary of human gamma/delta T cells. Immunol Rev 120:71, 1991
HIV-1 isolate that uses fusin and the beta-chemokine receptors CKR- 30. Schuurman HJ, Krone WJ, Broekhuizen R, Goudsmit J: Ex-
5, CKR-3, and CKR-2b as fusion cofactors. Cell 85:1149, 1996 pression of RNA and antigens of human immunodeficiency virus

12. Dragic T, Litwin V, Allaway GP, Martin SR, Huang Y, Na- type-1 (HIV-1) in lymph nodes from HIV-1 infected individuals.
gashima KA, Cayanan C, Maddon PJ, Koup RA, Moore JP, Paxton Am J Pathol 133:516, 1988
WA: HIV-1 entry into CD4/ cells is mediated by the chemokine 31. Koopman G, Pals ST: Cellular interactions in the germinal
receptor CC-CKR-5. Nature 381:667, 1996 center: Role of adhesion receptors and significance for the patho-

13. Ashorn PA, Berger EA, Moss B: Human immunodeficiency genesis of AIDS and malignant lymphoma. Immunol Rev 126:21,
virus envelope glycoprotein/CD4-mediated fusion of nonprimate 1992
cells with human cells. J Virol 64:2149, 1990 32. Lane HC, Masur H, Edgar LC, Whalen G, Rook AH, Fauci

14. Maddon PJ, Dalgleish AG, McDougal JS, Clapham PR, Weiss AS: Abnormalities of B-cell activation and immunoregulation in
RA, Axel R: The T4 gene encodes the AIDS virus receptor and is patients with the acquired immunodeficiency syndrome. N Engl J
expressed in the immune system and the brain. Cell 47:333, 1986 Med 309:453, 1983

15. Murphy PM: The molecular biology of leukocyte chemoat- 33. Amadori A, De Rossi A, Faulkner Valle GP, Chieco Bianchi
tractant receptors. Annu Rev Immunol 12:593, 1994 L: Spontaneous in vitro production of virus-specific antibody by

16. Baggiolini M, Dewald B, Moser B: Interleukin-8 and related lymphocytes from HIV-infected subjects. Clin Immunol Immunopa-
chemotactic cytokines—CXC and CC chemokines. Adv Immunol thol 46:342, 1988
55:97, 1994 34. Amadori A, Chieco Bianchi L: B-cell activation and HIV-

17. Dobner T, Wolf I, Emrich T, Lipp M: Differentiation-specific 1 infection: Deeds and misdeeds. Immunol Today 11:374, 1990
expression of a novel G protein-coupled receptor from Burkitt’s 35. Macchia D, Almerigogna F, Parronchi P, Ravina A, Maggi
lymphoma. Eur J Immunol 22:2795, 1992 E, Romagnani S: Membrane tumour necrosis factor-alpha is involved

18. Kaiser E, Förster R, Wolf I, Ebensperger C, Kuehl WM, Lipp in the polyclonal B-cell activation induced by HIV-infected human
M: The G protein-coupled receptor BLR1 is involved in murine B T cells. Nature 363:464, 1993
cell differentiation and is also expressed in neuronal tissues. Eur J 36. Akbar AN, Terry L, Timms A, Beverley PC, Janossy G: Loss
Immunol 23:2532, 1993 of CD45R and gain of UCHL1 reactivity is a feature of primed T

cells. J Immunol 140:2171, 198819. Förster R, Emrich T, Kremmer E, Lipp M: Expression of

AID Blood 0053 / 5H39$$1041 06-11-97 20:28:30 blda WBS: Blood

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/90/2/520/1643200/520.pdf by guest on 08 June 2024



CHEMOKINE RECEPTOR BLR1 AND AIDS 525

37. Helbert MR, L’age SJ, Mitchison NA: Antigen presentation, 39. Augustin A, Kubo RT, Sim GK: Resident pulmonary lympho-
cytes expressing the gamma/delta T-cell receptor. Nature 340:239,loss of immunological memory and AIDS. Immunol Today 14:340,

1993 1989
40. Perera MK, Carter R, Goonewardene R, Mendis KN:38. Falini B, Flenghi L, Pileri S, Pelicci P, Fagioli M, Martelli

MF, Moretta L, Ciccone E: Distribution of T cells bearing different Transient increase in circulating gamma/delta T cells during
Plasmodium vivax malarial paroxysms. J Exp Med 179:311,forms of the T cell receptor gamma/delta in normal and pathological

human tissues. J Immunol 143:2480, 1989 1994

AID Blood 0053 / 5H39$$1041 06-11-97 20:28:30 blda WBS: Blood

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/90/2/520/1643200/520.pdf by guest on 08 June 2024


