Immudex MHC | & MHC Il Monomers *
Superior quality and broad selection of ready-to-use
and peptide-receptive monomers

. meJournal of Depletion of CCR5-Expressing Cellswith

AN Immunology Bispecific Antibodies and Chemokine Toxins:

A New Strategy in the Treatment of Chronic
Inflammatory Diseasesand HIV
Thisinformation is current as

of March 2, 2022. Hilke Bruhl, Josef Cihak, Manfred Stangassinger, Detlef
Schléndorff and Matthias Mack

J Immunol 2001; 166:2420-2426; ;
doi: 10.4049/jimmunol .166.4.2420
http://www.jimmunol .org/content/166/4/2420

References Thisarticle cites41 articles, 23 of which you can access for free at:
http://www.jimmunol .org/content/166/4/2420.ful l#ref-list-1

Why The JI? Submit online.

» Rapid Reviews! 30 days* from submission to initial decision
* No Triage! Every submission reviewed by practicing scientists
» Fast Publication! 4 weeks from acceptance to publication

*average

Subscription  Information about subscribing to The Journal of Immunology is online at:
http://jimmunol .org/subscription

Permissions  Submit copyright permission requests at:
http://www.aai .org/About/Publications/Jl/copyright.html

Email Alerts Receive free email-alerts when new articles cite this article. Sign up at:
http://jimmunol.org/alerts

The Journal of Immunology is published twice each month by
The American Association of Immunologists, Inc.,

1451 Rockville Pike, Suite 650, Rockville, MD 20852
Copyright © 2001 by The American Association of
Immunologists All rights reserved.

Print ISSN: 0022-1767 Online |SSN: 1550-6606.

2202 ‘2 Yose N uo 1s9nb Aq /6.0 jounwiwi i mammy/:dny wioly papeojumoq


http://www.jimmunol.org/cgi/adclick/?ad=56397&adclick=true&url=https%3A%2F%2Fwww.immudex.com%2Fproducts%2Fbasic-research%2Fimmudex-monomers%2F
http://www.jimmunol.org/content/166/4/2420
http://www.jimmunol.org/content/166/4/2420.full#ref-list-1
https://ji.msubmit.net
http://jimmunol.org/subscription
http://www.aai.org/About/Publications/JI/copyright.html
http://jimmunol.org/alerts
http://www.jimmunol.org/
http://www.jimmunol.org/

Depletion of CCR5-Expressing Cells with Bispecific Antibodies
and Chemokine Toxins: A New Strategy in the Treatment of
Chronic Inflammatory Diseases and HIV

Hilke Briihl,* Josef Cihak, " Manfred Stangassinger! Detlef Schiéndorff,* and Matthias Mack**

The chemokine receptor CCR5 is expressed on the majority of T cells and monocytes in the inflammatory infiltrate of diseases such
as rheumatoid arthritis, renal diseases, and multiple sclerosis. In contrast, little expression of CCR5 is found on peripheral blood
leukocytes. A specific depletion of CCR% cells could therefore be a useful strategy to reduce the cellular infiltrate in chronic
inflammations. Moreover, CCR5 is the major coreceptor for M-tropic HIV-1 strains. Depletion of CCR5" leukocytes may help to
eliminate cells latently infected with HIV-1. We designed two constructs that specifically destroy chemokine receptor-positive cells.
The first construct, a bispecific Ab, binds simultaneously to CCR5 and CD3. Thereby it redirects CD3 T cells against CCR5
target cells. The Ab specifically depletes CCR5 T cells and monocytes, but is inactive against cells that do not express CCR5.
Furthermore, ex vivo the bispecific Ab eliminated>95% of CCR5* monocytes and T cells from the synovial fluid of patients with
arthritis. Also, we designed a fusion protein of the chemokine RANTES and a truncated version d?seudomonagxotoxin A. The
fusion protein binds to CCR5 and down-modulates the receptor from the cell surface. The chemokine toxin completely destroyed
CCR5™ Chinese hamster ovary cells at a concentration of 10 nM, whereas no cytotoxic effect was detectable against CCR5
Chinese hamster ovary cells. Both constructs efficiently deplete CCR5-positive cells, appear as useful agents in the treatment of
chronic inflammatory diseases, and may help to eradicate HIV-1 by increasing the turnover of latently infected cells.The Journal

of Immunology, 2001, 166: 2420-2426.
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ily of G protein-coupled seven-transmembrane domainpersonal communication). These results make CCR5 look like a :

receptors that binds the proinflammatory chemokinespromising target for therapeutic intervention. Furthermore, the pre-
RANTES, macrophage-inflammatory proteia (1), macrophage- dominance of CCR5-positive leukocytes in the diseased tissue in
inflammatory protein B, and monocyte chemotactic protein 2 (1, contrast to its rare expression on peripheral blood leukocytes sug-
2). Chemokines act in concert with adhesion molecules to inducegests that a specific elimination of CCR5-positive leukocytes may
the extravasation of leukocytes and to direct their migration to site®e therapeutically useful by reducing the number of infiltrating
of tissue injury (3). In a variety of chronic inflammatory diseases,cells in chronic inflammation without significantly depleting pe-
an impressive accumulation of CCR5-positive T cells and macrotipheral blood leukocytes. Eliminating CCR5-positive leukocytes
phages is found at the site of inflammation. An accumulation offrom the inflammatory infiltrate should be of greater therapeutic
CCR5' cells has been demonstrated in several types of arthritis (dpenefit than simply blocking chemokine receptors of these cells, as
5), inflammatory renal diseases including transplant rejection (6they have already infiltrated the tissue.
7), multiple sclerosis (8, 9), and inflammatory bowel diseases (10). Besides its role in inflammation, CCR5 is the primary corecep-
In contrast, in the peripheral blood of these patients only a minoritytor for M-tropic HIV-1 strains that predominate early in the course
of T cells and monocytes express CCR5. Therefore, CCR5 appeats an infection (13, 14). Transmission of HIV-1 depends on the
to be an excellent marker to identify leukocytes that are involvedpresence of CCRS5, as individuals with a homozyga82 deletion
in chronic inflammation. The occurrence of a 32-bp deletion in theof the CCR5 allele are highly resistant against infection with
CCR5 gene that prevents expression of CCR5 (11) allows study dfilv-1 (11). Although antiretroviral therapy can efficiently sup-
the pathophysiological role of CCRS5 in chronic inflammatory dis- press replication of HIV-1, complete eradication of HIV has not
eases. In patients with rheumatoid arthritis, the frequency obeen achieved to date. The main obstacle appears to be the inac-
CCR5-deficient (CCR5-A32/A32)5) individuals is significantly tivity of antiretroviral therapy against latently infected cells that
reduced (12). Moreover, the mean survival of kidney transplants igan survive for several years and function as an endogenous source
for HIV-1 (15). Many of these cells fail to express viral proteins
and can evade the immune response. However, the majority of
latently infected cells may still express CCR5, as this receptor was

Received for publication June 28, 2000. Accepted for publication December 5, ZOOOﬂecessary for their initial infection. We therefore propose that de-

o o : epletion of CCR5-positive cells should significantly reduce the

The costs of publication of this article were defrayed in part by the payment of pag . . - .
charges. This article must therefore be hereby magddrtisemenin accordance number Of.lat‘emly 'nfeCte.d cells in HIV-1 infection. Other StraF'.
with 18 U.S.C. Section 1734 solely to indicate this fact. egies to eliminate HIV-1-infected cells that depend on a specific
1 Address correspondence and reprint requests to Dr. Matthias Mack, Medical Polirecognition of viral proteins, e.g., surface-expressed gp120 (16),
clinic, University of Munich, Pettenkoferstrasse 8a, 80336 Munich, Germany. E'ma”WOUId be less effective against Iatently infected cells.
address: mack@medpoli.med.uni-muenchen.de s . .
2 Abbreviati d this paper: CCRE-AS2/A2, homozygous 32-bp deletion in th To test these possibilities, we designed two strategies to destroy

reviations use : - , - . . . e .
CCRS alleles; CHO, Chinese hamster ovary; PE38, truncated versidsenitlomo- EtCR5-pOSItlve cells. First, we constructed a bispecific single-chain

nasexotoxin A; CXCR, CXC chemokine receptor. Ab that binds with one arm to CCR5 and with the other arm to

T he chemokine receptor CCR5 is a member of a large famsignificantly longer in CCR5-A32/A32 patients (D. Schléndorff,
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CD3 expressed on T lymphocytes. Thereby the bispecific Ab in-CCR5-positive target cells. Thus, both the bifunctional CD3-
duces a close contact between CCR5-positive target cells an@CR5 Abs and the RANTE®&seudomonad toxin constructs are
CD3-positive T cells. Cross-linkage of CD3 by the Ab triggers the promising candidates as therapeutic agents.

cytotoxic activity of T lymphocytes and leads to lysis of CCR5-

positive cells (Fig. 1). Bispecific Abs were originally developed Materials and Methods

for oncological therapy to redirect cytotoxic T cells against ma-PBMC, synovial fluid, and cell lines

lignant cells (17). Various types of bispecific Abs have been de'PBMC were isolated from buffy coats or full blood of healthy donors by

scribed so fa.r. AIthqugh the chemical cross.-linkage of two mAbSFicoll density gradient centrifugation. Where indicated, PBMC were used
and the hybrid-hybridoma technology (18) is hampered by ill-de-from donors with a homozygous 32-bp deletion in the CCR5 allele (CCR5-
fined protein aggregates and low yields, diabodies and bispecifi@32/A32) preventing surface expression of CCR5. Synovial fluid of pa-
single-chain Abs have overcome these problems (19-23). In 199 ients with arthritis was obtained from diagnostic or therapeutic arthrocen-

. . . . e . ésis and used for the experiments without further preparation. Informed
we described functional expression of bispecific single-chain Abs..\<ent was obtained from all patients.

in Chinese hamster ovary (CHO) (3) cells (20, 24). These Abs are CHO cells were stably transfected with CCR5 or CXC chemokine re-
composed of two single-chain Fv fragments that are joined by &eptor (CXCR) 4 as described previously (28).
flexible linker conS|s.t|ng. ofglycme anq.senne molecules.. We NOWceonstruction and expression of the bispecific single-chain Ab
propose a new application for bispecific Abs, namely, elimination_ .. .

R . L . anti-CCR5-anti-CD3
of infiltrating leukocytes in chronic inflammation. The CCR5-
CD3-bispecific Ab would specifically deplete CCR5-positive cells The light (V) and heavy (V,) variable domains from the anti-CCRS5-hy
and reduce considerably the number of cells that infiltrate inflamed"doma MC-1 were cloned using PCR amplification (30). Reverse tran-

. . . . Scription was conducted with random hexamer nucleotides and SuperScript
tissue. T cells and monocytes that are not involved in the inflamyeyerse transcriptase (Life Technologies, Grand Island, NY). The variable
mation would largely remain unaffected because they rarelydomains were amplified by PCR with Pfu-polymerase, subcloned into the
express CCR5. vector PCR-script Amp SK (Stratagene, La Jolla, CA), and sequenced. As

In a second approach to destroy chemokine receptor-positivges_cribEd pr_eviously, the Iight and heavy v_ariable domains were_joined to

I desi dafusi tein of the ch kine RANTES single-chain fragment using a (G8er); linker and expressed in the
cells, we e5|gn§ afusion protein orthe ¢ _emo Ine - ancE)leriplasmic space dEscherichia colito test binding of the recombinant
atruncated version of tfeseudomonasxotoxin A. Several fusion  protein to CCR5. Subsequently, the DNA sequence of the anti-CCR5 sin-
proteins with a truncated version Bseudomonasxotoxin A have  gle-chain fragment was subcloned with BsrG1 and BspE1 into an eukary-
been designed so far. Most of them have been used to target aféic expression vector (bEF-DHFR) that contained a single-chain fragment

: : . directed against CD3 with a C-terminally attached tail of six histidine res-
destroy malignant cells (25). A truncated version of the toxlnidues (20). The anti-CCR5 and anti-CD3 single-chain fragments were

(PE38) was used for the construct (26), as the full-length proteifineq by a linker coding for GlySer. The bispecific Ab was expressed in
binds with its first domain to the ubiquitous,-macroglobulin re DHFR-deficient CHO cells and purified from the culture supernatant by
ceptor and is therefore toxic to most eukaryotic cells (27). Toaffinity chromatography on immobilized R ions (Ni-NTA; Qiagen,

overcome this problem, the first domainRgeudomonasxotoxin ~ Chatsworth, CA).

A can be replaced by a specific sequence to alter the binding spegonstruction and expression of RANTES-PE38

ificity of the toxin (26). We investigated whether a chemokine can PCR fragment of RANTES. qenerated with the primers PL and P2. was
S?N? as ligand Squ?nce on th? toxin, direct it to §pecific targets b ubclonedgwitrStuI andSall int’oga vector for periplapsmic expressiorﬁny
binding to the specific chemokine receptor, and induce uptake ofoli (20). The restriction sit&tul had previously been introduced at the 3’
the toxin and lysis of chemokine receptor-positive cells. We con-terminus of the OmpA signal sequence. The DNA of a truncated version of 2
sidered chemokines to efficiently mediate the uptake of the toxin aBseudomonas exotoxin A (PE38), kindly provided by I. Pastan (26), was o

; ; ; ; TR amplified by PCR with Pfu-polymerase using the primers P3 and P4 and =
chemokine receptors are rapidly internalized upon binding of Chesubcloned withBspE1 andHindlll into the vector that already contained

mokines (28, 29). In this Stu.dy, we show thatin fa(.:t.the chemokingne cDNA of RANTES. Primer P4 also added a tail of 6 histidine residues
RANTES fused to PE38 binds to CCR5 and efficiently destroysat the 3'terminus of PE38. During the periplasmic expression, the OmpA =
signal sequence is cleaved off such that the recombinant protein starts with?

papeojumoq
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the first amino acid of RANTES. The C-terminally attached tail of six §
histidine residues allowed purification by affinity chromatography on Ni- N
NTA (Qiagen). List of primers is as follows: P1, 5-AAAGGCCTC
CC@ - GD;; CCCATATTCCTCGGA,; P2, 5’AAAGTCGACTCCGGACATCTCCAAAGA
GTTGATGTAC; P3, 5AATCCGGAGGCGGCAGCCTGGCCGC; and P4; 5
GGGAAGCTTAGTGATGGTGATGGTGATGCTTCAGGTCCTCGCGCGG.
Lysis FACS analysis and Western blot
Binding of the bispecific single-chain Ab to CHO cells or PBMC was
determined by FACS analysis. The cells were incubated with the bispecific

Ab for 60 min on ice followed by an Ab against 6xHis (Dianova, Hamburg,
Germany) and a PE-conjugated polyclonal rabbit anti-mouse F(&bg
ment (R439; Dako, Hamburg, Germany).
o Western blots to detect the bispecific Ab or RANTES-PE38 were
d

CCRrs5*
target cell

CCR5D

stained with the mAb against 6xHis (Dako) and a peroxidase-labeled poly-
clonal rabbit anti-mouse Ab (P260; Dako). Western blots to detect CCR5
in the cell-free supernatant were performed as previously described (31).

Down-modulation of chemokine receptors

PBMC were incubated for 30 min at 37°C with various concentrations of

F.'GLIJREh L fSChemf chct;% t\’zpce;'sf'fls'r;g'e.'cza;” Abt'hThﬁ SWE'CCRS RANTES or RANTES-PE38 diluted in RPMI 1640 with 10% FCS in a
single-chain fragment ( L ) derived from the hybridoma volume of 100ul. Medium alone was used as control. The cells were then

MC-1is fused to the N terminus of a single-chain fragment directed againstained on ice for surface CCR5 expression using the mAb MC-1 or me-
CD3 (CD3 \,/CD3 V). Binding of the bispecific Abto CD3T cellsand  djum as negative control followed by the PE-conjugated anti-mouse Ab
CCR5-positive target cells results in cross-linkage of CD3, activation 0fR439. As shown previously, the presence of RANTES bound to CCR5
effector T cells, and lysis of CCR5-positive target cells. does not block the binding of MC-1 to CCR5 (28). The same could be
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demonstrated for RANTES-PE38. The FACS analysis was performed on a
FACSCalibur (Becton Dickinson, Mountain View, CA) and CellQuest
software. Lymphocytes and monocytes were distinguished by their forward
and sideward light scatter properties and expression of CD14, CD4, and
CD8. Relative surface CCR5 expression was calculated as [mean channel
fluorescence (experimental) mean channel fluorescence (negative con-
trol)]/[mean channel fluorescence (medium)mean channel fluorescence

(negative control)].

Depletion of cells with the bispecific anti-CCR5-anti-CD3 Ab

and RANTES-PE38

PBMC from CCR5 wild-type or CCR5-deficient (A32/A32) donors were

STRATEGIES FOR SPECIFIC DEPLETION OF CCR5-POSITIVE CELLS

CD8

i ot 100 o nt i

oCCR5-aCD3 0oCCR5-aCD3
FIGURE 3. Binding of the anti-CCR5-anti-CD3-bispecific Ab to CD3
on CCR5-A32/A32 lymphocytes. Costaining with CD4 and CD8 demon-
strated that the bispecific Ab binds to the subpopulation of ODD8* T
cells.

incubated overnight to induce expression of CCR5 on monocytes. Cultured

PBMC or freshly drawn synovial fluid of patients with arthritis were in-

cubated with different concentrations of purified anti-CCR5-anti-cD3- the bispecific Ab competed with the monoclonal CD3 Ab OKT-3

bispecific Abs or medium as control for 20 h. No preactivation of effector for binding to T cells (data not shown).
T cells was performed. Surviving cells were analyzed on a FACSCalibur  Binding of the bispecific Ab to CCR5 was demonstrated on

and counted.

CHO cells expressing CCR5 or CXCR4 were grown to subconfluenc
on 24-well culture plates and incubated with different concentrations of

CCR5-overexpressing CHO cells and human monocytes (Fig. 4).

®The Ab showed excellent binding to CCR5-transfected CHO cells

purified RANTES-PE38 or medium as control. After 40 h, the adherent andFig. 4A) and cultured monocytes (Fig. 4B), while no binding was
nonadherent cells were recovered and analyzed by FACS to measure tietectable on CHO cells transfected with CXCR4 or on cultured

percentage of dead cells. We have previously established that dead (prenonocytes from a donor with a homozygous CCRES2/A32 de-
pidium iodide-positive) CHO cells can be identified by their light scatter

properties.

Results

Production of a bispecific single-chain Ab directed against

CCR5 and CD3

As described inMaterials and Methods, we amplified the DNA
sequences coding for the variable domains of the light) &nd

heavy chain (V) of the CCRS-specific hybridoma MC-1 by RT-  ccRrs" CHO cells prevented subsequent binding to CD3 and pre

PCR. Subsequently, we constructed a single-chain fragment bypsorption on CCR5-deficient T cells almost completely abolished
joining the V{ and V4, sequences with a linker coding for

(Gly,Ser); and expressed it in the periplasmic spac&o€oli to
test the binding activity of the construct. To obtain the bispecific
single-chain Ab, we joined the DNA sequence of the CCR5 Ab
fragment to an Ab fragment directed against CD3 using a linkerCCR5-specific depletion of monocytes from cultured PBMC
coding for Gly,Ser,. The bispecific single-chain Ab was expressed
in CHO cells and purified via a C-terminally attached histidine tail
with an overall purification yield of-900 wg/L culture superna-
tant. SDS-PAGE showed a single band~®60 kDa under reducing

degradation of the protein (Fig. 2).

Binding of the bispecific Ab to CCR5 and CD3

Binding of the bispecific Ab to CD3-positive T cells was demon-
strated by FACS analysis (Fig. 3). As the bispecific Ab would also
bind to CCR5, we performed the analysis with PBMC that lack
expression of CCR5 due to a homozygous 32-bp deletion in the
CCRS5 alleles. The Ab showed good binding to T cells as identified
by costaining with Abs against CD4 and CD8 (Fig. 3). In addition,

non-red.

red.

116
84

58
48

36
26

d duci diti th d bi Vel the PBMC were cultured overnight to up-regulate CCR5 expres-
and nonreducing conditions without any detectable proteolysis oL, o, monocytes (28, 32). By retargeting cytotoxic T cells, the 2

letion. Overnight cultivation of monocytes induces expression of
CCRS5 on wild-type monocytes, while monocytes from donors with
a homozygous CCR5-A32/A32 deletion fail to express CCR5.
Moreover, the CCR5 signal detectable with the bispecific Ab on
cultured monocytes could be reduced to values below 15% by prein-
cubation of monocytes for 30 min at 37°C with AOP-RANTES, a
CCRS ligand that is known to efficiently induce internalization of
CCRS5 (data not shown) (28). Preabsorption of the bispecific Ab on
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subsequent binding to CCR5 (data not shown). This further indi-
cates that both specificities of the bispecific Ab are contained in the
same molecule.

To test the ability of the anti-CCR5-anti-CD3-bispecific single-
chain Ab to deplete CCR5-positive primary cells, we incubated
human PBMC with the bispecific Ab (Fig. 5). Before incubation o

159n6 Aq /BJo’ jounwiwi

A U

bispecific Ab depleted the majority of monocytes within 20 h in a %
concentration-dependent manner (Fig. 5). In contrast to the bispe-1

cific Ab, the monovalent single-chain Fv fragments directed @

Counts.
ll'l 20 40 60 8|0 |?010

5]

10! 102 103 10

aCCR5-aCD3

3

o8]

Counts.
0 5 w15 2 25

T

CCR5 —

FIGURE 4. Binding of the anti-CCR5-anti-CD3-bispecific Ab to CCR5
on transfected CHO cells (A) and cultured monocytes (B). CHO cells trans-

10

FIGURE 2. SDS-PAGE of the purified bispecific single-chain Ab anti- fected with CCR5 and monocytes from a CCR5-positive donor are shown

CCR5-anti-CD3. A single band of60 kDa is visible under reducing (left)

in black, while CXCR4-positive CHO cells and monocytes from a CCR5-

and nonreducing (right) conditions. No degradation or proteolysis of thedeficient donor (A32/A32) served as negative control and are shown in

bispecific Ab is detectable.

white.
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FIGURE 5. Depletion of CCR5-positive monocytes by the bispecific 4CCR5-aCD3 (ng/ml)

Ab. A, CCR5-deficient PBMC (A32/A32) or wild-type PBMC (WT-
PBMC) were cultured overnight and incubated with the bispecific Ab (100FIGURE 6. The bispecific anti-CCR5-anti-CD3 Ab depletes lympho-
ng/ml) or medium as control for 20 h. Remaining monocytes (Mo) andcytes and monocytes from the synovial fluid of a patient with chronic
|ymphocytes (Ly) were identified by their ||ght scatter properties in FACS. arthritiS.A, Freshly draw SynOViaI fluid was incubated with the bispecific
The CCR5-positive wild-type monocytes were completely depleted by theAb (500 ng/ml) or medium as control for 20 h and analyzed by FACS. The
bispecific Ab, whereas the CCR5-deficient monocytes survideddose  bispecific Ab completely depleted the CCR5-positive monocytes and lym-
response showing depletion of cultured monocytes with various concenPhocytes, whereas the CCR5-negative granulocytes (PMN) survived. Con--g
trations of the anti-CCR5-anti-CD3-bispecific Ab. More than 90% of the Sistent with our previous data, all monocytes and lymphocytes in this sy-
monocytes were depleted at a concentration of 33 ng/ml. novial fluid expressed CCRS5, whereas no expression of CCR5 was found
on granulocytes (data not showrd, Dose response for the depletion of
monocytes and lymphocytes from the synovial fluid with the anti-CCR5-
against CCR5 and CD3 used either alone or in combination Werénti-CD?,-bispecific Ab. More than 95% of both cell types were depleted at
not able to deplete CCR5-positive monocytes (data not shown). T8 concentration of 31 ng/mi.
verify that the depletion of monocytes with the bispecific Ab was
due to their expression of CCR5, we performed the same expericonstruction of the chemokine toxin RANTES-PE38

ment with PBMC from a donor with a homozygous 32-bp deletion

in the CCR allele that prevents surface expression of CCR5. N&'S described inMaterials and Methods, the DNA sequence of
depletion of CCR5-deficient monocytes occurred after 20 h, indi-RANTES was fused with the sequence of a truncated version of

cating that the depletion of cells with the bispecific Ab is restrictedN® Pseudomonasxotoxin A (PE38) kindly provided by I. Pastan

to monocytes that express CCR5 (Fig. 5A). As further control, We(26). In a first version of the construct, a GIy_-Ser linker was spacc_ed
preincubated PBMC with an excess of the parental mAb MC-1 oiP€tween RANTES and PE38. However, this resulted in a consid-
a control Ab and then added the bispecific Ab. Preincubation witr€raple proteolytic degradation of the fusion protein during expres-

MC-1 considerably reduced the depletion of monocytes while the?on in E. coli (data not shown). To stabilize the construct, we
control Ab had no effect (data not shown). removed the linker and the first three amino acids of PE38. The

new fusion protein showed no proteolysis during expression in the
Depletion of monocytes and T lymphocytes from the synovial — periplasmic space dt. coli as demonstrated by SDS-PAGE and
fluid of patients with arthritis Western blot (Fig. 7).

The bispecific single-chain Ab could potentially be applied to de-
plete CCR5-positive T cells and monocytes from the inflamed

1U WOJJ PAPEO|UMOQ
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joints of patients with arthritis. We therefore determined the de- + 116
pletion of CCR5-positive cells from the synovial fluid of patients <« 84
with various types of arthritis. Before each depletion experiment, « 58
we confirmed by FACS analysis that the majority of lymphocytes <« 48
and monocytes in the synovial samples express CCR5, whereas no — -
expression of CCR5 was detectable on granulocytes (data not

shown). The synovial fluid was incubated ex vivo with different <« 36

concentrations of the bispecific Ab immediately after arthrocente-
sis without prior preparation or washing steps. Using freshly drawn
synovial fluid, we aimed at testing the efficacy and stability of the

bispecific Ab under conditions resembling most closely the situat s re 7 sps-PAGE (left) and Western blot (right) of the purified

tion in vivo. Within 20 h, the bispecific Ab induced depletion of protein RANTES-PE38. A distinct band with the expected size 46 kDa

the majority of lymphocytes and monocytes from the synovialis visible in the Coomassie-stained SDS-PAGE and Western blot. Most
fluid, while granulocytes that do not express CCR5 remained untikely our affinity purification is not 100%, which explains the faint bands
affected (Fig. 6). in the Coomassie stain.

<« 26
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Biologic activity of the RANTES-PE38 construct

The fusion of RANTES to the N terminus of a truncated version of
thePseudomonasxotoxin A is supposed to result in specific bind-
ing of the construct to cells expressing RANTES receptors such as
CCR5, CCR1, and CCRa3. Internalization of the chemokine recep-
tors upon binding of the modified toxin would enhance the cellular
uptake and cytotoxic activity of the construct. We therefore ana-
lyzed whether RANTES-PE38 is able to internalize CCR5 from
the surface of primary monocytes and T cells (Fig. 8). Internal-
ization of CCR5 would indicate that the construct is able to bind to
CCRS5 and that RANTES remains functionally active after fusion
to PE38. As shown in Fig. 8, the construct is able to internalize
CCRS5 from the surface of monocytes and lymphocytes. Compared
with unmodified RANTES, the chemokine toxin was somewhat
less effective in down-modulating CCR5. To exclude the possibil-
ity that RANTES-PE38 increases the shedding of CCR5 from the
cell surface and thereby reduces surface expression of CCR5, we
quantified by Western blot the amount of CCR5 in the cell-free
supernatant after incubation of CCR5-positive CHO cells for 30 min
at 37°C with unmodified RANTES, RANTES-PE38, or medium
alone. Compared with the medium control, no increased shedding of
CCR5 was detectable with either RANTES or RANTES-PE38, indi-
cating that the reduced surface expression is due to internalization
of CCR5.

We then analyzed the cytotoxic activity of RANTES-PE38. For
that purpose, we incubated CHO cells expressing human CCRS5,
murine CCR5, and human CXCR4 with various concentrations of

CXCR4-CHO  CCR5-CHO 1>

w

Preincubation

RANTES

S3CH

SSCH.
0200 A0 6w GO0 1060 0 200 400 600 g0 1000

Medium

40 600 806
FSCH

Control

200 b0 0o 800 1000

FSCH

RANTES-PE38

S5CH

SSCH
0 200 40 600 B0 10000 200 400 600 300 1000

B 200 4b0 sbo sbo 0o 0 200 4o 08 e0g 1000
recH FscH

Medium

RANTES-PE38

the chemokine toxin or medium. No surviving (i.e., adherent)FIGURE 9. Destruction of CCR5-positive CHO cells with the chemo-
human or murine CCR5-positive CHO cells were detectable bykine toxin RANTES-PE38A, CCR5-positive CHO cells and CXCR4-pos-

light microscopy after a 40-h incubation with as little as 10 nM itive CHO cells were incubated for 40 h with the chemokine toxin (10 nM)
RANTES-PES8. In contrast, regular growth and survival was ob
served when the CCR5-positive cells were incubated with mediu

or when C_XCR4'pOSitive CH_O Ce”S_ were incubated with equal CXCR4-positive CHO cellsB, The cytotoxic activity of RANTES-PE38
concentrations of the chemokine toxin (data not shown). To quanggyid be completely blocked by addition of unmodified RANTES i

tify the percentage of dead cells, we analyzed the adherent angly 60 min before incubation with RANTES-PE38. Preincubation with
nonadherent cells by FACS. We have previously established thahedium served as control and did not prevent the killing of cells.

living and dead CHO cells can be identified by their light scatter
properties. As shown in Fig. 9A, no cytotoxic effect of RANTES-
PE38 was seen on CHO cells expressing CXCR4, whereas CHO
cells expressing human CCR5 were completely killed by 10 nM
RANTES-PE38. As further control, we preincubated CCR5
CHO cells with 10ug/ml unconjugated RANTES and then added
the chemokine toxin (Fig. 9B). Preincubation of the CCR®lls
with unconjugated RANTES completely prevented their destruc
tion by RANTES-PE38. RANTES alone did not influence the vi-

ability of the cells.

“and analyzed by FACS. Dead cells appear inléfeupper regionof the
m
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FIGURE 8. Down-modulation of CCR5 from the surface of PBMC by
incubation with RANTES-PE38 (d,]) and RANTES (@ M) for 30 min

at 37°C. Surface expression of CCR5 was determined on lymphocytes (|
M) and monocytes (O,®) and is given as percentage of the medium contro

forward and sideward light scatter plot. RANTES-PE38 completely de-
stroyed the CCR5-positive CHO cells, whereas it had no effect on the

These experiments indicate that RANTES-PE 38 is able to in-
ternalize CCR5 from the surface of cells and induces depletion of
cells expressing the RANTES receptors human CCR5 or murine
CCR5. The inactivity of the construct against CXCR4-positive

CHO cells demonstrates that the cytotoxic activity of the construct
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is restricted to cells that express specific chemokine receptors.

Discussion

We propose that a specific depletion of CCR5-positive cells may
be therapeutically useful in chronic inflammatory diseases and
HIV-1 infection. In chronic inflammation such as rheumatoid ar-
thritis (4, 5), inflammatory renal diseases including transplant re-
jection (6), multiple sclerosis (8, 9), and inflammatory bowel dis-
ease (10), a clear predominance of T cells and monocytes
expressing the chemokine receptor CCR5 is found within the af-
fected tissues. In contrast, in the peripheral blood only a minority
of T cells and monocytes express CCR5 (4). A depletion of CCR5-
positive cells may therefore considerably reduce the infiltrate in
the inflamed tissue while other leukocytes would remain largely
unaffected. Also, identification of latently HIV-infected cells by

£CR5 and their specific depletion could be a clinical application of

the bispecific Abs and chemokine toxins.

The fusion protein RANTES-PE38 is able to down-modulate CCRS from We present two p(-)ssibi.li.ties. to deplgte CCR5'POSitiV9 cells.
the cell surface with a somewhat lower efficiency than unmodified First, we describe a bispecific single-chain Ab that simultaneously

RANTES.

binds to CCR5 and CD3 and thereby redirects T effector cells
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against CCR5-positive target cells (Fig. 1). A precondition for theHIV-1 infection to reduce the number of latently infected cells.
efficacy of this bispecific Ab is the presence of T effector cells. InEarly in the course of an HIV infection, preferentially CCR5-pos-
rheumatoid arthritis, T cells are enriched in the synovial fluid anditive cells are infected with HIV-1 (14). A small fraction of these

tissue and their percentage further increases with disease duratiozel
Since most of these T cells are CCR5 positive, they would depleteel

Is, mainly CD4 T cells, macrophages, and potentially dendritic
Is, become latently infected and function as an endogenous

each other as shown for the synovial fluids of patients with arthritissource for HIV-1 (15). Latently infected cells can survive for sev-
(Fig. 6). Many of the infiltrating T cells potentially recognize au- eral years and are thought to be responsible for the failure to com-

toantigens and therefore perpetuate the disease process. In chropie

tely eradicate HIV-1 despite prolonged highly active antiretro-

glomerulonephritis, interstitial nephritis, and transplant rejection,viral therapy. We therefore propose that depletion of CCRélls

CCR5-positive T cells are abundantly present in areas of interstiwo

uld shorten the half-life of latently infected cells and could help

tial infiltration and their number correlates with the degree of renalto eradicate HIV-1 in combination with highly active antiretroviral
insufficiency (6). Apart from T cells, CCR5 is expressed by thetherapy. Latently infected cells cannot be identified by surface ex-
majority of monocytes/macrophages within the inflamed tissuepression of viral proteins, as little viral genes are expressed when
Monocytes/macrophages are responsible for destruction of inthe virus is dormant. CCR5 however would still be expressed on
flamed tissue. The depletion of infiltrating monocytes/macro-latently infected cells as it was necessary for initial infection.
phages may therefore considerably reduce the tissue damage, e.g.Specific depletion of chemokine receptor-positive cells can be
joint destruction in rheumatoid arthritis. Moreover, CCR5 is highly achieved with bispecific Abs and chemokine toxins and may rep-
expressed on dendritic cells (33) that are found in the synoviatesent a new strategy in the treatment of chronic inflammatory
fluid and synovial tissue in rheumatoid arthritis and are thought tadiseases and HIV-1.

play a major role for initiation and perpetuation of the inflamma-

tory process (34). References
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