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A costimulatory signal is required for the full activation of T cells, in addition to the antigen-specific signal via the T cell
receptor. The inducible costimulator, ICOS is one of the costimulatory molecules that play an essential role in this process,
particularly in the expansion or the development of effector T cells.As blocking of the interaction between ICOS and its li-
gand, B7RP-1, suppresses the T cell response, it can be applied to the treatment of allograft rejection or autoimmune diseases.
Here, we isolated four scFv clones that were specific to human B7RP-1 by biopanning a human antibody phage library. We
found that three of these clones inhibited the interaction between ICOS-Fc and B7RP-1-Fc.These inhibitory clones not only
recognized B7RP-| molecules expressed on B cells, as assessed by FACS, but also exhibited inhibitory activity in a prolifera-
tion assay of T cells stimulated with anti-CD3 mAb and B7RP-|-Fc. Finally, the suppression effect of the scFv on the allogenic
immune response was examined using a mixed lymphocyte reaction assay, which demonstrated a successful inhibition of the
allogenic reaction, in spite of the high dose needed for complete inhibition (360 nM).

Introduction

The interactions between T cells and APCs (antigen presenting
cells) are essential for the T cell immune response, in which T
cells require two distinct APC signals to fully activate or differ-
entiate to effector cells. The primary signal is an antigen-specific
signal delivered by the T cell receptor (TCR) that recognizes
antigen peptides presented by the major histocompatibility com-
plex (MHC) molecule on APCs. The secondary is the costimu-
latory signal exerted by the ligation between the costimulatory
receptors on T cells and their pairwise ligands on APCs.! CD28
is a costimulatory receptor that initializes T cell activation and its
blocking leads to T cell anergy or apoptosis. The second member
of the CD28 family, CTLA-4 (CD152), is a suppressive costimu-
latory receptor that regulates activated T cells, although these
two contradictory receptors share common ligands: CD80 (B7-
1) and CD86 (B7-2).2

The inducible costimulator (ICOS) is the third member of
the CD28 superfamily and its expression is induced on activated
T cells by stimulation mediated by the TCR signal.> The ICOS
signal, which is delivered by the ligation with B7RP-1 (ICOS
ligand, B7-H2 or B7 h) on APCs, enhances the proliferation of
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both CD4 and CD8 T cells, the secretion of Thl- and/or Th2-
type cytokines, and the expression of CD154 (CD40 ligand) on T
cells.* These functions, i.e., the antigen-stimulated T cell prolif-
eration and IL-4 production, are abolished in an ICOS knockout
mouse.” The difference in the roles of CD28 and ICOS played in
the immune response were examined using model experiments of
mucosal bronchial inflammation induced in ovalbumin-immu-
nized mice.®” The specific inhibition of the CD28 or ICOS sig-
nals using CTLA-4-Fc (i.e., fusion proteins of the extracellular
domains of CTLA-4 and the Fc of IgG) or anti-ICOS antibod-
ies leads to different effects on lymphocyte infiltration into tis-
sues or in the pattern of cytokine production, depending on the
administration time. These results clarified the different roles of
CD28 and ICOS, that CD28 is essential for the priming of the
T cell response and that ICOS promotes the subsequent effector
responses.

The blocking of the ICOS signal controls the immune/inflam-
matory response very effectively in EAE and chronic allograft
rejection,®” in which an anti-ICOS antibody or fusion proteins
of the extracellular domains of ICOS or B7RP-1 and the Fc of
IgG (ICOS-Fc or B7RP-1-Fc) were used as ICOS inhibitors.
An anti-B7RP-1 monoclonal antibody (mAb) was also used as a
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Figure I. Binding activity of the phage clones selected by biopanning (A) and of purified scFv (B) to human B7RP-I-Fc using ELISA. We examined the
binding of the phage clones (I x 10" TU/ml) or of the purified scFv fragments (20 ug/ml) toward human B7RP-1-Fc, ICOS-Fc, and other proteins (skim
milk, BSA and gelatin), which were coated onto the wells of the immuno plate. Binding phages were detected using the biotinylated anti-M13 mAb and
AP-conjugated SA. The scFv fused C-terminally to an E-tag was detected using an anti-E-tag antibody and an AP-conjugated anti-Fc antibody.

therapy for collagen type Il-induced arthritis or murine experi-
mental autoimmune uveoretinitis and yielded a good treatment
effect,'® which suggests a possible application of these approaches
to the treatment of autoimmune diseases. However, these diva-
lent molecules connected with antibody Fc fragments have the
potential risk of functioning agonistically via receptor dimeriza-
tion on the cell surface, which may result in unexpected and
adverse side effects in vivo. In this respect, a monovalent anti-
body fragment may be an adequate inhibitor to regulate immune
responses. Kolly et al."! reported on an anti-CD86 monovalent
small antibody fragment (single chain Fv, scFv) that successfully
regulates the T cell proliferation induced by TCR stimulation
with anti-CD3 antibody along with a CD28 costimulatory signal
using CD86-expessing P815 cells.

Pan et al.'? described a combined immunotherary for allo-
graft transplantation via the blocking of CD28 and ICOS
using an adenoviral vector carrying CTLA-4-Fc and ICOS-Fc,
which significantly prevented the cardiac arrest associated with
allograft rejection by reducing inflammatory-cell infilcration
into the graft. This synergistic effect of blocking both CD28
and ICOS signals has been observed for alloimmunity," for the
model of glomerulonephritis autoimmune disease, and for vac-
cine responses.'*!> Here, we report the isolation of anti-human-
B7RP-1 scFv from a human scFv antibody phage library and
show its antagonistic effect on anti-CD3 antibody-stimulated
T cell proliferation and on allograft rejection using a mixed
lymphocyte reaction (MLR). Our results suggest that the scFv
isolated may be an alternative candidate as ICOS inhibitor
that could be used to regulate the excess immune response in
allograft rejection or autoimmune disease.
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Results

Isolation and binding specificity of human scFv antibodies
specific to human B7RP-1. To isolate specific phages to B7RP-1
from the human scFv phage library, a biopanning was performed
against the B7RP-1-Fc coated on the immuno tube. This proce-
dure involving the step to deplete Fe-specific phages was repeated
three times. The phages isolated after the second and third
rounds of biopanning were cloned and subjected to the bind-
ing analysis using ELISA, which revealed that eight clones were
positive among the 80 isolated clones. The DNA sequence of the
scFv gene from each phage clone was determined and identified
the presence of five unique clones. Figure 1A shows the bind-
ing activities of the five phage clones to B7RP-1-Fc using ELISA.
We subsequently purified scFv fragments from E. coli HB2151
cells infected with each phage clone; however, clone 316 did not
produce a detectable scFv in the bacterial culture. Thus, we pro-
ceeded with the binding analysis of the other four scFv fragments.
As shown in Figure 1B, these four scFv exhibited binding activity
to B7RP-1-Fc, but not to ICOS-F¢, which suggests that these
scFv fragments were directed against the extracellular domain of
B7RP-1 and not against the Fc region of the fusion molecules.

Inhibition of the ICOS/B7RP-1 interaction by B7RP-1-
specific scFv in ELISA and SPR. The inhibitory activity of the
four clones specific for B7RP-1-Fc were examined against the
binding between ICOS-Fc and B7RP-1-Fc. Figure 2 shows that
clones 223, 323 and 325 dose-dependently interfered with the
ICOS/B7RP-1 interaction, although clone 325 was less inhibi-
tory than clones 223 and 323. On the other hand, clone 311 did
not show inhibitory activity.

The SPR analysis of scFv 223 using the BIAcore 2000 appa-
ratus also clearly showed its inhibitory activity against the ICOS/
B7RP-1 interaction. Three types of the B7RP-1-Fc fixed on the
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Figure 2. Inhibitory activity of the B7RP-I-specific scFv fragment against the ICOS/B7RP-1 interaction, as assessed by ELISA (A) and by SPR analyses
(B). (A) The binding of the biotinylated ICOS-Fc to the B7RP-1-Fc coated onto the plate was examined in the presence of varying concentrations of
anti B7RP-1 scFv (0.125-2 uM). The biotinylated ICOS-Fc was detected using AP-conjugated SA. (B) The sensor chip was first immobilized with an
anti-human Fc F(ab), antibody (thick line), B7RP-I-Fc (thin line), and ICOS-Fc (grey line), using the amine-coupling method (RU: 400—630). Subsequent-
ly, B7RP-1-Fc (2 ug/ml) was injected into the flow cells, and after washing for 120 s, scFv 223 (100 nM) was injected, as indicated by the arrows.

sensorchip; (1) captured by the covalently immobilized anti-Fc
antibody, (2) captured by the covalently immobilized ICOS-Fc
or (3) directly immobilized on the sensorchip were prepared and
subsequently scFv 223 was injected to start the association reac-
tion. As shown in Figure 2B, a binding response of scFv 223
were observed to B7RP-1-Fc captured by the anti-Fc antibody
(thick black line), but not to B7RP-1-Fc captured by ICOS-Fc
(grey line). This observation indicates that the binding of scFv
223 to B7RP-1-Fc was disturbed by the formation of ICOS/
B7RP-1 complex, supporting the inhibitory activity of scFv 223
against ICOS-Fc/B7RP-1-Fc interaction (Fig. 2A).

B-cell staining with human B7RP-1-specific scFv. To test
whether the isolated scFv actually recognized B7RP-1 molecules
on the cell surface, human PBMCs were double stained with scFv
and anti-CD19 mAb and analyzed by FACS (Fig. 3). Clones 223,
323 and 325 bound to a B-cell population that was stained with
anti-CD19 mAb, indicating the binding capability to the extra-
cellular domain of B7RP-1 expressed on B cells. Clone 323 had a
relatively high binding activity (RMF, 14) when compared with
clones 223 and 325 (RMF, 5.3 and 4.0, respectively) and with
anti-B7RP-1 mouse mAb (RMF, 12) used as a positive control.
In contrast, clone 311 did not bind to B cells, in spite of its clear
binding to B7RP-1-Fc in ELISA (Fig. 1).

Suppression of CD3-stimulated T cell proliferation by the
B7RP-1-specific scFv fragment. To estimate the function of
scFv in the blocking of the ICOS-B7RP-1 signaling, T cell pro-
liferation induced by the stimulation of the TCR and costim-
ulatory signals with the anti-CD3 mAb and B7RP-1-Fc both
coated on the well was examined in the presence of the differ-
ent concentration (10-1,000 nM) of scFv (Fig. 4). The anti
CD3 mAb-mediated stimulation resulted in a poor proliferative
activity; however, the costimulation of ICOS with B7RP-1-Fc
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largely enhanced the response. Under these conditions, the scFv
clones 223, 323 and 325 dose-dependently suppressed T cell
proliferations in a manner similar to that observed for ICOS-Fe,
which was used as a positive control inhibitor. In contrast, clone
311 did not show the inhibitory activity against T cell prolifera-
tion, which reflects the facts that it lacked the binding ability to
B7RP-1 on cells (Fig. 3).

Assessment of the effect of scFv fragments on the allogenic
reaction using MLR. To confirm the effect of scFv fragments in
the blocking of the ICOS/B7RP-1 signal during cell-cell inter-
action, we performed an MLR assay. The prestimulated corre-
sponder cells were cultured with the irradiated stimulator cells
(which were derived from another donor) for five days and the
allogenic T cell proliferation was estimated. As shown in Figure
5, although the corresponder cells alone did not exhibit a sig-
nificant proliferation, the addition of the irradiated stimulator
cells largely augmented the proliferation of the corresponder cells
in the presence of the control scFv (anti nuclear protein scFv).
The addition of 120 and 360 nM B7RP-1-specific scFv led to
the reduction of the allogenic T cell responses to 82 and 13%
for clone 223, to 43 and 16% for clone 323, and to 78 and 62%
for clone 325, respectively. This result indicates that at least scFv
clones 223 and 323 effectively function to regulate the allogenic
response between T cell responder and other donor-derived stim-
ulator cells by blocking ICOS/B7RP-1 signals.

Kinetic binding analysis of scFv using SPR analysis. The
kinetic binding analysis of scFv toward B7RP-1-Fc was examined
on the BIAcore 2000 apparatus using a CM5 sensor chip. B7RP-
1-Fc was directly immobilized on the sensor chip and scFv or
ICOS-Fc binding was examined. The sensorgrams of the binding
ICOS-Fc and scFv 223 to B7RP-1-Fc were shown in Figure 6 and
the kinetic parameters evaluated were summarized in Table 1.
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Figure 3. Binding analysis of anti-B7RP-| scFv to B
cells from human PBMCs on FACS. Human PBMCs
stimulated with PMA and PHA were gated according
to their forward and side scatter (FSC/SSC) profiles
and T cell/B cell subpopulations were analyzed.
Cells were treated with FITC-conjugated anti-CD19
mADb (to stain B cells) and with B7RP-|-specific
scFv, which was then detected using biotinylated
anti-E-tag mAb and PE-labeled SA. Anti-human
B7RP-1 mouse mAb and the isotypic mAb (mouse
IgG2a) were used as positive and negative controls,
respectively. The area surrounded by the broken
line indicates the B-cell population stained with the
anti-CDI9 mAb.

The dissociation constant (K,) of the binding
between ICOS and B7RP-1 was 24 nM (Table
1). On the other hand, the K values for scFv
were within 9-22 nM. The variations of the
affinity among scFv seem to be caused by the
variations in k, rather than k_values (Table 1).
The high affinity scFv 323 and 223 showed
slow dissociation rate (k;: 0.9 and 1.7 x 107 sec’
"), while the low affinity scFv 325 had relatively
fast dissociation rate (k : 3.8 x 107 sec™).
Amino acid sequences of anti B7RP-1 scFv
fragments. The amino acid sequences of the scFv
fragments developed against human B7RP-1
were deduced from the DNA sequences carried
by each phage clone, as listed in Figure 6. The V
gene repertoires of each clone were analyzed using
the DNA sequences on IMGT/V-QUEST data-
base Web site.'® The heavy chain V genes used in
clone 223 and in the other clones were VH1 and
VH3, respectively. The light chain V genes for
clones 223, 311, and the other two clones were
Vkappa3, Vlamdal and Vlamda3, respectively.
The scFv 323 and 325 are most similar to each
other with the amino acid sequence identities of
70, 85 and 76% in VH, VL and overall region,
which might indicate the same binding proper-
ties of these two scFv and also reflect sharing the
common origins of HV3-48*2, lamdaV3-21*01
and also lamdaJ2*01 genes between them. The

comparison of the sequence in the hypevariable HCDR3

region suggests a vague similarity of the hydrophobic
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Figure 4. Suppression of T cell proliferation by blockage of
ICOS signaling with anti-B7RP-1 scFv clones 223, 311, 323 and
325. Human PBMC:s (I x 10° cells/well) were stimulated with an
anti-CD3 mAb (OKT3) and B7RP-1-Fc, which were coated onto
the 96-well culture plate in the presence of varying doses (10—
1000 nM) of scFv fragments. Cell proliferation was estimated
based on the radioactivity of the incorporated [*H] thymidine,
after 48 h of cell culture. ICOS-Fc was used as a positive control
for the blocking of the ICOS signal. Anti-CD3 (right) indicates
the proliferative activity of T cells via exclusive stimulation with
an anti-CD3 mAb. The radioactivity incorporated was measured
in a scintillation counter and was expressed as cpm.

456

mAbs

Volume | Issue 5



Responder |Stimulator Inhibitor L
+ + - | e ——————————— — o]
+ - - ==
- : - )
+ + 120nM scFv223 e
+ + 360 nM scFv223 |mEss—
+ + 120 nM scFv323 [
+ + 360 1M scFv323 [re—=—m—
+ + 120 nM scFv325 |_—|
+ + 360 nM scFv325
T + | 3600M Cont. scFy |_—c
T + 120nM ICOSFe [ . .
0 10 20 30 40 50 60
[*H] Thymidine incorporation (X 103, c.p.m.)

Figure 5. Inhibition of proliferative responses in allogeneic MLR. Responder cells were prestimulated with an anti-CD3 mAb, which was coated onto
the well, for 12 h. Stimulator cells prepared from another donor were treated with |5 Gy of irradiation and cultured with the prestimulated responder
cells in the presence of anti B7RP-1 scFv or ICOS-Fc. After the cells were pulsed with [*H] thymidine for 18 h on day 5, the radioactivity incorporated

into the cells was counted and expressed as cpm. As the control scFy, anti nuclear protein scFv was used.
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Figure 6. SPR analysis of the binding between B7RP-1-Fc and ICOS-Fc (A) or scFv 223 (B) on BlAcore 2000. To the B7RP-1-Fc (RU: 332) im-
mobilized on the CM5 sensorchip, ICOS-Fc solutions in (A) or scFv 223 solutions in (B) were injected at 25°C to monitor the association and the
subsequent dissociation reaction. The sensorgrams of ICOS-Fc or scFv were analyzed using a bivalent or |:| Langmuir model on the BlAevaluation 3.2
software, respectively. The evaluated kinetic parameters are listed in Table |. The grey and black lines indicate the experimental and simulated data.

residues (WL, 103a-b in Kabat numbering) between scFv323
and 325, although the importance of this short sequence in the
binding or specificity should be further investigated.

Discussion

We isolated four scFv phage clones that were specific for B7RP-
1-Fc molecules from a naive human scFv phage library. Among
them, three clones inhibited the interaction between ICOS-Fc
and B7RP-1-Fc in a dose-dependent manner (Fig. 2). The tertiary
structure of the complex of ICOS and B7RP-1 has not been eluci-
dated to date. However, mapping analysis of the binding site on the
surface of ICOSY and B7RP-1,' using point mutations revealed
that the binding mode of ICOS and B7RP-1 is approximately
overlapped by that of CTLA-4 and CD80 or CD86 in the com-
plex structures elucidated by X-ray crystallographic analysis."**
Wang et al.”® suggested that the conservative PPP region (residues
116-118) of the ICOS molecule interacts with CC’C”FG strands
in the N-terminal IgV domain of B7RP-1 and demonstrated that
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Table 1. Binding parameters of scFv fragments to B7RP-1-Fc by SPR

scFv Clone ka (M-'sec’") kd (sec™) Kd (nM)
223 1.3 x 10° 1.7 x 103 14
323 1.1 x 10° 0.9 x 107 9
325 1.7 x 10° 3.8 % 10 22
ICOS-Fc* 3.7 x 10* 8.9 x 107 24

The kinetic parameters of scFv and ICOS-Fc binding were calculated from
the sensorgrams using |:| Langumuir binding model on BlAevaluation 3.2
software.As for the binding of ICOS-Fc (¥), the kal/ kd| values evaluated

using a bivalent model were listed.

only the N-terminal Ig-V domain of B7RP-1 retains the ability
to bind to the ICOS molecule. These observations imply that the
binding sites of the three inhibitory scFv fragments are possibly
located in the N-terminal IgV-like domain of B7RP-1, although
the precise epitope mapping will be nessesary for comfirming the
binding site.
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1 10 20 30 40 50 a 60 70 80 abc 90 100abcd 110
223 EVQLLQSGADVKKPGASVKVSCTASGYTFTAYYLNWVRQAPGQGLEWMGNLNPTSGDTYYAQKFQGRVTMTRDTSINTAYMELSSLKSDDTAVYYCARDIRSTEVPF-DLWGQGTLVTVSS
311 QVNLRESGGGLVQPGGSLRLSCSGSGFTFSNYAMHWVRQAPGKGLEYVSGLGTNGGITYYADSVKGRFTISRDNSKNTLYLQMSSLRAEDTAVYSCVKSLSYAPSDAFDIWGQGTMVTVSS
323  SNLKESGGDLVHSGGSLRLSCAGSGFTFDSHSMNWVRQTPGKGLEWLSY ISGSGSVINEADSVKGRFTISRDNANNSLYLHMNSLRDEDTAMYYCARGEFRDGWLI-DYWGQGTTVTVSS
325 EVQLVESGGGLVQPGGSLRLSCAASGFIFSSYSMNWVRQAPGKGLEWVSFISSGSSNIYYADSVNGRFTISRDNAKNSVFLQMNSLGDEDTAVYYCAPTSPSSRWL—DPWGQGTLVTVSS
CDR-H1

CDR-H2 CDR-H3

1 10 20 ab 30 40 50 60 70 80 90 abc 100 a

223 GIVLTQSPGTLSLSPGERVALSCRASQS-VTSSFVAWYQQKPGQTPRLLVYGASSRVPGIPDRFSGNGSGTDFTLTITRLEPEDFAIYYCQYYGDSP——YTFGQGTKVDIKR

311 SYVLTQPPS-ASGTPGQRVTISCSGSNSNIGSNSVNWYQQIPGTAPKLLIYSNNQRPSGVPDRFSGSKSGTSASLDISGLQSEDEADYYCAAEWDDSLNGRVFGGGTQLTVLG

323 SYVLTQPPS-VSVAPGETARITCGGNN— IETKSVHWYQQKPGQAPVLAIYYDSARPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQV-WDSVSDHVVFGGGTQLTVLG

325 QSVLTQPPS-LSVAPGKTARITCGANN—IGNYSVHWYQQKPGQAPVLVIFFDSARPSGIPDRFSGSNSGNTATLTISRVEAGDEADYFCQV-WDTNNDHVVFGGGTKVTVLG

CDR-L1 CDR-L2 CDR-L3
Clone H chain L Chain
\Y% D) J \Y% J
scFv223 IGHV1-2*02 (94) IGHJ4*02(87) IGKV3-20%01 (93) IGKJ2*01 (92)
scFv311 IGHV3-64*05 (93) IGHJ3*02 (100) IGLV1-44*01 (93) IGLJ3*02 (84)
scFv323 IGHV3-48*02 (86) IGHJ4*03 (85) IGLV3-21*01 (95) IGLJ2*01 (87)
scFv325 IGHV3-48*02 (95) IGHJ5*02 (90) IGLV3-21*01 (90) IGLJ2*01 (89)

Figure 7. Comparison of amino acid sequences of the four anti-human B7RP-| scFv. The upper and middle panels display the amino acid sequences
of VH and VL regions of the scFv. The sequences were aligned according to Kabat’s numbering. The V and ] genes used for the VH/VL fragments were
automatically identified by searching the IMGT/V-QUEST database.'® The assigned genomic genes for clones 223, 311, 323 and 325 were summarized
in the bottom panel. The numbers in the parentheses indicates % identities between the scFv genes and the genomic genes. The D genes of VH chain
were not listed in the panel, because it was difficult to assign them correctly.

In contrast, scFv clone 311 showed no inhibitory activ-
ity against the interaction between ICOS-Fc and B7RP-
1-Fc, in spite of its clear ability to bind to B7RP-1-Fc
(Fig. 2). As this clone did not recognize the Fc region (Fig. 1), it
is possible that its recognition site is directed to the C-terminal
IgC-like domain or to the opposite side of the ICOS-binding site
on the N-terminal domain of B7RP-1. Taking this into consider-
ation, together with the fact that this clone also lost binding affin-
ity for B7RP-1 molecules expressed on B cells (Fig. 3), it is possible
that the recognition site of this clone may be not exposed to the
outer side instead, it may be buried in the C-terminal domain,
which lies proximal to the membrane surface.

Blocking studies of the ICOS/B7RP-1 signal have been per-
formed using ICOS-Fc, B7RP-1-Fc, anti-ICOS mAb and anti-
B7RP-1 mAD in the previous papers. While these full length
antibodies or Fc-fusion molecules actually function as specific
inhibitors of ICOS/B7RP-1 signaling, they might deplete the
cells expressing the target molecules because of the Fc-mediated
cellular cytotoxicity that is exerted by natural killer cells through
Fc receptor or because of Fc-mediated complement activation in
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vivo. Furthermore, targeting ICOS with the anti-ICOS mAb
or B7RP-1-Fc may result in an unexpected agonistic action on
T cells by dimering receptor. In contrast, scFv fragment, which
is monomeric and does not contain an Fc region, possesses the
advantage of avoiding the depletion of B7RP-1-expressing cells
and the adverse agonistic activity.

The affinity between B7RP-1 and ICOS in our experiment
(Fig. 6A and Table 1) was estimated to be 24 nM, which was
close to the reported K, value of 33 nM.*" On the other hand,
the K, values for the binding of our scFv fragments to B7RP-1-Fc
were 14, 9 and 22 nM for scFv 223, 323 and 325, which were
lower than that of the monovalent ICOS/B7RP-1 interaction.
These results suggest that these scFv are comparably good inhibi-
tors for the ICOS/B7RP-1 interaction at least in affinity. In T
cell proliferation assay or MLR assay, scFv 325 showed relatively
weak inhibitory actibities, as compared with scFv 223 and 323.
This may be partly caused by the lower affinity or rapid dissocia-
tion rate of scFv 325 in the binding with B7RP-1.

Our data demonstrated that scFv clones 223, 323 and 325
suppressed the CD3-stimulated (Fig. 4) or allogenic T cell
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response (Fig. 5) by blocking the costimulation exerted via the
ICOS/B7RP-1 interaction. In transplantation models, blocking
of the costimulatory signals of the CD28/B7 or CD40/CD154
(CD40 ligand) interaction reportedly induce tolerance to the
grafted tissues;** however, these blocking signals sometimes fail
to induce complete tolerance because of chronic rejection.?>*
Nevertheless, both acute and chronic allograft rejection of heart
or islet allografts in rats or mice were effectively evaded by admin-
istration of an anti-ICOS mADb in combination with CTLA4-Fc,
anti CD154 mAb, or immunosuppressant agents (rapamycin and
cyclosporine A).#%2¢ A recent report showed that the high expres-
sion of ICOS induced in CD8 memory T cells within grafted
tissues becomes a trigger for allograft rejection via the activation
of these cells.” Therefore, ICOS is a specific target for the neu-
tralization of the proinflammatory functions of endogenous CD8
memory T cells. Thus, blockage of the ICOS signal seems to be
a promising way to bypass allograft rejection. The blocking of
the ICOS/B7RP-1 interaction is an effective therapy for allograft
rejection in tissue transplantation and also for autoimmune dis-
eases and allergy.!**5%

We found that scFv clones 223 and 323 possessed a clear
inhibitory activity for the allogenic MLR (Fig. 5). This inhibi-
tion required relatively high concentrations of scFv (120-360
nM) when compared with the dose (10-100 nM) used for the
inhibition of anti-CD3 mAb/B7RP-1-Fc-stimulated T cell pro-
liferation. Logue et al.*® reported that soluble (extracellular)
B7RP-1 was released by shedding from B cells via proteolytic
digestion followed by ligation of B7RP-1 with ICOS on activated
T cells and it worked for downregulating B7RP-1 on B cells to
terminate the immune response. Also in our case, the high dose
of scFv required for the inhibition of MLR may be related to the
shedding of B7RP-1. It is possible that the added scFv fragment
was expended by the binding with soluble B7RP-1 and could
not sufficiently block B7RP-1 on the cell surface; however, this
hypothesis should be confirmated by further studies.

Recently, Mets et al.?® reported the in vivo estimation of the
immune response during the therapeutic blockade of B7RP-1 in
mice. The administration of low levels of an anti-B7RP-1 mouse
mAb (1B7v2), which was generated using hybridoma technology,
efficiently repressed T cell-dependent immunoglobulin (IgG1 and
IgG2a) production against the immunized antigen, i.e., Keyhole
Limpet Hemocyanin (KLH), which demonstrates the in vivo
efficacy of B7RP-1 blockage in the T cell dependent immune
response. The scFv fragment described here may contribute to
therapeutic strategies that use B7RP-1 blockage, although recon-
struction/modification of the scFv fragment may be required for
the optimization of its in vivo efficacy.

Materials and Methods

Biopanning for the isolation of antibody phage clones specific
for B7RP-1. The human naive scFv phage library used here was
constructed in pPCANTABSE phagemid vector, as described pre-
viously.*»** Based on this library, B7RP-1/Fc-specific scFv phages
were isolated using the following biopanning method. Ten micro-
grams of human B7RP-1-Fc (R & D systems, Minneapolis, MN)
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in 0.1 M NaHCO, was used to coat the immuno tube (Nunc)
at 4°C overnight. The tube was blocked with 0.5% gelatin in
phasphae buffer saline (PBS) and washed three times with PBS
containing 0.1% Tween 20 (PBST). The library solution, which
contained 10" transforming units (T'U) of the phages, was added
to the tube and incubated for 2 h. After removal of the solu-
tion, the tube was washed 20 times with PBST and the bound
phages were eluted with 0.1 M glycine-HCI (pH 2.2) containing
0.1% bovine serum albumin (BSA). The eluate was immediately
neutralized with 1 M Tris solution (pH 9.2) and was then incu-
bated with human IgG-coated tube for 1 h to deplete the human
Fe-specific phages. The unbound phages were infected into E.
coli TGI cells, expanded in culture at 30°C, and rescued by coin-
fection with M13KO7 helper phages. The phages recovered from
the culture supernatant using polyethylene glycol (PEG) pre-
cipitation were dissolved in PBS, centrifuged, filtrated through
a 0.45 um nitrocellulose membrane, and used in the subsequent
biopannings. Five percent skim milk and 0.5% BSA were used
as blocking reagents in the second and third pannings. After the
completion of the biopanning, phages were cloned, purified and
used in the binding assay.

ELISA screening of scFv phage clones. The phage solu-
tion (40 wl, 1 x 10" TU/ml) was added to the well coated with
human B7RP-1-Fc (80 ng/well), blocked with 0.5% gelatin in
the immuno plate (Maxisorp, Nunc), and incubated for 2 h.
The wells were washed with PBST and the bound phages were
detected using a biotinylated anti-M13 mAb (GE healthcare) and
alkaline phosphatase (AP)-conjugated streptavidin (SA). The
colorimetric assay was performed using 1 mg/ml of p-nitrophenol
phosphate (PNP) solution containing 10% iminodiethanol as a
substrate solution, and the absorbance at 405 nm was measured
on a multiplate reader (NJ-2001; Nunc).

Purification of B7RPl-specific scFv. The phages were
infected into E. coli HB2151 cells and the transformants were
cultured at 30°C in 2TY-AG medium (2TY medium containing
100 ug/ml ampicillin and 2% glucose) for 1 h. The medium was
then replaced with 2TY-AI (2TY medium containing 100 ug/ml
ampicillin and 1 mM IPTG). After four hours of IPTG induction,
the cells were removed by centrifugation and the scFv fragment
was purified from the supernatant using anti-E-tag mAb affinity
chromatography. The purified scFv was futher supplied to the size
exclusion HPLC on Superdex75 (10/300 GL, GE Healthcare)
equilibrated with 0.1 M phosphate buffer (pH 7.0) to collect the
monomer fraction of scFv. The scFv solution was filtrated, used
for the experiments and if nessesary stored at -20°C until further
use. Endotoxin contamination was checked using the Toxicolor
LS50M endotoxin assay kit (Seikagaku Kogyo, Tokyo) and
lipopolysaccharide (LPS) of the E. coli 055:B5 strain (Sigma) as
the standard material, to verify that the contaminant endotoxin
level was between 0.5 and 1.5 ng LPS/mg of scFv protein.

Binding specificity of scFvand inhibition in ELISA. A 96-well
immuno plate (Maxisorp, Nunc) was coated with B7RP-1-Fc (40
ng/well) and blocked with 0.5% gelatin in PBS. After washing
with PBST, the scFv fragment (20 ug/ml), which was premixed
with the anti-E-tag mAb, was added to each well and incubated
for 2 h. The binding was detected using an AP-conjugated anti-
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mouse IgG Fcgamma antibody (Jackson Laboratory). For the
inhibitory experiment, the biotinylated ICOS-Fc (200 nM) was
added to B7RP-1-Fc (40 ng/well) coated on the wells in the pres-
ence of various concentrations (125 nM to 2 uM) of anti-B7RP-1
scFv. AP-labeled SA was used for the detection of the bound
biotinylated ICOS-Fc.

Surface plasmon resonance (SPR) analysis. The binding
analysis was performed on a BIAcore 2000 (GE Healthcare)
using a CM5 sensor chip at 25°C. The flow cells on the sensor
chip were coupled with B7RP-1-Fc, ICOS-Fc, CTLA-4-Fc and
anti-human Fc (Fab), antibodies (each at 10 ug/ml) in 10 mM
acetate buffer (pH 4.0), according to the amino-coupling proto-
col recommended by the supplier. Analytical injection of B7RP-
1-Fc was carried out at a flow rate of 20 ul/ml. After washing
for 120 s, the subsequent injection with scFv was done and the
association/dissociation reactions were monitored. To determine
the kinetic parameters of the reaction, B7RP-1-Fc was directly
immobilized to the sensor chip and the different concentrations
of ICOS-Fc (25, 50, 100, 200, 400 nM ) or scFv (12.5, 25, 50,
100, 200 nM) were injected at a flow rate of 30 ul/ml. The regen-
eration of the sensorchip was done with 0.1 M glycine-HCI (pH
3.0). The sensorgrams of association/dissociation reaction were
analyzed to determine the kinetic binding parameters on the
BIAevaluation 3.2 (BIAcore) software.

Flow cytometric analysis of B cells from human PBMCs.
Human peripheral blood mononuclear cells (PBMCs) were pre-
pared from heparin-treated healthy blood using ficoll density gra-
dient centrifugation. Cells were cultured for 40 h in RPMI 1640
medium containing 8% heat-inactivated FCS, 5 ng/ml phorbol
myristate acetate (PMA), and 2 ug/ml of phytohemagglutinin
(PHA). After blocking the human Fc receptor with human
IgG, cells were treated with scFv (20 pg/ml) and biotinylated
anti E-tag mouse mAb. Cells were stained with phycoerythrin
(PE)-labeled SA (Becton Dickinson). To identify B cells, cells
were also stained with FITC-labeled anti human CD19 antibody

(Becton Dickinson). Flow cytometry was carried out on EPICS
XL-MCL flow cytometer (Beckman Coulter). After lymphocytes
were gated according to their forward and side scatter (FSC/SSC)
profiles, T and B cell populations were analyzed for their expres-
sion of CD19 and B7RP-1. The binding strength of antibody
to the cells was expressed as relative mean fluorescence (RMF)
which is the ratio of the mean fluorescence with scFv versus with-
out scFv.

T cell proliferation assay. The T cell proliferation assay was
performed using a partially modified published method. A
96-well culture plate was coated with 2 pug/ml of anti-CD3
mAb (OKT-3) and 2.4 pug/ml of anti human Fc (Fab’)2 anti-
body (Jackson Immuno Research Laboratory) at 4°C for 12 h.
Human B7RP-1/Fc (1 pg/ml) was then added and immobi-
lized on the culture plate. Human PBMCs (1 x 10° cells/well)
suspended in RPMI 1640 medium containing 8% heat-inac-
tivated FBS and anti-B7RP-1 scFv or ICOS-Fc (10-1000 nM)
were incubated for 30 min and were then added to the wells
and cultured for 48 h at 37°C. After adding [’H] thymidine
(0.5 uCi/well), the cells were pulsed for 18 h. The radioactiv-
ity level in the proliferated cells was measured and expressed as
mean counts per minute (cpm).

Allogenic mixed lymphocyte reaction (MLR) assay. MLRs
were performed using irradiated (15 Gy) PBMCs as stimulator
cells and allogeneic PBMCs from another donor as responder
cells, according to a modified previously published method.*
Responder cells were prestimulated with 1 ug/ml of anti-CD3
mAb coated onto the plate for 12 h at 37°C. Stimulator cells (1
x 10°) suspended in RPMI 1640 medium containing 8% heat-
inactivated FBS and 3.3 and 10 pug/ml scFv (120 and 360 nM)
were mixed with 1 x 10° responder cells in a 96-well flat bottom
plate and cultured at 37°C. After culture for 5 days, the cells were
pulsed for 18 h with [PH] thymidine (0.5 uCi/well). The radioac-

tivity of the proliferated cells was measured.
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