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ABSTRACT: Cyclophilin B (CyPB), a cyclosporin A (CsA) binding protein, interacts with two types of
binding sites at the surface of T-lymphocytes. The type | sites correspond to functional receptors involved
in endocytosis and the type Il sites to sulfated glycosaminoglycans (GAGs). Mutational analysis of CyPB
has revealed that W128, which is part of the CsA-binding pocket, is implicated in the binding to the
functional type | receptors and that two amino acid clusters located in the N-terminus ensure the binding
to GAGs. The peptidyl-prolyl isomerase activity of CyPB is not required for receptor binding. We have
recently demonstrated that CyPB enhances adhesion of peripheral blood T-lymphocytes to fibronectin, a
component of the extracellular matrix. We intended to identify additional amino acids involved in the
binding of CyPB to its functional type | receptor and to determine regions responsible for the stimulation
of peripheral blood T-lymphocyte adhesion. We determined that residues R76, G77, K132, D155, and
D158 of the calcineurin (CN) interacting region were implicated in the recognition of type | receptor but
not of GAGs. We also found that two different changes in the N-terminal extension that abated binding
to GAGs prevented adhesion of peripheral blood T-lymphocytes to coated CyPB, whereas abbrogation of
the PPlase activity had no effect. On the other hand, the adhesion of peripheral blood T-lymphocytes to
coated fibronectin was not stimulated by CyPB mutants devoid of either type | receptor or GAGs binding
activity or by mutants of the PPlase site. Altogether, the results demonstrate that different regions of
CyPB are involved in peripheral blood T-lymphocyte activation and imply a novel important physiological
function for peptidyl-prolyl isomerase activity.

Cyclophilins (CyPs) are highly conserved and abundant
proteins which are bound by cyclosporin A (CsA), an
immunosuppressant drug of fungal origin widely used in the
prevention of graft rejection1( 2). The prototype of this
family is the cytosolic 18 kDa form, named cyclophilin A
(CyPA) (3, 4). Cyclophilin B (CyPB) b) and cyclophilin C
(CyPC) @) are closely related but possess an N-terminal
signal peptide which directs them to the secretory pathway.
Alignment of amino acid sequences reveals 65% identity
between human CyPA (hCyPA) and hCyPB 1) and more
than 70% identity between hCyPB and human hCyBC (
CyPs exhibit peptidyl-prolytis/transisomerase activity, a

rate-limiting step in protein folding which is inhibited by
CsA binding. The CyP/CsA complex blocks the phosphatase
activity of calcineurin (CN), an event responsible for the
immunosuppressive effects of CsA, @, 8).

CyPs contain a conserved core domain carrying both the
CsA-binding site and the isomerase site. This core is flanked
by distinct N- and C-termini accounting for the specificities
of CyPs {7). Determination of the three-dimensional struc-
tures of hCyPA9), hCyPB (L0), and murine CyPC (mCyPC)
(12) showed the central core to be of comparable overall
configuration. Eight antiparallgd-strands forming a right-
handed3-barrel overlayed by connecting loops andhelices
have been evidenced. The N- and C-termini also form
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differences between CypA and the two other forms. The sites
responsible for peptidyl-prolyl isomerase activity and for CsA
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! Abbreviations: BSA, bovine serum albumin; CN, calcineurin; CsA,
cyclosporin A; CyP, cyclophilin; CyCAP, CyPC-associated protein;
hCyPA, human cyclophilin A; hCyPB, human cyclophilin B; hCyPC,
human cyclophilin C; mCyPC, murine cyclophilin C; DPBS, Dulbecco’s
phosphate-buffered saline; GAG, glycosaminoglyd&nidissociation
constant; PPlase, peptidyl-prolgis/transisomerase.

phobic pocket at the surface of the central col)(
Concerning the interaction of CyP/CsA complexes with CN,
it was found that different residues present in two loops and
in the 3o helix residing near the CsA-binding site are
involved (13, 14). We demonstrated that subtle differences
exist between CyPA and CyPB, in line with the differential
interaction with CN (4).
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CyPB is present in biological fluids such as human milk EXPERIMENTAL PROCEDURES

(5) and blood plasmal6, 16). We have previously demon- , ) )
strated that Jurkat T-cells and human peripheral blood Materials.Prokaryotic expression vectors for CyPB based

T-lymphocytes exhibit specific surface binding sites for ©n the pKK233-2 plasmid (Amersham Pharmacia Biotech,

CyPB (17). A dissociation constan) of 10-20 nM and Piscataway, NJ) were used. The generation of the mutants

about 30006-120000 binding sites per cell were determined used in this study has been des_cribM, @3). Th_e mUtants
(18-20). Two different types of CyPB binding sites with analyzed were CyPB mutated in the N-terminal sequence

L i : CyPBkaakaaksa Named CyPRxk-, CyPBA14yrp1s Named
similar affinities were foundZ1). The type Il sites represent ( o .
about 70% of the total; they are sensitive to 0.6 M NaCl SKIPE'AEIF'D’ CyPEeax, agdPCyPazgé),gyPB mgtal'ged in the
treatment and were identified as glycosaminoglycans (GAGs) = - 2inding region (CyPBroa, CyPEBorzu CyPBaso
o . : . CyPBpissr and CyPB;sgr), and CyPB mutated in the PPlase
(21). Recognition of type Il sites is found exclusively for d CsA-binding sites (C Cvp 4 CvP
CyPB, since neither hCyPA nor mCyPC displays competition 219 ~S/A-DINding sites (CyR@n CyPEre7a and CyPizss).

in the binding assay2(l). The type | sites are insensitive to m&gltjgé'%n F?S(fjrgrlrjErgfr?;r?cnhigfcﬁgg?;)(;{]savr\]/ter\glld(;%?r(ran:gd
ionic strength and correspond to a functional receptor, since y P

- . . using previously described procedurBs Protein separation
CyPB binding is followed by indocy§03|_s Of. the Ilgand/ was performed at pH 6.0 using a UnoS-12 cation-exchange
receptor complex21) and by C&" mobilization in the first . .
) ; o . column (Bio-Rad, Richmond, CA).
minute following the addition of ligand2@). CsA reduces o . .
the interaction of CyPB with the type | recept@1f. An Determlnat|0r_1 of T-Lymphocyte Adhesion _to Immobilized
interaction between mCyPC and the type | lymphocyte CyPB.CyPB or its mutants were coated to microwell plates

receptor was also found, however, with a 2-fold lower affinity (Nunc-PonIabo, Strasbour 9, France) by incupating various
(21). In contrast, no significant displacement of bound concentrations of the protein solution overnight in Dulbecco’s

hCyPB is observed in the presence of hCyF)( We, phosphate-buffered saline (DPBS) containing 2 mM GacCl

d 1 mM MgC} (100 uL; Sigma, St. Louis, MO) at pH
however, recently demonstrated that hCyPA generates als n N X _
intracellular C&" rise (220+ 60 nM) even though hCyPA | 4 z?)ncti tC.tTgt;pCIa]Ees \évgre \_/vash_tehd tzv(\glcc)e E‘"”} %i%ssand
appeared 2.5-fold less efficient than hCyPB (580240 Incubated a or min wi HL O

nM) (22). Both act via interaction with the same signaling lconta;:nmgg 0.5% BS”A and ]Xd 106dper|pheraITl:;]Ioocli tT
receptor 22). Taken together, these results indicate that ymphocytes per well, prepared as descritie§.(The plate

fine differences in the three-dimensional structure and/or a /2> washed twice with DPBS, and the remaining cells were

e ; S fixed for 30 min with 200uL of 3% formaldehyde, pH 7.8
few specific amino acids in the central core of the CyPs at 4°C. The plate was then washed twice with 280 of

z;gr?i?fl(yz%ccount for variations in type | receptor-binding 100 mM borate (pH 8.2) at room temperature. The remaining
' . . ) . fixed cells were colored for 10 min at room temperature with

We have previously described that the isomerase activity 1004L of 1% filtered methylene blue. The plate was washed
of CyPB is dramatically reduced after substitution of the R62 yjith 250uL of 100 mM borate (pH 8.2) as long as the borate
and F67 residues, while the CsA-binding activity is destroyed \yas blue tinted. Blue coloration contained in adhered cells
by mutation of the W128 residue and strongly decreased afteryas |iberated through 30 min incubation with 100 of 100
modification of the F67 reSidUQS). Of these mutations, mM HCI under agita’[ion_ The Co|oration, which is propor-
only that of W128 has been found to impair the interaction tjonal to the number of adhered cells, was measured at 590
of CyPB with the type | recepto2@). The catalytic site of ~ nm with a Bio-Rad microplate reader, model 550. The use
CyPB therefore does not appear essential, and the CsA-f a calibration curve giving the optical density as a function
binding region seems only partially involved in type I of a known number of T-cells allowed to calculate the
receptor binding. Concerning the type Il binding sites, we number of adhered T-cells per well for the various CyPB
have previously shown that the N-terminal region of CyPB concentrations.
and more precisely the 3KKKS and 14YFD16 clusters are  petermination of Peripheral Blood T-Lymphocyte Adhe-
implicated @3, 24). The highly accessible basic 3KKKS sjon to Immobilized FibronectirFibronectin purified from
cluster of CyPB can establish ionic interactions with sulfated yman plasma was coated to microwell plates by incubating
GAGs. CyPC, however, though possessing a basic RKR gyernight a 1Qug/mL fibronectin solution in DPBS at pH
cluster at a similar position, does not interact with GAGS. It 7 4 and 4°C. After two washes with DPBS, the plates were
is the second 14YFD16 cluster which allows the specificity jncubated at 37C for 20 min with DPBS containing 0.5%
and tightneSS Of interaction betWeen CyPB and GAGs. BSA, 1 x 105 T_|ymphocytes per We”, and Various concen-
Additional mutagenesis studies have shown that residues E23rations of CyPB or CyPB mutants. The plate was then
and D23 which belong to the specific loop-184 of CyPB  treated following the procedure described above to determine
are not involved in the binding to GAGJ). the cellular adhesion to coated fibronectin.

In the present study we analyzed binding capacity of CyPB  Molecular Modeling Molecular modeling was carried out
mutants of the CN-binding region and provide evidence that on a personal computer using the WinMGM softwa26) (
the region interacting with the type | binding sites overlaps The crystallographic coordinates of the N-terminal 1DGKKK5
the CN-binding region. We also demonstrate that not only of CyPB (10) are not available. The modeling of complete
the type | receptor-binding region but also the GAG-binding CyPB was performed on the basis of the partially known
region and the peptidyl-prolyl isomerase site of CyPB are coordinates of the human CyPB obtained from the Brookhaven
necessary for biological activities i.e., enhancement in National Laboratory Protein Data Bank as file 1CYN and
adhesion of peripheral blood T-lymphocytes to the extra- completed with the missing N-terminal sequence. The known
cellular matrix component fibronectin. coordinates of 6GPK8 indicatefasheet conformation. The



5224 Biochemistry, Vol. 41, No. 16, 2002 Carpentier et al.

displace 50% of the'f4]CyPB bound to the type | sites.

The residue W128 of the CsA-binding pocket of CyPB was
therefore most probably involved in the binding to the
functional receptor. Residue F67 which is also involved in
the binding to CsA was, however, not required for the

Table 1: Competitive Binding Studies with CyPB Mutated in the
N-Terminal Regiof

Kqg (nM)
type | binding sites

type Il binding sites

ligand functional t I inogl . . . . o

9ands (functional receptor) _ (glycosaminoglycans) interaction with the type | receptor since the binding
gggw_ zzgi ig I{loci 5 parameters of CyPBra (Kg = 32 + 15 nM) were in the
CyPBAvo 334+ 11 NC same range as those of wild-type CyRg& € 20+ 10 nM).
CyPBeok 24+ 10 11+7 We can therefore conclude that the CsA-binding pocket of
CyPBoazp 23+15 12+8 CyPB is only partially involved in the binding to type | sites.

aThe indicated ligands were used to compete with wild-type In hCyPA and mCyPCa W residue is also found at the
[*A]CyPB for binding to T-lymphocytes. For the discrimination  position equivalent to W128 of CyPB. hCyPA is, however,
between type | and type Il binding sites, cells were washed with DPBS not able to significantly compete with hCyPB for receptor

containing 0.6 M NaCl. Radioactivity was then measured in the . . -
supernatants (ligand released from the type Il sites) and in the ceIIuIarblndlng whereas mCyPC has a 2-fold lower affinigi)

pellets (ligand remaining bound to the type I sites). The binding curves All of these data strongly suggest that additional residues

for each mutant were fitted using the wild-type dissociation constants located near the CsA-binding pocket are involved in the

(Kq) as fixed parameters. NC, no competition. binding of CyPB to its functional receptor. Concerning the
type Il binding sites, no effect was observed for either

determination of the putative three-dimensional structure of mutation, as expected.

the N-terminal part was performed by Monte Carlo searching Rationale To Identify Other Amino Acids usived in

and energy minimization on a Silicon Graphics Optane Receptor BindingWe focused our attention on the charac-

Workstation using the SYBYL program with the TRIPOS teristic features of the secondary structure surrounding the

force field (Tripos, St. Louis, MO). CsA-binding pocket. The exposed loops—7@®, 155-159,
Statistical AnalysisResults are expressed as the mean and the 3 helix 127-132 of CyPB which are involved in

values + standard deviation from at least three separate the interaction with CN 14) are candidate regions for

experiments performed in triplicate. Statistical analysis was €stablishment of specific interactions with the receptors

performed using a Studemtest, and &P value less than ~ Present on T-cells. Sequence comparison of the equivalent

PA, hCyPB, and mCyPC, respectively, prompted us to
generate CyPB mutants where R76 was exchanged with the
neutral residue A and G77 with the basic residue H present
in CyPA, to generate CyRBsa and CyPRB;;71. Concerning

RESULTS

Cellular Binding Properties of CyPB Mutated in the

N-Terminal RegionWe first examined whether the competi- the conserved 127AWLDGK132,3 helix of CyPB, we
tive binding profiles of CyPB mutants of the N-terminal modified residue K132 which is homologous to K125 of
extension were comparable when peripheral blood T- cypA and close to W128 known to be involved in receptor
lymphocytes and Jurkat T-cells were used. Competitive pinding. We devised the CyRB:2o mutant where K132 of
binding experiments were performed using peripheral blood cypB was substituted fa Q residue, an amino acid with
T-lymphocytes by incubating ‘{1]CyPB together with 5" comparable side-chain hindrance. Finally, the three-
increasing concentrations of unlabeled wild-type or CyPB dimensional conformations of thg-turn-containing loops
mutated in the N-terminal region. After washing, the cells 155DSRDK159 and 182DGHDR186 of hCyPB and mCyPC,
were treated with 0.6 M NaCl, and the distribution of the respectively, are totally different from the loop 146GSRNG150
remaining surface-bound (type | sites, corresponding to of hCyPA (14). Two negatively charged residues, D155 and
functional receptors) and released (type Il sites, correspond-p158, or D182 and D185, are responsible for the specific

ing to GAGSs) ligand was analyzed.

We found that CyPBk-, CyPBAyep, CyPBesk, and
CyPBp,sp Were as efficient as wild-type CyPB in inhibiting
the binding of [?3]CyPB to the type | binding sites (Table
1). In contrast, CyPR«k - and CyPB\yp did not affect the
binding of [1*4]CyPB to the type Il sites whereas CyPBx
and CyPBy,spreduced it to an extent similar to that measured
with the wild-type form. These data indicate that, as
previously described for the binding to Jurkat T-cells, the
tripeptides 3KKK5 and 14YFD16 are involved in the binding
to type Il but not to type | sites present at the surface of
peripheral blood T-lymphocytes. They also show that
residues E22 and D23 are not required for binding to type
Il sites although they are specific of the CyPB isoform.

Cellular Binding Properties of CyPB Mutated in the CsA-
Binding Pocket.Competitive binding experiments using
peripheral blood T-lymphocytes indicated that a 7-fold higher
concentration of CyP@i2sa (Kq = 140 £ 90 nM) than of
wild-type CyPB Kyq = 20 £ 10 nM) was necessary to

conformation of this loop in hCyPB and mCyPC, respec-
tively. To assess the potential importance of these two
residues in the interactions of hCyPB with its receptors, we
engineered the mutants CyRBsrand CyPBssr, Where an
amino acid of the opposite charge was introduced.
Cellular Binding Properties of CyPB Mutated in the CN-
Binding RegionCompetitive binding experiments conducted
with CyPBr7sa, CyPBs77, CyPBxizzo, CyPBpissr, and
CyPBoissr showed that these mutants were as efficient as
wild-type CyPB in inhibiting the binding of f4]CyPB to
the type Il binding sites (Table 2), in line with our previous
results and demonstrating that only the N-terminal end of
CyPB is involved in these interactiong83 24). In contrast,
a 5-fold higher concentration of CyRB.q, a 9-fold higher
concentration of CyP&sa, an 11-fold higher concentration
of CyPBs77, and a 20-fold higher concentration of CyiRBr
or CyPByssrWere required to displace 50% of radiolabeled
CyPB bound to type | binding sites. The data showed that
the five mutated residues were all implicated in the interac-
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Table 2: Competitive Binding Studies with CyPB Mutated in the
Central Coré

Kq (I’]M)
type Il binding sites

type | binding sites

ligands (functional receptor) (glycosaminoglycans)
CyPB 20+ 10 10+ 5
CyPBr76a 180+ 70 12+ 5
CyP&WH 220+ 100 10+ 5
CyPBp128a 140+ 90 10+ 4
CyPB<132Q 1054+ 55 9+ 5
CyPBpissr 4104 190 124+ 4
CyPB315gR 400+ 150 10+ 7

aThe indicated ligands were used to compete with wild-type
[*?8]CyPB for binding to T-lymphocytes. The binding curves for each
mutant were fitted using the wild-type dissociation constaki$ és
fixed parameters.

Table 3: Competitive Binding Studies with CyPB Mutated in the
PPlase Site

Kg (nM)
type Il binding sites

type | binding sites

ligands (functional receptor) (glycosaminoglycans)
CyPB 20+ 10 10+5
CyPBrs2a 21+12 10+5
CyPBrs7a 32+ 15 12+ 6

aThe indicated ligands were used to compete with wild-type
[*29]CyPB for binding to T-lymphocytes. The binding curves for each
mutant were fitted using the wild-type dissociation constaktg és
fixed parameters.

R?S

Ficure 1: Localization of CyPB residues involved in T-lymphocyte

F67

tion with type | receptors. An indirect effect of the changes
on the global protein conformation can probably be ruled
out as the PPlase activity, and CsA-binding efficiency of
the mutated forms is comparable to that of wild-type CyPB,
except for CyPRzsa (14). This mutant exhibits strongly
impaired PPlase activity and half-reduced CsA-binding
efficiency even though the R76 residue is not known to be
directly required for these activities. It is possible that the
R76 mutation leads to improper folding of the central core
of the protein so that a direct involvement of this amino acid
in receptor binding cannot be inferred. A role of the
neighboring G77 residue seems, however, likely, indicating

receptor binding and in PPlase activity. The tripeptides 3KKK5
and 14YFD16 (red) interact with GAGs. Residue W128 (purple)
of the CsA-binding pocket and residues R76, G77, K132, D155,
and D158 (purple) of the CN-binding site are involved in type |
receptor binding. Residues R62 and F67 (green) belong to the
PPlase site. The three-dimensional modeling of CyPB was per-
formed using the incomplete 1CYN PDB file. The missing
coordinates of the N-terminal extremity 1DEKKKS5 were calculated
with the SYBYL software. CyPB is represented before (A) and
after (B) a 90 rotation.

structure. The other amino acids, W128 and K132, are in
the 3, helix, which is almost entirely conserved among CyPs,
and on the opposite side with respect to the PPlase site.

Identification of CyPB Regions #olved in Peripheral
Blood T-Lymphocyte Adhesiohhe adhesion of peripheral
blood T-lymphocytes to immuno-microtiter plates coated
PPlase SiteCompetitive binding of CyPB mutated in the with CyPB was analyzed at 3T (Figure 2). In the absence
PPlase site (CyPR.a and CyPBg7a) for either type of of coated CyPB, only about 20000 cells adhered per well.
receptor was comparable to that of wild-type CyPB, implying A steep dose-dependent increase of T-lymphocyte adhesion
that R62 and F67 were not required for type | or type Il to coated CyPB was observed up todgmL, after which
binding site interaction (Table 3). The PPlase active site is the curve flattened to reach a maximum of 470000 cells/
therefore not directly involved in the binding of CyPB to well at 30ug/mL coated CyPB. To determine which CyPB
T-lymphocytes. regions were involved, we performed similar adhesion

Location of the Receptor-Binding Regions in the Three- experiments with modified forms. The results obtained with
Dimensional Model of CyPBAnalysis of the CyPB structure  mutants of the N-terminal GAG-interacting part (Figure 2A)
revealed that the GAG-interacting N-terminal subregions of the type | receptor-binding site (Figure 2B) or of the
3KKK5 and 14YFD16 and the type | receptor-binding PPlase site (Figure 2C) are shown. All mutants except
residues G77, W128, K132, D155, D158, and possibly R76 CyPB«kk- and CyPB\y¢p allowed adhesion of T-lympho-
were located on opposite sites (Figure 1). It also showed cytes in a manner similar to that of wild-type CyPB. For
that the residues involved in type | receptor binding were CyPBqkk - and CyPB\yrp only a strongly reduced adhesion
on each side of the PPlase site, which is not itself involved was observed in comparison to wild-type CyPB. The 3KKK5
in receptor binding. Residues D155 and D158 of the loop and 14YFD16 clusters of the GAG-binding region were
155-159 and R76 and G77 of the loop 788 are charac- therefore important for T-lymphocyte adhesion to coated
teristic of CyPB and spatially close in the three-dimensional CyPB. Two other mutations in the N-terminal region, E22K

that the configuration of the loop 78 is nonetheless
important for type | receptor interaction.
Cellular Binding Properties of CyPB Mutated in the
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600 1 adhesion on coated CyPB was mediated by the type Il
A binding sites of T-cells while the functional type | receptors

were not implicated. Additional experiments performed at 4

4001 °C indicated that adhesion was not inhibited at this temper-

ature (data not shown). This strongly suggests that no active
process but only ionic interactions between coated CyPB and
2001 the cell surface were essential for the adhesion of T-
lymphocytes.
Identification of CyPB Regions dnlved in the Enhance-
0 F—r—rrrrrr———r T ment of Cellular Adhesion to Coated Fibronectiibronectin
0.1 1 10 100 is a component of the extracellular matrix to which T-
Coated cyclophilin (ug/mi) lymphocytes adhere, a phenomenon stimulated when CyPB
600 - is present in the mediun2®). We found a dose-dependent
stimulation of peripheral blood T-lymphocyte adhesion to
fibronectin in the presence of soluble CyPB (Figure 3). The
maximal increase occurred between 50 and 100 nM, above
which a saturation was observed. To determine the CyPB
regions required for these effects, we tested as above mutants
of the N-terminal region (Figure 3A) of the type | receptor-
binding sites (Figure 3B) or of the PPlase site (Figure 3C).
As in Figure 1 and in our recent worRZ%), cellular adhesion
induced by soluble CyRRBk- or CyPBAygp was strongly
reduced, demonstrating that interactions with GAGs are

Number of adhered cells (x10°)

400 1

200 1

Number of adhered cells (x10%)

0,1 1 10 100

Coated cyclophilin (ug/mi) required for this biological activity of CyPB. CyRBx and
600 1 CyPBp2sp enhanced T-lymphocyte adhesion in a manner
C similar to that of CyPB, in accordance with their intact type
[l binding site properties23). The CyPkzsa, CyPBs771,
400 1 CyPBwi2sa, CyPBxis2q, CyPByissg and CyPBissr mutants

which possess only a low affinity for the type | receptor were
unable to stimulate cell adhesion. These data demonstrate
200 the involvement of the functional type | receptor in enhancing
cellular adhesion by soluble CyPB and suggest an active
process of downstream signal transduction. The existence

Number of adhered cells (x10%)

o F¥——rrrrrr——rrr——rrrm of such an active process was further substantiated by the
0.1 1 10 100 results observed with mutants of the PPlase site. The
Coated cyclophilin (ug/ml) CyPBre2a and CyPRg7a mutants possess roughly 10% of

Ficure 2: Adhesion of T-lymphocytes to coated wild-type or the wild-type PPlase activity but display full binding to both
mutated CyPB. CyPB4) and (A) N-terminal mutant forms  pinding sites types 23). Remarkably, they were both

[CYPBxk - (x), CYPBAyep (W), CyPBes2x (a), and CyPBasp (O)], ignifi impaired i i li -
(B) typgKI receptor-binygi%g region nffﬁant forms [Cyég (@), Flgnlfrllcantly |g;]pallred mf_bthelr cf':lpabllltydtol enhance T
CyPBe771 (O), CyPBuizea (0), CyPBazo (4), CyPBoissr (), ymphocyte adhesion to fibronectin-coated plates. Gy2B

and CyPBser (W)], and (C) PPlase site mutant forms [CyRB had no stimulatory effect at all whereas Cyl& was 40-
(W) and CyPBg7a (O)] were coated to microwell plates at various  fold weaker at increasing adhesion than wild-type CyPB. The
concentrations. T-lymphocytes (4 10°/well) were incubated at  pp|ase activity therefore appeared to be required but not

37 °C for 30 min in DPBS/0.5% BSA, pH 7.4. The plate was - ; ;
washed with DPBS. Remaining cells were fixed af@ with sufficient to enhance cellular adhesion, suggesting that

formaldehyde. The plate was washed with 100 mM borate, pH 8.2, interaction of CyPB with its binding sites was a prerequisite
at room temperature. Remaining fixed cells were colored with for the stimulation of cell adhesion to fibronectin.
methylene blue at room temperature. The plate was washed with

borate. Blue coloration was measured at 590 nm. A calibration curve DISCUSSION

expressing the optical density in function of known numbers of . .
T-cells allowed the calculation of the number of adhered T-cells. W€ have previously demonstrated that CyPB is a member

Data are means SD (bars) of triplicate determinations performed  Of the heparin-binding protein family2(). The biological
in three separate experiments. function of secreted CyPs are not yet defined. Increased
CyPB levels have been measured in blood plasma originating
and D23P, which do not affect the binding to GA@S), from CsA-treated graft recipient2@ and from patients
had no effect on adherence of T-lymphocytes. CyPB mutatedsuffering from sepsisZ7) or human immunodeficiency
in the type | receptor-binding region (CyRBa, CyPBs77w, virus-1 infection 28), suggesting an involvement of this
CyPBxiszq, CyPBoissr, and CyPBisgr) stimulated T-lym- protein in inflammation. On the basis of our previous findings
phocyte adhesion as wild-type CyPB did, indicating that the (21—23) we postulated that CyPB may act as a proinflam-
mutated residues were not required for this function. Im- matory factor enhancing adhesion of cells exhibiting its
mobilized CyPB mutated at the PPlase site (Cyf2Band receptors. Knowing the nature of the interactions of CyPB
CyPBss7) also allowed adhesion as well as wild-type CyPB, with its two types of cellular binding sites is a prerequisite
indicating that the R62 and F67 residues of the PPlase sitefor a better understanding of the function of this protein. In
were not involved either. Altogether, these data indicate that this study, we have delineated the type | receptor-binding
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Ficure 3: Enhancement of T-lymphocyte adhesion to coated
fibronectin in the presence of wild-type or mutated CyPB. Fi-
bronectin (10ug/mL) was coated to microwell plates. T-lympho-
cytes (1x 10°/well) were incubated at 37C for 30 min in the
presence of CyPB&) and (A) N-terminal mutant forms [CyRg« -

(X), CmeYFD (.), CyPBEZZK (A), and Cypazgp (O)], (B)
receptor-binding region mutant forms [CyRBa (@), CyPBs77n
(O), CyPBy128a (O), CyPBx1320 (4), CyPBpissr(x), and CyPBisgr
(m)], or (C) PPlase site mutant forms [CyRiB. (M) and CyPRBe7a

(O)] at various concentrations. The plate was washed with DPBS.

Remaining cells were fixed with formaldehyde. The plate was
washed with 100 mM borate, pH 8.2. Remaining fixed cells were

colored with methylene blue. The plate was washed with borate.

Blue coloration was measured at 590 nm. A calibration curve
expressing the optical density in function of the known number of
T-cells allowed the calculation of the number of adhered T-cells.
Data are means SD (bars) of triplicate determinations performed
in three separate experiments.

region of CyPB. Up to now only W128 was known to be
involved @3). This residue is conserved in most eukaryotic
CyPs and cannot account for the specificity of the CyPB
isoform for the lymphocyte receptors. No affinity of hCyPA
for the type | binding sites is determinable while the affinity
of mCyPC for the functional receptor is 2-fold lower than
that of CyPB 21). Additional CyPB residues must therefore

Biochemistry, Vol. 41, No. 16, 2005227

to steric hindrance2l). The sequence at the bottom of the
CsA-binding pocket of CyPB is very conserved between
CyPs while the flanking regions composed of two loops and
a helix are more specificlQ, 11). The secondary structure
around the CsA-binding pocket may explain that the affinity
of hCyPB for CsA Kq = 9.8 nM) is higher than that of
hCyPA for CsA Kq = 36.8 nM) and of mCyPC for CsA
(Kq = 90.8 nM) 9). Similarly, these structural differences
may explain that the affinity of CsA-complexed hCyPB for
CN (Ki = 20 nM) is higher than that of complexed mCyPC
(Ki = 37 nM) or of complexed hCyPAK; = 40 or 270 nM

(13, 30)]. We have previously demonstrated that mutation
of residues R76, G77, K132, D155, and D158 of the loops
76—79, 155-159, and the  helix 127-132 reduced the
interaction of the resulting CyPB mutant/CsA complex with
CN (14). Here we demonstrate that the same residues are
also involved in the binding of CyPB to type | receptors at
the T-cell surface. There are, however, notable differences
in the interaction of CyPB with each partner. CyPB interacts
with its type | receptor in absence of CsA, while formation
of a complex with CsA is necessary for binding to CN.
Moreover, the point mutations we introduced had different
impacts on the interaction with the functional receptor or
with CN. The D155R and D158R modifications led to a
2-fold lower affinity of mutant CyPB/CsA to CN while the
binding affinity for type | receptor was 20-fold reduced. The
affinity of CyPBxi3.o/CsA was only 3-fold reduced for CN
while it was 5-fold lower in the case of binding to the
functional receptor. Finally, the affinity of CsA-complexed
CyPBr76a Or CyPBs774Was only 5-fold lower for CN while
that of mutated CyPB was 10-fold lower for the type |
receptor. Altogether, the results showed a stronger impact
of the mutations on receptor binding than on CN binding.
Residues R76, G77, D155, and D158 may be instrumental
in selective type | receptor recognition since they belong to
specific regions of CyPB not maintained in other CyPs, while
residues W128 and K132 are conserved among CyP iso-
forms.

A specific binding partner has been described for mCyPC.
It is a 77 kDa membrane protein termed CyPC-associated
protein (CyCAP) 81, 32). CsA inhibits the interaction, and
neither hCyPA nor hCyPB is able to bind to CyCAP. The
regions of mCyPC that interact with CyCAP are thought to
be localized in a loop close to the catalytic site and without
sequence homology to the other CyPs, which explains the
selective recognitior3{, 32). Such differences in the primary
sequence and in the spatial conformation of the central core
of the different CyPs might therefore explain the variations
seen in the binding affinities of CyPB and CyPC for their
respective interacting partners. The sequences of CyPB and
CyPC are more similar compared to that of CyPB and CyPA,
in line with a 2-fold lower affinity of mCyPC than of hCyPB
for the type | receptor, whereas hCyPA exhibit no quantifi-
able affinity for the functional recepto().

A high molecular mass complex receptor for CyPA on
T-lymphocytes has been describ&8)( It mediates intrac-
ellular C&* flux induction, suggesting a transduction path-
way to be activated upon CyPA binding3). Most recently,
we and others demonstrated that CyPB and CyPA are able

be implicated. We surmised that candidate amino acids mayto induce C&" signaling and chemotaxis via the same
be located near the W128 residue of the CsA-binding pocket, functional receptor32, 34). By contrast, only CyPB is able
as CsA reduces the binding to T lymphocytes, probably due to mediate integrin-mediated adhesion to the extra cellular
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matrix. The unability for CyPA and CyR&« - to promote
adhesion is relevant to failure in the high-affinity interaction
with GAGs @2). Binding of CyPA to heparans via a
C-terminal basic domain has been also repor&s), (but

we have demonstrated that the affinity of CyPA for heparin
is very low compared to the affinity of CyPR38). CD147
was described as a putative cell surface receptor for both
CyPA and CyPB 3, 36). Our recent data strongly suggest
that CD147 is not directly involved in the binding of CyPB
but presumably acts as a costimulatory molecule in cyclo-
philin-mediated signaling event2). Whether the CyPB
type | receptor is related to CyCAP, CD147, or other can
only be clarified once it is purified and identified.

In the second part of this work, we focused on the
biological activity of CyPB elicited upon lymphocyte recep-
tor binding. We have previously shown that CyPB enhances
adhesion of T-lymphocytes to fibronecti2d). Using various
CyPB mutants, we found evidence for two different mech-
anisms of action. Concerning the adhesion of T-lymphocytes
to coated CyPB, the two N-terminal GAG-binding clusters
3KKK5 and 14YFD16 of CyPB were the only areas required,
suggesting a direct ionic interaction with type Il binding sites.
In the case of the enhancement of T-lymphocyte adhesion
to fibronectin by soluble CyPB, we found that the type |
receptor-binding residues (R76, G77, W128, K132, D155,
and D158), the GAG-binding clusters (3KKK5 and 14YFD16)
,and the PPlase residues (R62 and F67) were required. Thes
data suggest a complex mechanism for T-lymphocyte activa-
tion. The interaction of CyPB with GAGs does not only serve

to increase the local concentration near the type | receptors

but also affects the biological activity of the protein.
Concerning other heparin-binding proteins, different situa-
tions have been described. The chemokines RANTES, MIP-
1la, and MIP18 elicit comparable effects on GAG-deficient
and on wild-type Chinese hamster ovary cells, even though
higher concentrations are need&d)( In the case of MIP-
1o this can be explained by a greater affinity to the specific
functional type | receptor expressed by wild -type as
compared to GAG-deficient cells. This is, however, not the
case for RANTES or MIP}, and it was suggested that the
role of cell surface GAGs is mainly to present the chemok-
ines to their functional receptors by increasing the local
concentration of protein3{). Thus, they act as a selective
antenna to recruit the chemokines close to their functional
receptor 88). In the case of interleukin-8, however, the
interaction with heparan sulfate plays a more fundamental
part in the activity of the chemokine. Heparan sulfate allows
the dimerization of interleukin-8, which modulates the
binding to its receptor39). Thus, the role of the interaction
with GAGs may vary even between chemokines, either by
modulating the binding to the functional type | receptor or
by directly enhancing T-lymphocyte adhesion to fibronectin.
Amino acids of the PPlase enzymatic site of CyPB (R62
and F67) are not involved in the binding to recept@3)(
They are, however, required for enhancement of adhesion
to fibronectin. A possible scenario is that following binding
of CyPB to the T-lymphocyte surface, isomerization of (an)
exposed prolyl bond(s) present in the receptor takes place
and induces the biological response. This would represent
the first instance where the PPlase activity of a CyP is
involved in a function other than chaperone or heat-shock
protein.

Carpentier et al.

In conclusion, our studies define the binding regions of
CyPB to its T-cell receptors. The specific loops and the
conserved @ helix bearing the CN-binding region as well
as residue W128 in the CsA-binding region form the binding
region of CyPB to type | receptors. We also demonstrate
that binding to receptors is not sufficient for enhancement
of T-cell adhesion. Although the interaction with GAGs does
apparently not modulate the affinity of CyPB for its type |
receptor, it is required for the biological activity. In addition,
we found that residues in the PPlase site of CyPB are not
involved in the binding but are nevertheless required for
promoting cellular adhesion. The interactions between CyPB
and its cellular binding sites are complex, and only identi-
fication of the functional type | receptor will allow to
elaborate on the model proposed.
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