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Yersinia-induced reactive arthritis is highly associated with HLA-B27, the role of which in defense against the
triggering bacteria remains unclear. The aim of this study was to examine the capacity of rats transgenic for
HLA-B27 to mount a cytotoxic T-lymphocyte (CTL) response against Y. pseudotuberculosis and to determine the
influence of the HLA-B27 transgene on this response. Rats transgenic for HLA-B*2705 and human b2-
microglobulin of the 21-4L line, which do not spontaneously develop disease, and nontransgenic syngeneic
Lewis (LEW) rats were infected with Y. pseudotuberculosis. Lymph node cells were restimulated in vitro, and the
presence of for Y. pseudotuberculosis-specific CTLs against infected targets was determined. Infection of 21-4L
rats triggered a CD81 T cell-mediated cytotoxic response specific for Y. pseudotuberculosis. Analysis of this
response demonstrated restriction by an endogenous major histocompatibility complex molecule. However, no
restriction by HLA-B27 was detected. In addition, kinetics studies revealed a weaker anti-Yersinia CTL
response in 21-4L rats than in nontransgenic LEW rats, and the level of cytotoxicity against 21-4L lymphoblast
targets sensitized with Y. pseudotuberculosis was lower than that against nontransgenic LEW targets. We
conclude that HLA-B27 transgenic rats mount a CTL response against Y. pseudotuberculosis that is not
restricted by HLA-B27. Yet, HLA-B27 exerts a negative effect on the level of this response, which could
contribute to impaired defense against Yersinia.

Gastrointestinal infection with two gram-negative species of
the genus Yersinia, Y. enterocolitica and Y. pseudotuberculosis, is
sometimes complicated with sterile reactive arthritis (ReA)
(50). This manifestation belongs to the spondyloarthropathies
(SpA) and occurs with increased frequency in patients bearing
the HLA-B27 class I major histocompatibility complex (MHC)
allele (1, 26). Yersinia-induced ReA is thought to be mediated
by the immune system; however, the basis for its association
with HLA-B27 and its exact mechanism are still poorly under-
stood. Although live yersiniae are not recovered from arthritic
joints, the presence of bacterial components (16, 18) and of
Yersinia-specific T-cell clones, either CD41 or CD81 (20, 29,
55), has been demonstrated in the synovial fluid cells or tissue.
This T-cell response seems inappropriate, since it apparently
fails to efficiently clear Yersinia antigen (Ag), and it is likely to
play a role in the induction or maintenance of synovitis (35,
40). Because of the association between Yersinia-induced ReA
and HLA-B27, it is speculated that arthritis could be driven by
a pathogenic HLA-B27-restricted Yersinia-specific CD81 T
cell (9, 35, 40). However an alternate hypothesis, that HLA-
B27 could instead obstruct the presentation of a protective
bacterial epitope to CD81 T cells, thereby favoring bacterial
persistence, is also proposed (40).

An essential role for T cells in defense against Yersinia is
established in mice (3), and CD81 lymphocytes mediate pro-
tection in adoptive transfer experiments (2). Furthermore,
CD81 cytotoxic T lymphocytes (CTLs) that recognize Yersinia-
derived Ag presented by HLA-B27 are obtained from the

joints of patients suffering from ReA (21, 52). Nevertheless,
direct evidence that those T cells are actually generated in
primary response to Yersinia infection is lacking. Class I pre-
sentation is shown to work efficiently for a limited number of
bacteria that survive intracellularly, such as listeriae, mycobac-
teria, salmonellae, and chlamydiae (22, 45). However, yersiniae
reside extracellularly after in vivo infection (4, 44). One major
issue with the presentation of Ag derived from an extracellu-
larly located bacterium by class I molecules is that such Ag
presumably need to penetrate the cell in order to gain access to
class I presentation pathway (39). We have previously demon-
strated that infection of nontransgenic Lewis (LEW) rat with
Y. pseudotuberculosis elicits a Yersinia-specific rat class I MHC-
restricted CTL response in vivo (12). This response is mediated
by an invasin- and virulence plasmid-dependent mechanism
that permits the transfer of plasmid-encoded Yersinia outer
membrane proteins (Yops) directly into eukaryotic cells and
presumably involves the presentation of Yop-derived Ag by
class I molecule at the surface of target cells (13).

Rats transgenic for HLA-B27 and human b2-microglobulin
(hb2m) are helpful for investigating the basis of HLA-B27-
associated SpA. Several HLA-B*2705/hb2m transgenic rat
lines expressing high levels of HLA-B27 develop a spontane-
ous multisystem disease with striking resemblance to human
SpA manifestations, including gut inflammation and sterile
arthritis (19). In addition, a direct influence of the bacterial
flora on those manifestations is established in HLA-B27/hb2m
transgenic disease-prone lines (37, 48).

Rats from other lines that express moderate levels of HLA-
B27 remain healthy (47). One such line, the 21-4L line on the
LEW background, has been used to demonstrate the capacity
of HLA-B27 to restrict a CTL-mediated response against the
male-specific minor histocompatibility (H) Ag H-Y (42). In the
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present study, we used the 21-4L line to examine the influence
of HLA-B27 on the CTL-mediated response against Y. pseudo-
tuberculosis after in vivo infection and its capacity to restrict a
Yersinia-specific CD81 CTL response.

MATERIALS AND METHODS

Rats. Inbred nontransgenic LEW (RT11), brown Norway (BN; RT1n), and
dark agouti (DA; RT1av1) rats 2 to 3 months old were purchased from Iffa Credo
(L’Arbresle, France) or CERJ (Le Genest-St-Isle, France). The transgenic rat
line 21-4L, bearing six copies each of the HLA-B*2705 and hb2m on the inbred
LEW background, was originally produced at University of Texas Southwestern
(19). Rats either homozygous or hemizygous for this transgene locus were bred
at CDTA (Orleans, France). The hemizygous 21-4L rats were maintained by
breeding with nontransgenic LEW rats and typing offspring for the B27/hb2m
transgene by dot blot hybridization of tail genomic DNA, as previously described
(19), or by flow cytometric (FCM) detection of HLA-B27 on the surface of
peripheral blood leukocytes. Rats homozygous for RT1av1 and bearing the 21-4L
transgene locus were bred by successive backcrossing of 21-4L rats with DA
strain rats and typing of the offspring for the B27 transgene and for the absence
of RT11 by FCM. Rats were bred and housed in conventional conditions. Study
procedures were approved by the institutional animal care committee.

Bacterial strains and growth conditions. Y. pseudotuberculosis IP2777 (sero-
group I [43]) and YPIII (serogroup III [7]), harboring virulence plasmid pYV
(wild types), and their derivative strains cured of virulence plasmid (denoted by
a “c” [43]), were used in this study. Yersinia strains were grown in Luria broth
(LB) medium, sometimes supplemented with 20 mM sodium oxalate–20 mM
MgCl2 (Ca21-deficient LB medium), at 28 or 37°C. Strains of Escherichia coli
25922 obtained from the American Type Culture Collection (Rockville, Md.)
and Salmonella typhimurium (patient isolate) were grown in LB medium at 37°C.
The actual number of bacteria in the inoculum was determined by plating serial
dilutions of the inoculum on LB agar and counting CFU after incubation for 48 h
at 28 or 37°C.

Tissue culture medium, cell lines, MAbs, and other reagents. The tissue
culture medium was RPMI 1640 with L-glutamine, 5% fetal calf serum (FCS),
penicillin, streptomycin, 0.02 mM 2-mercaptoethanol, and 5 mM HEPES unless
otherwise stated. The L929 cell line was a gift from D. S. Finbloom, Bethesda,
Md. The C1R human lymphoblastoid cell line transfected with HLA-B*2705
(C1R-B27 [21]) was provided by D. Yu, Los Angeles, Calif. Epstein-Barr virus-
transformed B-lymphocyte (B-EBV) cell lines from an HLA-B*27051 SpA pa-
tient and a healthy donor were provided by A. Toubert, Paris, France. The mouse
anti-rat Ag monoclonal antibodies (MAbs) used and their specificities, refer-
ences of which are cited in reference 12, were as follows: R73, immunoglobulin
G1 (IgG1); T-cell receptor alpha/beta chain (TCRa/b); OX34, IgG2a, CD2;
OX8, IgG1, CD8a; OX35, IgG2a, CD4; OX33, IgG1, B-cell-specific CD45
epitope; OX18, IgG1, RT1 class I (several loci); OX6, IgG1, RT1-B (MHC class
II locus); and OX42, IgG2a, C3bR (macrophages). Other murine MAbs used
were as follows: B1.23.2, IgG2a, monomorphic HLA-B and C (38); ME1, IgG1,
several HLA-B loci (11); and TM1, IgG2b, HLA-B27 (49). The anti-RT11 MAb
YR2/69 (rat IgG2b [27]) was a gift from G. W. Butcher (The Brahabam Institute,
Cambridge, United Kingdom). Irrelevant isotype-matched MAbs served as neg-
ative controls. Goat anti-mouse (GAM) fluorescein isothiocyanate (FITC)-la-
beled IgG was from Eurobio (Les Ulis, France). Goat anti-rat (GAR) IgG-FITC
was from Caltag (Burlingame, Calif.). Concanavalin A (ConA), a-methyl-D-
mannoside, and dimethyl sulfoxide (DMSO) were purchased from Sigma (St-
Quentin Fallavier, France).

Infection of animals. Y. pseudotuberculosis grown overnight at 28°C in Ca21-
deficient LB medium was centrifuged and resuspended in sterile phosphate-
buffered saline (PBS). For intragastric infection, rats were given 109 bacteria in
0.5 ml of PBS for 3 consecutive days. For intraperitoneal (i.p.) infection, rats
received 105 bacteria in 0.5 ml of PBS either once or daily for 3 consecutive days.

Generation of CTLs. Peripheral and mesenteric lymph node (LN) cells from
infected rats were resuspended in culture medium containing 10% ConA-stim-
ulated rat spleen and LN cell supernatant plus 50 mM a-methyl-D-mannoside
and restimulated in 96-well U-bottom culture dishes (105 cells/well) with LN cells
from naive rats (3 3 105 cells/well) that had been in vitro infected with Y.
pseudotuberculosis as follows. Bacteria grown overnight at 28°C in LB medium
followed by 4 h of incubation at 37°C in Ca21-deficient LB medium, to induce
expression of virulence plasmid Yops (46), were washed and resuspended in
tissue culture medium without antibiotics and then incubated with LN cells at a
ratio of 50 bacteria/cell for 2 h at 37°C. Infected stimulator cells were treated for
1 h with gentamicin (100 mg/ml), washed, and irradiated (3,000 rads) before use.

Proliferation assays. Purified LN T cells from infected rats were restimulated
for 3 to 5 days in 96-well U-bottom culture dishes (2 3 105 cells/well) with
irradiated LN cells from naive rats (105 cells/well) that had been infected in vitro
with Y. pseudotuberculosis or control bacteria or left uninfected. [3H]thymidine
was added during the last 12 h of culture, and radioactivity incorporated into the
cells was determined by liquid scintillation counting.

Cell-mediated cytotoxicity assay. Rat LN cell ConA-induced lymphoblasts
(ConA blasts) and bone marrow-derived macrophage (BMDM) targets were
obtained as previously described (12, 23, 28). Infection of target cells was per-

formed immediately before labeling, using a procedure similar to that described
above for infection of stimulator cells. For labeling of target cells, 106 cells were
centrifuged at 200 3 g, the supernatant was removed by aspiration, 50 mCi of
sodium [51Cr]chromate (DuPont NEN, Boston, Mass.) was added to the cell
pellet, and the cells were incubated for 3 h at room temperature (ConA blasts)
or for 2 h at 37°C (BMDM, C1R, and B-EBV cells). Labeled cells were washed
three times by centrifugation at 200 3 g for 7 min, counted, and resuspended in
culture medium containing 10% FCS.

For cytotoxicity assays, restimulated LN cells harvested after 5 days of culture
were resuspended at 5 3 106 cells/ml in culture medium containing 10% FCS.
Labeled target cells were diluted in the same medium to 5 3 104 cells/ml.
Threefold dilutions of effector cells (100 ml) and target cells (100 ml) were
dispensed in triplicate into 96-well U-bottom culture dishes. Medium without
effectors (100 ml) or 1 N HCl (100 ml) was also added to triplicate wells of targets
to determine spontaneous and maximal lysis, respectively. Effector and target
cells in the plates were incubated for 4 h at 37°C. Supernatant was harvested from
each well (50 ml) and counted in a 1450 Microbeta counter (Wallac, Turku,
Finland). Percent specific lysis was computed by the formula 100 3 (isotope
release by effector cells 2 spontaneous release)/(maximum release 2 spontane-
ous release). The ratio of spontaneous to maximal 51Cr release from lysed targets
was routinely ,30% and averaged 20%. The standard deviation among triplicate
assays was always ,5% specific lysis.

Flow cytometric detection of cell surface Ag. All procedures were carried at
4°C in Dulbecco’s PBS–5% FCS/0.01% NaN3 with two washes after each 15-min
incubation. Briefly, 1 3 105 to 5 3 105 cells were incubated with saturating
concentrations of the primary MAb and then incubated with FITC-conjugated
monoclonal GAM or GAR IgG. FCM was carried out as described previously
(12).

In vitro magnetic cell depletions. Selected subsets of T cells were obtained
after restimulation by negative selection using the following combinations of
MAbs: OX33 and OX42 to purify all T cells, plus either OX8 or OX35 to purify
CD41 or CD81 T cells, respectively. All procedures were carried out at 4°C in
PBS–4% FCS as follows. Cells were incubated with saturating concentrations of
MAb for 15 min, washed, and further incubated with GAM IgG-conjugated
microbeads (Dynabeads M-450; Dynal, Oslo, Norway) at a ratio of 20 micro-
beads/cell. Cells were washed and sorted with a magnet (Dynal MPC).

Light microscopy of cytospin smears. Blast cells were incubated with live
bacteria at a ratio of 50 bacteria/cell for 1 h at 37°C, followed by 1 h at 37°C with
gentamicin, and spun down at 70 3 g for 8 min in a Cytospin III (Shandon SA,
Eragny sur Oise, France). Bacteria and lymphoblasts were examined under a
light microscope after May-Grünwald-Giemsa staining.

Prediction of putative HLA-B2705*-binding epitope. We used the program
developed by K. C. Parker (National Institutes of Health, Bethesda, Md.) (4a) to
test for the presence of putative HLA-B*2705-binding 9-or 10-mer peptides
carried by Y. pseudotuberculosis Yops. This program was initially established to
predict the relative binding strengths of nonapeptides to the HLA-A2 molecule
(32) and has been adapted for other HLA molecules, including B*2705. The
algorithm used derives a score for each 9- or 10-mer sequence that is an estimate
of the half-time dissociation (in minutes) of HLA complexes containing the
peptide at 37°C, as a result of calculations based on the observed anchor residues
preferences (33, 36).

Statistical analysis. Levels of cytolysis of nontransgenic LEW and 21-4L
transgenic lymphoblast targets were compared by using a Student paired t test. A
P value less than 0.05 was considered significant.

RESULTS

HLA-B27 transgenic rats mount a specific CTL response
against Y. pseudotuberculosis. HLA-B27/hb2m transgenic rats
of the healthy 21-4L line infected with Y. pseudotuberculosis
either intragastrically or i.p. develop a specific cellular immune
response characterized by a proliferative (not shown) and a
CTL response. As shown (Fig. 1A), CTLs obtained from LN
cells of 21-4L rats infected in vivo 2 to 12 weeks before with
virulent Y. pseudotuberculosis killed infected ConA blasts and
infected BMDM from nontransgenic LEW rats.

When used as stimulatory cells, in vitro-infected 21-4L LN
cells efficiently restimulated effector cells present in the LN cell
population from infected nontransgenic LEW (not shown) and
21-4L (Fig. 1B) rats, and infected 21-4L lymphoblasts were
efficiently killed by LEW (not shown) or 21-4L (Fig. 1B) CTLs.
As we have previously shown with nontransgenic LEW CTLs
(12), the CTL response raised in 21-4L rats against blast tar-
gets was dependent on the presence of the virulence plasmid of
Y. pseudotuberculosis, since Y. pseudotuberculosis strains cured
of their virulence plasmid failed to sensitize nontransgenic
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LEW blast targets (not shown), or 21-4L blast targets for
killing upon in vitro infection (Fig. 1B).

This CTL response was specific for Yersinia, since lympho-
blasts infected with E. coli or with S. typhimurium were not
efficiently killed by CTLs derived from 21-4L rats (Fig. 1B).

The anti-Y. pseudotuberculosis CTL response is mediated by
CD81 T cells and is restricted by rat class I MHC. Studied by
FCM, in vitro-restimulated LN cells from Y. pseudotuberculo-
sis-infected 21-4L rats were mostly (.90%) composed of
HLA-B271 CD21 TCRa/b1 T cells, of which one-third ex-
pressed the CD8 molecule and two-thirds expressed the CD4
molecule (data not shown). Sorting experiments revealed that

CD81 T cells were responsible for the anti-Yersinia CTL re-
sponse (Fig. 2A).

Nontransgenic lymphoblast targets from inbred strains of
rats other than LEW, such as BN (Fig. 2B) or DA (not shown),
infected with Y. pseudotuberculosis were not killed by CTLs
from 21-4L rats, suggesting a specificity of this CTL response
for LEW MHC and/or HLA-B27.

To further address the issue of MHC restriction, we con-
ducted blocking experiments that used preincubation of target
cells with anti-rat MHC MAbs. These experiments revealed
that at least part of the CTL response was dependent on rat
class I but not class II MHC molecules (Fig. 3A). Indeed, when

FIG. 1. Evidence for specific CTL response against Y. pseudotuberculosis in
HLA-B27/hb2m transgenic rats. (A) LN cells from an 21-4L rat infected i.p. with
Y. pseudotuberculosis IP2777(pYV1) were restimulated in vitro with nontrans-
genic LEW LN cells infected with IP2777(pYV1). CTLs were tested 5 days later
for lysis of LEW ConA blast (circles) and BMDM (squares) targets infected in
vitro with IP2777 (pYV1) (solid symbols) or uninfected (open symbols). (B) LN
cells from an 21-4L rat infected intragastrically with strain IP2777(pYV1) were
restimulated in vitro with 21-4L LN cells infected with IP2777(pYV1) and tested
for lysis of 21-4L lymphoblast targets uninfected (open circles) or infected with
IP2777(pYV1) (solid circles), plasmid-cured strain IP2777c(pYV2) (solid
squares), S. typhimurium (open triangles), or E. coli (open squares).

FIG. 2. The anti-Y. pseudotuberculosis CTL response in 21-4L rats is medi-
ated by CD81 T cells and is genetically restricted. (A) LN cells from an 21-4L rat
infected i.p. with Y. pseudotuberculosis IP2777(pYV1) were restimulated in
vitro with 21-4L LN cells infected with IP2777(pYV1) and tested for lysis of
21-4L targets infected with IP2777(pYV1) (closed symbols) or uninfected (open
symbols). Immunomagnetic sorting was performed to negatively select for all the
T cells (squares), CD81 T cells (diamonds), and CD41 T cells (triangles), that
were compared to unsorted cells (circles). (B) LN cells from a 21-4L rat infected
i.p. with strain IP2777(pYV1) were restimulated in vitro with 21-4L LN cells
infected with IP2777(pYV1) and tested for lysis of nontransgenic LEW (circles),
21-4L (squares), or BN (triangles) lymphoblast targets infected with strain
IP2777(pYV1) (closed symbols) or uninfected (open symbols).
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CTLs from 21-4L rat were assayed in the presence of anti-rat
class I MAb OX18, complete blocking of nontransgenic LEW
target cytolysis was observed (Fig. 3A). However, only partial
blocking was achieved against 21-4L targets. This observation
could be explained by a decreased affinity of OX18 MAb for
rat class I heavy chains complexed with hb2m (19). However, it
also suggested the possibility that CTLs restricted by the HLA-
B27 molecule were present in the effector T-cell population
(Fig. 3A).

Absence of HLA-B27-restricted anti-Y. pseudotuberculosis
CTL response. Surprisingly, preincubation of target cells with
any of three anti-B27 MAbs tested, e.g., B1.23.2 (Fig. 3A),

ME1, and TM1 (not shown), failed to demonstrate any block-
ing of the anti-Yersinia CTL response against sensitized 21-4L
blast targets, although all these antibodies remained bound to
HLA-B27 expressed at the surface of in vitro-infected targets
throughout the CTL assay, as studied by FCM (not shown).
The lack of blocking by anti-B27 MAbs was also observed in an
inhibition assay combining anti-rat class I and anti-HLA-B27
MAbs at concentrations known to inhibit both RT1-A-re-
stricted and HLA-B27-restricted anti-H-Y cytolysis in 21-4L
rat (not shown) (42).

Given the lack of blocking of the CTL response with anti-
B27 MAbs, we tested for the presence of anti-Yersinia HLA-
B27-restricted CTLs in the population of restimulated 21-4L
LN cells, using targets that express HLA-B27 but lack LEW rat
class I MHC molecules, as described previously (42). However,
we failed to detect a CTL response against any of the following
sensitized targets: lymphoblast targets from RT1av1 21-4L
backcross rats (DA B271 [Fig. 3B]), C1R-B27 lymphoblastoid
cells, or HLA-B271 B-EBV-transformed cells from an SpA
patient or from a healthy donor (not shown). Altogether, these
data argue against the presence of a B27-restricted T-cell pop-
ulation among anti-Yersinia CTLs generated in 21-4L rats.

The presence of the HLA-B27 transgene impairs the CTL
response against Y. pseudotuberculosis. All of the foregoing
results were obtained in assays using 21-4L transgenic rats
hemizygous for the B27/hb2m transgene, which reproducibly
mount a strong specific CTL response against Y. pseudotuber-
culosis IP2777 or YPIII. Surprisingly, this anti-Y. pseudotuber-
culosis CTL response was repeatedly weak or negative in 21-4L
rats homozygous for the B27/hb2m transgene. Indeed, when
comparing the CTL response in homozygous 21-4L rats and in
nontransgenic LEW rats, in which infections and restimula-
tions were conducted in parallel, we observed a much weaker
anti-Yersinia CTL response in homozygous 21-4L rats than in
nontransgenic LEW rats (Fig. 4).

Furthermore, when comparing the levels of cytolysis of sen-
sitized nontransgenic LEW and 21-4L transgenic lymphoblast

FIG. 3. The anti-Y. pseudotuberculosis CTL response in 21-4L rats is not
restricted by HLA-B27. (A) LN cells from an 21-4L rat infected i.p. with Y.
pseudotuberculosis IP2777(pYV1) were restimulated in vitro with 21-4L LN cells
infected with IP2777(pYV1) and tested for lysis of IP2777(pYV1)-infected
nontransgenic LEW (solid bars) or 21-4L (hatched bars) lymphoblast targets that
were preincubated with saturating concentrations of anti-rat class I MHC
(OX18), anti-HLA-B27 (B1.23.2), anti-rat class II MHC (OX6), or isotype-
matched control MAb at an effector/target cell ratio of 100. Percent inhibition 5
(% lysis with control mAb 2 % lysis with relevant MAb)/% lysis without mAb 3
100. (B) LN cells from 21-4L rat infected intragastrically with strain IP2777
(pYV1) were restimulated in vitro with 21-4L LN cells infected with IP2777
(pYV1) and tested for lysis of nontransgenic LEW (circles), 21-4L (squares), or
RT1av1 21-4L backcross (DA B271; triangles) rat lymphoblast targets infected
with strain IP2777(pYV1) (closed symbols) or uninfected (open symbols).

FIG. 4. Homozygous HLA-B27/hb2m transgenic rats of the 21-4L line mount
a weaker anti-Y. pseudotuberculosis CTL response than nontransgenic LEW rats.
LN cells from nontransgenic LEW (solid symbols) or homozygous 21-4L (open
symbols) rats infected intragastrically 3 weeks earlier with Y. pseudotuberculosis
YPIII(pYV1) were restimulated in vitro with YPIII(pYV1)-infected nontrans-
genic LEW or 21-4L LN cells, respectively, and tested for lysis of YPIII(pYV1)-
infected nontransgenic LEW (circles) or 21-4L (squares) or uninfected (trian-
gles) lymphoblast targets.
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targets by anti-Yersinia CTLs, we observed that the 21-4L tar-
gets were reproducibly killed at lower levels than the nontrans-
genic targets (Fig. 2B, 4, and 5). This difference was significant
when restimulated LN cells were from nontransgenic LEW
rats, infected either with strain IP2777 or with strain YPIII
(P , 0.04 at an effector/target cell ratio of 100), but not when
effector cells were from 21-4L rats (Fig. 5). This difference in
cytolysis levels between nontransgenic LEW and 21-4L blast
targets was not explained by a decreased attachment of Y.
pseudotuberculosis to 21-4L blast targets, as studied by light
microscopic examination of cytospin smears (not shown).

Candidate target Ags for anti-Yersinia CTL carry a putative
HLA-B27-binding epitope. We have previously established in
nontransgenic LEW rats that among Yersinia-derived pro-
teins, virulence plasmid-encoded Yops which are translocated
inside eukaryotic cytosol are presumably recognized as Ag by
rat RT1-A-restricted CTLs (12). It was of interest to determine
if these Yops carry suitable epitopes likely to be presented by
the HLA-B27 molecule. Therefore, we used an HLA peptide
binding prediction program to test for putative binding sites
among all Y. pseudotuberculosis Yops known to be translo-
cated, except YopM, for which full sequence is not available.
Results of this search suggest that several peptides derived
from Yops, including YopE, which is the major candidate Ag
for LEW RT1-A-restricted CTL response, are likely to bind
with high affinity to HLA-B*2705, just like several known
HLA-B27-binding sequences (Table 1). Additional putative
HLA-B*2705-binding peptide sequences were also identified
by examining several nontranslocated Yops, such as YopB,
YopK, and LcrV (data not shown). Hence, the absence of a
B27-restricted response does not seem attributable to lack of
potential B27-presented peptide Ag.

DISCUSSION

We previously established that upon in vivo infection, non-
transgenic LEW rats mount a specific anti-Y. pseudotubercu-
losis CTL response that is restricted by LEW class I MHC
molecule RT1-A (12). In this study, we used healthy rats of the

21-4L line, transgenic for HLA-B*2705/hb2m on a LEW in-
bred background, to investigate the effect of HLA-B27 on the
anti-Yersinia CTL response. The question of whether an anti-
Yersinia HLA-B27-restricted CTL response arises appears crit-
ical for understanding the mechanism of Yersinia-induced
ReA, a human disease that is closely associated with the pres-
ence of HLA-B27.

21-4L rats hemizygous for the B27/hb2m transgene, like
nontransgenic LEW rats, mount an anti-Yersinia CTL re-
sponse. However, we found no evidence for the presence of
HLA-B27-restricted CTLs in this transgenic line. This finding
is intriguing, since it has been consistently shown in the same
line of rats that HLA-B27 is a restriction molecule for anti-
H-Y CTLs (41, 42). None of three different anti-B27 MAbs
could block the anti-Yersinia CTL response generated in 21-4L
rats. Nevertheless, this negative result does not entirely rule
out the possibility that complexes of HLA-B27 and Yersinia-
derived peptides recognized by putative B27-restricted CTLs
assume a conformation that alters binding of all the MAbs
tested, and bacterium-derived peptides presented by HLA-B27
may indeed display special characteristics such as an unusual
length (5) and thereby modify anti-B27 MAb affinity (53).
However, none of the Y. pseudotuberculosis-sensitized HLA-
B271 targets, which lack LEW RT11 molecules, were killed by
anti-Yersinia CTLs from 21-4L rats. This result adds compel-
ling evidence for the absence of HLA-B27-restricted CTL pop-
ulation in these rats, since DA B271 rat lymphoblasts and
human C1R-B27 and HLA-B271 lymphoblasts presenting ex-
ogenously added HLA-B27-restricted H-Y peptides were all
efficiently killed by anti-H-Y CTLs from 21-4L rats (41, 42).

The foregoing results fail to support the hypothesis that
HLA-B27-restricted CTLs are generated in response to Yer-

FIG. 5. The average lysis level of 21-4L targets by anti-Y. pseudotuberculosis
CTL is lower than that of nontransgenic LEW targets. LN cells from nontrans-
genic LEW or 21-4L rats infected with Y. pseudotuberculosis(pYV1) were re-
stimulated in vitro with Y. pseudotuberculosis(pYV1)-infected syngeneic LN cells
and tested in parallel for lysis of infected nontransgenic LEW (open bars) or
21-4L (closed bars) or uninfected (hatched bars) lymphoblast targets at effector/
target cell ratio of 100. Results are expressed as mean specific percent of lysis 1
standard error of the mean of targets in 7 (nontransgenic LEW CTLs) and 13
(21-4L CTLs) separate experiments. p, P , 0.04, nontransgenic LEW versus
21-4L targets, for nontransgenic LEW CTLs.

TABLE 1. Putative HLA-B*2705-binding epitopes in
Y. pseudotuberculosis Yop proteinsa

Protein origin Peptide sequence Scored Reference

Yop protein
YopO (previously YpkA) KTYRIIDNQV 9,000 15
YopH QRFGMPDYF 5,000 8
YopE QRMFSEGSHK 2,000 14
YopD TRHEAQAIK 2,000 17
YopJ IRTKTAIER 1,000 15

Known HLA-B27-binding
motifb

Human translation
factor eIF2

KRFEKHWRL 30,000 6

Human proteasome
subunit C5

RRFMPYYVY 15,000 6

Human immunodeficiency
virus type 1 gp120

GRAFVTIGK 2,000 6

Rat H-Y Ag KQYQKSTER 1,500 41
Human ribosomal

protein S25
HRAQVIYTR 1,000 6

Control sequencec

HLA-A29 endogenous
ligand

KEFQEHYEY 225 6

a Putative HLA-B*2705-binding 9- or 10-mer peptides carried by Y. pseudo-
tuberculosis Yop proteins were identified by using the HLA Peptide Binding
Predictions program (4a). Only one selected sequence with the highest estimate
score is shown for each Yop tested.

b Scores derived with the same program for several known HLA-B*2705-
binding sequences.

c Score derived with the same program for a non-HLA-B27-binding sequence.
d Estimate of the half-time (in minutes) of dissociation of HLA-B*2705 mol-

ecule complexes containing the peptide as a result of calculations, based on the
observed anchor residues preferences (32, 33, 36).
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sinia infection and thereby mediate pathogenesis of ReA. On
the contrary, we observed a much weaker anti-Yersinia CTL
response in 21-4L rats homozygous for the B27 transgene than
in nontransgenic LEW rats. Because of the copy number-de-
pendent expression of transgenic class I molecules, homozy-
gosity for the transgene may amplify any effect of HLA-B27 in
the 21-4L line (47). The anti-Yersinia CTL response in rats is
thought to be directed against plasmid-encoded Yops that are
translocated to eukaryotic cytosol during interaction between
the bacteria and target cells, and YopE is a major candidate Ag
for CTL response in LEW rat (12, 13). Several explanations
can be proposed to explain the impaired CTL response in
homozygous 21-4L rats compared with nontransgenic LEW
rat. First, it could result from a competition between HLA-B27
and rat class I molecules for the presentation of Yersinia-
derived Ag. This interpretation is also supported by the lower
specific lysis of 21-4L lymphoblast targets by anti-Yersinia LEW
CTLs compared with nontransgenic LEW targets. Such a com-
petition effect involving HLA-B27 has been described else-
where (34, 51). Indeed, the presence of putative HLA-B27-
binding epitopes carried by Yops, including YopE, is intriguing
with respect to the absence of B27-restricted CTL. If numerous
B27-restricted epitopes were generated by processing of Yops
after their translocation into the target cytosol, competition
among them and also with rat class I-restricted epitopes could
affect the level of presentation of all epitopes, such that none
of the B27-restricted epitopes would be presented above the
threshold necessary to trigger a CTL response (30, 54, 56).
Second, HLA-B27 may negatively influence the function or the
repertoire of anti-Yersinia T cells. Indeed, it can be speculated
either that Yersinia-specific B27-restricted CD81 T cells have
no cytolytic function, but rather produce inhibitory cytokines
(25), or that HLA-B27 molecules expressed in the thymus in
combination with self-peptides clonally delete T cells which are
involved in a CTL response against the bacteria (24). Any of
these mechanisms would in turn impair the cellular immune
defense against the bacteria. Interestingly, this interpretation is
supported by earlier reports of weak anti-Yersinia T-cell pro-
liferative response (50) and prolonged persistence of bacteria
in gut mucosa (10) of HLA-B271 patients in the setting of
Yersinia-induced ReA, and by the higher mortality and mor-
bidity from infection with Yersinia that was observed in HLA-
B27 transgenic mice as compared to nontransgenic littermates
(31).

Since HLA-B27 may impair appropriate CTL responses dur-
ing infection with Yersinia, it could favor persistence of infec-
tion. Low-grade infection could lead to alternate pathways of
bacterial Ag processing and thereby contribute to the emer-
gence of additional Yersinia epitopes, especially upon handling
by professional antigen-presenting cells. This possibility was
not addressed in our experiments but could explain why only a
very low frequency of B27-restricted anti-Yersinia CTLs have
been obtained from the joints of ReA patients (21, 52).

In conclusion, our observations fail to support the hypothe-
sis that B27-restricted CTLs appear in the course of Yersinia
infection but are more consistent with the hypothesis that
HLA-B27 may decrease the capacity to mount an effective
CD81 T-cell response to Yersinia infection and to properly
eliminate the bacteria (40).
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