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Saint-Louis, Centre G. Hayem, 75475 Paris Cedex 10,1 Unité de Pathogénie Microbienne Moléculaire,
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Shigella flexneri is a triggering agent for reactive arthritis in HLA-B27-susceptible individuals. Considering
the intracellular multiplication of bacteria, it seems likely that bacterial peptides may be presented by the major histocompatibility complex (MHC) class I pathway. To examine this hypothesis, we infected HLA-B*2705and/or human b2-microglobulin-transfected murine L-cell lines with M90T, an invasive strain of S. flexneri.
Bacterial infection induced no detectable modifications in the biosynthesis and expression level of HLA-B27,
as assessed by immunoprecipitation, Northern blot analysis, and flow cytometry. Using confocal microscopy,
we observed that bacterial infection induced a clustering of HLA-B27 molecules during macropinocytosis and
before bacterial dissemination from cell to cell. Peptides naturally bound to HLA-B27 molecules were acid eluted from infected cells and separated by high-performance liquid chromatography. Major differences were observed in high-performance liquid chromatography profiles and in the nature of peptides presented following
bacterial infection. Although most of the antigens presented were not accessed by Edman degradation, we
obtained two sequences partially homologous to bacterial proteins. These peptides lacked the major HLA-B27
peptide anchor (Arg) at position 2, and one had an unusual length of 14 amino acids. These data suggest that
alterations in the peptide presentation by HLA-B27 occur during infection, which could be relevant to the
pathogenesis of HLA-B27-related arthritis.
the introduction of commensal bacteria is sufficient to induce a
ReA-like disease (37).
Shigella flexneri, a gram-negative bacterium, is the etiological
agent of bacillary dysentery. Certain aspects of the infection
process have been studied in vitro, using mammalian epithelial
cells or fibroblasts. After cellular entry, bacteria lyse the vacuole and gain access to the cytoplasm, where they divide and
spread from cell to cell. The intracellular lifestyle of Shigella
may result in the MHC class I presentation of bacterial peptides. As the role of Shigella in triggering ReA has been underestimated for a long time (24), the effect of this bacterial
infection on HLA-B27 biosynthesis and peptide presentation
has never been studied directly.
In the present work, we attempted to obtain new insights
into the role of Shigella infection on the B27 expression, localization, and antigenic presentation. We report data suggesting
that bacterial infection may modify the localization of mature
HLA-B27 molecules and change the repertoire of HLA-B27presented peptides.

One major function of major histocompatibility complex
(MHC) class I molecules is to present peptides to CD81 T
lymphocytes. Antigen presentation by MHC class I molecules
usually requires the introduction or the presence of the source
antigen in the cytoplasm of the presenting cell (8). This antigen
presentation pathway plays a central role in antibacterial immunity. Facultative intracellular bacteria such as listeriae, which
have the ability to gain access to the cytoplasm after lysing the
phagosome, and yersiniae, which inject proteins in the cytoplasm, generate epitopes presented to MHC class I-restricted
cytotoxic T lymphocytes (CTL) (10, 34). Cells infected with the
obligate intracellular pathogen Chlamydia could be killed in
vitro by specific CD81 T lymphocytes (1, 15), and specific
MHC class I-restricted CTL against Salmonella have been induced in mice (39).
HLA-B27 is one of the most studied MHC class I molecules
because of its strong association with a group of inflammatory
rheumatic autoimmune diseases called spondyloarthropathies
(17). Bacterial (Salmonella, Shigella, Yersinia, and Chlamydia)
infections can trigger reactive arthritis (ReA) in genetically susceptible people. The description of HLA-B27-restricted CD81
T cells with specificity for arthritogenic bacteria in synovial
fluids from ReA patients provides a link between the bacterial
infection and HLA association, supporting the so-called arthritogenic peptide model (11). These data are supported by results obtained for germ-free HLA-B27 transgenic rats in which

MATERIALS AND METHODS
Bacterial strains and cell lines. Two S. flexneri bacterial strains were used:
M90T, an invasive serotype 5 isolate that carries the virulence plasmid pWR100;
and BS176, an avirulent strain cured of pWR100. Bacteria were routinely grown
in Trypticase soy broth in a shaker at 37°C or maintained on Congo red plates as
previously described (19). The mouse L-cell lines stably transfected with human
b2-microglobulin (b2m; 7.3.13) or with both HLA-B27 (B*2705 subtype) and
human b2m (JT1) were a gift from J. Taurog (36). They were selected in
hypoxanthine-aminopterin-thymidine medium and grown in 5% CO2 at 37°C in
Dulbecco modified Eagle medium (DMEM) with 4.5 g of D-glucose per liter
supplemented with 2 mM L-glutamine, 100 U of penicillin per ml, 100 mg of
streptomycin per ml, and 10% fetal calf serum (Seromed, Berlin, Germany). The
HLA-B27 expression level was checked periodically by flow cytometry.
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FIG. 1. Immunoprecipitation of HLA-B27 molecules from noninfected and
infected JT1 cells. JT1 cells were infected either with the invasive strain S. flexneri
M90T or with the noninvasive strain BS176. Sixty minutes after infection, cells
were washed and incubated for a further 60 min with [35S]methionine; 2.8 3 106
cells were lysed, and the lysate was precleared before immunoprecipitation using
MAb B1.23.2, specific for HLA-B,C. The gel was loaded in duplicate.

with 0.1% Nonidet P-40 in Tris-buffered saline, supplemented once with 150 mM
NaCl and supplemented twice with 0.3 M NaCl. Samples were boiled in sample
buffer, analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) under reducing conditions and autoradiographed.
RNA isolation and analysis. JT1 cells were infected as described above for 30,
60, or 90 min, and total RNA was extracted by using an RNAzol extraction kit
(Bioprobe Systems, Montreuil, France). Thirty micrograms of total RNA was
loaded on a 1% agarose-formaldehyde gel and transferred to a Hybond N
membrane (Amersham). The transcripts were hybridized with an HLA-B locusspecific probe (32) previously labeled with [32P]dCTP (Megaprime kit; Amersham). HLA-B transcripts were revealed and quantified by autoradiography
(Kodak X-Omat film). Results were normalized by reference to a murine glyceraldehyde-3-phosphate dehydrogenase (GAPDH) probe.
HLA-B27 purification, peptide characterization, and in vitro binding assay.
HLA-B27 molecules were purified from 2 3 109 M90T-infected JT1 cells and
3 3 109 noninfected cells. The procedure for HLA purification has already been
described (4). HLA-B27 molecules were captured on cyanogen bromide-activated Sepharose 4B columns (Pharmacia) coupled to MAb B1.23.2 and were
eluted under basic conditions (50 mM diethylamine, pH 11.5). The amount of
purified HLA-B27 molecules was assessed by SDS-PAGE analysis. Peptides were
acid eluted (0.1% trifluoroacetic acid [TFA], pH 2), separated from HLA molecules through a 5-kDa-cutoff filter (Millipore) and submitted to reversed-phase
high-performance liquid chromatography (HPLC). The gradient consisted of a
stable step containing a 98:2 mixture of 0.05% TFA in H2O–0.05% TFA in
acetonitrile for 5 min followed by a 75-min linear increase to 35% acetonitrile–
0.05% TFA. Edman degradation from pooled and individual sequences was
performed on an Applied Biosystems Inc. (Foster City, Calif.) 473-A or 494
protein sequencer. Synthetic peptides were prepared by solid-phase synthesis
(Neosystem, Strasbourg, France). In vitro binding assays were performed on
TAP-deficient T2 cells transfected with HLA-B*2705 according to previously
described protocols (4).

RESULTS
Stable biosynthesis and expression of HLA-B27 molecules
during JT1 infection by S. flexneri. Immunoprecipitation of
HLA-B27 molecules with MAb B1.23.2 showed no difference
in the biosynthesis of the heavy chain (46 kDa) in M90T-infected cells compared to noninfected cells from 60 to 120 min
postinfection (Fig. 1). Northern blot analysis of HLA-B27 mRNA
levels during S. flexneri infection indicated no quantitative
modification in the transcripts (Fig. 2). These data indicate that
the presence of S. flexneri in fibroblasts did not significantly
influence the transcription or translation level of HLA-B27.
We examined intracellular and membrane expression of
HLA-B27 molecules by using indirect fluorescence staining of
permeabilized JT1 cells followed by FACS analysis (Fig. 3).
According to the limits of cytometry detection, MAbs specific
for different epitopes of the HLA-B27 molecule, as well as
HC10, which stains empty class I heavy chains, did not show

FIG. 2. Northern blot analysis of HLA-B27 mRNA in infected JT1 cells. JT1
cells were either mock infected or infected with the invasive strain S. flexneri
M90T. At indicated times postinfection, total RNA was extracted, separated by
electrophoresis on an agarose-formaldehyde gel, and transferred to a membrane.
The membrane was sequentially hybridized with a 0.5-kb HLA-B7 probe which
recognizes HLA-B27 RNA and then with a GAPDH probe. The cell line 7.3.13,
expressing the human b2m only, was used as a control. The HLA-B27 transcript
is designated by an arrow.
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Bacterial infection of fibroblasts. The technique for bacterial infection of
fibroblasts was adapted from the original protocol (27). Semiconfluent cells were
overlaid with S. flexneri grown to exponential phase, washed, and resuspended in
DMEM (multiplicity of infection of about 300). To promote adherence of bacteria and allow infection of cells, plates were centrifuged for 10 min at 2,000 3
g and incubated at 37°C without CO2 for various amounts of time. Cells were
then washed three times with Earle’s balanced salt solution and incubated in the
presence of DMEM containing 50 mg of gentamicin per ml at 37°C for 1 h before
further analysis. Bacterial infection was quantitated by visualizing Giemsastained cells and by conducting plate counts to detect live intracellular bacteria.
In a typical experiment, 14 3 107 CFU were obtained 2.5 h after infection of 106
cells at a multiplicity of infection of 300.
Indirect fluorescence staining and flow cytometry. For surface staining, 5 3
105 cells were incubated with 1 mg of HLA-specific monoclonal antibodies
(MAbs) B1.23.2 (38), W6/32 (22), HC10 (33), ME1 (38), TM1 (38), and Marb3
or Marb4 (40) in phosphate-buffered saline (PBS) containing 0.1% bovine serum
albumin (BSA) for 60 min on ice, washed in PBS–0.1% BSA, and then stained
with fluorescein isothiocyanate (FITC)-conjugated F(ab9)2 goat anti-mouse immunoglobulins (GAMIg; Sigma) for 60 min on ice. After being washed twice,
samples were analyzed (104 events) on a FACScan (Becton Dickinson, Mountain
View, Calif.) fluorescence-activated cell sorter (FACS). The same protocol was
used for intracellular labeling of MHC class I molecules except that cells were
first fixed (3.7% paraformaldehyde in PBS) and then permeabilized with a PBS
solution containing 0.05% saponin and 1% BSA. Bacterial infection was assessed
by using a polyclonal rabbit antiserum raised against S. flexneri lipopolysaccharide 5a (FlexV) revealed with FITC-conjugated anti-rabbit immunoglobulins
(Molecular Probes Europe BV, Leyden, The Netherlands).
Fluorescent staining and confocal fluorescence microscopy. About 5 3 105
cells were seeded on a coverslip the day before infection. Infected cell monolayers and controls were fixed with 3.7% paraformaldehyde in PBS for 20 min
and permeabilized with 0.1% saponin–1% BSA in PBS for 10 min. For detection
of both HLA-B27 and bacteria, double staining was performed with 1 to 2 mg of
MAb ME1, B1.23.2, or HC10 (revealed with a GAMIg) followed by a 1:150
dilution of FlexV (visualized with an anti-rabbit Texas red-conjugated immunoglobulin; Amersham). For staining F-actin, coverslips were incubated with
BODIPY FL phallacidin (Molecular Probes). Each incubation was performed at
room temperature for 20 min. The nucleus was localized by using 4,69-diamidino2-phenylindole (DAPI) staining (Molecular Probes). Preparations were mounted
on glycerol containing DABCO (1.4 diazabicyclo[2.2.2]octane; Sigma) and analyzed by using a Bio-Rad MRC 1024 confocal imaging system (Bio-Rad Microscience Ltd., Hertfordshire, United Kingdom) and an inverted Diaphot 300
Nikon microscope. Images were collected by using an oil immersion lens (603;
NA 1.4 plan Apochromat). Each image represented a single section for which the
confocal system was adjusted to allow a field depth of about 0.4 mm. For FITC
and Texas red excitations, a krypton-argon ion laser (15 mW) (Ion Laser Technology Inc., Salt Lake City, Utah) operating at 488 or 568 nm was used. For
DAPI, an argon UV ion laser (250 mW) (Coherent Enterprise, Palo Alto, Calif.)
operating at 363 nm was used. Images were merged and pseudo-colored in green
for FITC, red for Texas Red, and blue for DAPI. Final images were recorded
with a Polaroid Cl-3000 Digital Palette or a Tektronix Phaser 350.
Immunoprecipitation of HLA-B27. JT1 cells (2.8 3 106 per well) were infected
in DMEM containing 0.3 mM methionine for 60 min as described above, washed,
and overlaid with DMEM lacking methionine, supplemented with 50 to 300 mCi
of [35S]methionine and 50 mg of gentamicin per ml. Cells were incubated at 37°C
for 60 min, then washed once in Earle’s balanced salt solution, collected with a
scraper, and washed twice in PBS. Cells were lysed in 1% Nonidet P-40–TrisNaCl buffer. The lysate was precleared by incubation with 5 ml of mouse serum
overnight at 4°C followed by the addition of 60 ml of 25% (vol/vol) protein
A-Sepharose CL-4B (Pharmacia, Uppsala, Sweden). The supernatant was collected, and the incorporated radioactivity was determined in a Beckman scintillation counter in order to have similar amounts of labeled proteins per sample
(equivalent to 8 3 105 cpm). HLA-B27 molecules were detected by incubation
with 3 mg of MAb B1.23.2 for 90 min, followed by immunoprecipitation with 40
ml of protein A-Sepharose solution for 20 min. Pellets were washed four times
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any modification of the HLA-B27 intracellular or membrane
expression level by 2.5 h postinfection. Moreover, HLA-B27
surface expression assessed by MAb B1.23.2, ME1, TM1,
Marb3, or Marb4 was not modified at 1.5, 2, and 3 h after
infection with M90T (data not shown).
Bacterial infection induces a redistribution of mature HLAB27 molecules. To determine whether bacterial infection influences the HLA-B27 localization, indirect fluorescent staining followed by confocal microscopy analysis was performed.
In uninfected permeabilized JT1 cells, mature HLA-B27 molecules detected by ME1 were expressed at the cell surface and
in the cytoplasm (Fig. 4A). As early as 15 min after infection,
some mature HLA-B27 molecules from the cell surface were
internalized by macropinocytosis and found around the bacteria (Fig. 4B). Later in the course of infection (2.5 h postinfection), some mature HLA-B27 molecules were redistributed
behind the moving bacteria (Fig. 4C). Similar results were obtained with the HLA-B,C allele-specific MAb B1.23.2, indicating the epitope independence of the phenomenon. As staining
of F-actin in infected HeLa cells is known to reveal a trail at
one bacterial pole, we searched for a close localization of Factin and HLA, using double staining of F-actin and mature
HLA-B27 in JT1-infected cells. These molecules colocalized in
cellular extensions. The specific recognition of HLA-B27 in
these transfectants was confirmed by the absence of ME1 staining in infected control fibroblasts (data not shown). Visualization of HLA-B27 unfolded heavy chains with HC10 in JT1
fibroblasts showed that these molecules were essentially cytoplasmic. Staining of immature HLA-B27 molecules in protrusions induced by bacteria was much lower than their staining in
the cytoplasm (Fig. 4D).
HLA-B27-presented antigens are modified during bacterial
infection. To study the HLA-B27 peptide profile consequent to

bacterial infection, 250 mg of HLA-B27 molecules extracted
from 2 3 109 JT1-infected cells and the same amount extracted
from 3 3 109 noninfected cells were purified. Bound peptides
were acid eluted and separated by HPLC. Two representative
HPLC fractionations are shown in Fig. 5. Profiles from infected cells were more complex than those from the control
cells, suggesting that bacterial infection modifies the HLAB27-eluted material detected at 220 nm. The major individual
specific peaks indicated by arrows and a pool of the remaining
specific peaks were submitted to Edman degradation. Pool
sequencing from uninfected cells showed a main Arg residue at
position 2, accounting for 40% of the signal, and an Arg, Tyr,
Phe, or Leu signal at the C terminus of the peptide, in agreement with previous reports of the HLA-B27 motif (4, 26).
Eight of 11 individual HPLC fractions from infected cells did
not give readable sequences, although the peak level absorbancy at 220 nm would have been adequate for sequencing
HLA-B27-eluted peptides (4), for instance, in peaks 14, 61,
and 67. Three individual sequences were obtained (Table 1)
and were unusual in that they did not have the typical Arg B27
anchor residue at position 2 (HPLC fraction 37) or had an
unusual length (HPLC fraction 47). Two peptides partially
matched bacterial sequences identified in protein databases.
HPLC fractions 37 and 47 were homologous to a sequence
from the cystein aminopeptidase of Lactobacillus delbrueckii
(14) and from an antigen described as the preabsorbing antigen of Streptococcus (45), respectively. The latter peptide had
an unusual size of 14 amino acids (aa). To assess the ability of
these unusual peptides to fit into the HLA-B27 binding pocket,
we used an in vitro peptide binding assay based on the stabilization and refolding of empty class I molecules expressed on
TAP-deficient T2-B27 transfected cell lines (4). Among the
three synthetic peptides tested (Table 1), none was able to sta-
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FIG. 3. FACS analysis of total HLA-B27 expression in JT1 cells. JT1 cells were either mock infected (A) or infected with the invasive strain S. flexneri M90T for
2.5 h (B) and permeabilized before labeling with MAbs B1.23.2, ME1, and HC10. Infection was controlled by using a polyclonal antibody (FlexV) raised against
S. flexneri serotype 5 (C). Specific staining in noninfected and infected cells is represented by light and bold lines, respectively; nonspecific staining is represented by
dotted lines. Fluorescence intensity is expressed on the FL1 x axis, and the relative number of cells is shown on the y axis.
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bilize HLA-B27, in contrast to B*2705 endogenous control
peptides (data not shown).
DISCUSSION
S. flexneri has developed a range of strategies to escape the
host immune response. On one hand, it induces rapid apoptosis in infected macrophages which are capable of presenting
bacterial antigens via MHC class I (46). On the other hand,
S. flexneri induces its own uptake by nonprofessional phagocytic cells such as epithelial cells and fibroblasts, in which it
divides in the cytoplasm and perpetuates itself without lysing
the host cell (18).
The interplay between arthritis-causing bacteria and HLAB27 is a complex event (29). Although a decrease in the gramnegative bacterial infection rate in murine L cells has been
described (13), we did not find such difference, at least by microscopic observation of stained infected cells (data not shown).
The persistence of microbes inside the synovium of ReA patients has been documented for Chlamydia (24) and more
recently for Salmonella (20). Increased survival of Salmonella
enteritidis has been reported for the human U937 cell line (16)
and for HLA-B*2705-transfected murine L cells (41) compared to that seen in untransfected cells. Bacterial products
such as lipopolysaccharide may also be detected inside ReA

synovial membranes and fluid (9). Various effects of bacterial
infection on HLA-B27 biosynthesis and expression have
been reported: a decrease in the synthesis of HLA-B27 molecules has been described for Yersinia enterocolitica-infected
human monocytes (44), and Salmonella or Yersinia infection
may induce alternative splicing of HLA-B27 mRNA, leading to
a soluble form of the molecule (12). In our conditions, S. flexneri infection did not affect the expression level of HLA-B27
molecules. The induction of NF-kB, which could activate
MHC class I transcription, has been found after S. flexneri
infection (5), but we did not observe any increase of HLA-B27
mRNA expression. Mature HLA-B27 molecules were localized by confocal microscopy in association with the actin tails
that allow bacterial infection of adjacent cells. The proximity of
bacteria and HLA-B27 molecules may provide an environment
suitable for the modification of HLA-B27 by secreted bacterial
products. For instance, modifications of antigenic peptides
could occur in compartments where bacteria are able to
secrete proteases such as SepA (2) or oxydoreductases (42).
The localization of class I molecules in bacterium-containing
vacuoles has been described in the cases of Salmonella (23) and
Chlamydia (21). The need of an acidic compartment and of
cytoskeletal rearrangements for the processing of bacterial
peptides via MHC class I and class II molecules has also been
reported (35). Fusion of these vacuoles with MHC class II-
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FIG. 4. Confocal fluorescence analysis of HLA-B27 molecules in JT1 cells infected with S. flexneri M90T. JT1 cells were either mock infected (A) or infected with
the invasive strain M90T (B to D) and were fixed in paraformaldehyde (3.7% in PBS) at 15 min postinfection (B) or at 2.5 h postinfection and permeabilized (C and
D). Cells were stained first with MAb B1.23.2 (A to C) or HC10 (D) coupled to FITC-conjugated GAMIg and then with FlexV coupled to Texas red-conjugated goat
anti-rabbit immunoglobulins. Nuclei were stained with DAPI (A and C).
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expressing lysosomes (21) could allow mixing of both classes of
antigen-presenting molecules and antigenic peptides under
conditions (acidic pH and protease environment) usually not
encountered by class I molecules during biosynthesis. This
could explain the recovery from the class I molecules of longer
peptides as in the case of class II-eluted peptides. Further
analysis of subcellular compartments during the course of infection could clarify this point.
Among the many hypotheses that could explain the association of spondylarthropathies with HLA-B27 and the induction of disease by bacterial infection, it has been proposed that
HLA-B27 may present a bacterium-derived peptide able to
break the immune tolerance against naturally presented endogenous peptides. Along with this hypothesis, an HLA-B27derived peptide sharing homologies with bacterial sequences
has been defined by sequence comparisons (28) and found

to be naturally presented by HLA-B27 (4). To confirm this
“shared epitope” hypothesis, one must isolate bacterium-derived sequences directly from purified HLA-B27 molecules in
infected cells. Similar to the findings presented here, profiles of
peptides presented by HLA-B27 were modified during Salmonella infection (25). We also observed that S. flexneri infection
altered the HPLC peptide profile in infected HLA-B27 fibroblasts. The data obtained indicated several unusual features.
Eight of 11 peaks were not accessed by Edman sequencing,
suggesting that the peptides eluted from infected cells did not
have the same characteristics as high-affinity endogenous peptides presented by HLA-B27 (4). Peptides could be modified in
a way impairing Edman degradation, for instance, by the presence of a formylmethionine amino acid at the first position of
the bacterial peptide or through the engagement of cysteines in
disulfide bonds. Two sequences shared a high degree of simi-

TABLE 1. Individual peptide sequences obtained from HLA-B27 molecules from S. flexneri M90T-infected JT1 cells
HPLC
fraction

Sequence

37

XVFLPEEVK(K)

47
48

XXPEAASAPGSGNR
XRPEAAMDF

a

Homologya

Protein (aa)

Source

KAFLPEDVK(K)
SSFLPEEEK(K)
YDPEAASAPGDGD
DRPEAAMDF

Cysteine aminopeptidase (415–423)
Adenosine deaminase hydrolase (329–337)
Preabsorbing antigen (1–13)
Hypothetical 50.2-kDa protein (335–343)

Lactobacillus delbrueckii
Mouse
Streptococcus sp.
Saccharomyces cerevisiae

Search for protein sequence homology was performed in the NBRF-PIR database. Identical amino acids are underlined.

Synthetic
peptide

KVFLPEEVK
YDPEAASAPGSGNR
GRPEAAMDF
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FIG. 5. HPLC profiles of peptides eluted from HLA-B27 molecules purified from uninfected (A) or S. flexneri M90T-infected (B) JT1 cells. The separation was
performed on a C18 column with an increasing gradient of acetonitrile in 0.05% TFA. Fractions sequenced by Edman NH2-terminal degradation are indicated by
arrows.
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Boisgérault, F., V. Tieng, M. C. Stolzenberg, N. Dulphy, I. Khalil, R. Tamouza, D. Charron, and A. Toubert. 1996. Differences in endogenous peptides presented by HLA-B*2705 and B*2703 allelic variants. Implications for
susceptibility to spondylarthropathies. J. Clin. Invest. 98:2764–2770.
Dyer, R. B., C. R. Collaco, D. W. Niesel, and N. K. Herzog. 1993. Shigella
flexneri invasion of HeLa cells induces NF-kB DNA-binding activity. Infect.
Immun. 61:4427–4433.
Frumento, G., P. E. Harris, M. A. Gawinowicz, N. Suciu-Foca, and B. Pernis.
1993. Sequence of a prominent 16-residue self-peptide bound to HLA-B27 in
a lymphoblastoid cell line. Cell. Immunol. 152:623–626.
Gao, X., P. Wordsworth, A. J. McMichael, M. M. Kyaw, M. Seifert, D. Rees,
and G. Dougan. 1996. Homocysteine modification of HLA antigens and its
immunological consequences. Eur. J. Immunol. 26:1443–1450.
Germain, R. N. 1994. MHC-dependent antigen processing and peptide presentation: providing ligands for T lymphocyte activation. Cell 76:287–299.
Granfors, K., S. Jalkanen, P. Toivanen, J. Koski, and A. F. Lindberg. 1992.
Bacterial lipopolysaccharide in synovial fluid cells in Shigella triggered reactive arthritis. J. Rheumatol. 19:500.
Harty, J. T., and M. J. Bevan. 1992. CD81 T cells specific for a single
monamer epitope of Listeria monocytogenes are protective in vivo. J. Exp.
Med. 175:1531–1538.
Hermann, E., D. T. Y. Yu, K. Meyer zum Büschenfelde, and B. Fleischer.
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larity with bacterial sequences but lacked HLA-B27 canonical
anchor residues or had an unusual length. The ability of HLAB27 to naturally present peptides of an unusual length, up to
33 aa (40), or lacking the peptide binding motif (6, 31) could be
a specific behavior of this molecule related to its association
with disease. Another hypothesis is that the HLA-B27 B pocket that accommodates the second residue of the peptide could
be directly modified, subsequently changing the repertoire of
bound peptides. Compared to other HLA molecules, B27 contains a cysteine-reactive residue (Cys 67) susceptible to modifications (43). Among the amino acids that they synthesize,
members of the family Enterobacteriaceae provide a cysteinereactive metabolite, homocysteine, that could alter the binding
of endogenous peptides presented by HLA-B27 in vitro (3) and
induce specific CTL (7). HLA-B27-restricted homocysteinespecific CTL have been found in ReA or ankylosing spondylitis
patients (7).
As a whole, the ability of HLA-B27 to handle unusual peptides, especially in the case of bacterial infection as shown in
this work, could be directly relevant to the pathogenesis of
HLA-B27-associated diseases.

4489

4490
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