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Chlamydia trachomatis infection can cause reactive arthritis that is associated with the persistence of
chlamydial organisms in the joint. Fibroblasts of the synovial membrane represent host cells for Chlamydia
during articular infection. In this study we investigated the expression of HLA class I molecules in synovial
fibroblasts following infection with C. trachomatis D. The expression of HLA class I heavy chain (HLA-I) was
up-regulated in infected cultures as shown by reverse transcription-PCR and immunoblotting. The increase in
cell surface expression of HLA-I and (3, microglobulin on infected fibroblasts was demonstrated by flow
cytometric analysis. Suppression of enhanced production of interferon-stimulated gene factor 3y (ISGF3vy) in
infected cell cultures by antisense oligonucleotide treatment reduced the level of HLA-I. Blocking antibodies to
beta interferon (IFN-B) inhibited the Chlamydia-induced enhancement of both ISGF3y and HLA-I. These
findings show that the up-regulation of HLA-I in synovial fibroblasts infected with C. trachomatis is caused by
the induction of IFN-3, which in turn stimulates the synthesis of ISGF3+y, a transcription factor participating
in the regulation of the HLA-I gene. The IFN-3-mediated expression of HLA-I on Chlamydia-infected cells may

be a regulatory factor in the immune response in chlamydial infections.

Chlamydia trachomatis, an obligate intracellular bacterium,
is a major cause of urogenital infections that tend to chronicity.
Chronic infections in women can lead to salpingitis and tubal
occlusion. Moreover, Chlamydia is a triggering agent of reac-
tive arthritis which is associated with the persistence of bacte-
ria in the joint (9). Since primary target cells of urogenital C.
trachomatis serovars (serovars D through K) represent non-
professional phagocytes which constitutively express HLA
class I but only weakly produce HLA class II molecules, it is
conceivable that CD8"-T-cell-mediated immune mechanisms
are important for the control of these chlamydial infections.
Although a Thl CD4" response seems to be dominant in
protective immunity during Chlamydia infection, the involve-
ment of cytotoxic CD8" T lymphocytes has been described
previously (7, 17). A macaque model of salpingitis demon-
strated that repeated chlamydial infections of the female upper
genital tract lead to Thl-like cytokine milieus and dominant
CD8™"-T-cell infiltrates that are associated with progression to
fibrosis and infertility (28). Chlamydia-induced reactive arthri-
tis is associated with HLA-B27, which obviously influences the
severity of disease (reviewed in reference 5). The arthritogenic
peptide theory is one of the most-favored hypotheses of this
association: some HLA-B27 alleles bind a specific arthrito-
genic peptide which is recognized by cytotoxic T lymphocytes.
HLA-B27 binding peptides derived from different C. tracho-
matis proteins have been identified previously (14).

In the HLA class I antigen presentation pathway cytoplas-
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mically located antigens are degraded to peptides which are
transported into the endoplasmic reticulum, assemble with the
HLA class I heavy chain (HLA-I) and 8, microglobulin (,M)
to form the HLA class I complex. This complex is transported
to the cell surface and can be recognized by cytotoxic T lym-
phocytes. Although chlamydiae replicate within an endosome,
there is increasing evidence that chlamydial proteins gain ac-
cess to the host cell cytoplasm and enter the HLA class I
pathway (4).

Inhibition of HLA molecule synthesis by intracellular patho-
gens is considered as a strategy to establish persisting infec-
tions (2). A recent study has demonstrated that C. trachomatis
serovar L2, the causative agent of lymphogranuloma vene-
reum, suppresses the expression of both HLA class I and HLA
class II molecules in HeLa cells (30, 32). This effect was due to
a chlamydial protease-like activity factor which is secreted into
the host cell cytoplasm and degrades regulatory factor X-5 and
upstream factor-1, two transcription factors participating in
class I and class II gene expression, respectively (30, 31).

Immunoelectron microscopy on synovial membrane samples
from patients with Chlamydia-induced reactive arthritis has
revealed that synovial fibroblasts are suitable host cells for C.
trachomatis during articular infection (18). Furthermore, Chla-
mydia-infected synovial fibroblasts from Lewis rats caused an
arthritis with intense synovitis in rats after intra-articular in-
jection into the knee joints (8). In previous studies we have
demonstrated that the infection of synovial fibroblasts with
C. trachomatis serovar D stimulates the production of beta
interferon (IFN-B) and interferon-stimulated gene factor 3y
(ISGF3y), the DNA-binding component of the ISGF3 com-
plex (21, 22). The expression of HLA class I molecules can be
up-regulated by type I IFN signaling through the induction of
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TABLE 1. Primers used for RT-PCR

Specificity Primer pair® ::ng(zlé;t) Eiifce;'

ISGF3y 5'-GATACAGCTAAGACCATGT TCCGG3', 1,182 26
5'-ACAAAGAGGACAGGT CAATCG-3’

IFN-B 5'-GATTCATCTAGCACTGGCTGG3/, 186 16
5'-CTTCAGGTAATGCAGAATCC-3’

HLA-I 5'-GTGGGCTACGTGGACGAC 3/, 449 30
5'-TTCTCCAGGTATCTGCGG-3'

B,M 5'-TCTCGCTCCGTGGCCTTAG 3, 353 30
5'-ATGTCTCGATCCCACTTAACT-3’

PDH 5'-GGTATGGATGAGGACCTGGA-3', 105 24

5'-CTTCCACAGCCCTCGACTAA-3’

“ Top row, sense strand; bottom row, antisense strand.

ISGF3 binding to the interferon-stimulated response element
within the major histocompatibility complex class I promoter
(19). Therefore, this study was designed to examine the effect
of C. trachomatis D on HLA class I expression in human
synovial fibroblasts and to investigate the involvement of
IFN-B and ISGF3y in the modulation of HLA class I produc-
tion by chlamydiae.

MATERIALS AND METHODS

Chlamydia strains and fibroblast cultures. C. trachomatis serovar D strain 1C
Cal 8 (obtained from the Institute of Ophthalmology, London, United Kingdom)
was propagated in BGM cells as previously described (21). Infectivity titers of
chlamydial stocks were quantified by titrating the number of inclusion-forming
units (IFU) per milliliter in BGM cells. These titers were used to determine the
infectious doses for fibroblasts.

Cultures of human synovial fibroblasts were established from synovial biopsy
specimens obtained during meniscusectomies and arthroscopies of traumatic
joint injury patients, using previously described methods (21). The fibroblasts
used in this work were HLA-B27 negative as examined by a PCR assay according
to the protocol of Bon et al. (1).

Chlamydia infection of synovial fibroblasts. Prior to infection, cells were
seeded into 35-mm-diameter culture wells. Confluent monolayers (7 X 10° to 10°
cells/well) were infected with C. trachomatis by centrifugation at 4,000 X g at
37°C for 45 min. After the inoculum was decanted, the cells were washed in
medium and further incubated with Dulbecco’s modified Eagle’s medium (Bio-
chrom, Berlin, Germany) containing 10% fetal calf serum (Biochrom). For
mock-infected cultures, cells were centrifuged without a chlamydial inoculum.
For some experiments, infected fibroblasts were stimulated with tumor necrosis
factor alpha (TNF-a) (200 U/ml; Biochrom) after infection. For heat inactiva-
tion, chlamydial suspensions were held at 75°C for 10 min prior to inoculation
onto cell monolayers. For UV inactivation, chlamydial suspensions were placed
under a UV lamp (15 W at 30 cm) for 15 min. Sheep polyclonal antibody to
human IFN-B (Chemicon, Hofheim, Germany) was used to neutralize IFN-B
activity in infected cultures.

Inhibition of ISGF3vy expression by antisense oligodeoxynucleotide (ODN)
treatment. Antisense (5'-TGCCCTGCCTGATGCCAT-3") and sense (5'-ATG
GCATCAGGCAGGGCA-3") phosphorothioate ODNs corresponding to the
human ISGF3y cDNA sequence extending from the initiation codon to 18
nucleotides downstream were synthesized and high-performance liquid chroma-
tography-purified by E. Birch-Hirschfeld (Institute of Virology, University of
Jena, Jena, Germany). Transfection of fibroblasts with ODNs was performed
using the Effectene transfection reagent kit (Qiagen, Hilden, Germany) accord-
ing to the manufacturer’s protocol.

Reverse transcription (RT)-PCR assay. Total RNA was prepared from mock-
infected and Chlamydia-infected fibroblasts using the RNeasy Mini Kit (Qiagen).
For each sample, first-strand cDNA was reverse transcribed from 1 pg of RNA
in a total reaction volume of 20 pl, using the Promega (Mannheim, Germany)
reverse transcription system. Each 25 ul of PCR mixture contained 1 pl of cDNA
(corresponding to 50 ng of RNA), 10 mM Tris-HCI (pH 8.3), 50 mM KCl, a 0.2
mM concentration of each deoxynucleoside triphosphate, 1.5 mM MgCl,, 0.4
1M sense and antisense primers, and 1.25 U of Taq polymerase (Promega). The
sequences of specific primers used in this work are given in Table 1. As an
internal control, cDNA was amplified for pyruvate dehydrogenase (PDH). Twen-
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ty-five cycles of amplification were carried out in a TRIO-Thermoblock (Biome-
tra, Gottingen, Germany). Reactions consisted of an initial incubation at 95°C
for 7 min and then cycling at 95°C for 30 s, 60°C (ISGF3vy and PDH primers) or
54°C (IFN-B, HLA-I, and B,M primers) for 30 s, and 72°C for 1 min, with a final
incubation at 72°C for 10 min. Negative controls were performed by omitting
RNA from ¢cDNA synthesis and PCR amplification (data not shown). Products
were electrophoresed on 1% agarose gels and visualized with SYBR green
staining. All HLA-I (A, B, C), B,M, ISGF3y, and IFN-B band volumes (optical
density X area [square millimeters]) were normalized against the PDH signal
from the same sample. All results shown are representative of two separate
experiments.

The specificity of the PCR products was confirmed by the presence of a DNA
band of the expected size (Table 1) and by sequencing in an automated ABI
Prism 310 genetic analyzer (Perkin-Elmer, Applied Biosystems, Weiterstadt,
Germany) as previously described (22).

Immunoblotting. Immunoblot assays were carried out as we described in a
previous paper (22). HLA-I protein was detected with a mouse monoclonal
antibody purchased from DPC Biermann (Bad Nauheim, Germany) (Anogen
clone LY5.1). ISGF3y protein was detected with a mouse monoclonal antibody
purchased from BD Transduction Laboratories (Heidelberg, Germany) (clone
6). Alkaline phosphatase-conjugated goat anti-mouse IgG (Dianova, Hamburg,
Germany) was used as secondary antibody. The bands were visualized with
5-bromo-4-chloro-3-indolylphosphate toluidine salt—p-nitroblue tetrazolium
chloride (BCIP/NBT) (Sigma, Deisenhofen, Germany). All results shown are
representative of two separate experiments.

Flow cytometry. Cells were detached from the culture wells with 0.2 mM
EDTA, washed in phosphate-buffered saline, and incubated with fluorescein
isothiocyanate (FITC)-conjugated mouse monoclonal antibody to HLA-I (clone
R-phycoery-thrin-2.6; BD PharMingen, Heidelberg, Germany) or FITC-conju-
gated rabbit polyclonal antibody to 3,M (Dako, Hamburg, Germany) at room
temperature for 20 min. For the dual-color assay, cell suspensions were incu-
bated with RPE-conjugated monoclonal antibody to HLA-I (clone G46-2.6; BD
Pharmingen). After washing, the cells were permeabilized with FACS perme-
abilizing solution (BD Immunocytometry Systems) and stained with FITC-con-
jugated antibody to C. trachomatis major outer membrane protein (Trinity Bio-
tech, Frankfurt, Germany). Two additional washes were performed, and labeled
cells were analyzed with a FACScan (BD Immunocytometry Systems) flow cy-
tometer and CELL Quest software. Ten thousand cells were analyzed for each
sample.

RESULTS

Up-regulation of HLA class I expression by C. trachomatis D
in synovial fibroblasts. To study the effect of C. trachomatis
infection on HLA class I expression in synovial fibroblasts, we
first examined the levels of HLA-I and B,M mRNA using a
semiquantitative RT-PCR assay. Mock-infected fibroblasts
produced a basal level of HLA-I and $,M. Infection with C.
trachomatis D caused an increase in the mRNA level of HLA-I
in a dose-dependent manner at 24 h after infection, whereas
the level of B,M mRNA remained unchanged (Fig. 1A). Ex-
pression of the housekeeping gene PDH was not affected in
response to the infection.

Further experiments were performed to examine whether
enhanced HLA-I mRNA levels in infected cultures were asso-
ciated with increased protein synthesis. Immunoblot analyses
of total cell lysates showed a specific band of HLA-I of ap-
proximately 46 kDa. The amount of HLA-I protein increased
with larger infectious doses (Fig. 1B). Chlamydia-exposed cells
showed enhanced levels of HLA-I protein at 24, 48, and 72 h
after infection compared to mock-infected cells (Fig. 1C).

Cell surface expression of HLA class I was measured by flow
cytometry. These experiments revealed an increase in the sur-
face expression of both HLA-I and 3,M following chlamydial
infection (Fig. 2A). In infected cultures about 98% of the cells
containing Chlamydia were HLA-I positive, indicating that
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FIG. 1. HLA class I expression in synovial fibroblasts infected with C. trachomatis D. (A) HLA-I and B,M mRNA levels in cells infected with
various doses of chlamydiae. RT-PCR analysis was conducted on total RNA extracted at 24 h after infection. (B) Immunoblot analysis of HLA-I
protein in cells infected with various doses of chlamydiae. Total cell lysates were prepared at 48 h after infection. (C) Time course of HLA-I
production determined by immunoblotting. Fibroblasts were infected with 5 X 10° IFU/well.

there was no selective inhibition of HLA-I expression in Chla-
mydia-positive cells (Fig. 2B).

The stimulation of HLA-I expression required infectious
chlamydiae, since fibroblasts exposed to heat or UV inacti-
vated bacteria produced HLA-I mRNA levels similar to that of
mock-infected cells (Fig. 3).

Contribution of ISGF3y and IFN-B to the HLA class I
enhancement in C. trachomatis-infected fibroblasts. In previ-
ous studies we have shown that C. trachomatis infection up-
regulates ISGF3vy and IFN-@ synthesis in fibroblasts (21, 22). It
is known that the expression of HLA-I is regulated by ISGF3
(19). Therefore, an antisense ODN technique was employed to
investigate the role of ISGF3y in the HLA-I enhancement in
Chlamydia-infected synovial fibroblasts. We first examined the
effect of different amounts of antisense and sense ODN (0.5, 1,
and 2 pg per 35-mm-diameter culture well) on ISGF3+y protein
levels in infected cultures (data not shown). Inhibition of
ISGF3y protein synthesis was observed at an amount of 2 pg
of antisense ODN per culture well, whereas the level of mRNA
remained unchanged (Fig. 4). In all further transfection exper-
iments we used 2 pg of ODN per well and harvested the cells
for RT-PCR and immunoblot assays at 24 h after transfection.
As demonstrated in Fig. 4, inhibition of ISGF3vy production by
antisense ODN was associated with a decrease in mRNA and
protein levels of HLA-I. The induction of IFN-B mRNA was
only slightly suppressed by antisense ODN (Fig. 4A). Treat-
ment of Chlamydia-infected fibroblasts with ISGF3y sense
ODN had no inhibitory effect on the expression of any gene
analyzed in this study (Fig. 4).

The up-regulation of ISGF3y in synovial fibroblasts follow-
ing chlamydial infection may be caused by the production of
IFN-B. In the presence of neutralizing antibodies against
IFN-B the production of ISGF3y mRNA and protein was

clearly inhibited when sufficient amounts of antibody were
added (150 neutralizing units/ml) (Fig. 5). This effect was par-
alleled by a decrease in the levels of HLA-I mRNA and protein
(Fig. 5). Furthermore, IFN-B neutralization results in partial
inhibition of IFN-B gene induction, confirming that IFN-
regulates its own synthesis (Fig. 5A) (6, 29).

The time course of mRNA levels demonstrated that the
accumulation of ISGF3y mRNA did not precede the induction
of IFN-B mRNA,; stimulation of IFN-B, ISGF3y, and HLA-I
expression was observed 24 and 48 h after infection (Fig. 6).

Effect of TNF-a« on Chlamydia-stimulated HLA class I ex-
pression. Since TNF-a interacts with chlamydial infection in
the induction of the host cell type I IFN response, we examined
the effect of TNF-a on HLA class I expression in C. tracho-
matis-infected fibroblasts (22, 23). Treatment of infected cells
with TNF-a at 200 U/ml clearly enhanced the synthesis of
HLA-I mRNA and protein, compared to mock-infected cells
incubated with TNF-a or infected cells cultured in medium
alone (Fig. 7). Moreover, 3,M levels were found to be elevated
in infected fibroblasts after TNF-« stimulation (Fig. 7A).

DISCUSSION

In this work the effect of C. trachomatis infection of synovial
fibroblasts on HLA class I expression was investigated. We
used this in vitro model because fibroblasts of the synovial
membrane represent host cells for chlamydiae during articular
infection in reactive arthritis (18). Whether fibroblasts are in-
fected by Chlamydia during infections of the urogenital tract
remains unclear. In situ hybridization of chlamydial DNA and
detection of bacterial antigen in tubal biopsy specimens from
women with postinfectious sterility suggested that C. fracho-
matis persists in submucosal tissues (20). These observations
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FIG. 2. Flow cytometric analysis of HLA class I expression on fibroblasts with and without C. trachomatis infection. (A) HLA-I and 8,M surface
expression on cells in mock-infected and infected cultures. MFI, mean fluorescence intensity. (B) Dual-color assay for HLA-I and Chlamydia
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B) The cells were infected with 5 X 10° IFU/well and harvested 48 h after infection. Results are representative of three experiments.
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We have shown that the infection of synovial fibroblasts with C. trachomatis D

C. trachomatis D stimulates the expression of HLA class I
molecules. This effect could be reduced by IFN-B neutraliza-

tion in infected cultures, demonstrating that a mechanism of HLA-I
the HLA class I enhancement is a secondary effect of IFN-

induced by Chlamydia. The expression of HLA-I is regulated at 0.4 1.2 0.3 0.4

the transcriptional level (27). The interferon-stimulated re- HLA-I/PDH ratio

sponse element which is bound by interferon regulatory family
(IRF) transcription factors such as IRF-1 and ISGF3y, is one
of the main control elements within the HLA-I promoter (27).
Using an antisense ODN technique we could demonstrate that
the increased production of ISGF3y is involved in the up- 0.4 0.5 0.5 0.6
regulation of HLA-I in C. trachomatis-infected cultures. Type B,M/PDH ratio

I IFN can induce the transcription of IFN-stimulated genes by
activating the function of the ISGF3 complex and by enhancing

PDH
the level of ISGF3vy (12, 13). Therefore, the increased produc-
tion of ISGF3y is a critical regulator of the IFN response. S
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treatment had only little effects on induction of the IFN-B ulum of inactivated chlamydiae. RT-PCR analysis was conducted on

gene. These findings indicate that the IFN- initially produced total RNA isolated at 24 h after infection.
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collected 24 h after infection. (A) mRNA levels of ISGF3y, IFN-B,
HLA-I, and B,M were analyzed by RT-PCR. (B) ISGF3y and HLA-I
proteins were detected by immunoblotting.

in response to the chlamydial infection stimulates ISGF3y
production, resulting in enhanced expression of HLA-I.

The treatment of infected cells with TNF-a caused an addi-
tional increase in the synthesis of HLA-I, whereas TNF-a
stimulation of mock-infected cells had only little effect. It is
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FIG. 5. Blocking of Chlamydia-mediated HLA-I enhancement by
IFN-B antibodies. Fibroblasts were infected with C. frachomatis D and
incubated with medium alone or with anti-IFN-B. The cells were col-
lected 24 h after infection. (A) mRNA levels of ISGF3y, IFN-B,
HLA-I, and B,M were analyzed by RT-PCR. (B) ISGF3y and HLA-I
proteins were determined by immunoblotting.
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expression in fibroblasts infected with C. trachomatis D. mRNA levels
were determined by RT-PCR. The cells were infected with 5 X 10°
IFU/well.

known that TNF-«a alone inefficiently induces the IFN-3 gene
but acts in synergism with IFNs in the activation of IFN-
inducible genes (10). Our observations correspond to previous
studies in which an interaction of TNF-a and chlamydial in-
fection in the induction of IFN-B and ISGF3y was found (22,
23).

Recently, Zhong et al. reported that C. trachomatis sup-
presses the expression of HLA class I molecules in HeLa cells
and other tumor cell lines (30). This phenomenon was due to
a Chlamydia-specific factor (chlamydial protease-like activity
factor) which is secreted into the host cell cytoplasm and de-
grades regulatory factor X-5, a transcription factor participat-
ing in HLA-I gene expression (27, 30, 31). However, the acti-
vation of specific CD8* T cells in chlamydial infections
provides an argument against the hypothesis of a general in-
hibition of HLA-I in all Chlamydia-infected cells. Our data
indicate that the induction of the type I IFN response of the
host cell plays an important role in the expression of HLA class
I molecules after chlamydial infection.

In contrast to the stimulatory effect on HLA class I synthesis,
C. trachomatis D inhibits the IFN-y-induced expression of
HLA class II molecules in synovial fibroblasts (21). Therefore,
it is possible that an HLA class I-restricted CD8"-T-cell re-
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collected 24 h after infection.

sponse participates in the recognition of Chlamydia-infected
nonprofessional phagocytes. The involvement of cytotoxic T
lymphocytes in the immune response to C. trachomatis infec-
tions has been demonstrated in several studies (7, 11, 15, 17,
25). Besides the ability to lyse infected cells, the production of
IFN-y is another potential mechanism for CD8" T cells to
limit the spread of infection (15).

In conclusion, we have shown that the infection of synovial
fibroblasts with C. frachomatis D results in an up-regulation of
HLA-I which is caused by the induction of IFN-B and ISGF3y.
Further studies are needed to elucidate whether the IFN-3-
mediated expression of HLA class I molecules on Chlamydia-
infected cells has any impact on the activation of CD8" T
lymphocytes and influences the control of chlamydial infection.
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