
Expression of arthritis-causing HLA-B27 on Hela cells promotes
induction of c-fos in response to in vitro invasion by Salmonella
typhimurium.

T Ikawa, … , R B Raybourne, D T Yu

J Clin Invest. 1998;101(1):263-272. https://doi.org/10.1172/JCI471.

HLA-B27 confers a very strong genetic predisposition to development of a reactive arthritis after infection by bacteria such
as Salmonella typhimurium. This study examines the role of HLA-B27 in the initiation of the earliest host activities after
exposure to Salmonella, namely activation of the immediate early genes in the epithelial cells. Our major finding is that in
Hela cells, the expression of c-fos was induced by Salmonella invasion only when the cells expressed the transfected
HLA-B27 gene, but not the HLA-A1 gene or a truncated HLA-B27 gene lacking the exons encoding the cytoplasmic
domain. C-fos is potentially capable of complexing with members of the c-jun family to become the AP-1 transcription
complex. Parallel to c-fos expression, we found that only with the HLA-B27 transfectant was there expression of AP-1.
AP-1 potentially controls the expression of a large number of genes. On screening a panel of proinflammatory molecules,
we found that Salmonella invasion induced expression of monocyte chemoattractant protein-1 in the HLA-B27 cells. Since
each of these separate positive findings belong to the same cascade of events after cell activation, together they
reinforce the hypothesis that HLA-B27 plays a modulatory role in the early signal transduction events induced by
Salmonella invasion. This hypothesis adds another item to the list of allele-specific activities carried out by HLA class I
molecules. If similar […]

Research Article

Find the latest version:

https://jci.me/471/pdf

http://www.jci.org
http://www.jci.org/101/1?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI471
http://www.jci.org/tags/51?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/471/pdf
https://jci.me/471/pdf?utm_content=qrcode


 

Salmonella Invasion into B27-Hela Cells Induced c-fos Expression

 

263

 

The Journal of Clinical Investigation
Volume 101, Number 1, January 1998, 263–272
http://www.jci.org

 

Expression of Arthritis-causing HLA-B27 on Hela Cells Promotes Induction of
c-

 

fos

 

 in Response to In Vitro Invasion by 

 

Salmonella typhimurium

 

Takashi Ikawa,* Makoto Ikeda,* Akihiro Yamaguchi,* Wen Chan Tsai,* Naoto Tamura,* Noriyuki Seta,* Mary Trucksess,

 

‡

 

 
Richard B. Raybourne,

 

§

 

 and David Tak Yan Yu*

 

*

 

Rheumatology Division, UCLA School of Medicine, Los Angeles, California 90095-167022; 

 

‡

 

Center for Food Safety and Applied 
Nutrition, Food and Drug Administration, Washington, D.C. 20204; and 

 

§

 

Immunobiology Branch, Food and Drug Administration, 
Laurel, Maryland 20708

 

Abstract

 

HLA-B27 confers a very strong genetic predisposition to de-
velopment of a reactive arthritis after infection by bacteria
such as 

 

Salmonella typhimurium

 

. This study examines the
role of HLA-B27 in the initiation of the earliest host activi-
ties after exposure to 

 

Salmonella

 

, namely activation of the
immediate early genes in the epithelial cells. Our major
finding is that in Hela cells, the expression of c

 

-fos

 

 was in-
duced by 

 

Salmonella

 

 invasion only when the cells expressed
the transfected HLA-B27 gene, but not the HLA-A1 gene or
a truncated HLA-B27 gene lacking the exons encoding the
cytoplasmic domain. C-fos is potentially capable of com-
plexing with members of the c-

 

jun

 

 family to become the
AP-1 transcription complex. Parallel to c

 

-fos

 

 expression,
we found that only with the HLA-B27 transfectant was
there expression of AP-1. AP-1 potentially controls the ex-
pression of a large number of genes. On screening a panel of
proinflammatory molecules, we found that 

 

Salmonella

 

 inva-
sion induced expression of monocyte chemoattractant pro-
tein-1 in the HLA-B27 cells. Since each of these separate
positive findings belong to the same cascade of events after
cell activation, together they reinforce the hypothesis that
HLA-B27 plays a modulatory role in the early signal trans-
duction events induced by 

 

Salmonella

 

 invasion. This hy-
pothesis adds another item to the list of allele-specific activ-
ities carried out by HLA class I molecules. If similar
activation also occurs in the joints, it may play a major role
in arthritis. (

 

J. Clin. Invest.

 

 1998. 101:263–272.) Key words:
HLA-B27 

 

•

 

 reactive arthritis 

 

•

 

 c

 

-fos 

 

•

 

 AP-1 

 

•

 

 MCP-1

 

Introduction

 

Although 

 

Salmonella

 

-induced reactive arthritis is initiated by
an episode of 

 

Salmonella

 

 

 

typhimurium

 

 gastrointestinal infec-
tion, no viable pathogen has been recovered from the joints
(1). Importantly, the majority of the patients carry the HLA

class I allele, HLA-B27 (2). Based on studies of family cohorts
and HLA-B27 transgenic animals, it is accepted that HLA-B27
is one of the arthritis-causing genes (3, 4). The once-prevailing
hypothesis that HLA-B27 induces arthritis by presenting 

 

Sal-
monella

 

-derived peptides to CD8

 

1

 

 T lymphocytes has been
supported only by circumstantial evidence (5). The now
equally appealing hypothesis postulates that HLA-B27 causes
disease by altering the susceptibility of host cells, either to bac-
terial invasion or to bacterial multiplication (6, 7). However,
supporting experimental results are reportedly not reproduc-
ible (8). This hypothesis would be the case if 

 

Salmonella

 

 inva-
sion initiates several interconnecting molecular cascades of
cellular reaction, and the reported observations reflect very
late events. What is needed, then, is to focus on the earlier mo-
lecular processes.

In this paper, we focus on two such processes. The first is
the expression of c

 

-fos, 

 

a rapid response

 

 

 

immediate-early gene.
The second process we measure is generation of proinflamma-
tory cytokines and chemokines. The c

 

-fos

 

 is selected because it
is the point of convergence of multiple signal transduction
pathways (9), so that measuring such a parameter will allow si-
multaneous assessment of diverse pathways. 

To study the role of HLA-B27, we transfected HLA-B27
and the arthritis-unrelated HLA-A1 into Hela cells (10). Since
the cytoplasmic domain of the HLA class I molecules carries a
serine residue that can potentially participate in signal trans-
duction events, we also generated a truncated mutant of the
HLA-B27. We found that expression of the parent HLA-B27
gene modulated the response of the cells to 

 

Salmonella

 

 inva-
sion to promote the expression of c

 

-fos

 

 gene, and also to gen-
erate monocyte chemoattractant protein-1 (MCP-1).

 

1

 

 
From these findings, we hypothesize that expression of

HLA-B27 is associated with the potential of activating other-
wise silent signal transduction pathways. Depending on the lo-
cation in the hosts and whether the cytokines or chemokines
activated are proinflammatory, this HLA-B27–associated acti-
vation can contribute to the development of joint inflamma-
tion. 

 

Methods

 

Construction of the cDNA of an HLA-B27 mutant lacking the sixth
and seventh exons. 

 

This cDNA was constructed by PCR using the
cDNA of B*2705 as template and the 

 

Pfu

 

 DNA polymerase as en-
zyme (Stratagene Inc., La Jolla, CA). The 5

 

9

 

 primer was 5

 

9

 

-CGA-
AGTCGACATGCG GGTCACGGCG-3

 

9

 

, which consisted of the
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SalI site and the first 15 bases of exon 1 of B*2705. The 3

 

9

 

 primer was
5

 

9

 

-GGAAGAGCTCAGTGAGGATCCTCA-3

 

9

 

, which consisted of
the 

 

Bam

 

H1 site and the terminal 15 bases of exon 5 of B*2705. The
PCR procedures followed those reported previously (11). This PCR
product was purified by the QIAquick PCR purification kit (QIAGEN
Inc., Chatsworth, CA), and then cloned into the RSV5.

 

neo

 

 vector us-
ing its unique SalI and BamHI sites. The correctness of the sequence
was verified by the Sequenase 2.0 DNA sequencing kit (Amersham
Corp., Arlington Heights, IL). This gene was designated as the “mu-
tant B27”.

 

Cell lines and culture condition.

 

The Hela cell line was purchased
from American Type Culture Collection (Rockville, MD). We ob-
tained the cDNA encoding the B*2705 gene and the HLA-A1 gene
from Dr. B. Carreno (University of Washington, Seattle, WA) and
Dr. R. Turner (National Institutes of Health, Bethesda, MD) respec-
tively. The genes have already been inserted into the RSV5.

 

neo

 

 vec-
tor by the respective investigators. These as well as the mutant B27
were transfected into the Hela cells using Lipofectin and following a
protocol provided by the manufacturer (GIBCO BRL, Gaithersburg,
MD). G418-resistant cell colonies were screened by immunofluores-
cence for the expression of HLA-B27 and HLA-A1. These transfec-
tants were designated as the “B27-Hela,” the “A1-Hela” and the “mu-
tant B27-Hela.” Cells were cultured in RPMI with 10% fetal calf sera
at 37

 

o

 

C in 5% CO

 

2

 

. Media for the transfectants were supplemented
with 0.5 mg/ml G418.

 

Monoclonal antibodies.

 

The IgG monoclonal antibodies used
were the W6/32, the ME1, and the GS 142.2. The W6/32 and the ME1
were purchased from American Type Culture Collection. The
GS142.2 was kindly provided by Dr. I. Hellström (Bristol-Meyers
Squibb Pharmaceuticals, Seattle, WA). The W6/32 is reactive with
HLA class I of the -A, -B, and -C series. The ME1 is reactive with the
following HLA-B alleles: B7, B22, B27, B42, B67, and B73. The
GS142.2 is reactive with HLA-A1 and HLA-Aw36. Flow cytometric
analysis used PE-conjugated goat anti–mouse IgG as the second anti-
body. Details of the method have been reported previously (11). 

 

Immunoprecipitation of HLA-B27.

 

Cells were first cultured for
45 min in methionine and cysteine-free RPMI medium containing
10% dialyzed fetal calf sera. Samples of 5

 

 3 

 

10

 

6

 

 cells were then la-
beled for 4 h with 0.1–0.2 mCi of [

 

35

 

S]methionine and [

 

35

 

S]cysteine
(DuPont-NEN, Boston, MA). The cells were lysed on ice for 30 min
with 0.5% NP-40, 20 mM PMSF, 5 mM iodoacetamide in 100 mM
NaCl, and 10 mM Tris HCl, pH 7.4. Lysates were precleared over-
night at 4

 

8

 

C with 50 

 

m

 

l of a 10% suspension of Pansorbin (Calbio-
chem Corp., San Diego, CA). Precleared samples were immunopre-
cipitated with ME1 antibody conjugated to protein A-agarose (Santa
Cruz Biotechnology, Santa Cruz, CA). Immunoprecipitates were
eluted with 2% SDS sample buffer at boiling water temperature, and
the molecules were then separated by SDS-PAGE in a 10.5% poly-
acrylamide gel. The gels were exposed to X-ray film overnight before
development. 

 

Bacterial strains and invasion procedure.

 

The following bacterial
strains were kindly provided by Dr. B. Finlay (University of British
Columbia, Vancouver, Canada): wild-type

 

 Salmonella

 

 

 

typhimurium

 

SL1344, the noninvasive mutant SB111, and the SB111 carrying the

 

inv

 

 gene of 

 

Yersinia pseudotuberculosis 

 

(12). Unless otherwise stated,
the wild-type 

 

Salmonella

 

 strain will be referred to in this paper as 

 

Sal-
monella

 

. An inoculum of one of these bacterial strains into a 5-ml ali-
quot of Luria broth was cultured overnight at 37

 

8

 

C without shaking
the culture flask. Hela, B27-Hela, mutant B27-Hela, or A1-Hela cells
were seeded at a density of 5

 

 3 

 

10

 

6

 

 cells per 100-mm diameter culture
plate, or 1–2

 

 3 

 

10

 

5

 

 cells per well of a 24-well culture plate. The next
day, 

 

Salmonella

 

 were added to achieve a bacterium/cell ratio of 25:1.
The preparations were then cultured at 37

 

8

 

C. In a small number of
experiments, culture was terminated after 30 min. In the rest, culture
was maintained for 1 h. Afterwards, the Hela cells were washed four
times with PBS containing 50 

 

m

 

g/ml of gentamicin sulfate, and then
incubated in RPMI 10% FCS containing 100 

 

m

 

g/ml gentamicin sul-
fate. Control mock-invaded samples were those washed in parallel,

 

except that no bacteria were added. To enumerate the number of
bacteria associated with the cells, at various time points after initia-
tion of culture the culture wells were washed 4

 

3

 

 with PBS. 1 ml of
1% Triton X-100 was added to each well to lyse the cells. This bacte-
rial sample was then plated onto tryptic soy agar plates and cultured
for 24 h at 37

 

8

 

C before counting the number of colonies. 

 

Extraction of RNA, reverse transcription, and adjustment of sam-
ple concentration for the reverse transcription (RT)-PCR assay.

 

To-
tal RNA was extracted from cells by the guanidium thiocyanate
MicroRNA isolation kit following a protocol provided by the manu-
facturer (Stratagene Inc.). The concentration of RNA was assessed
by a GenQuant II spectrophotometer (Pharmacia LKB Biotechnology
Inc., Piscataway, NJ). Reverse transcription was carried out in 20-

 

m

 

l re-
action volumes. Besides 1 

 

m

 

g of RNA, each sample contained the fol-
lowing: 200 U Moloney murine leukemia virus reverse transcriptase
(GIBCO BRL), 20 U RNase inhibitor (Promega Corp., Madison,
WI), 2 

 

m

 

l

 

 

 

of 10

 

3

 

 PCR Buffer II (Perkin Elmer Corp., Foster City,
CA), 5 mM MgCl

 

2

 

, 0.5 

 

m

 

g Oligo(dT)

 

15

 

 (Promega Corp.), and 0.5 mM
each of dATP, dCTP, dGTP, and dTTP. These samples were incu-
bated at 42

 

8

 

C for 40 min. The reaction was terminated by incubation
at 99

 

8

 

C for 5 min. To compare RT-PCR results from different cell
samples, the cDNA encoding 

 

b

 

-actin

 

 was adjusted to the same con-
centration using the PCR MIMIC assay following the procedure pro-
vided by the manufacturer (CLONTECH, Palo Alto, CA). To avoid
errors of variation between experiments, samples that were to be
compared with each other were all extracted from cells on the same
day, and were analyzed in the same experiment. 

 

Amplification by PCR.

 

PCR amplification of a targeted gene se-
quence was carried out using the automated thermocycler RoboCy-
cler 40 (Stratagene). Each 20-

 

m

 

l reaction volume consisted of water,
2 

 

m

 

l 10

 

3

 

 PCR buffer, 0.2 

 

m

 

l of 10 mM dNTP mix (Boehringer, India-
napolis, IN), 0.2 

 

m

 

l Ampli

 

Taq

 

 DNA polymerase (Perkin Elmer
Corp.), 2 

 

m

 

l first-strand cDNA, and 20 pmol of each PCR primer. The
reaction mixture was subjected to 30 amplification cycles, each con-
sisting of 96

 

8

 

C for 1 min, a predetermined annealing temperature for
30 s, and finally 72

 

8

 

C for 1 min. The PCR products were electro-
phoresed in 2% agarose gels. To assess the amount of each amplified
product, the DNA was stained with ethidium bromide and photo-
graphed with a Polaroid type 55 film (Polaroid, Cambridge, MA).
The density of each band in the negative of the film was measured by
an UltroScan XL (Pharmacia LKB Biotechnology Inc.). All the den-
sitometry measurements observed in this paper fell in a linear rela-
tionship with the amount of DNA. Oligonucleotides were synthesized
with an Applied Biosystem 394 DNA/RNA synthesizer (Perkin-Elmer
Corp.) according to standard procedures. DNA was purified using
solid-phase extraction cartridges. The sequences of the PCR primers
are shown in Table I. The sequences follow those previously pub-
lished by other investigators (13–20).

 

MIMIC PCR assay for c-fos.

 

MIMIC PCR internal standards for
both human 

 

b

 

-actin

 

 and c

 

-fos

 

 were provided by the pQB3 plasmid
(Dr. D. Shire, Sanofi, Labége, France; 21). This plasmid was trans-
formed into TOP10F

 

9

 

 

 

E. coli

 

 (Invitrogen, San Diego, CA). The trans-
formed bacteria were cultured in Luria Broth with 100 

 

m

 

g/ml of car-
benicillin. Plasmid DNA was extracted by the QIAprep Spin
Miniprep Kit (QIAGEN Inc.), and was linearized using two sequen-
tial additions of 40 U of EcoRI (Stratagene Inc.) per 4 

 

m

 

g of plasmid.
Serial tenfold and twofold dilutions of this preparation were made.
The method of this 

 

b

 

-actin

 

 and c

 

-fos

 

 MIMIC assay was based on the
Clontech MIMIC protocol. The PCR primers were based on the se-
quences of the internal standards in the pQB3, and were as follows:

 

b

 

-actin

 

 sense, 5

 

9

 

-GGGTCAGAAGGATTCCTATG-3

 

9

 

; 

 

b

 

-actin

 

 anti-
sense, 5

 

9

 

-GGTCTCAAACATGATCTGGG-3

 

9

 

; c

 

-fos

 

 sense, 5

 

9

 

-GAG-
CTGACTGATACACTCCA-3

 

9

 

; and c

 

-fos

 

 antisense, 5

 

9

 

-GCTCTTGA-
CAGGTTCCACTG-3

 

9

 

. Each PCR reaction was 10 

 

m

 

l in volume and
contained 1 

 

m

 

l of cDNA to be assayed, 1 

 

m

 

l of diluted standard, 1 

 

m

 

l
of 10

 

3 

 

PCR Buffer (Perkin-Elmer Corp.), 100 

 

m

 

M each of dNTPs,
1 

 

m

 

M each of sense and antisense primers, and 1 U of AmpliTaq
Gold (Perkin-Elmer Corp.). Each PCR reaction consisted of 94

 

o

 

C
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for 9 min, followed by 10 cycles each with 30 s at 94

 

8

 

C, 30 s at 60

 

8

 

C,
and 45 s at 72

 

8

 

C. This reaction was followed by a second amplification
of 17 cycles for 

 

b

 

-

 

actin

 

 and 20 cycles for c

 

-fos

 

, each cycle consisting
of 948C for 30 s, 558C for 30 s, and 728C for 45 s. The final extension
step was at 728C for 3 min. 5 ml of each PCR product was applied on
a 1.5% agarose gel and visualized by ethidium bromide staining.
The size of the PCR fragment derived from the internal standard was
410 bp. The sizes of the amplicons for b-actin and c-fos were 237 and
296 bp, respectively.

Hypersensitive detection of c-fos PCR products using biotinylated
PCR probes. PCR products of c-fos and b-actin were generated by
RT-PCR as described in the previous section. Using these PCR prod-
ucts as templates, biotinylated PCR probes were synthesized using
BrightStar DECAprime-Biotin Kit following the protocol provided
by the manufacturer (Ambion Inc., Austin, TX). PCR products to be
tested by these biotinylated probes were electrophoresed in 1.5%
agarose gels. Afterwards, the samples were denatured by incubating
the gels in 0.2 N NaOH, 0.6 M NaCl for 45 min. The pH was adjusted
to neutral by incubating the gels in 0.6 M NaCl, 0.24 M Tris-HCl,
pH 7.4. Subsequent procedures and reagents used the NorthernMax
Kit (Ambion Inc.). PCR products in each gel were transferred using
a downward capillary method to a Zeta-Probe Blotting Membrane
(Bio-Rad Laboratories, Hercules, CA). The membrane was baked at
808C for 30 min in a vacuum oven, and then incubated in prehybrid-
ization buffer at 428C for 30 min before transfer into the hybridization
buffer. A biotinylated probe was added to the membrane in 10 ml of
hybridization buffer. Detection of hybridized biotinylated probes on
the membrane used the reagents and the procedure of the BrightStar
BioDetect Kit (Ambion Inc.). The chemiluminescence was detected
by exposure for 1 h to a X-OMAT AR film (Eastman Kodak Co.,
Rochester, NY).

Extraction of nuclear proteins, and testing for transcription factors
by the electrophoretic mobility shift assay (EMSA). To extract nu-
clear proteins, 1 3 l07 cells were washed in ice-cold PBS, resuspended
in 0.4 ml of 10 mM KCl, 1 mM DTT, 0.1 mM EGTA, 0.1 mM EDTA,

0.1 mM aminoethylbenzenesulfonyl fluoride, and 10 mM Hepes,
pH 7.9, and incubated on ice for 15 min. 25 ml of a 10% Nonidet P-40
in water were added with gentle mixing to lyse the cell membrane.
The intact nuclei were pelleted by centrifugation for 5 min at 1,000
rpm and resuspended in 75 ml of 400 mM NaCl, 1.0 mM EGTA, 1.0 mM
EDTA, 1 mM DTT, 33 mg/ml aprotinin, 10 mg/ml leupeptin, 10 mg/ml
trans-Epoxysuccinyl-L-leucylamido(4-guanidino) butane, 10 mg/ml
pepstatin A, 2 mM AEBSF, and 20 mM Hepes, pH 7.9. Reagents
were purchased from Sigma Chemical Co. (St. Louis, MO). The sam-
ple was incubated at 48C in constant rotation for 30 min to lyse the
nuclear membrane. Debris was removed by a 7-min centrifugation at
14,000 rpm at 48C. Protein concentration in the supernatant was de-
termined using the Protein Assay Kit (Bio-Rad Laboratories). 

To test for the presence of a particular transcription factor, 100 ng
of a double-stranded oligonucleotide containing the consensus se-
quence for binding to that transcription factor was isotopically la-
beled using T4 polynucleotide kinase and 50 Ci of [32P]dATP with a
specific activity of z 108 cpm/mg (both from Amersham Corp.) in 1
mM EDTA, 50 mM NaCl, and 10 mM Tris-HCl, pH 8.0. Unincorpo-
rated [32P]dATP was removed by centrifugation through a STE se-
lect-D G25 column (5 prime → 3 prime, Boulder, CO). The amount
of incorporated isotope was assessed by scintillation counting. The
double-stranded oligonucleotides were purchased from Santa Cruz
Biotechnology. Their sequences were as follows: SRE, 59 GGAT-
GTCCATATTAGGACATCT 39; NF B, 59 AGTTGAGGGGAC-
TTTCCCAGGC 39; CREB, 59 AGAGATTGCCTGACGTCAGAG-
AGCTAG 39; Sis-inducible enhancer (SIE), GTGCATTTCCCG-
AAATCTTGTCTACA 39; AP-1, 59 CGCTTGATGACTCAGCCG-
GAA 39; mutant AP-1, 59 CGCTTGATGACTTGGCCGGAA 39. 

For each EMSA sample, 8 mg of nuclear protein was added into a
15-ml reaction mixture containing 50 mM KCl, 10% glycerol, 0.5 mM
DTT, 0.1 mM EDTA, 4 mg poly(dI-dC), 1 mg herring sperm DNA
(Promega Corp.), and 20 mM Hepes, pH 7.9, with 100,000 cpm of a
labeled oligonucleotide. The sample was incubated at 08C for 20 min.
For each competitive assay, nuclear protein was first incubated with

Table I. Sequences of PCR Primers for RT-PCR Experiments

mRNA
species 59 primer 39 primer

bp of PCR
products

IL-1a 59-GTCTCTGAATCAGAAATCCTTCTATC-39 59-CATGTCAAATTTCACTGCTTCATCC-39 420
IL-1b 59-GAGCTCGCCAGTGAAATGATGGC-39 59-GCCCTGAGTGTCGTTTTTTCGAAC-39 386
IL-2 59-ATGTACAGGATGCAACTCCTGTCTT-39 59-GTTAGTGTTGAGATGATGCTTTGAC-39 458
IL-4 59-ATGGGTCTCACCTCCCAACTGCT-39 59-CGAACACTTTGAATATTTCTCTCTCAT-39 456
IL-5 59-GCTTCTGCATTTGAGTTTGCTAGCT-39 59-TGGCCGTCAATGTATTTCTTTATTAAG-39 293
IL-6 59-ATGAACTCCTTCTCCACAAGCGC-39 59-GAAGAGCCCTCAGGCTGGACTG-39 628
IL-8 59-ATGACTTCCAAGCTGGCCGTGGCT-39 59-TCTCAGCCCTCTTCAAAAACTTCTC-39 289
IL-10 59-ACCAAGACCCAGACATCAAGG-39 59-GCCCCAAGCCCAGAGACAAGA-39 600
IL-12(P40) 59-ATGTCGTAGAATTGGATTGGTATCCG-39 59-GTACTGATTGTCGTCAGCCACCAGC-39 358
TGF-b1 59-GCCCTGGACACCAACTATTGCT-39 59-AGGCTCCAAATGTAGGGCAGG-39 303
TNF-a 59-CGGGACGTGGAGCTGGCCGAGGAG-39 59-CACCAGCTGGTTATCTCTCAGCTC-39 355
IFN-g 59-ATGAAATATACAAGTTATATCTTGGCTTT-39 59-GATGCTCTTCGACCTCGAAACAGCAT-39 501
GM-CSF 59-ACACTGCTGAGATGAATGAAACAGTAG-39 59-TGGACTGGCTCCCAGCAGTCAAAGGGATG-39 286
MCP-1 59-TCTGTGCCTGCTGCTCATAGC-39 59-GGGTAGAACTGTGGTTCAAGAGG-39 510
CD14 59-ACTCCCTCAATCTGTCGTTCGCTG-39 59-CTGAAGCCAAGGCAGTTTGAGTCC-39 338
LIF 59-AGATCAGGAGCCAACTGGCA-39 59-ACCCAACTCCTGAGATCCCT-39 517
Integrin b1 59-GCGAAGGCATCCCTGAAAGT-39 59-GGACACAGGATCAGGTTGGA-39 663
CD44 59-CAGACCTGCCCAATGCCTTTGATGGACC-39 59-CAAAGCCAAGGCCAAGAGGGATGCC-39 445
c-Fos 59-AGCTATCTCCTGAAGAGGAA-39 59-AGGCTCCCAGTCTGCTGCAT-39 524
c-Jun 59-ATGCCCTCAACGCCTCGTTCC-39 59-CTGGGCAGCGTGTTCTGGCTGT-39 352
b-actin 59-AACTGGGACGACATGGAGAA-39 59-ATACCCCTCGTAGATGGGCA-39 253

Annealing temperature for all primers was 60°C, except that for CD14 which was 56°C.
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100-fold molar excess of unlabeled competitor oligonucleotide at 08C
for 15 min before addition of the radioactive oligonucleotide. For
each supershift assay, 1 ml of an antibody preparation was added to
the nuclear protein and incubated at 08C for 30 min before, adding
the labeled oligonucleotide. Rabbit antibodies specific for human c-fos,
fosB, c-jun, junB, and junD were purchased from Santa Cruz Bio-
technology. EMSA samples were electrophoresed in 4% polyacryl-
amide gels in pH 8.3 Tris-borate-EDTA buffer at 150 V for 2 h. After
drying, the gels were exposed for 24 h at 2808C to x-ray films (East-
man Kodak Co.). 

ELISA for IL-2, IL-6, IL-8 and MCP-1. ELISA for IL-2, IL-6, IL-8,
and MCP-1 with minimum sensitivity of 9, 2, 15, and 20 pg/ml, respec-
tively, were carried out with Cytoscreen Immunoassay Kits pur-
chased from BioSource International (Camarillo, CA). Supernatants
of cell cultures either undiluted or diluted with culture media were
added to ELISA wells coated with antibodies against the correspond-
ing cytokine or chemokine. After washing, biotin-conjugated anti-
body preparation directed against the same molecule was added. The
amount of reactive antibody was determined by Streptavidin-HRP
and a chromogen provided by the commercial test kits. Standard
amounts of molecules were assayed in parallel for comparison. Sam-
ples were assayed in duplicate. 

Results

Generation of transfectants in the Hela cell line. From the cDNA
of the B*2705, a gene was constructed that lacked the sixth and
seventh exons encoding the cytoplasmic tail. This mutant
HLA-B27 gene was cloned into the eukaryotic expression vec-
tor RSV5.neo. RSV5.neo carrying the cDNA of the parent
B*2705, the mutant HLA-B27, or the HLA-A1 were sepa-
rately transfected into the Hela cell line. These are designated
respectively as the B27-Hela, the mutant B27-Hela, and the
A1-Hela. To verify that the truncated B27 gene encoded an
HLA class I heavy chain of smaller molecular weight, B27-
Hela and mutant B27-Hela cells were isotopically labeled and
immunoprecipitated with the ME1 antibody. The HLA-B27
heavy chain of the B27-Hela cells was 45 kD. The heavy chain
of the mutant B27-Hela cells was 43 kD, in agreement with the
sizes of the respective cDNA. B27-Hela and mutant B27-Hela
were tested in flow cytometry with the anti–HLA-B27 mono-
clonal antibody ME1, and the A1-Hela with the anti–HLA-A1
monoclonal antibody GS142.2. The results of these experi-
ments showed that the levels of expression of these transfected
genes were within the same logarithmic range of immunofluo-
rescence values. The parent Hela was unreactive with either
antibody (Fig. 1, right). The panel of cell lines was also tested
with the W6/32 antibody, which does not discriminate HLA
class I alleles. The mean fluorescence intensities of Hela, A1-
Hela, B27-Hela, and mutant B27-Hela were 12.2, 22.4, 29.5,
and 48.4, respectively, indicating that the B27-Hela was not the
one expressing the highest number of surface molecules en-
coded by the transfected gene (Fig. 1, left).

Expression of transfected genes did not change the number
of cell-associated Salmonella. The number of cell-associated
Salmonella were enumerated at various time points after add-
ing Salmonella. No bacteria were recovered with the noninva-
sive mutant SB111. With the wild-type strain SL1344, signifi-
cant numbers were recovered 3 h after adding the bacteria.
However, there were no statistically significant differences
among the various cell lines. For this time point, a total of
three separate triplicate experiments was carried out (Fig. 2).
Although a lack of ability of Salmonella to replicate in Hela
cells has already been reported by other investigators (22), we

still tested our samples 24 h after adding the bacteria. Indeed,
less than 10 bacteria were recovered from each 2 3 105 cell
sample. In one experiment, samples were also tested 48 h after
adding the bacteria. No colony-forming Salmonella were ob-
served. 

Salmonella invasion into B27-Hela cells induced expression
of c-fos. To test for the levels of c-fos mRNA, B27-Hela as
well as the parent Hela cells were subjected to invasion by
wild-type Salmonella typhimurium as well as mock invasion.
RNA was extracted at the following time intervals: 1 min, 30
min, 60 min, and overnight. RT-PCR was carried out. The den-
sitometry readings of the ethidium bromide–stained PCR
products of c-fos and c-jun are shown in Fig. 3 a.

For the B27-Hela cells, there was an increase in RT-PCR
results of the c-fos 30 min after adding the Salmonella. The in-
crease was even more at 60 min, but subsided to baseline level
the next day. This extent of the increase was not observed with
mock invasion or with the parent Hela cells. No increase was
observed with the c-jun RT-PCR products irrespective of the
HLA-B27. 

To ensure the specificity of the PCR procedure and the re-
producibility of the results, PCR products generated in a sepa-

Figure 1. Antibody reactivity of the parent Hela cell line and its 
transfectants. Hela cells were separately transfected with the HLA-A1 
and the HLA-B27 genes as well as with the mutant HLA-B27 gene. 
All four cell lines were tested with the W6/32 antibody (left). A1-Hela 
was tested with the GS142.2 antibody, B27-Hela, and mutant
B27-Hela with the ME1 antibody (right). Parent Hela cells were 
tested separately with each of these antibodies. Results with the par-
ent Hela cells were negative with either antibody. Only that with 
ME1 is shown here. Each cell line on the right corresponds to that on 
the left. y-axis shows the numbers of cells. x-axis shows immunofluo-
rescence values in logarithms of ten. 
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rate experiment and obtained from cells 1 h after adding
Salmonella were tested in a hybridization assay with a biotin-
labeled c-fos probe. Because of the heightened sensitivity, a
much stronger positive result was observed in the B27-Hela
cells that were incubated with Salmonella. In spite of the in-
creased intensity, no other positive bands were observed in the
same lane. Also validating the specificity, no positive band was
observed with the mock invasion sample, or with any of the
parent Hela cell samples. Uniform reactivity with the b-actin
probe served as a control (Fig. 3 b).

In the next experiment, we added A1-Hela as a control for
B27-Hela, noninvasive mutant as a control for the wild-type
Salmonella, and finally precision in RT-PCR analysis by using
a plasmid with internal standards for both b-actin and c-fos.
Based on the time sequence shown in Fig. 3 a, cells were incu-
bated for 1 h with bacteria before extraction of RNA. For each
sample, the result with the c-fos was expressed as a ratio of the
result of the b-actin derived from the same sample. C-fos ex-
pression with the wild-type Salmonella using the B27-Hela
cells was at least four times those of other samples (Fig. 3 c).

Salmonella invasion into B27-Hela cells induced generation
of transcription factors for the c-fos promoter. Within the c-fos
promoter, there are at least three distinct cis-acting response
elements that bind transcription factors: the Sis-inducible en-
hancer (SIE), the serum response element (SRE), and the
cAMP response element (CRE; 23). Oligonucleotides carrying
the respective consensus sequences were isotopically labeled.
For comparison, we also labeled an oligonucleotide correspond-
ing to the binding sequence of nuclear factor-kB (NF-kB).
EMSA was carried out using nuclear factors extracted from
B27-Hela cells. With the SIE and NF-kB oligonucleotides, the
bands that could be observed were rather faint irrespective of

Salmonella invasion (Fig. 4, lanes 1–6). With the CREB oligo-
nucleotide, one major band was observed even without Salmo-
nella invasion. This strong CREB band was specific because it
was completely inhibited by the presence of excess unlabeled
CREB oligonucleotide (Fig. 4, lanes 10–12). 

The most remarkable result was observed with the labeled
SRE oligonucleotide. In the sample with mock invasion, two
bands were observed: a strong upper and a very faint lower
band (Fig. 4, lane 7). In the sample incubated with Salmonella,
the lower band became much stronger in intensity (Fig. 4, lane
8). As a test for specificity, the appearances of both bands were
completely inhibited when the samples were incubated in the
presence of excess unlabeled SRE oligonucleotide (Fig. 4,
lane 9).

In the next experiment, the EMSA with the labeled SRE
oligonucleotide was repeated. The results were identical to
those of the previous experiment (Fig. 5, lanes 1–3). At the
same time, nuclear proteins prepared from the following cell
lines were also assayed: parent Hela, mutant B27-Hela, and A-1-
Hela. With these three cell lines, only the upper band was ob-
served. In none of these cell lines was the lower band induced
by Salmonella invasion (Fig. 5, lanes 4–9).

Salmonella invasion into B27-Hela cells also induced a pos-
itive EMSA with the AP-1 oligonucleotide. Since the gener-
ated c-fos would potentially complex with a member of the
c-jun family to become the AP-1 complex transcription factors,
EMSA was carried out using such a double-stranded AP-1 oli-
gonucleotide. A positive autoradiography band was observed
with the Salmonella-exposed B27-Hela cells (Fig. 6, lane 2).
Significantly, the result was negative with mock invasion (Fig.
6, lane 1). The results were also negative with the parent Hela
cells (Fig. 6, lanes 3 and 4), or the mutant B27-Hela cells (Fig.
6, lanes 5 and 6), or the A1-Hela cells (Fig. 6, lanes 7 and 8) ir-
respective of Salmonella invasion. B27-Hela cells were also
tested with the noninvasive Salmonella typhimurium mutant
SB111 as well as this Salmonella mutant carrying the Yersinia
invasin gene. Results were negative and are not shown in the
figure.

To test the reproducibility of this AP-1 experiment, the as-
say with the B27-Hela cells was repeated. The results were the
same (Fig. 7, lanes 1 and 2). In addition, to verify the authen-
ticity of the observation, the appearance of the positive AP-1
band was inhibited when the sample was incubated with an ex-
cess of unlabeled AP-1 oligonucleotide (Fig. 7, lane 3). As ad-
ditional verification, results were negative, with labeled mu-
tant AP-1 oligonucleotide carrying an ineffective sequence
(Fig. 7, lanes 9 and 10).

An experiment was also carried out to test which members
of the AP-1 transcription families were involved in the positive
AP-1 assay using antibodies against the following gene prod-
ucts: c-jun, junB, junD, c-fos, and fosB. With antibodies
against products of c-fos and junD, in addition to the positive
band, an additional band of higher molecular weight was ob-
served (Fig. 7, lanes 6 and 7). Supershift was not observed with
the other antibodies.

Salmonella invasion induced gene expression of MCP-1 in
B27-Hela cells. RNA derived from Hela and B27-Hela cells
were tested in RT-PCR with PCR primers designed to detect
the following: IL-1a, IL-1b, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10,
IL-12, TGF-b1, TNFa, IFNg, GM-CSF, CD14, leukemia in-
hibitory factor, integrin b1, and CD44. In both Hela and B27-
Hela, positive PCR products were observed with TGF-b1 and

Figure 2. Number of colony-forming Salmonella typhimurium re-
trieved from cells 3 h after adding the bacteria. Salmonella typhimu-
rium SL1344 (h) or SB111 (j) were added to cells at a ratio of 25:1. 
Cells were washed free of bacteria 1 h afterwards, and lysed with Tri-
ton X-100 3 h after adding the bacteria. A total of three separate trip-
licate experiments were carried out. Results shown here are the mean 
values and standard errors of all nine separate measurements. There 
is no significant difference among the cell lines.
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CD44. However, they were not increased by Salmonella inva-
sion whether the RNA were extracted 30 min, 60 min, or over-
night after addition of bacteria. No RT-PCR products were
observed with the other genes irrespective of the HLA-B27 or
Salmonella invasion.

The results with MCP-1 were quite different. Negligible PCR
product was observed with samples from the B27-Hela cells

before addition of Salmonella. The results became positive 30
and 60 min after adding the bacteria, returning to baseline
value after overnight incubation. The result was completely
negative with the parent Hela cells. The experiment was car-
ried out twice with similar results. The results of one of the ex-
periments are shown in Fig. 8.

In separate experiments, supernatants were harvested from

Figure 3. RT-PCR assays of c-fos and c-jun in Hela cells incubated 
with Salmonella typhimurium. Three different methods were used. (a) 
Cells were incubated with Salmonella typhimurium or mock invaded. 
At times indicated (O/N, overnight), RNA samples were extracted 
and standardized by the b-actin MIMIC. The adjusted samples were 
tested in RT-PCR with primers for c-fos and c-jun. PCR products 
were electrophoresed, stained with ethidium bromide, and measured 
by a densitometer. Hela (s), B27-Hela (j). Salmonella invasion in 
B27-Hela cells induced an increase in c-fos but not c-jun. b is the re-
sult of a hybridization experiment. Only 1/500 of the amount of DNA 
samples used in a was used in this experiment. Samples were taken 60 
min after incubation with Salmonella. After electrophoresis, the
DNA was transferred to a membrane and tested with biotin-
labeled probes derived from c-fos and b-actin, respectively. Positive 
results with c-fos were observed with the B27-Hela cells. In c, both
c-fos and b-actin were separately evaluated using an internal standard 
carried in the pQB3 plasmid. Samples were taken 60 min after incuba-
tion with Salmonella. For each sample, c-fos value was expressed as 

the ratio of the corresponding b-actin value. To the three separate cell lines the following was added: no bacteria in mock invasion (white 
bars), mutant SB111 (striped bars), and wild-type SL1344 (black bars). The highest value was observed with the wild-type Salmonella using 
B27-Hela cells. 
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individual samples 1, 2, and 3 d after adding bacteria. There
was a progressive increase in ELISA level of MCP-1 (Fig. 9,
left). The levels were barely detectable with parent Hela, mu-
tant B27-Hela, and A-1 Hela, whether incubated with Salmo-
nella or simply mock-invaded. As negative controls, ELISA
results were negative with the culture supernatant samples us-
ing reagents to assay for IL-2, IL-6, and IL-8, irrespective of
cell lines or Salmonella. The negative result with IL-8 was dif-
ferent from that reported by another group of investigators
(24). However, we did not use the same Hela cell clone or the
same Salmonella strain.

To validate that the release of MCP-1 was induced by Sal-
monella, an experiment was carried out in which 105 B27-Hela
cells were cultured with the following numbers of bacteria: 2 3
105, 2 3 106, 107, 2 3 107, and 108. A progressive increase in
MCP-1 concentration was noticed when the bacteria number
was increased from 2 3 106 to 108 (Fig. 9, right). No MCP-1
was detected using 2 3 105 bacteria. Over this range of bacte-
rial numbers, no MCP-1 was released from parent Hela, mu-
tant B27-Hela, or A1-Hela. No IL-8 was released from B27-
Hela cells when the same culture supernatants were assayed
by ELISA. We also cultured 1 3 105 B27-Hela cells with 2 3
106, 2 3 107, and 108 of the noninvasive mutant Salmonella ty-
phimurium SB111. No MCP-1 was detected in the supernatant
by ELISA.

Figure 4. EMSA of transcription factors in B27-Hela cells incubated 
with Salmonella typhimurium. B27-Hela cells were incubated with 
Salmonella typhimurium or mock-invaded. Nuclear proteins were
extracted and tested in EMSA with isotopically labeled double-
stranded oligonucleotides carrying consensus sequences for binding 
to transcription factors as denoted (top). For each transcription factor 
complex, specificity of the positive result was tested by adding the 
corresponding unlabeled oligonucleotides as denoted (bottom). Posi-
tive result was observed with CREB regardless of Salmonella. For 
SRE, incubation with Salmonella induced the appearance of an addi-
tional band.

Figure 5. Effect of Salmonella invasion on the SRE transcription 
complex in various Hela transfectants. Hela, A1-Hela, B27-Hela, and 
the mutant B27-Hela were incubated with Salmonella typhimurium. 
Their nuclear proteins were tested in EMSA with a labeled oligonu-
cleotide carrying the consensus sequence for SRE. One single band 
was observed with all the cell lines regardless of Salmonella. Incuba-
tion of the B27-Hela cells induced the appearance of an additional 
band. Both bands were inhibited by incubation with unlabeled oligo-
nucleotide. 

Figure 6. Effect of Salmonella invasion on the AP-1 transcription 
complex in various Hela transfectants. Hela, A1-Hela, B27-Hela, and 
the mutant B27-Hela were incubated with Salmonella typhimurium. 
Their nuclear proteins were tested in EMSA with a labeled oligonu-
cleotide carrying the consensus sequence for binding to AP-1. Posi-
tive result was observed only with the B27-Hela cells and only after 
incubation with Salmonella.

Figure 7. Supershift assay using the AP-1–binding oligonucleotide. 
B27-Hela cells were incubated with Salmonella typhimurium. Their 
nuclear proteins were tested in a supershift assay using a labeled oli-
gonucleotide as well as the antibodies shown (top). The bottom de-
notes whether the cells were incubated with Salmonella, and whether 
unlabeled oligonucleotide was added in inhibition to test for the spec-
ificity. Positive result was observed with the antibodies against c-fos 
and junD.
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Discussion

During an infection, the first type of host cell to engage Salmo-
nella is the epithelial cell. Within 24 h of an in vitro invasion,
colon epithelial cells release IL-8, GM-CSF, TNF, and MCP-1
(13). Within minutes of encountering Salmonella, eukaryotic
cells such as Hela respond by signal transduction activities

(12). Our goal is to determine if the presence of HLA- B27 can
alter the cell response to Salmonella invasion. Many signal
transducers are activated during Salmonella invasion, for ex-
ample, the MAP kinases, inositol phosphate, and the GTP-
binding protein CDC42 (25). Although it is not precisely
known how they are integrated, their downstream effect is to
activate within minutes a few immediate early genes such as
c-fos. C-fos is particularly appealing to study because it is very
susceptible to diverse external extracellular stimuli including
growth factors, cytokines, neurotransmitters, ion influxes,
phorbol esters, and ultraviolet irradiation (23). 

Our first major finding is that Salmonella invasion induced
expression of c-fos provided that there was expression of the
full-length HLA-B27. Of the three distinct cis elements con-
trolling c-fos, at least two of them need to be engaged to in-
duce gene transcription. In agreement with other investigators,
our results show that the CRE factor is constitutively ex-
pressed in Hela cells (26). Also in agreement with other inves-
tigators, the serum response factor (SRF) is constitutively
present, and binds spontaneously to the SRE (27). This SRF is
responsible for our single predominant band in the EMSA of
the Hela cells and their transfectants. However, the SRF-DNA
complex by itself does not induce c-fos transcription; it needs
to capture another factor, the ternary complex factor (TCF).
The TCF comprises a small family of Ets domain proteins in-
cluding the ELK-1, SAP-1, and SAP-2. Several individual
pathways of the MAPK family, including the ERK, the JNK,
and a subgroup corresponding to the p38, can separately lead
to activation of the TCF (27). The TCF is probably responsible
for the additional SRE EMSA band we observed. Our crucial
finding is that this additional SRE band appeared only with
the B27-Hela cells, and only when the cells were invaded by
Salmonella. 

In general, c-fos expression correlates with the onset of glo-
bal cell differentiation. In this project, we screened a number
of genes potentially active in host defense or in arthritis. A
positive result was observed with MCP-1. The induction of
MCP-1 has been suspected to involve AP-1 since the promoter
region carries an AP-1 site (28). In addition, adding antisense
oligonucleotides of c-fos and c-jun inhibits MCP-1 gene induc-
tion (29). 

In summary, the several positive results by different experi-

Figure 8. Effect of Salmonella invasion on the RT-PCR results of 
MCP-1. Hela and B27-Hela cells were incubated with Salmonella ty-
phimurium. RNA samples were extracted at the times indicated after 
adding the bacteria. O/N, overnight. Samples were adjusted by stan-
dardization with the b-actin MIMIC. RT-PCR was carried out using 
primers for MCP-1. An increase was observed with the B27-Hela 
cells 30 and 60 min after adding the bacteria. The top shows the ethid-
ium-stained PCR products. The bottom shows their densitometry 
readings. B27-Hela (h); Hela (s).

Figure 9. Effect of Salmonella inva-
sion on release of MCP-1 from Hela 
cells. Hela and B27-Hela, mutant 
B27-Hela, and A1-Hela were incu-
bated with Salmonella typhimurium. 
Culture supernatants were har-
vested at various days and tested in 
ELISA. An increase was observed 
with the B27-Hela cells after incuba-
tion with 253 number of Salmonella 
bacteria (left). A separate experi-
ment was carried out in which 1 3 

105 cells were incubated with 2 3 105 
–108 Salmonella and MCP-1 in the 
culture supernatant tested after one 
day of culture. For clarity, the x-axis 
is not computed to scale. Results are 
shown (right). B27-Hela (u); Hela 
(s); A1- Hela (j); mutant B27-
Hela (d).
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mental approaches lead to the conclusion that expression of
HLA-B27 in Hela cells results in a change in their response to
Salmonella invasion. A point of caution is that the preferential
expression of HLA-B27 by gene transfection is an artificial
system involving accessory DNA. To demonstrate relevance to
disease, an experimental system is needed in which cells ob-
tained from patients and controls can be tested with minimum
manipulation.

How HLA class I molecules participate in Salmonella inva-
sion is not clear. On the Hela cells, HLA class I molecules be-
come clustered together with b1 integrin and the hyaluronate
receptor in membrane ruffles localized to invading Salmonella
(30). Such cross-linking may induce signal transduction. This
possibility is supported by reports that ligation of HLA class I
molecules on T lymphocytes is associated with tyrosine phos-
phorylation of signal transducers and influx of intracellular cal-
cium (31). Those T cell signal transduction events require the
participation of the TCR/CD3. Our observation is not a mere
extension of those T lymphocyte experiments because there
are no TCR/CD3 on Hela cells. 

The surprise in our study is that the activation effect we ob-
served is allele-specific for HLA-B27, even though it does not
involve TCR recognition. In fact, multiple HLA class I allele-
specific activities other than the engagement of TCR on
CD81 T lymphocytes have already been described. For exam-
ple, the KIR receptors on natural killer cells are able to distin-
guish one HLA class I allele from another, and are also pep-
tide-specific within the same HLA class I allele (32). Another
example is the increase in insulin affinity when insulin recep-
tors are associated with HLA-A2, but not with other alleles
(33). It would appear that MHC class I molecules have evolved
to serve multiple masters. Our experiments are unusual in that
the cytoplasmic domain of the HLA molecule is also necessary
for the positive results even though that domain does not carry
any allelic specificity. Allelic specificities are carried in the ex-
tracellular a1 and a2 domains. These domains are probably re-
sponsible for associating with the neighboring molecules on
the cell surface to constitute supramolecular complexes. On
the surface of JY B lymphoblastoid cells for example, HLA
class I is part of a supramolecular complex that also includes
HLA class II, CD20, and tetraspan molecules (34). Any of
these molecules can conceivably associate preferentially with a
particular HLA class I allele to become a complex capable of
mediating signal transduction. Whether there are fine specific-
ities for the HLA class I alleles or fine specificities in the cyto-
plasmic domain will require transfection of additional HLA al-
leles or generation of other mutants such as substituting the
cytoplasmic domain of the HLA-B locus by that of the HLA-A
locus.

It would be premature to postulate that modification of the
epithelial cell response is solely responsible for development
of arthritis. Other cell types such as the T lymphocytes, mac-
rophages, and synovial fibroblasts may play more critical roles.
In any of these cells, HLA-B27 will promote arthritis if it fa-
vors activation of an arthritis-causing cytokine or chemokine
such as MCP-1 (35). 
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