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Abstract

 

Yersinia pseudotuberculosis

 

 is an enteric pathogen that

causes a variety of clinical symptoms in the human. Re-

cently, we reported the production of a superantigen (

 

Y.

pseudotuberculosis

 

–derived mitogen, YPM) by this organ-

ism and characterized the gene structure of 

 

ypm

 

. To further

study the potential pathogenic role of YPM in 

 

Y. pseudotu-

berculosis

 

 infection, we assayed IgG anti–YPM antibodies

and T cell antigen receptor–V

 

b

 

 expression of the T cells in

peripheral blood and in mesenteric lymph node in patients

acutely infected with 

 

Y. pseudotuberculosis

 

. 20 out of 33 pa-

tients (61%) had an elevated antibody titer compared with

healthy controls (

 

P

 

 

 

5

 

 0.0001). Patients with systemic symp-

toms such as lymphadenopathy, transient renal dysfunc-

tion, and arthritis had significantly higher titers of anti–

YPM than patients with gastrointestinal tract symptoms

alone. T cells bearing the V

 

b

 

3 gene segment were signifi-

cantly increased (

 

P

 

 

 

5

 

 0.009) among acute phase patients

compared with healthy children. During the convalescence

phase of the illness, there was a reduction in the abnormal

level of V

 

b

 

3 T cells. Moreover, in the mesenteric lymph

node, an elevated level of V

 

b

 

3 T cells compared with pe-

ripheral blood and a sequence diversity in the junctional re-

gion of the T cell antigen receptor 

 

b

 

-chain containing V

 

b

 

3

element was observed in one patient. Together, these find-

ings suggest that YPM was produced in vivo and played an

important role in the pathogenesis of 

 

Y. pseudotuberculosis

 

infection. (

 

J. Clin. Invest.

 

 1997. 99:1823–1830.) Key words:

polymerase chain reaction

 

 

 

•

 

 T cells 

 

•

 

 Kawasaki syndrome 

 

•

 

arthritis 

 

•

 

 enzyme-linked immunosorbent assay

 

Introduction

 

Yersinia pseudotuberculosis

 

 is a Gram-negative coccobacillus
and a primary pathogen of wild and domestic animals and
birds. In the human, 

 

Y. pseudotuberculosis

 

 causes varying de-
grees of illnesses from diarrhea and abdominal pain to more
systemic symptoms such as fever, scarlatiniform skin rash, con-

junctivitis, erythema nodosum, and lymphadenopathy (1–3).
Complications of reactive arthritis, acute uveitis, coronary an-
eurysms, and acute renal failure are not infrequently reported
(4–8). The mechanisms by which the organism mediates these
symptoms are poorly understood. However, the preferential
avidity for lymphoid tissues seen in this bacterium and the
characteristic histopathological finding of lymphoid hyperpla-
sia mainly seen in mesenteric lymph nodes (9, 10) suggest that
the stimulation of a large proportion of T cells may be in-
volved in the pathogenesis of this infection.

 

Y. pseudotuberculosis

 

 has been described to produce a su-
perantigen, 

 

Y. pseudotuberculosis

 

–derived mitogen (YPM)

 

1

 

(11, 12). Superantigens are a class of viral or bacterial proteins
that mediate activation of the immune system by direct inter-
action with both MHC class II molecules and the variable re-
gion of the T cell antigen receptor (TCR)-

 

b

 

 chain (13–17). Af-
ter contact with superantigens in vivo, a large proportion of T
cells are expanded, deleted, or anergized in a TCR V

 

b

 

–depen-
dent manner (14, 18, 19). In the previous studies, we have
demonstrated that YPM selectively stimulates T cells bearing
V

 

b

 

3, 9, 13.1, and 13.2 gene segments (11, 20) and that the dis-
tribution of the 

 

ypm

 

 gene among the isolates from diverse geo-
graphical areas was in close correlation with the difference in
the severity of clinical manifestations between the different ar-
eas (21). Interestingly, the frequency of YPM-producing
strains was higher in the Far East than in Europe, where sys-
temic symptoms in the infected patients are less common com-
pared with the Far East and the United States (21–25). Based
on these findings, the current study was carried out to deter-
mine whether a superantigen, YPM, is actually produced in
patients acutely infected with 

 

Y. pseudotuberculosis

 

 and has
influences on the patients’ immune systems. For this purpose,
we assayed IgG anti–YPM antibodies and analyzed TCR-V

 

b

 

expression of the T cells in peripheral blood and in mesenteric
lymph node from the patients.

 

Methods

 

Patients.

 

33 patients (21 males and 12 females, ages ranged from 1 yr,
11 mo to 25 yr, median 5 yr, 3 mo) with 

 

Y. pseudotuberculosis

 

 infec-
tion were studied. The diagnosis was made when a patient with fever
and/or gastrointestinal tract symptoms had a positive rectal swab cul-
ture of the organism and/or had an elevated agglutination titer
against the heat-killed organism (standard strains of each O serotype
of 

 

Y. pseudotuberculosis

 

 were a gift from Dr. S. Kaneko, Tokyo Met-
ropolitan Research Laboratory of Public Health). Five patients under-

 

Address correspondence to Jun Abe, Department of Child Ecology,
National Children’s Hospital Medical Research Center, 3-35-31,
Taishido, Setagaya-ku, Tokyo 154, Japan. Phone: 03-3414-8121; FAX:
03-3414-8321; E-mail: jabe@nch.go.jp

 

Received for publication 11 October 1996 and accepted in revised

form 4 February 1997.

 

1. 

 

Abbreviations used in this paper:

 

 C

 

a
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b
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went surgery because of severe gastroenteritis mimicking acute abdo-
men. Five patients had transient renal dysfunction, two of whom
required hemodialysis. Cervical lymphadenopathy and conjunctivitis
were seen in 16 and 17 patients, respectively. Aneurysms or dilatation
of the coronary arteries (

 

.

 

 5 mm) and/or pericardial effusion were
seen in eight patients. Sera were obtained for analysis of anti–YPM
antibodies from 33 patients during the acute phase of the illness
(within 33 d from the onset of fever). For analysis of T cells, venous
blood was available from 14 patients in acute phase, from whom we
were able to obtain seven paired samples from the acute and conva-
lescence phase (

 

.

 

 120 d from the onset of fever). 65 sera and 14
venous blood samples from the healthy children were studied as con-
trols. Mesenteric lymph nodes were obtained from a yersiniosis pa-
tient and a control patient who underwent surgery because of acute
appendicitis. Informed consent was obtained from either the patient
or the child’s parents according to the guidelines of each medical cen-
ter to which the patients were referred.

 

Preparation of recombinant YPM.

 

Recombinant YPM (rYPM)
was purified from the cell lysate of transformed 

 

Escherichia coli

 

 as
has been reported (20). Briefly, the transformant was cultured in 500
ml of Luria-Bertani medium and protein expression induced by IPTG
(isopropyl-

 

b

 

-

 

D

 

-thiogalactopyranoside). After the bacteria were har-
vested and resuspended in 15 ml of 20 mM Tris-HCl, 200 mM NaCl, 1
mM EDTA, pH 7.4, the cells were frozen-thawed and sonicated. The
plasmid-encoded maltose-binding protein (MBP) and YPM fusion
protein was affinity purified with an amylose resin and was next
cleaved with a proteinase, Factor Xa (New England Biolabs Inc.,
Beverly, MA) (26). The rYPM was separated from a residual MBP by
gel filtration on Superdex 200 (Pharmacia Biotech, Tokyo, Japan) in
PBS (0.01 M Na

 

2

 

HPO

 

4

 

, 0.8% NaCl, pH 7.4) with 50 mM NaSCN, fol-
lowed by extensive dialysis against PBS diluted to 1:50. The final
preparation of the rYPM was examined by a 15% SDS-PAGE to give
a sharp single band for its purity.

 

Assay of IgG anti–YPM antibodies.

 

The ELISA was performed
as described by Leung et al. (27) with modifications. Flat-bottomed
microtiter plates (Nunc Inc., Roskilde, Denmark) were coated with
100 

 

m

 

l of a 5-

 

m

 

g/ml solution of rYPM in 0.05 M Na

 

2

 

CO

 

3

 

 buffer, pH
9.5. The plates were covered and shaken overnight at 4

 

8

 

C. After re-
moving the solution, the plates were stored at 

 

2

 

20

 

8

 

C. Before use, the
plates were thawed to room temperature and washed five times with
PBS supplemented with 0.05% Tween 20 (PBS-Tween). Nonspecific
protein binding sites were blocked with 200 

 

m

 

l of PBS containing 5%
(wt/vol) skim milk for 2 h at room temperature. Both reference and
test sera were diluted to 1:200 and 1:400 in PBS-Tween, and then 100

 

m

 

l of each dilution was applied into either an antigen-precoated or no
antigen–coated well in duplicate. After incubation at room tempera-
ture for 2 h, the plates were washed five times with PBS-Tween.
Then, 100 

 

m

 

l of 1:1,000 dilution of peroxidase-conjugated F(ab

 

9

 

)

 

2

 

fraction of rabbit anti–human IgG specific for Fc (American Qualex
Antibodies & Immunochemicals Co., La Mirada, CA) was placed in
the well. The plates were incubated at room temperature for 1 h, and
then washed five times with PBS-Tween. 100 

 

m

 

l of 1 

 

m

 

g/ml solution of

 

o

 

-phenylenediamine dihydrochloride (Sigma Chemical Co., St. Louis,
MO) in 0.05 M phosphate-citrate buffer, pH 5.0, was added in each
well and the plates were incubated at room temperature for 10 min,
and then optical density was read at 492 nm. In all experiments, OD
of the no antigen–coated wells was 

 

,

 

 0.01 and was subtracted from
the OD of the antigen-coated wells as background. Specificity of the
assay was confirmed by the absorption of the reactive IgG by prein-
cubation of the serum with soluble rYPM at 4

 

8

 

C overnight before the
assay.

 

Western blot analysis.

 

rYPM or rMBP control protein (1 

 

m

 

g per
lane) was separated on a 20% SDS–polyacrylamide gel and trans-
ferred to PVDF membrane (Millipore Corp., Bedford, MA). The
paired sera obtained from two patients between 6 and 21 d from the
onset of the fever were diluted to 1:100 with TBS (20 mM Tris, pH
7.5, 150 mM NaCl) containing 2% (wt/vol) skim milk, and applied to
the membrane. Bound IgG was detected with 100 

 

m

 

l of 1:1,000 dilu-

tion of peroxidase-conjugated F(ab

 

9

 

)

 

2

 

 fraction of rabbit anti–human
IgG (American Qualex Antibodies & Immunochemicals Co.) and an-
alyzed with a Quantity One

 

®

 

 image analyzing system (PDI, Hunting-
ton Station, NY).

 

Lymphocyte cultures and assessment of TCR V

 

b

 

 expression.

 

PBMC were isolated from heparinized blood by Ficoll-Hypaque den-
sity gradient centrifugation. The cells were stimulated for 3 d (37

 

8

 

C,
95% humidity, and 5% CO

 

2

 

) with anti–CD3 (20 ng/ml, a gift from Dr.
H. Yagita, Juntendo University, Tokyo), washed, and expanded for 1 d
in IL-2 as previously described (14). Mesenteric lymph nodes were
dissected, washed in PBS, and frozen at 

 

2

 

80

 

8

 

C until extraction of
RNA. Two methods were then used to assess TCR V

 

b

 

 expression.
The first method used a previously described semiquantitative re-
verse transcription–PCR (RT-PCR) method to estimate the propor-
tion of T cells expressing particular V

 

b

 

 gene segments (28). In these
experiments, 2 

 

m

 

g of total RNA was used for the synthesis of first
strand cDNA, and TCR 

 

b

 

 and 

 

a

 

 chain cDNAs were coamplified us-
ing a V

 

b

 

-specific oligomer (corresponding to one of the 26 V

 

b

 

 fami-
lies analyzed) and an oligomer from the downstream 

 

b

 

 chain constant
region (C

 

b

 

 primer) as one pair, and two 

 

a

 

 chain constant region (C

 

a

 

)
primers as the other pair. The sequences of the specific primers used
and details of the PCR have been published (28, 29). Amplification
was performed with 23 cycles. For quantitation of amplified products,

 

32

 

P end-labeled 3

 

9

 

 primers (

 

z 

 

10

 

6

 

 cpm each) were added to the reac-
tions. The amplified products were separated on 2% agarose gels,
dried, and analyzed with a BAS2000 Bio Image Analyzer (Fujix Film
Co., Tokyo, Japan). The percentage of each V

 

b

 

 among all V

 

b

 

 fami-
lies studied was calculated after normalization with the amount of
coamplified C

 

a

 

 band; i.e., percent V

 

b

 

 

 

5

 

 (V

 

b

 

x/C

 

a

 

x)/

 

S

 

(V

 

b

 

n/C

 

a

 

n) 

 

3

 

100 (20).
The second method used immunofluorescence with biotinylated

monoclonal antibodies directed at four different V

 

b

 

 segments (14).
The cells were incubated with either of the biotinylated monoclonal
antibodies, E22E7.2, an antibody to V

 

b

 

2; LE-89, an antibody to V

 

b

 

3;
56C5, an antibody to V

 

b

 

8.1 and 8.2 (Immunotech, Marseille, France);
or AMKB1-2, an antibody to V

 

b

 

9 (Pharmingen, San Diego, CA), fol-
lowed by incubation with phycoerythrin-conjugated streptavidin
(1:50 dilution; PharMingen, San Diego, CA) and FITC–anti–Leu 4
(anti–CD3) (Becton Dickinson & Co., San Jose, CA). Fluorescence
intensity was analyzed with a FACScan

 

®

 

 (Becton Dickinson & Co.).
The percentage of T cell blasts bearing each receptor phenotype was
expressed as a percentage of CD3 positive cells.

 

Cloning and sequencing of TCR 

 

b

 

 chain junctional regions.

 

2 

 

m

 

g of
total RNA prepared from dissected mesenteric lymph node was used
for the synthesis of first-strand cDNA followed by PCR with V

 

b

 

3 and
C

 

b

 

 primers. After 30 cycles of PCR, the products were ligated into
pT7Blue T-Vector (Novagen Inc., Madison, WI) and transfected into
competent 

 

E. coli.

 

 20 independent transformants were randomly se-
lected and each cloned plasmid DNA was restored by the alkali-lysis
method and sequenced by Sequenase Ver2.0 kit (Amersham Life Sci-
ence, Cleveland, OH) using C

 

b

 

 primers.

 

Results

 

Detection of IgG anti–YPM in patients with Y. pseudotubercu-

losis infection.

 

The sera from the 33 patients with 

 

Y. pseudotu-

berculosis

 

 infection were tested for the presence of IgG anti–
YPM antibodies by ELISA. In 22 patients, sera were obtained
serially during the course of the illness. Fig. 1 illustrates the
highest OD value obtained from each patient between 9 and
33 d from the onset of the disease. Among the patients, the
mean OD value was significantly higher than in controls
(0.401

 

6

 

0.045 vs. 0.139

 

60.009 (mean6SEM), P 5 0.0001). In
20 of 33 (61%) patients, OD values exceed 2 SD above the
value obtained for healthy children. When the sequentially ob-
tained sera were examined, high OD values were seen after
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the second week of the illness (data not shown). Because some
patients were treated with the high dose of intravenous gamma
globulin (IVGG) as indicated in Fig. 1, we were concerned
with the possibility that the immunoglobulin used for the ther-
apy contained anti–YPM antibodies. When two different prep-
arations of IVGG in the concentration of 10 and 20 mg/ml
were tested by ELISA, they gave OD values of 0.139 and
0.238, respectively. No difference in OD values was observed
between different preparations. Neither was there any signifi-
cant difference in OD value between the patients who re-
ceived IVGG and those who did not.

Y. pseudotuberculosis infections are accompanied by multi-
ple systemic symptoms other than the gastrointestinal tract
symptoms. Therefore, we compared the anti–YPM titer as well
as WBC count, c-reactive protein (CRP), glutamic oxaloacetic
transaminase, glutamic pyruvic transaminase, and agglutina-
tion titer for the heat-killed bacteria, between the patients with
and without systemic symptoms. Although CRP values among
the patients with systemic symptoms were higher than in pa-
tients with more localized symptoms (13.862.4 vs. 7.862.4 mg/
ml, P 5 0.16), other laboratory data failed to show positive
correlation with systemic manifestations of the illness. On the
other hand, anti–YPM titer among the patients who had sys-
temic illnesses was significantly increased compared with the
patients who did not (0.45860.05 vs. 0.22060.04, P 5 0.02, Fig.
2). In both groups, the anti–YPM titer was measured in com-

parable periods relative to the onset of the disease; i.e., be-
tween 9 and 32 d, mean 19.8 d, in complication-positive pa-
tients, and between 9 and 33 d, mean 18.1 d, in complication-
negative patients.

Next, we performed Western blot analysis to determine
whether the OD value obtained by ELISA actually reflected
the binding of IgG to rYPM. When the paired sera obtained
from the two patients were tested, the predominant binding of

Figure 1. IgG anti–YPM antibodies in patients with Y. pseudotuber-

culosis infection measured by ELISA. The sera obtained from 
IVGG-treated (h) or untreated (j) patients and healthy children 
(d) were diluted to 1:400 and applied to either an antigen-coated
(5 mg/ml) or no antigen–coated well. In all experiments, OD of the no 
antigen–coated wells was , 0.01 and was subtracted from the OD of 
the antigen-coated wells. Each bar indicates the mean62 SEM.
*P 5 0.0001 by Student’s t test.

Figure 2. Higher anti–YPM titers among the patients with systemic 
complications. The patients with Y. pseudotuberculosis infection were 
classified by the presence (j for IVGG untreated and h for IVGG 
treated) or the absence (d) of the systemic complications (renal dys-
function, acute abdomen, arthritis, lymphadenopathy, and coronary 
aneurysms). Anti–YPM antibodies determined by ELISA were com-
pared between the two groups. Each bar indicates the mean62 SEM. 
*P 5 0.009 by Student’s t test.

Figure 3. Western blot analysis of the two patients’ sera. 1.0 mg of 
rYPM (lanes 2–5), or rMBP as control (lanes 1 and 6), was electro-
phoresed and transferred to PVDF membrane. Sera obtained from 
patient 1 on day 6 (lanes 1 and 2) or day 21 (lane 3), and from the pa-
tient 2 on day 7 (lane 4) or day 16 (lanes 5 and 6) were diluted to
1:100 and applied to the membrane. Bound IgG was detected with 
peroxidase-conjugated F(ab)2 fraction of rabbit anti–human IgG and 
analyzed with an image analyzing system. Molecular weight markers 
are noted on the left and rYPM is indicated on the right.
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IgG was seen against the z17.0-kD protein that corresponds
to rYPM in sera obtained on 16–21 d after the onset of illness
(Fig. 3, lanes 3 and 5). The weak bands between 32.5 and 47.5
kD seen in Fig. 3, lanes 1–6 correspond to the proteins derived
from host bacteria. The binding of IgG against the rMBP fu-
sion protein simultaneously prepared with rYPM was not de-
tected in the patients’ sera (Fig. 3, lanes 1 and 6).

Expansion of Vb3 positive T cells in PBMC from the acute

phase patients. PBMC obtained from patients and healthy
children were stimulated in culture with anti–CD3 antibody
and IL-2. The T cell blasts were then analyzed for expression
of Vb2, 3, 8.1/8.2, and 13.6 by immunofluorescence and flow
cytometry (Fig. 4). Significant increase of Vb3-bearing T cells
was seen in the acute phase patients (4.660.8 vs. 2.860.2%
[mean6SEM], P 5 0.004). Other Vb families examined
showed little difference between the patients and controls. By
using semiquantitative reverse transcription–PCR, we were

able to confirm the immunofluorescence results. The summary
of the PCR results was illustrated in Fig. 5. A marked increase
in the percentages of Vb3 cDNA was observed among the pa-
tients (16.862.2 vs. 9.861.1%, P 5 0.009). In 7 out of 14 pa-
tients, the percentages of Vb3-positive T cells exceeded 2 SD
above the mean value obtained for healthy children (Fig. 6).
However, the percentages of Vb9-, 13.1-, and 13.2-bearing T
cells were not increased in the patients, though these T cells
were also stimulated and expanded by rYPM in the previous in
vitro experiments (11, 20).

We next tried to determine whether the expansion of Vb3-
bearing T cells was restricted to the acute phase of the illness.
Paired samples from the acute and convalescence phase were
available from seven patients, of whom three had elevated
Vb3 during acute phase. These three patients had a significant

Figure 4. TCR Vb expression during acute Y. pseudotuberculosis in-
fection. PBMC from the eight acute patients (filled columns) and 17 
healthy children (open columns) were stimulated with anti–CD3 and 
IL-2 and analyzed for reactivity by immunofluorescence and flow cy-
tometry using monoclonal anti–Vb antibodies. The percentages of
T cells bearing each Vb were calculated as described in Methods. 
Each bar indicates the mean62 SEM. *P 5 0.004 by Student’s t test.

Figure 5. TCR Vb expression in
T cells from 14 acute patients (filled 

bars) and 14 healthy children (open 

bars) analyzed by reverse transcrip-
tion–PCR. Total RNA was extracted 
from the cultured PBMC as de-
scribed in Methods before genera-
tion of first strand cDNA. Each re-
action mixture contained specific 
oligonucleotide primers to expand 
the particular Vb gene segment to-
gether with the Ca gene segment. 
Intensity of radioactivity of each 
band was quantitated with BAS2000 
Bio Image Analyzer. The percentage 
of each Vb among all Vb families 
studied was calculated after normal-
ization with the amount of coampli-
fied Ca band. Each bar indicates 
the mean62 SEM. *P 5 0.009 by 
Student’s t test.

Figure 6. Individual data on the percentages of four YPM-responsive 
TCR Vb families in the same experiment as in Fig. 5. *In 7 out of 14 
patients, the percentages of Vb3-positive T cells exceeded 2 SD 
above the mean value obtained for healthy children.



Superantigen in Yersinia pseudotuberculosis Infection 1827

decrease in the percentage of Vb3-bearing T cells between the
acute and convalescence phase of their illness (P 5 0.03, Fig. 7).

Examination of Vb3-positive T cells in the mesenteric lymph

node. In most cases, Y. pseudotuberculosis enters the human
body through the gastrointestinal tract and proliferates in
Peyer’s patches and mesenteric lymph nodes. In acute phase
patients, the gastrointestinal symptoms are sometimes severe
enough to mimic acute appendicitis. In a patient who under-
went surgery because of severe abdominal pain, we were able
to examine a Vb gene usage of mesenteric lymph node T cells
by PCR (Table I). When a ratio of each Vb-expressing T cell
in the mesenteric lymph node to PBMC was calculated, the in-
crease was more than twofold in T cells bearing Vb3, 4, and
13.2 in a patient with yersiniosis, while only T cells bearing
Vb4 were elevated in a control patient with acute appendicitis
by Klebsiella oxytoca.

In gut-associated lymphoid tissue, particularly in the intes-
tinal intraepithelial lymphocytes, oligoclonal expansion of T
cells that express distinct TCR Vb gene segments has been re-
ported (30–32). Of these Vb families, Vb2, Vb3, and Vb6 were

frequently shared among intraepithelial lymphocytes from dif-
ferent individuals (31, 33). Therefore, in the next experiment,
we analyzed the sequences of PCR-amplified TCR b chain
cDNA fragments that contain Vb3 gene segments and junc-
tional regions from mesenteric lymph node T cells of both
yersiniosis and control patients (Table II). Among 20 clones
examined, none of the Vb3 clones had the same junctional se-
quence, although the Jb2.7 gene segment was preferentially
used both in a yersiniosis patient (40%) and a control (45%).
These data indicate that the elevated ratio of Vb3 T cells in the
mesenteric lymph node to the peripheral blood in a yersiniosis
patient was not due to the clonotypic expansion usually seen in
intraepithelial lymphocytes.

Discussion

The infection of Y. pseudotuberculosis is accompanied with
multiple systemic symptoms as well as gastrointestinal tract
symptoms. In our 33 patients, fever and polymorphous skin

Figure 7. TCR Vb expression in
T cells from acute (within 20 d from 
the onset) and convalescent (later 
than 120 d) patients analyzed by re-
verse transcription–PCR. Each line 
indicates the paired samples. The 
shaded areas represent the control 
mean62 SD for the percentages of 
each Vb-positive T cell determined 
for a group of healthy children.
*P 5 0.03 by Student’s paired t test.

Table I. TCR Vb Expression in T Cells of Mesenteric Lymph Node (LN) and PBMC Analyzed by PCR*

Source of 
T cells

Vbs (%)

1 2 3 4 5.1 5.2 6 7 8 9 10 11 12 13.1 13.2 14 15 16 17 18 19 20 21 22 23 24

Patient‡ LN 5 8 14 8 3 3 10 11 3 6 1 , 1 1 9 5 2 3 , 1 1 1 , 1 3 3 , 1 , 1 , 1

Patient PBMC 5 9 5 4 4 4 7 12 6 4 1 1 1 11 2 5 3 1 3 1 , 1 2 5 1 , 1 , 1

Control§ LN 5 8 10 8 5 5 7 8 4 4 1 1 2 8 3 3 2 2 4 1 1 2 3 1 , 1 , 1

Control PBMC 6 7 12 4 4 4 6 12 5 3 1 1 2 12 2 4 1 1 3 1 , 1 1 3 2 , 1 , 1

*PBMC and dissected mesenteric lymph node were frozen at 2808C until extraction of RNA. PCR and data calculation were performed as described

in Fig. 5 except that 24 cycles were used in PCR. ‡The patient underwent surgery on day 6 of his illness. Y. pseudotuberculosis was isolated from his

rectal swab and ascites. §The control patient was operated for appendicitis on day 3 of his illness. Klebsiella oxytoca was isolated from the removed

tissue specimen.
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rash were observed in all patients and cervical lymphadenopa-
thy and conjunctivitis were seen in 16 and 17 patients, respec-
tively. Although many factors that confer virulence in this or-
ganism have been identified (34–36), most of them are involved
in the organism’s invasiveness and defense against the host’s
epithelial barrier and phagocytosis (37–40). Thus, it is conceiv-
able that YPM, as a superantigen, might take part in the mani-
festation of systemic illnesses by activating a large proportion
of T cells and inducing an excessive amount of inflammatory
cytokines, as has been suggested in toxic shock syndrome
(TSS) and streptococcal TSS (41–44). In this regard, we have
first attempted to detect a footprint of YPM in patients with Y.

pseudotuberculosis infection by measuring antibodies against
YPM and by analyzing Vb expression of peripheral blood T
cells.

By solid phase ELISA using rYPM, IgG anti–YPM anti-
bodies were detected in 61% of acute phase patients with Y.

pseudotuberculosis infection. In most cases, high titer was ob-
served after the second week of the illness. In healthy control
children and in IVGG preparations, we were unable to detect
anti–YPM antibodies, although the presence of IgG antibodies
to staphylococcal superantigens have been reported in IVGG
preparations (45). The difference may be explained by a very
low frequency of the Yersinia infection compared with the
high distribution rate of S. aureus in Japan (46). More impor-
tantly, the patients with systemic symptoms such as transient
renal failure, arthritis, lymphadenopathy, and coronary aneu-
rysms had significantly higher titers of anti–YPM than the pa-
tients with gastrointestinal symptoms alone. Although the

higher anti–YPM titer does not necessarily mean a higher pro-
duction of YPM in the host, it implies, at least, that the host’s
immune system reacted to YPM more vigorously in the pa-
tients with systemic illnesses. Thus, it would be of interest to
determine whether the presence of anti–YPM antibodies has a
protective role against the initiation of the infection or the de-
velopment of systemic illnesses and how long anti–YPM anti-
bodies will remain in the patients after the first infection.

Superantigens have been implicated in the pathogenesis of
staphylococcal TSS and streptococcal TSS (41–44). However,
the T cells responses against superantigens are not uniform in
these diseases. Selective expansion of T cells expressing Vb2
has been reported in five of eight patients with TSS caused by
TSST-1–producing S. aureus (47). On the other hand, selective
depletion of Vb1-, 5.1-, and 12-bearing T cells was found in
streptococcal TSS patients (48) and in mice injected with sta-
phylococcal enterotoxin A (SEA) or B (SEB), deletion of Vb3
or Vb8 T cells, respectively, were observed after an initial ex-
pansion of the same Vb-expressing T cells (18, 49, 50). In our
cases with Y. pseudotuberculosis infection, the percentage of
Vb3-expressing T cells was elevated in the acute phase of the
illness in 7 of 14 patients. In three patients examined serially,
the elevated percentage of Vb3 T cells declined to the normal
level after 120 d from the onset of the illness without evidence
of clonal deletion. Currently, it is not known why the expan-
sion of the particular Vb-expressing T cells is confined to Vb3
and not to the other YPM-responsive Vb gene elements such
as Vb9, 13.1, and 13.2. One possibility might be that the expan-
sion of Vb3-positive T cells is driven by an ordinary peptide

Table II. Sequence Analysis of Junctional Regions of TCR b Chains Containing Vb3 Element in T Cells of Mesenteric
Lymph Node*

Patient Control

Vb N-Db-N Jb Vb N-Db-N Jb

—LCASS PLL NTEAF—(1.1) —LCAS RTQ TEAF—(1.1)

—LCASS SSTGL TEAF—(1.1) —LCASS LFFLGH YGYT—(1.2)

—LCASS ASGASP EAF—(1.1) —LCASS LNRGILH EKLF—(1.4)

—LCASS RSYRQGH AF—(1.1) —LCASS LWFWDRGER NQPQH—(1.5)

—LCASS FVVRSRD GYT—(1.2) —LCAS RAPS NEQF—(2.1)

—LCASS RAGTGFV GYT—(1.2) —LCASS ALALY EQF—(2.1)

—LCASS FFGTPW YNEQF—(2.1) —LCASS LGGGGASW EQF—(2.1)

—LCAS YDSYAGF YNEQF—(2.1) —LCASS GQRE ELF—(2.2)

—LCASS LGTGGF NEQF—(2.1) —LCASS SAGTHVG LF—(2.2)

—LCAS RSIRQV EQF—(2.1) —LCASS SRPNLVTPRE QY—(2.3)

—LCASS LSGGA DTQY—(2.3) —LCASS LGDT QETQY—(2.5)

—LCAS IGRH SGANVLT—(2.6) —LCASS LRA SYEQY—(2.7)

—LCASS LAV SYEQY—(2.7) —LCAS PGGA YEQY—(2.7)

—LCASS PLGGGH YEQY—(2.7) —LCASS LPPRD YEQY—(2.7)

—LCAS TGGE YEQY—(2.7) —LCASS RND YEQY—(2.7)

—LCAS YTGRTPY YEQY—(2.7) —LCASS PGS YEQY—(2.7)

—LCASS YPGHR YEQY—(2.7) —LCAS RGQIL YEQY—(2.7)

—LCASS LPIF YEQY—(2.7) —LCASS SQLAGVV YEQY—(2.7)

—LCAS KREPY YEQY—(2.7) —LCASS LADLV EQY—(2.7)

—LCAS ALAYKPT QY—(2.7) —LCAS RGQILY EQY—(2.7)

*PCR-amplified TCR-b chain cDNA fragments that contain Vb3 gene segments and junctional regions were ligated into plasmids and cloned. 20

clones were randomly selected and sequenced. Sequences are aligned as deduced amino acids (one letter code).
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antigen and not by a superantigen. This is unlikely for several
reasons: first, the expansion of Vb3-bearing T cells was seen as
early as 6 d from the onset of the illness. Second, it is hardly ex-
pected that the MHC types of all the patients who had ele-
vated Vb3 T cells were identical. Third, we could not detect
the same degree of expansion of the particular Va-expressing
T cells by PCR using 18 different Va-specific primers in a few
patients with marked elevation of Vb3-positive T cells (data
not shown). It would be more likely that the expansion of the
particular Vb-expressing T cells is usually restricted to the
local draining lymph nodes and, in the periphery, only an in-
crease of a major subset, Vb3, might be detected with the pro-
longed exposure to YPM. The findings that the percentages of
Vb3- and Vb13.2-bearing T cells were increased in the mesen-
teric lymph node compared with peripheral blood in a patient
and that these Vb3 T cells exhibit a diversity in junctional se-
quences in TCR b chain messages would support this hypothe-
sis. However, because only a limited number of cases were an-
alyzed, further studies regarding the TCR Vb gene usage in
the gut-associated lymphoid tissue and in PBMC in yersiniosis
patients are needed to confirm our hypothesis.

A variety of diseases have been reported as later sequelae
of Y. pseudotuberculosis infection. These include reactive ar-
thritis, Reiter’s syndrome, ankylosing spondylitis, acute uvei-
tis, chronic pancreatitis, Crohn’s disease, acute renal failure
due to acute interstitial nephritis, and Kawasaki syndrome
(4–8, 23, 51–54). In these diseases, much attention has been
paid to the function of the local inflammatory T cells and anti-
gen-presenting cells within the affected organ (55–59). It has
been reported that there was marked predominance of Th1-
like (inflammatory) T cells compared with Th2-like (antigen-
producing) T cells in Yersinia-induced reactive arthritis (59). It
was also demonstrated that synovial fluid–derived CD8 T cells
in such patients could mediate cytotoxicity on autologous EB-
transformed B cells in the presence or absence of the bacteria
(59). In the context of the pathogenesis of superantigens, it has
been stressed that the activation of T cells by superantigens fa-
vors the overproduction of proinflammatory cytokines such as
TNFa, TNFb, IL-1, IFNg, and IL-6, which contribute to en-
dothelial cell and organ damage (43, 44). In fact, serum IL-6
and TNFa levels were also elevated in our acutely infected pa-
tients (data not shown). However, there have been reports
that focused on the protective role of T cells in yersiniosis (60–
63). These include the role of IFNg (61) and cytotoxic T cells
against the Yop-derived peptide (63). Currently, it is not clear
whether the superantigens work in concert with, or against
these host’s T cell–mediated protective immunity. In this re-
gard, it would be of interest to study how and to what degree
YPM influences the cytokine production pattern and cytotoxic
activity of local resident T cells in these diseases.

In summary, our present data indicate that a superantigen,
YPM, is actually produced by the organism in vivo and induces
IgG response in patients with Y. pseudotuberculosis infection.
In particular, the significantly higher antibody titer in patients
with systemic symptoms and the expansion of the YPM-respon-
sive Vb3-positive T cells in PBMC and in mesenteric lymph
node suggest that this superantigen may have an important
role during the disease process of Y. pseudotuberculosis infec-
tion. Future studies directed to the manner in which YPM is
involved in these pathogenic immune cell responses will help
to understand the possible autoimmune mechanism of the
Yersinia-related diseases.
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