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provide an jn virre model for investigation of the pre-BCR-
mediated intracellular signalling mechanism. In addition,
since HPB-NULL cells that lack BLNK also revealed
similar signalling events induced by pre-BCR cross-linking,
with some exceplions such as Ca?™ mobilization, compar-
ison between these two cell lines could provide & means of
analysing the function of BLNK in human pre-B cells.

BLNK wuas demonstrated lo couple activated Syk to
PLC-y, Vav and Grb2, and participate in the BCR-medi-
gled signalling in mature B cells.” Although BLNK has
been suggested Lo also play important roles in pre-BCR
signalling, the details remain poorty snderstood. Based on
the molecular similarity of pre-BCR to BCR, however,
BLNXK is thought to play a role in the pre-BCR signalling
sysiem shmilar to that of BCR, and consistent with this, our
results clearly indicated that BLNK is essential for pre-
BCR-mediated PLC-;2 activation and the following Ca™*
mobilization. By contrast, they also demonstrated ihal
BLNK is unnecessary for the activation of MAP kinase and
the PI3 kinase signalling pathway,

Based on models of transmembrane receptor tyrosine
kinases,'™* recruitment of the Grb2 adaptor protein,
which is associated with Sos GEF. to the plasma membrane
wis thought to be a likely mechanism for Ras and ERK
activation by antigen receptor signalling. However, recent
studies have shown that PLC-y-Ras GRP plays a critical
role in Ras activation in the TCR signalling context. in
addition to the Grb2-8os pathway.”* It was also sugees-
ted that the latter pathway is dominant in DT40 chicken B
cells, because a PLC-y2-deficient DT40 mutant manifested
a large decrease in BCR-mediated ERK activation, whereas
it has less of an eflect on ERK activation in Grb2-deficient
cells, and ablating Sos2, a dominantly expressed Sos iso-
torm in DDT40 cells, barcly affected FRK activation.®' As
we showed in this study, pre-BCR cross-linking effectively
aclivated Ras and ERK in BLNK-deficient HPB-NULL
cells in spite of the impairment of PLC-y2 phosphorylation
and the failere of an increase in complex formation between
BTK and PLC-y2. Thus, our findings may mean that PLC-
¥2 activation is unneeessary for the activation of ERK
MAP kinase in human pre-B cells. Alternatively, it is also
possible thal HPB-NULL cells possess a mechanism that
partially compensates for the tunction of BLNK in
pre-BCR-mediated signalling, thereby enabling pre-BCR
cross-linking to induce ERK activation without PLC-y2
activation. Interestingly, we observed that PLC-yl was
expressed and phosphorylated by pre-BCR cross-linking
both in BLNK-expressing and BLNK-deficient pre-B-cell
lines. The data may indicate that PLC-y1 and PLC-72 have
distinct functions in pre-B-cell lines,

As stated above, BLNK -deficient mice have a block in B-
cell development at the pre-B-cell stage. bul the block is
incomplete, and a small number of mature B cells are still
present in the periphery.2** This suggests that other sig-
nalling molecule(s) may partially neutralize the BLNK defi-
ciency in B eells. and indeed, combined expression of adaptor
proteins SLP-76 and LAT has been reported to reconstitute
BCR function in BLNK™ DT40 chicken B cells.*** [n
addition, most recent reports have suggested that LAT and
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SLP-76 are involved in pre-BCR signalling and rescue
arrested murine BLNK ™ pre-B cells* Thus, afternative
signalling molecule(s) that partially compensate for he
function of BLNK may be present in HPB-NULL cells,

In conclusion, human pre-B-cell lines NALM-17 and
HPB-NULL should provide an ideal in vitro model for
analysis of pre-BCR-mediated signalling and the role of
BLNK in pre-B cefls, Further characterization including an
analysis on the effect of transfection of the BLNK gene into
HPB-NULL cells are clearly necessary. However, experi-
ments wsing these cell lines wilt be of assistance in under-
standing the signalling mechanism in  early B-cell
developmens,
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Ahstract

A baltery of mouse monoclonal antibodies (mAbs) reactive with porcine peripheral blood (PB) leukocytes was generated.
Among the mAbs, 6F10 was found 1o react probably with cluster of differentiation (CD)8 «-~chain, while 7G3 and 3E12 were
found to recognize yd T-cells, as revealed by two-color flow cytometric and immunoprecipitation studies. 7G3 was shown to
react with the constant (C) region of the T-cell receptor (TCR) 8-chain by the following facts: (1) 7G3 immunoprecipitated full-
length TCR &-chain protein fused with glutathione S-transferase (GST) produced by Esherichia coli and (2) 7G3 reacted with
TCR &-chain expressing Cos-7 cells transfected with either full-length or N-terminal deleted mutant cDNA. but did not react
with Cos-7 cells transfected with C-terminal deleted mutant TCR 8-chain ¢DNA. All three mAbs produced high-gquality
immunostaining results on frozen sections, revealing a distinct distribution of ¥3 T-cells and CD8™ cells. This report precisely

Abbreviations: CD. cluster of differentiation; PB. peripheral blood; C region, constant region; PE, phycoerythrin, GST. glutathivne S-
transferase: HRP, horseradish peroxidase
* Corresponding author. Tel.: +81 3 3487 9669; fax: +81 3 3487 9669.
E-mail address: jfujimoto@nchugojp ¢J. Fujimoto).

0165-2427/8 - see front matter €3 2004 Elsevier B.V. All rights reserved.
doi:10. 1016/ vetimin, 2004.08.018
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characterizes mAbs against porcine TCR for the first time, facilitating molecular biological investigations of the porcine immune

system.
«: 2004 Elsevier B.V. All rights reserved.

Keywords: Pigs T lymphocytes; Antibodies; T-cell receptors

1. Introduction

Considerable interest has been focused on the
immunobiology of the pig, since this animal is
regarded as a candidate for organ supply in
transplantation medicine. From an animal husbandry
point of view, understanding the immune systems of
livestock animals enables the food supply to be
improved through the manipolation of immunity-
related genes. In this regard, workshops on porcine
cluster of differentiation (CD) have been conducted
and reports are published periodically. Several mAbs
have been established, but the number of mAbs for
porcine leukocyte Ags remains small compared with
those for murine and human systems; furthermore.
most of the mAbs that have been established for
porcine systems require a more detailed characieriza-
tion (Haverson et al.,, 2001a,b),

We thus attempted to develop new mAbs that could
be used to analyze the porcine immune system. This
manuscript describes the development of various
mAbs that are reactive with porcine leukocytes. In
particular, one mAb designated as 7G3 was confirmed
to react with the constant (C) region of the
recombipant TCR &-chain, This report iy the first
description of a mAb against porcine TCR &-chain,
whose characterization was confirmed using mole-
cular biology techniques. The utilization of the newly
developed mAbs in the immunostaining of tissue
sections was also demonstrated.

2. Materials and methods
2.1. Animals and tissues

Landrace or (Landrace x Large White) Fl pigs
were used in the study. Peripheral bloed (PB) and
tissues were obtained from anesthetized animats and
processed using conventional techniques. PB was
collected in tubes containing acid citric buffer to avoid
coagulation, Tissues were immediately snap frozen

and kept in a deep freezer until use. In some
experiments, thymus tissue was minced with scissors
to generate a cell suspension. A viable thymocyte
suspension was then prepared using Ficoll-Paque
(Immuno-Biological Laboratories Co. Ltd.. Takasaki-
shi, Gunma-ken, Japan) gradient centrifugation,

2.2. Monoclonal antibodies

PB lenkocytes were isolated from PB by RBC lysis
with an NH,Cl1 lysis buffer followed by centrifugation
at 1500 rpm for 10 min. After washing twice in PBS.
approximately 1 x 10® cells were injected into the
abdominal cavity of an 8-week-old female Balb/c
mouse, Two boost injections were performed at 2-
week intervals. Four days after the last boost injection,
splenocytes were fused with P3U1 mouse myeloma
cells and incubated in hypoxanthine and thymidine
(HAT) medium. Supernatants of growing hybridomas
were screened on porcine PB levkocyles vsing flow
cytometry, and clones that secreted Abs which were
reactive with porcine PB leukocytes were subcloned
twice using limited dilutions. The ¢lones were grown
in the abdominal cavity of Pristane-treated Balb/c
mice and ascites samples were subsequently obtained.
Purification of the mAbs was performed using a
Protein-G column (Bio-Rad Laboratories, Hercules,
CA). After purification, the mAbs were either
biotinylated or conjugated with FITC, as previously
described (Fujimoto et al, 1988). Commercially
available mAbs against porcine CD2 (clone MSA4),
CD3 (8E6), CD4 (74-12-4, also known as PT4), CD5
(PG114A), CD§ a-chain (76-2-11, also known as
PT8), CD8 f-chain (PG164A), vd T-cells (PT79A,
PG92A. PG94A, PGBIL22A and 86D) and CD21
(BB6-11C9) were obtained from Veterinary Medical
Research and Development Inc. (Pullman, WA),

2.3, Flow cyvtometry and immunohistochemistry

The flow cytometry analyses of the mAbs were
performed as follows. Briefly, an aliquot of porcine PB
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leukocytes or thymocytes was incubated with an
appropriate amount of mAb for 30 min at 4 °C. After
washing with PBS, the cells were incubated with
cither FITC-conjugated or phycoerythrin (PE)-con-
jugated goat anti-mouse Abs (Jackson Laboratory
Ine., West Grove, PA) for 30 min at 4 °C. The cells
were then washed with PBS and analyzed using
an EPICS X1 analyzer (Beckman/Coulter Inc.,
Westbrook, MA). In some experiments, two-color
flow cytometry was perforined to distinguish
between the newly established mAbs and commer-
cially available mAbs. Brieily, porcine PB leukotytes
were incubated first with unconjugated mAbs and
then with PE-labeled secondary Abs, as described
above., The free-binding sites of the second Abs were
blocked with an excess amount of vnrelated mouse
Ab, and the cells were treated with FITC-conjugated
mAbs.

The reactivity of the mAbs in tissues was analyzed
using frozen sections ond immunchistochemistry.
Briefly, porcine tissues were snap-frozen in optimal
cutting temperature (OCT) compounds, and frozen
sections were made nsing a cryostat apparatus, The
sections were fixed in acetone tor 15 min at 4 “C. After
washing in PBS and blocking with normal rabbit
serum, the sections were incubated with mAbs at
appropriate ditutions for 30 min at room lemperature,
The sections were then washed with PBS and
incubated with horseradish peroxidase (HRP)-con-
jugated rabbit anti-mouse Abs (Jackson) for 30 min at
room temperature. After washing with PBS, color
development was performed in a diaminobenzidine
sofution (10 mM in 0.05 M Tris~HCL. pH 7.5) with
0.003% H,0,. -

2.4. Immunoprecipitation

Porcine PB leukocyles were biotinylated and
lysed in a lysis buffer, as previously described
(Takada et al., 1995). After centrifugation for 30 min
at 15,000 rpm and 4 °C, the supernatant was removed
and used for the immunoprecipitation. Cell lysates
were first incubated with Protein-G agarose beads
(Boehringer Mannheim Biochemica, Mannheim,
Germany) to remove non-specific binding proteins,
and aliquotls were incubated with the mAbs follo—
wed by Protein-G beads. After washing, the
immunoprecipitates were loaded onto SDS-PAGE

and transferred to a2 nitrocellulose membrane. The
immenoprecipitates were then reacted with HRP-
conjugated avidin and washed. Finally, HRP activity
was visealized using chemiluminescence (ECL,
Amersham Life Science, Buckinghamshire, UK),
as described elsewhere.

2.5. Cloning and expression of porcine TCR cDNA

cDNA libraries of 7G3* PB leukocytes and 6F10*
PB leukocytes were constructed, Porcine PB lympho-
cytes labeled with FITC-7G3 Ab were incubated with
magnetic-activated celt sorting (MACS) heads con-
jugated with anti-FITC Ab (Miltenyt Biotec GmbH,
Bergisch Gladbach, Germany) and loaded onto an
AutoMACS cell separator (Miltenyi Biotec), 7G3*
cells were positively selected. and a cDNA library was
constructed using the oligo-capping method (Mar-
oyama and Sugano, 1994) and plasmid vector
pMEI8S-FL3, which contains the SR-o¢ promoter
for expression in mammalian cells, FITC-6F10 was
added 1o the 7G37 pass-through fractions and labeled.
These cells were also positively selected by Auto-
MACS and used for the ¢cDNA library construction.
Out of several thousand clones sequenced from both
c¢DINA libraries, eight clones (four TCR 3-chain clones
[D1 throngh D4), twwo TCR o-chzin clones [A) and
A2}, one TCR +y-chain clone [G], and one TCR B-
chain clene [B]) that exhibited homologies to known
TCR sequences and contained full-length open read-
ing frames were selected. It was confirmed that all of
the ¢DNAs were full length and error-free in
comparison with previously published nucleotide
sequence of porcine TCRs (Thome et al.,, 1993). To
gemerate a mammatian cell expression vector for V
region of the TCR 3-chain, a termination codon was
introduced at nucleotides 343-345 of the TCR 8-chain
coding sequence in pMEISS-FL3 TCR D4 by site-
directed mutagenesis (Quick Change Mutagenesis Kit,
Stratagene) (see Fig. 5). To generate a mammalian cell
expression vector for the C region of the TCR §-chain,
an additional BamH} site was introduced at nucleo-
tides 436-441 of the TCR 8-chain coding sequence in
pME188-FL3 TCR D4, and the nucleotide fragment
50-436 of the TCR 8-chain coding sequence was
deleted by BamnHl digestion followed by self re-
ligation (see Fig. 5}, For the bacterial expression of the
glutathione S-transferase (GST)-fusion recombinang
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TCR &-chain protein, BamHI and the blunt-ended Sacl
fragmemt of the TCR & (D4) cDNA were introduced to
the pGEX-6P-1 (Pharmacia Biotech, Uppsala, Swe-
den) vector at the BainHI and Smal sites.

¢DNA coding for the TCRs under the SRa
promoter was introduced into Cos-7 cells by lipofec-
tion (LIPOFECTAMIN, Invitrogen, Groningen, The
Netherlands); after 3 days, the cells were stained with
7G3 mAb. Recombinant TCR proteins with 2 GST-
fusion form were immuanoprecipitated with 7G3 mAb
and analyzed by SDS-PAGE.

3. Results and discussion

3.1. Development of niAbs reactive with
poicine PB leukocytes

From one hybridization experiment, 43 hybridoma

clones were established, The mAbs produced by these

clones reacted differently to the porcine PB leuko-
cytes, as revealed by flow cytometry, and were
classified into several groups according to their pastern
of reactivity (Table 1). Among them, mAbs 6F10, 7G3
and 3812, which reacted with lymphocyte subpopula-
tions were extensively analyzed,

mADb 6F10 reacted with 49.0% (range 40.3-60.5%;
n = 5) of the PB lymphocytes (Table 2). The histogram
profiles always displayed bright and dull peaks
(Fig. 1). Since this pattern is typical of CD8, a two-
color analysis was performmed using previously esta-
blished CD3 and CD8 mAbs. As shown in Fig. 1A,
most of the cells stained positive for both 67110 and
CD3, but a small population of CD3™ 6F10" cells were

Table 1
Clagsiication of new monoclona) antibodies defined by their spe-
cificities to peripheral blood leskocytes vsing flow cytometry

Speciticity Clooes
Pan-leukocyte 1B4, IBS, 4G8, 5B6, 5B11, 6F1, 6F2,
08, 7612

VH2, 3C5, 3F5, 3F11, 5A10,

5E6, SHT. 684, 688, 6E10, 6GI1,
THI2, 8F2

22, 7H3, 3E12, SDE, 508, 6E12,
6F10, 7G3

1F4, 2F12, 3D10, 4H9, SEL1, 6AS,
6D10, 6F1L, 7C2, 7G1, 7G11,
3AS5, 8C1, 8C3, ¥H7

Granulocyte

Lymphocyte sobset

Granutocyte and
Iymphoryte subset

Table 2
Reactivities of monoclonal antibodies against porcine peripheral
blood lymphocytes

Pigl Pig2 Pig3 Pigd Pig S Mean (%) S.D.

Tecell
cD3 730 639 559 525 714 @33 91
CD4 248 248 180 191 257 225 36
CD8« 454 543 391 443 426 453 87
CDSp 154 233 127 19 170 161 4.5
6F10 475 605 403 453 515 4990 7.6
¥d TCR
PTHYA 153 165 188 121 235 172 4.3
PGY2A 07 165 91 49 171 117 5.2
PG49A 130 52 126 127 134 114 35
PGBL22A 297 164 270 193 321 248 6.9
86D 47 62 67 88 129 179 32
7G3 W05 142 272 1%0 327 247 1.9
3E12 162 93 161 116 204 (47 43
B cell
CD21 60 105 81 89 54 78 24

also identfied. A two-color analysis using the CD8
a-~chain mAb showed that 6F10 and CD8 «a-chain
reacted in identical cell populations, since the
histograms could be aligned in a diagonal fashion.
On the other hand, a two-color analysis with CDS8
$-chain indicated that the mAb against CD8 B-chain
reacted only with a bright population of 6F 10" cells. In
thymocytes, a similar 6F10 staining pattern was
obtained (Fig. 1B). Thas, 6F10" cells were mostly
found in CD3" cells, and the two-color histograms for
6F10 and CD8 c-chain were aligned in a diagonal
fashion. From these results, we concluded that 6F10
probably recagnizes the porcine CD8 o-chain,

mAb 7G3 reacted with 24.7% (range 14.2-32.7%:
n =35) of the PB lIymphocytes (Table 2). As shown in
Fig. 2, a two-color analysis demonstrated that nearly
all the 7G3™ cells were found in CDZ" and CD3™ cells.
On the other hand, the 7G3™ cells were always CD4 ™,
The relationship between 7G3-positivity with CD8 «-
chain-positivity varied depending on the nature of the
sample that was being examined. 7G3*CD8 a-chain™
and 7G3*CD§ a-chain™ cells were always present, but
their proportions differed significantly from sample to
sample (sce samples #1 and #2 in Fig. 2). Since the
7G3* cells were identified as CD3* T-cells, we next
examined whether 7G3* cells were related to 3
T-cells using previously established mAbs against
poreine TCR &-chain (Fig. 2, right panel). Using five
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Fig. 2. Two-color stuining of porcine peripheral bloed lymphocytes using 7G3 and other T-vell markers. Peripheral blood lymphocytes were
stuined with combinations of FITC-conjugated 7G3 (X-axis) and other PE-labeled antibodies (Faxis).
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Fig. 3. Two-color stuining of porcine peripheral blood lymphocytes using 3E12 and other Tevell markers. Peripheral blood lymphocyles were
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mAbs against y0 T-cells (PT79A, PG92A, PGY4A,
PGBL22A and 86D), we found that 7G3 always labeled
a population of cells that overlapped the population
stained by these mAbs against porcine v& T-celis.
Among therm. the 7G3* cells were almost identical to
those detected by PGBL22A, The reactivity of 7G3 was

also examined in porcine thymocytes. Consistent with
the results obtained for PB lymphocyles, the staining
pattern for 7G3 was almost identical to thar for
PGBL22A {data not shown).

mAb 3E12 reacted with 14.7% (range 9.3-20.4%;
n=15) of the PB lymphocytes (Table 2). As shown in
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Fig. 3, a two-color analysis demonstrated that the
staining pattern of 3E 12 was similar to that of 7G3. All
JE12* cells were included in the CD3* cells, butnot in
the CD4" cells. and a portion of the 3E12* cells

overlapped with the CD8 a-chain® cells. Further
analysis revealed that the 3EL2* cells were always
included in both 7G3* and PGBL22A™ cells, with
approximately two-thirds of the 7G3* cells being
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¢DNA library are shown, The arow-head indicates a termination codon introduced in TCR D4 to generate the TCR D4 V region construct. The

solid box indicates the deleted site in the TCR D4 C region construct.

positive for 3E12. The 3E12* cells were almost
identical to those detected by PT79A, and only
partially overlapped with either PGY92A™ or PGO4A"
cells. The above data indicates that 3E12 recognizes a
subpopulation of y8 T-cells.

3.2. Reactivity of 7G3 with TCR 8-chain protein

From the biotinylated cell lysates of PR lympho-
cytes, 703 immunoprecipitated a protein with a
molecular weight of approximately 40 kDa under
reducing conditions (Fig. 4A). A side-by-side com-
parison revealed that mAh PGBL22A. which has been
reported to detect the TCR 8-chain, produced a band
with an identical molecular weight.

To confinm that 7G3 reacted with TCR &-chain,
7G3 was challenged to react with recombinant forms
of the TCR &-chain protein. In our ¢DNA libraries
prepared from 7G3" cells and 6F 107 cells, one TCR B~

chain clone (TCR B), one TCR +y-chain clone (TCR
), two TCR w-chain clones (TCR Al and A2) and
four TCR 8-chain clones (TCR DI through D4)
(Fig. 5) full-length cDNAs were identified. These
cBNAs were inserted into mammalian expression
vector pME18S-FL3 and transfected into Cos-7 cells.
After culturing for three days, the cells were stained
with 7G3 using an immunohistochemical method.
No staining was observed when the TCR B-chain
(Fig. 6A), TCR w~chain or TCR y-chain ¢cDNAs were
transfected (data not shown), but the Cos-7 cells that
were transfected with one of the four different TCR
8-chain ¢DNAs stained positive for 7G3 (Fig. 6A.
Table 3). An identical staining pattern to that of
7G3 was obtained when mAb PGBL22A was used
(Table 3),

The above results prompted us to examine the
reactivity of 7G3 with TCR &-chain recombinant
protein. For this purpose, we first produced a fuil-
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Fig. 6. Reactivity of 7G3 on Cos~7 cells transfected with TCR 8-chain cDNA. (A) Mammalian expression vectors containing either TCR 8-chain
(TCR M) or TCR B-chain {TCR B} were introduced into Cos-7 cells, and the cells were stained with 7G3 or 1 control antibody. (B) Expression
vectors for the TCR &-chain mutant that completely lack either the C region (TCR D4 V region) or the V region (TCR D4 € region) were
introduced into Cos-7 cells, and the cells were stained with 7G3 or a control antibody.,

lfength TCR &-chain recombinant protein fused with
GST in bacteria, As shown in Fig. 4B, a full-length
TCR 8-chain-GST fusion protein with a molecular
weight of 60 kDa was effectively produced (lane 3)

and purified using glutathione beads (lanes 1 and 2).
An immunoprecipitation experiment vsing 7G3 and
the recombinant full-length TCR $-chain-GST fusion
protein, followed by immunoblotting with anti-GST
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Table 3 . T
Reactivities of monoclonal antibodies against Cos-7 cells transfected with various types of porcine TCR ¢DNA

TCR DI TCR D2 TCR D3 TCR D4 TCR Al TCR A2 TCRG TCR B
7613 + + . + - n ) - —
PGBL22A + + + + - - - -
PTT9A - - o - - - - -
PGY2A - - - - - - - -
PGY4A - - - - - - - -
86D - - - - - - - -
3EI2 - - - - - - - -

Ab, clearly indicated that 7G3 reacted with the full-
length TCR &-chain protein (Fig. 4C). :

Next, we determined whether 7G3 reacts with the C
region or the V region of the TCR 8-chain. GST
protein fused with the V region of the TCR 3-chain
was successfully produced in bacteria, but was nol
reactive with 7G3 (data not shown), Since we failed to
produce the C region of the TCR S-chain prolein in
bacteria, we attempted to use 4 mammalian expression
systein and a deletion mutant of the TCR D4 clone, As
shown in Fig. 6B, 7G3 reacted with the Cos-7 cells in
which the N-terminal deletion mutant of the TCR D4
clone, containing the C region of the TCR §-chain,
was expressed, On the other hand, 7G3 did not react
with Cos-7 cells in which the C-terminal deletion
mutant of the TCR D4 clone, containing the V region.
of the TCR 8-chain, was expressed. Based on the
above dara, we concluded that 7G3 recognizes the C
region of the TCR §-chain.

3.3. Reactivity of 6F10 (CD8). 7G3 (TCR 8-chain)
and 3E12 (y8 T-cells) in tissue sections

We next examined whether the newly established
mAbs (6F10. 7G3, and 3E(2) could be used for imm-
unostaining on frozen sections. As shown in Fig. 7, all
of the mAbs produced high-quality immanostaining
results when used on frozen sections. In the thymus,
6F10 stained a significant number of both cortical
and medullary thymocytes (Fiz. 7). The strong
staining pattern produced by 6F10 was striking when
compared with the staining pattern produced by the
commercially available CD8 a-chain mAb, the latter
of which only weakly stained the thymocytes. Both
7G3 and 3E12 also stained small subpopulations of the
thymocytes. 7G3" cells were found mainly in the
medutila, but a significant number of 7G3* cells were

also identified in the cortex of the thymus. In the
medulla of the thymus, the 7G3* cells tended to be
found around Hassal's corpuscle. The 3E12* cells
were distributed in a similar manner as the 7G3* cells,
but the number of positive cells was [ower than the
number of 7G3" cells. Commercially available mAbs
against y8 T-cells were also examined, but none of
these mAbs produced a satisfactory staining intensity.
For example, mAb PGBL22A weakly stained only a
small number of thymocytes. Similarly, the staining
pattern produced by CD3 was not distinct on the
frozen sections. ' : .

In lymph node (data not shown) and spleen tissues
(Fig. 7). 6F10-stained cells were mainly distributed in
the parafollicutar area, which was rich in CD2*
T-cells. In addition, a few 610" cells were identified
in the Iymphoid tollicles, which were visualized by the
B-cell marker CD21 {data not shown). In the lymph
node and spleen tissues, the 7G3* and 3E12% cells
were scattered mainly in the parafollicular area.

4. Conclusions

In this paper, we report the development of a
battery of murine mAbs that were reactive with
porcine lymphocytes, including one Ab probably
recognizes CD8 (6F10) and two anti-yd T-cell Abs
(7G3 and 3E12). All three of the newly characterized
mAbs produced high-quality results when used for
immunostaining on frozen sections, compared with
the resufts obtained using commercially available
anti-CD8 and anti-y8 T-cells mAbs.

The pig is unique with regard to the distribution of
TCR in its peripheral organs. In mice and humans,
from which a modern immunological scheme has
been developed, the number of 48 T-cells in
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Fig. 7. Reavtivity of 7G3, 3E12 and 6F) on frozen sections of
porcine tissves, Frozen sections of porcine thymws eft panels) and
spleen (right patrels) were stained with the monoclonal antibodies.
as indicated.

peripheral Iymphoid organs is very small, usually
less than a few percent of the lymphocyte population
(Carding and Egan. 2002). Instead, 48 T-cells tend to
reside in the epithelia of various organs. such as the
intestine, uterus and skin, that are often directly
subjected to external Ag stimuli. Artiodactyls,

“including pig, however, are known to be abundant

in 43 T-cells in their PB (Hein and Mackay, 1991).
Davis et al., previously showed by using mAb
PGBL22 that about 30-50% of porcine PB mono-
nuclear cells are 8 T-cells (Davis et al., 1996, 1998,
2001). Indeed, five pigs we investigated also gave
high proportion of & T-cells with an average of
24.7% with our new mAb 7G3, ranging from
£6.1% to 32.7% and the value with PGBL22A was
essentially the same with 7G3 in each pig. This
striking feature prompted us to reconsider the
biological role of v& T-cells in defense immunity
against direct Ag attacks from the external world.
For this purpose, a precise characterization of
porcine & T-cells, as well as off T-cells, is
indispensable, and the data described here will serve
to improve our understanding of the porcine immune
system.

mAb 7G3 was selected based on its limited
reactivity in PB lymphocytes and was found to react
with a subpopulation of CD3" T-cells using two-color
flow cytometry. Since this reactivity was quite similar
to the previously reported proportion of v T-cells in
porcine PB (Davis et al., 1998) we decided to compare
our results with those obtained using established.
commercially available mAbs. Among the mAbs
against y5 T-cells that were tested. 7G3 exhibited a
nearly identical distribution to that of mAb PGBL.22A.
The evidence that 7G3 immunoprecipated a protein
with an identical molecular weight (approximately
40 kDa) to that produced by PGBL22A under reduced
conditions further indicated that 7G3 and PGBL22A
recognized the same molecule. In a previous report by
another group, a biochemical analysis revealed that
one TCR 8-chain with a molecular weight 40 kDa and
three distinct TCR +y-chains with molecular weights
of 37, 38, and 46 kDa were distributed in differemt
subsets of porcine yd T-cells (Hirt et al.. 1990
Saalmuiler et al,, 1990; Thome et al., 1994). Based on
the similarity of the identified molecular weights, we
hypothesized that 7G3 reuacts with the TCR 8-chain.
To confirm this idea, we employed a molecular
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biology approach. Fortunately, we were able to
identify full-length cDNA clones of all TCR a-,
B-. v- and 8<chains in our cDNA libraries generated
from 7G3* cells and 6F10* cells. Using 2 mammalian
expression system, 7G3 was shown to react with Cos-7
cells in which all four TCR 8-chains ¢DNA had been
introduced. Furthermore, 7G3 was shown to bind with
a recombinant full-length TCR §-chain protein fused
with GST. These results confirmed that 7G3 reacts
with the porcine TCR 8-chain,

Next, we investigated whether 7G3 reacts with the
Vor the C region of the porcine TCR §-chain. Among
the mAbs previousty shown to react with y& T-cells.
PGBL22A seemed to have a wider range of reactivity
than the other mAbs, PGBL22A was known to react
with the TCR §-chain, as proved vsing immunochem-
istry, but whether the mAb would react with a
recombinant protein and the region of the TCR
8-chain that it recognized where uncertain, Using flow
cytometry and various mAbs against porcine TCR y-,
S-chains, the reactivities of 7G3 and PGBL22A were
shown to be identical and were wider than those of
the other mAbs. Thus. the possibility that both 7G3
and PGBL22A recognize 1 common framework in
the TCR 8&-chain (Davis et al., 1998, 2001) was
considered, although the exact determinants are
clearly different since these lwo mAbs can be used
to perform a two-color analysis. The pig V8 region
sequences can be grouped inw five families (V81-5);
one family, V81, consists of a large number of
members, whereas the other families have a limited
number of members, as determined by ¢DNA
sequencing as well as genomic Southern blotting
(Yang et al., 1995). The TCR V31 family was seen in
25 out of 34 ¢cDNA clones in yd T-cells obtained from
a 1-month-old, germfree pig. In fact, four of the
cDNAs for the TCR 8-chain found in the 7G3" cell
¢DNA library contained an identical V region (V51),
and the only differences were seen in the joint (J)
region (Fig. 5). Therefore, 7G3 may recognize V31,
and not the C region, of the porcine TCR &-chain,
Consequently. we conducted an experiment (o
determine the region of the TCR 8-chain to which
7G3 reacts. Ideally, recombinant proteins ot both
the V region and the C region should have been
produced, but we were only able to produce a GST-
fusion TCR §-chain mutant. in which the C region was
completely deleted; this protein was unreactive with

7G3. These results does not necessary mean, however,
that 7G3 does not bind TCR $-chain V-domain
because the folding of the V region peptide might be
different from GST-fused full length TCR 8-chain in
Esherichia coll.

We therefore attempted to use a mammalian
expression system. Consistent with the results
obtained uvsing recombinant TCR 8-chain V-domain
protein fused with GST, 7G3 did not reacted with the
Cos-7 cells in which the expression vector for V region
of the TCR 3-chain was rransfected. It should be noted
that the TCR &-chain V region construct lacked
membrane anchoring domain, and the peptides
produced might be secreted out of Cos-7 cells. This
experiment, therefore, cannot rule out the possibility
of 7G3 binding to TCR 3-chain V-domain. We finally
showed, however, that 7G3 clearly reacted with the
Cos-7 cells in which the C region of the TCR d-chain
was expressed and the strength of staining with this
construct was comparable to the Cos-7 cells with full
length TCR B-chain constructs. Taken together, the
present evidence strongly suggest that at least a part of
the epitope recognized by mAb 7G3 resides within the
peptide caded by TCR 8-chain C region. Indeed, the
published structure of a human y 3 TCR suggests a
portion of TCR 3-chain C region to be accessible to
antibody.

In this stedy, we also developed another mAb,
3E12, that reacts with a subset of ¥8 T-cells. Since the
IE12* subpopulation was always included in the
population of 7G3* cells. namely the TCR 3-chain-
expressing cells, and was pever found in 7G37 cells,
3E12 likely recognizes a molecale expressed speci-
fically on 48 T-cell subpopulation, but not the
common framework of TCR vyd-chains. Furthermore,
3E12 did not react with the fonr TCR 8-chain proteins
{TCR D1-4) or the one TCR vy-chain protein (TCR G)
examined in this study. Comparing the reactivity of
3E12 and 7G3, it scems possible that 3E12 may
recognize one of the three distinct TCR y-chains other
than one we cloned (Hirt et ai., 1990; Saalmuileretal,,
19903; Thome et al., 1994). Alternatively, 3E12 may
recognize a V& family other than V31 or a novel
molecule related to the TCR +y- and &-chain complex
that is specifically expressed in a subset of & T-cells.
A detailed investigation of the 3EI2 Ag, including
whether 3EI2 recognizes the same molecule as that
recognized by mAb PT79A, is now underway,
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mAb 6F10 was found to react probably with the
CD8 a-chain using flow cytometry. The major benefit
of using 6F10 in research on the porcine immune
system is its applicability to immunohistochemical
analyses, Compared with the commercially available
CD8 mAb, GF10 reacts strongly on frozen sections.
This benefit is also seen with the mAbs against y5 'T-
cells, mAh7G3 distinctly stains TCR &-chain® cells on
frozen sections. Similarly, mAb 3E12 sirongly stains a
subset of ¥ T-cells. Immunchistochemical analyses
are particularly important for studying pathological
conditions; thus, the mAbs developed in this study are
expected 10 improve our understanding of not only the
fundamental aspects of immune syslems in general,
but the immunological reactions involved in various
porcine diseases.

In conclusion, we report the devetopment of three
mAbs that recognize distinct subsets of porcine
T lymphocytes, all of which produced high-quality
immunostaining results on tissue sections. In parti-
cular, mAb 7G3, which was confirmed to recognize
the C region of the porcine TCR &-chain, should
facilitate the study of porcine ¥8 T-cells not only in the
field of porcine immunity, but also in the feld of
comparative immunological evolution.
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Summary

Shiga toxin is a bacterial toxin consisting of A and B
subunits. Generally, the essential cytotoxicity of the toxin is
thought to be mediated by the A subunit, which possesses
RNA cleavage activity and thus induces protein synthesis
inhibition. We previously reported, however, that the
binding of the Shiga toxin 1-B subunit to globotriaosyl
ceramide, a functional receptor for Shiga toxin, induces
intracellular signals in a manner that is dependent on
glycolipid-enriched membrane domains, or lipid rafts.
Although the precise role of this signaling mechanism is
not known, here we report that Shiga-toxin-mediated
intracellular signals induce cytoskeleton remodeling in
ACHN cells derived from renal tubular epithelial
carcinoma. Using confocal laser scanning microscopy,
we observed that Shiga toxin 1-B treatment induces
morphological changes in ACHN cells in a time-dependent
manner. In addition, the morphological changes were

accompanied by the redistribution of 2 number of proteins,
including actin, ezrin, CD44, vimentin, cytokeratin,
paxillin, FAK, and o- and y-tubulins, all of which are
involved in ecytoskeletal organization. The transient
phosphorylation of ezrin and paxillin was also observed
during the course of protein redistribution. Experiments
using inhibitors for a variety of kinases suggested the
involvement of lipid rafts, Src family protein kinase, PI 3-
kinase, and RHO-associated kinase in Shiga toxin 1-B-
induced ezrin phosphorylation. Shiga texin 1-B-induced
cytoskeletal remodeling should provide an in vitro model
that can be used to increase our understanding of the
pathogenesis of Shiga-toxin-mediated cell injury and the
role of lipid-raft-mediated cell signaling in cytoskeletal
remodeling.

Key words: Shiga toxin, Globotriaosylceramide, Cytoskeleton

Introduction
Shiga toxin (Stx) is a protein toxin produced by Stx-producing
strains of Escherichia coli (STEC) and has been postulated to
be the substance responsible for the development of serious
complications associated with STEC infection, such as
hemolytic uremic syndrome (HUS) (Kaplan et al, 1990;
Richardson et al., 1988). Stx consists of two major types, Stx1
and Stx2, that both contain an A-snbunit monomer and a B-
subunit pentamer (Lingwood, 1996). The A-subunitis a 30kDa
cytotoxic chain that exhibits RNA N-glycohydrolase activity
and cleaves a specific adenine residue on the 28S ribosomal
RNA in the cytosol, thereby inhibiting protein synthesis
(Lingwood, 1996). In contrast, the 7 kDa B-subunit can bind
to globotriaosyl ceramide (Gb3), the functional receptor for Stx
found on the surface of target cells (Lingwood, 1996).
" Although Stx cytotoxicity is thought to be caused by the A-
subunit-mediated inhibition of protein synthesis, a number of
recent studies have clarified that the B-subunit also has a
biological effect on the target cells,

For example, Stx-B binding to Gb3 has been shown to
trigger intracellular signaling events in Burkitt’s lymphoma
cells (Taga et al., 1997). We further observed that Gb3 was only

distributed in glycolipid-enriched membrane (GEM) domains
(Rodgers and Rose, 1996), also known as lipid rafts (Simons
and Ikonen, 1997), indicating that lipid rafts are deeply
involved in Stx-medijated signal transduction in both Burkitt’s
lymphoma cells (Mori et al., 2000) and renal carcinoma ACHN
cells (Katagiri et al., 1999), However, the physiclogical role of
Gb3-mediated cell signaling remains unknown. Although
Stx1-B binding is sufficient to induce apoptosis in Burkitt's
lymphoma cells (Kiyokawa et al., 2001; Mangeney et al., 1993;
Taga et al., 1997), this effect of Stx1-B appears to be limited
to this species of cells, and the A-subunit of Stx is reportedly
required to induce apoptosis in other cell types, including Vero
cells and monocytic THP-1 cells (Kojio et al., 2000; Williams
et al., 1997).

Ezrin, radixin and moesin are members of the ERM protein
family and are mainly distributed just beneath the plasma
membranes of cellular protrusions, such as microvilli. ERM
proteins are thought to function as general cross-linkers
between plasma membranes and actin filaments (Arpin et al.,
1994; Bretscher et al., 1997; Tsukita and Yonemura, 1997;
Tsukita et al., 1997; Tsukita and Yonemura, 1999). The highly
conserved NH2-terminal halves of ERM proteins possess the
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ability to associate with several integral membrane proteins,
such as CD43, CD44, intercellular adhesion molecule (ICAM)-
1, ICAM-2, ICAM-3, and the HY/K* ATPase pump (Bretscher
et al., 1997; Heiska et al., 1998; Hirao et al., 1996; Serrador et
al,, 1997; Tsukita et al., 1994; Tsukita and Yonemura, 1999;
Yonemura et al., 1993). Conversely, the COOH-terminal halves
of ERM proteins can interact with actin filaments (Bretscher
et al., 1997; Tsukita and Yonemura, 1999; Turunen et al.,
19%94). As the NH2-terminal halves of ERM proteins can also
bind to their COOH-terminal halves (Andreoli et al., 1994,
Bretscher et al., 1997; Tsukita and Yonemura, 1999), both the
actin- and membrane-binding domains of ERM proteins are
thought to be masked in the resting state by an intramolecular
and/or intermolecular head-to-tail association (Berryman et al.,
1995; Bretscher et al., 1995; Bretscher et al., 1997; Tsukita and
Yonemura, 1959). These dormant ERM proteins are thought to
be activated by cellular signals, such as the one mediated by
epidermal growth factor receptor, by exposing their halves and
allowing them to interact with integral membrane proteins and
actin filaments, respectively (Berryman et al., 1995; Bretscher
et al., 1995; Bretscher et al., 1997; Hirao et al., 1996; Matsui
et al., 1998; Tsukita and Yonemura, 1999). These activated
ERM proteins have been shown to be directly involved in the
morphogenesis of the free surface domain of plasma
membranes, especially in the organization of microvilli
(Berryman et al., 1995; Bretscher et al., 1997; Chen et al.,
1995; Crepadi et al., 1997; Kondo et al., 1997; Takeuchi et al.,
1994; Tsukita and Yonemura, 1999).

In this study, we investigated the effect of Stx1-B binding
to Gb3 on ACHN cells and found that an intracellular signal
mediated by Gb3 induces the phosphorylation of ezrin
proteins, leading to a reorganization of the cytoskeleton and
morphological changes. Our findings should improve our
understanding of the molecular mechanism of Stx-mediated
cell damage and the functional roles of (Gb3-mediated
intracellular signals in a physiological context.

Materials and Methods

Materials

The Stxl-B pentamer was prepared as described previously
{Nakajima et al., 2001). The mouse monoclonal antibodies (mAbs)
used in this study were obtained from BD Biosciences (Lexington,
KY) (anti-ezrin, anti-paxillin and anti-Yes), Inmunotech (Fullerton,
CA) (anti-CD44 and anti-cytokeratin), Affinity BioReagents, Inc.
(ABR, Golden, CO) (anti-vimentin), Santa Cruz Biotechnology
(Santa Cruz, CA) (anti-actin), and Sigma-Aldrich Fine Chemicals (St
Louis, MO) (anti-¢; Tubulin). The mouse anti-Gb3 mAb 1A4 was a
generous gift of S. Hakomeori of the University of Washington
(Seattle, WA) and Otsuka Assay Laboratories (Kawauchi-cho,
Tokushima, Japan). The rat anti-Gb3 mAb 38.13 were obtained from
Immunotech. The polyclonal Abs were obtained from Upstate
biotechnology (Lake Placid, NY) (anti-FAK), New England Biolabs,
(Bevely, MA) (anti-phospho-specific ezrin and anti-phospho-specific
paxillin), ABR (anti-phospho-specific Src}) and Sigma (ant-y
Tubulin). Peroxidase-conjugated secondary Abs were purchased
from DAKO (Glostrup, Denmark). Fluorescence-conjugated
secondary Abs and fluorescence labeling reagents for the primary
Abs were purchased from Molecular Probes, Inc. (Eugene, OR). The
Rho-dependent serine/threonine kinase (ROCK) inhibitor Y-27632,
PI 3 kinase (PI3K) inhibitor LY-294002, protein kinase C (PKC)
inhibitor 20-28, PKC inhibitor EGF-R fragment 651-658, and Src
family protein tyrosine kinase (PTK) inhibitor PP2 were purchased

from Calbiochem-Novabiochem (San Diego, CA). Methyl-B-
cyclodextrin (MBD) and DAPI were obtained from Sigma. TRITC-
conjugated phalloidin was purchased from Molecular Probes. Cell-
tracker Green was also purchased from Molecular Probes. Other
chemical reagents were obtained from Wako Pure Chemical
Industries (Osaka, Japan), unless otherwise indicated.

Cell culture

Renal tubular epithelial carcinoma-derived ACHN cells that were
sensitive to Stxl cytotoxicity (Katagiri et al., 1999; Taguchi et al.,
1998) were used in this stady. The cells were maintained in DMEM
supplemented with 10% FCS at 37°C in a humidified 5% CO2
atmosphere. Cells were grown to approximately 75% confluence and
stimulated. In most of the experiments, Stx1-B pentamer was directly
added to the culture medium at a concentration of 5.0 pg/ml and cells
were incubated for the time periods indicated in the figures, unless
otherwise indicated.

Immunohistochemistry and confocal microscopic analysis

To observe cell morphology, ACHN cells were plated on a polylysine-
coated glass bottomn dish (Matsunami Glass, Tokyo, Japan) and
labeled with Cell-tracker Green, according to the manufacturer’s
protocol. For the immunohistochemical staining, the cells were plated
on a collagen-coated cover slip (Iwaki Glass, Tokyo, Japan). After
each treatment, cells on cover slips were washed with ice—cold PBS
and fixed with ice-cold acetone for 20 minutes at 4°C, then stained
with each combination of Abs and/or reagents described below.

For the simultaneous detection of ezrin and filamentous actin (F-
actin}, the cover slips were incubated with primary Abs against ezrin
(5 pg/ml) at room temperature for 30 minutes followed by PBS
washing. The cells were further incubated with secondary goat anti-
mouse Ab labeled with Alexa Fluor® 488 (1:300 dilution) for 30
minutes, followed by PBS washing and then stained with DAPI (200
ng/ml) and TRITC-conjugated phalloidin (5 units/ml) (Knowles and
McCulloch, 1992). The detection of CD44 and F-actin was performed
similarly.

For the detection of paxillin and FAK, a combination of mouse anti-
paxillin mAb and rabbit anti-FAK polyclonal Ab was used. Both
primary Abs (5 pg/ml each) were detected by Alexa Fluor® 488-
conjugated goat anti-mouse Ab and Alexa Fluor® 546-conjugated
goat anti-rabbit Ab (1:300 each), respectively. Each secondary Ab was
highly cross-absorbed, thus the cross reactions were not detected in
preliminary experiments (data not shown). The detection of o- and -
tubulin was performed similarly. For the simultaneous detection of
vimentin and cytokeratin, each primary Ab was labeled using either
the Alexa Fluor® 488 Protein Labeling Kit or the Zenon™ Alexa
Fluor® 546 Mouse IgG1 Labeling Kit.

Confocal laser scanning was performed using a FV500 confocal
laser scanning microscope (Olympus, Tokyo, Japan). Simultaneous
multi-fluorescence acquisitions were performed using the 351 nm,
488 nm, and 543 nm laser lines to excite DAPY, Alexa Fluor™4388,
and Alexa Fluor™546 (TRITC), respectively, using a water-
immersion objective (x40, NA1.7). Fluorescent images were selected
using appropriate multi-fluorescence dichroic mirrors and band pass
filters using the sequential acquisition mode.

Immunoblot analysis

For the immunoblot analysis, ACHN cells were plated on a 100 mm
culture dish (Comning, Corning, NY). Cell lysates were prepared
by solubilizing cells in 400 pl of lysis buffer, and the protein
concentration of each cell lysate was determined as described
previously (Kiyokawa et al., 2001). 50 pg of each whole cell lysate
was electrophoretically separated on an SDS-polyacrylamide gel and
transferred to a nitrocellulose membrane using a semi-dry transblot



system (Bio-Rad Laboratories, Hercules, CA). Immunoblotting was
performed as described previously (Kiyokawa et al., 2001).

Actin and tubulin polymerization assay

Quantification of actin polymenzanon was carried out essent;ally as
described previously with minor modifications (Heacock and
Bamburg, 1983; Glogauer et al, 1997; McCormack et al., 1999).

Briefly, ACHN cells were plated in quintuple wells of a 6-well culture

dish (Coming) at 1.5%105 cells in 5 ml of medium, and grown for 40
hours to achieve approximately 75% confluence, and treated with 5.0
pg/ml of Stx1-B pentamer for the time periods indicated in the figores.
At the end of the incubation period, cells were washed in ice-cold PBS
and quickly lysed in 500 pl of actin stabilization buffer (Heacock and
Bamburg, 1983; McCormack et al., 1999), a buffer that stabilizes both
monomer actin (G-actin, soluble) and F-actin (polymerized) pools.
Aliquots of 50 pl from each original (whole) lysate were removed and
stored for the determination of total actin, The cell lysates were
immediately centrifuged at room temperature for 1 minute in a
microcentrifuge at 10,000 g, after which the supernatants (G-actin)
were removed from the pellets (F-actin). Then 450 pl of actomyosin
extraction buffer (Heacock and Bamburg, 1983) was added to the solid

pellets. Aliquots of 5 ul from both original lysates (total actin)} and .

resuspended pellets (F-actin) were examined by immunoblot analysis
using anti-actin mAb and quantified by densitometry (Glogauer et al.,

1997). The proportion of F-actin to total actin was calculated and‘_

shown as a percentage,

Quantification of tubulin polymenzatlon was cxaxmned essentially
the same as actin polymerization with some exceptions. First, the
original lysates were prepared by using specific lysis buffer for tubulin
and centrifuged at 10,000 g for 10 minutes as described elsewhere
(Minotti et al., 1991; Montgomery et al., 2000). Second, after removal
of the supernatants containing soluble tubulin, solid pellets containing
polymerized tubulin were resuspended in water (Minotti et al., 1991;
Montgomery et al., 2000). Third, immunoblot analysis was performed
with anti-o tubulin mAb. .

Results

Meorphological changes in ACHN cells induced by Stx1-
B treatment

We previously observed, during a study on the biological
function of the Stx1-B subunit, that Stx1-B treatment induces
a weakening in the adhesion of ACHN cells to the culture dish
{Katagiri et al., 2001). As the same phenomenon is also
observed in primary cultures of normal human renal cortical
epithelial cells (data not shown), it is likely that this is a
common feature observed in renal epithelial-derived cells
mediated by Stx1-B-induced intracellular signals.

To examine the effect of Stx1-B on the adhesiveness of
ACHN cells in greater detail, we stained the cells with Cell-
tracker Green and observed the morphological changes using
confocal laser scanning microscopy. As shown in Fig. 1, the
addition of Stx1-B to the culture weakened the adhesiveness of
the cells, as recognized by the increase in intracellular spaces
in a time-dependent manner and by the morphological changes,
in which the cells became smaller and rounder. In addition,
filopodia- and lamellipodia-like structures were temporarily
observed after Stx1-B treatment (Fig. 1, arrowhead),

Stx1-B induces the redistribution of cytdskeletal proteins
in ACHN cells

The remodeling of cytoskeletal proteins, including the ERM
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Fig. 1. Morphological changes in ACHN cells after treatment with
the Stx1-B subunit. ACHN cells stained with Cell-tracker Green
were treated with and without 5 pg/ml of the Stx1-B subunit for the
indicated periods and visualized using confocal microscopy.
Filopodia- and lamellipodia-like structures are visible at higher
magnifications and are indicated by the arrowheads. Results are
representative of three independent experiments,

family proteins and actin, is involved in the formation of
filopodia or lamellipodia during morphological changes
(Berryman et al., 1995; Bretscher et al.,, 1997; Chen et al.,
1995; Crepadi et al., 1997; Kondo et al., 1997; Takeuchi et al.,
1994; Tsukita and Yonemura, 1999). Therefore, we examined
whether Stx1-B treatment affects the distribution of eztin and
actin. In the resting state, most of the ezrin protein was
dispersed in the cytoplasm and only a portion of the protein



