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Abstract The trefoil factor family (TFF) of peptides,
which are protease-resistant and have a strong affi-
nity for mucins, play an important role in gastrointes-
tinal mucosal protection and restitution. Prior studies
have indicated that dysregulation of TFF2 was asso-
ciated with cell migration, resistance to apoptosis,
and gastric cancer invasion; however, the underlying
mechanism associated with these actions remains
unclear. Thus, to investigate the relationship between
TFF2 and carcinogenesis in gastric cancer, TFF2 ex-
pression was analyzed by Western blot analysis in
nine selected gastric cancer tissues and immunohisto-
chemical staining was performed in paraffin-em-
bedded samples from 157 gastric cancers. A reduced
TFF2 expression was observed by Western blot an-
alysis in the gastric cancer tissues. However, there
was no significant difference in the TFF2 expression
according to clinical and pathological parameters of
the gastric cancers. To investigate the biological role
of TFF2 in the development and progression of gast-
ric cancer, a TFF2 expression plasmid was construct-
ed for in vitro experiments of function. Introduction
of TFF2 cDNA into a gastric cancer cell line did not
affect tumor cell growth, cell migration or invasion.
In conclusion, down-regulation of TFF2 in gastric can-
cer cells and restoration of TFF2 did not affect the
tumorigenic potential of gastric cancer cells in vitro.
The loss of TFF2 expression might be an early event
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of the multi-step process of gastrocarcinogenesis and
may play a limited role in the mucosal protection of
the normal gastric physiology.
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Gastric cancer is a highly prevalent cancer in Asia and
is one of the leading causes of cancer deaths world-
wide. Although, over the last few years, many attempts
have been made to better define the biological process-
es involved in the development of gastric cancer with
the aim of improving the understanding of the carci-
nogenesis of gastric cancer as well as improving ear-
ly diagnosis and treatment, the molecular mecha-
nisms underlying gastric carcinogenesis remain the
subject of intensive investigation'=.

The trefoil factors are a family of polypeptides se-
creted by mucous cells in the gastrointestinal tract and
are important for gastrointestinal mucosal protection
and repair’. The trefoil factor family (TFF) is a family
of secreted proteins, characterized by the presence of
at least 40- amino acid residues with three conserved
intramolecular disulfide bonds in a compact triple loop
structure*S. This protein family consists of three mem-
bers: TFF1 (formerly pS2 or pNR2) expressed by
surface mucous cells of the stomach’, TFF2 (formerly
spasmolytic polypeptide, SP) found in mucous neck
cells and Brunner’s glands of the duodenum?® and TFF3
(formerly intestinal trefoil factor, ITF) expressed by
goblet cells of the intestine and colon’. TFF1 and TFF3
have a single trefoil motif, and there is evidence that
their active forms are homodimers!®'2. Whereas, TFF2
has two trefoil motifs with a glutathione-sensitive extra
SS bond joining the C and N-terminals'?.

TFFs are rapidly up-regulated in the setting of gas-
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trointestinal damage or injury, where they are involv-
ed in mucosal protection and epithelial repair®!+!7,
Generally, TFFs are not found to be proliferative sti-
muli'>82°. TFFs may influence the promotion of cell
motility/migration and cell survival by their anti-apo-
ptotic effects!!!82!, Tn general, TFF1 functions as a tu-
mor suppressor gene associated with gastric cancer,
whereas TFF2 and TFF3 have been thought to pro-
mote tumorigenesis by increasing cell invasion and
metastasis®>?*. Although, the regulatory mechanisms
of TFFs are not fully understood, expression of TFFs
is dysregulated during the progression of invasive can-
cer cells®*.

TFF2 is involved in epithelial restitution, cytopro-
tection and wound healing in the gastrointestinal tract
by stimulating cell migration and inhibiting apopto-
sis'+?27 However, a recent study reported that TFF2
is frequently up-regulated in preneoplastic lesions?®. In
addition, overexpression of TFF2 in gastric carcino-
ma has been reported to be associated with cancer in-
vasion, metastasis, and a poor prognosis?>*-*, Based
on these studies, TFF2 appears to play a role both in
normal mucosal cytoprotection and in pathological
tumor development in the gastric environment. How-
ever, the role of TFF2 in the setting of preneoplasia
and neoplasia remains unclear.

Therefore, to investigate whether aberrant TFF2
expression is involved in the development and pro-
gression of gastric cancers, TFF2 expression was an-
alyzed by Western blot analysis and immunohistoche-
mical staining of gastric cancer tissues. In addition, to
explore the biological role of TFF2 in gastric cancer,
recombinant TFF2 was generated and in vitro tumori-
genesis experiments performed.

Aberrant expression of TFF2 in gastric cancers

Previous studies have demonstrated reduced expres-
sion of TFF2 in gastric cancer by immunohistochemi-
cal staining®!. Thus, to confirm the aberrant expression
of TFF2 in gastric cancers, the expression of TFF2 in
tissue microarrays (TMA) containing 157 gastric can-
cers was studied. The results of the immunohistochemi-
cal staining of TMA with TFF2 antibodies are summa-
rized in Table 1. Representative images of the immuno-
staining are shown in Figure 1. Moderate-to-strong
immunopositive results for TFF2 were clearly observ-
ed in the cell membrane and in the cytoplasm of the
gastric mucosal epithelial cells and gastric cancer cells.
Immunonegative or weakly expressed TFF2 was de-
tected in 75 (47.8%) out of the 157 gastric cancers.
Moderate-to-strong immunopositive results for TFF2
were detected in 82 (52.2%) out of 157 cases. Among
these were: 28 (56.0%), 40 (50.6%) and 14 (50.0%) of
the 50 intestinal-type, 79 diffuse-type and 28 mixed-

Table 1. Relationship between the expression of TFF2 pro-
tein and the clinical/pathological parameters.

TFF2 expression
Parameter _— P-value

+ p—

Lauren 0.810
Intestinal 28 22
Diffuse 40 39
Mixed 14 14

Lymph node metastasis ' 0.106
0 0 4
1-5 25 22
>6 57 49

Site ' 0.686
Upper 9 6
Middle 30 25
Lower 43 44

Size T 0.779
<6.5cm 51 45
>6.5cm 31 30
Total 82 75

T Chi-Square test, P>0.05

type gastric cancer samples, respectively. Statistically,
there was no significant relationship between TFF2
protein expression and the clinical/pathological para-
meters, including tumor location, tumor size, and
lymph node metastasis (Chi-Square test, P>0.05;
Table 1). We next examined the expression level of
TFF2 in nine selected gastric cancer tissues and com-
pared the results to the corresponding adjacent non-
cancerous gastric epithelial mucosa; the samples were
obtained from patients that had surgical resection of
gastric cancer. As shown in Figure 2A, six out of nine
samples had detectable TFF2 antibodies; among these
cases, five had decreased expression of TFF2 com-
pared to the corresponding non-cancerous tissues.
The endogenous expression levels of TFF2 were next
examined in the gastric cancer cell lines. As expected,
most of the tested gastric cancer cell lines showed no
expression of TFF2 or only barely detectable TFF2
antibodies; with the exception of SUN-688 by Western
blot analysis. Although previous studies reported that
basal expression of TFF2 was not detectable in human
gastric cancer cell lines***, the experimental condi-
tions used for this study detected TFF2.

In vitro experimental tumorigenesis of recombinant
TFF2

To investigate the biological consequences of aberr-
ant expression of TFF2 in gastric cancer, full-length
human TFF2 cDNA was constructed as described in
the materials and methods. To validate the endogen-
ous expression of TFF2, pcDNA3.1-TFF2 was trans-
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Figure 1. Representative photomicrographs of immunohistochemical analysis of gastric tissues demonstrating expression of
TFF2. (A) An example of normal gastric mucosa showing positive staining for TFF2 expression. (B) An example of gastric can-
cer showing negative staining against TFF2 antibody. (C and D) Examples of intestinal and diffuse types of gastric cancer with
negative TFF2 immunostaining. All representative photomicrographs show X 200 magnification.

fected to COS-1 cells. High expression of TFF2 was
detected by RT-PCR and Western blot analysis (Fig-
ure 3A); the same result was confirmed in the SNU-
484 gastric cancer cells (Figure 3B). Because TFF2 is
a secretary protein®***, we then tried to detect TFF2
in culture medium and purified it from conditioned
media. As shown in Figure 3C, after purification using
lectin affinity chromatography with concanavalin A-
agarose, recombinant TFF2 (fTFF2) was detected in
the conditioned media of both the COS-1 and SNU-
484 cells.

Previous reports on breast and colorectal cancer cells
showed that TFF2 had weak proliferative effects*, and
promoted cell survival though the inhibition of apop-
tosis in the breast and colorectal cancer cells*’. The
over-expression of TFF2 in gastric cancer cell prolifer-
ation was investigated in this study. As shown in Fig-
ure 4A, when a TFF2 expression plasmid was introduc-
ed into the SNU-484 cells, it did not appear to affect
cell growth; a similar result was observed for the AGS
cells (Figure 4B). Previous studies reported that TFFs

may influence the promotion of cell motility/migration.
Therefore, the cell migratory effects of purified rTFF2
using the Boyden chamber assay were investigated.
As shown in Figure 4C, over-expression of TFF2 in
the AGS cells did not enhance the cell migratory res-
ponse to fetal bovine serum (FBS) as a chemoattrac-
tant. In addition, when AGS cells were stimulated by
rTFF2, tumor cell migration was not induced compared
to the 5% FBS used as a positive control (Figure 4D).
To confirm the motile activity of rTFF2, pcDNA3.1-
TFF2 transfected cells were then placed in the bottom
chamber as a chemoattractant as described in a previ-
ous report*!. As shown in Figure 4E, although it ap-
peared that pcDNA3.1-TFF2 transfected cells secreted
some factors that stimulated cell migration, it did not
increase the migratory response to the ASG cells com-
pared to the mock-transfectant (AGS-M). These results
suggest that TFF2 has a minimum effect on cell prolif-
eration and promotion of cell motility/migration in
gastric cancer cells under the experimental conditions
used in this study.
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Figure 2. Expression of TFF2 in gastric cancer tissues and cell lines. (A) The protein expression of TFF2 was determined by
Western blot analysis. (B) Endogenous expression of TFF2 in human gastric cancer cell lines was determined by Western blot
analysis. The a-tubulin was used as a protein loading control.
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Figure 3. Expression of recombinant TFF2. (A) TFF2 mRNA and protein expression from COS-1 cells transfected by TFF2
expression vectors (p)cDNA3.1-TFF2). The COS-1 cells were transfected with none (None), empty vector (Mock), 2 ug and 4 ug
of pcDNA3.1-TFF2 expression vectors. GAPDH and o-tubulin were used as a loading control. (B) TFF2 mRNA and protein
expression from SNU-484 cells transfected by TFF2 expression vectors. SNU-484 cells were transfected with none (None),
empty vector (Mock), 2 ug and 4 ng of pcDNA3.1-TFF2 expression vectors. GAPDH and a-tubulin were used as loading con-
trols. (C) Western blot analysis from conditioned media of pcDNA3.1-TFF2 transfected SNU-484 and COS-1 cells.

GAPDH

Discussion ously published experiments using either rats or mice,

TFF2 was shown to be constitutively expressed in the
Gastric carcinoma occurs with a high incidence in gastrointestinal mucosa within specialized epithelial
Asia, including Korea, and is one of the leading causes cells and was markedly upregulated in response to
of cancer death worldwide. However, the molecular inflammation, injury, and restitution, as demonstrated
mechanisms underlying the carcinogenesis associated by the immunohistochemisty of tissue sections®*!4!7.
with the development of gastric cancer remains un- Although several biological roles of TFFs have been
clear. TFFs are widely expressed in the mucosa of en- elucidated, the mechanisms of action, of these small
doblasts and the gastrointestinal tract; TFF2 expres- peptides, remain largely unknown. TFFs have a num-

sion is primarily localized to the stomach®. In previ- ber of beneficial effects in mucosal damage or injury
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Figure 4. Effects of TFF2 over-expression on tumor cell growth and motility of human gastric cancer cell lines. (A & B) SNU-
484 and AGS cells were transfected with none (None), empty vector (Mock), 1 ug and 2 ug of pcDNA3.1-TFF2 expression
vectors. The relative growth rate was determined by the MTT assay at each indicated time (0, 1, 2, 3 days). The data are
presented as the mean +standard error for three experiments. (C) Cell motility of TFF2 expressing tumor cells. The motility
assay of AGS cells with transfected empty plasmid vector (AGS-M) or TFF2 plasmid expression vector (AGS-TFF2) was
assessed by Boyden chamber assay using FBS as chemoattractant. (D) Effect of rTFF2 on cell motility. Approximately 100-fold
concentrated conditioned media from AGS cells, which were transfected with TFF2 plasmid expression vector (fTFF2) or empty
plasmid vector (Mock). (E) Effect of cell migration of TFF2 expressing cells. Cells that were transfected with TFF2 vector
(AGS-TFF2) or empty vector (AGS-M) as chemoattractants with 0.1% bovine serum albumin placed in the bottom chamber.
AGS cells were then placed in the upper chamber, and incubated for 16 h at 37°C in a 5% CO, humidified incubator. Cell
migration experiments were performed in triplicate under a light microscope by counting the cells in five randomly chosen, high
power fields.

and contribute to epithelial restitution. In addition, the
possible effects on proliferation, apoptosis, migra-
tion/motility and invasion during carcinogenesis have
also been suggested. Therefore, TFFs may play a role
in injured gastrointestinal mucosa as well as in carci-
nogenesis of gastric cancer.

In this study, the aberrant TFF2 expression in gast-
ric cancer tissues was studied in addition to whether
abnormal expression of TFF2 was associated with
gastric carcinogenesis. The immunohistochemical ex-

periments showed that down-regulated TFF2 expres-
sion was observed in 47.8% of 157 gastric cancers,
and down-regulated TFF2 expression levels were also
confirmed in human gastric cancer tissues (Figure 2).
However, TFF2 expression was not significantly asso-
ciated with clinical/pathological parameters, includ-
ing tumor location, tumor size and lymph node meta-
stasis in cases with gastric cancer (Table 1). A previous
study has reported similar results for TFF2?!. There-
fore, it is likely that the same regulation of this gene
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occurs at different locations and in different histologi-
cal types. Other studies have reported that TFF2 influ-
ences cell proliferation and inhibits apoptosis in breast
and colorectal cancer cell lines’’*?. By contrast, the
results of this study showed that tumor cell growth
and migration were not influenced after restoration of
TFF2 expression.

In conclusion, the expression of TFF2 in gastric can-
cer was observed. However, this aberrant regulation
of TFF2 may not play a significant role in gastric can-
cer development and progression. The TFF2-positive
rate in the gastric mucosa adjacent to the cancer areas
was higher than that of the gastric cancer cells, and
may represent an early phase of carcinogenesis. Fur-
ther studies are required to understand not only the
pathogenesis of gastric cancer, but also the mecha-
nisms involved in TFF2 expression in gastric epithe-
lial cells.

Materials & Methods

Tissue samples and tissue microarray

Nine frozen gastric cancer tissue samples and their
corresponding normal background gastric tissue sam-
ples from nine patients were evaluated in this study.
Frozen tissues were ground to a very fine powder in
liquid nitrogen, and then were preserved for molecu-
lar testing. For the tissue microarray (TMA) studies, a
total of 157 gastric cancer specimens (50 intestinal-
type, 79 diffuse-type and 28 mixed-type) from forma-
lin fixed, paraffin-embedded gastric cancer samples
were obtained from the archives of the Department of
Pathology at our institution. Two and one tissue cores,
from the cancer and normal tissue, were taken and
placed in a new recipient paraffin block using a com-
mercially available microarray instrument (Beecher
Instruments, Micro-Array Technologies, Silver Spring,
MD), according to established methods*. Approval
was obtained from the institutional review board of
the Catholic University of Korea, College of Medicine
and the Jilin University of China, College of Medicine.
Informed consent was provided by every patient ac-
cording to the Declaration of Helsinki. There was no
evidence of familial cancer in any of the patients.

Immunohistochemistry analysis of TFF2

To investigate the level of TFF2 protein in the gastric
cancers, immunohistochemical staining was perform-
ed with monoclonal antibodies against TFF2 (1 : 100,
Biovision, Mountain View, CA) on the tissue micro-
array gastric cancer samples. Prior to the immuno-
staining, TMA slides were deparaffinized and hydrat-

ed through a graded ethanol series to deionized the
water. Endogenous peroxidase activity was blocked
by incubation in 3% hydrogen peroxide-methanol buf-
fer. Antigens were retrieved by boiling the slides in a
steamer with sodium citrate buffer (pH 6.0) for 20
min. After incubation with monoclonal antibodies
against TFF2, overnight at 4°C, detection was carried
out using biotinylated goat anti-rabbit antibodies (1 :
200; Sigma, ST. Louis, MO), followed by incubation
with the peroxidase-linked avidin-biotin complex.
Diaminobenzidine (DAB) was used as the chromo-
gen, and the slides were then lightly counterstained
with Mayer’s hematoxylin. As a negative control, the
slides were treated with non-immune serum instead
of the primary antibody.

Evaluation of immunohistochemical staining

Scoring of the TMA was performed independently by
two pathologists. In the event of disagreement, the
two reached a consensus by jointly re-evaluating the
TMA using a multi-head microscope. When the num-
ber of immunostained cells were less than 10%, we
considered the case negative for staining.

Cell culture

The human gastric cancer cell line AGS and monkey
kidney fibroblast cell line COS-1 were purchased from
the American Type Culture Collection (ATCC; Mana-
ssas, VA). The human gastric cancer cell lines: SNU-
216, SNU-484, SNU-638, SNU-668, SNU-719, MKN-
1, MKN-28 and MKN-74 were purchased from the
Korean Cell Line Bank (KCLB, Korea). The cells
were maintained in RPMI 1640 or DMEM medium
supplemented with 10% fetal bovine serum (Sigma,
St Louis, MO) and 1 mg/mL of penicillin/streptomy-
cin (Invitrogen, Carlsbad, CA).

Plasmid construction and DNA transfection

This plasmid was used as a template for PCR to con-
struct the following expression vector. A cDNA of the
full-length human TFF2 form was prepared by diges-
tion with HindIII- EcoRI restriction enzymes and ligat-
ed into an indentically cleaved pcDNA 3.1 (Invitro-
gen, Carlsbad, CA) vector. Lipofectamine 2000 was
used for all transfections, following the manufactur-
er’s recommended protocol (Invitrogen, Carlsbad, CA).
Concurrent transfections with an appropriate empty
vector served as the controls.

Purification of TFF2

SNU-484, AGS and COS-1 cells were transfected with
pcDNA 3.1/TFF2 expression vectors, and then the
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cells were maintained for 48 h in serum-free RPMI
1640 or DMEM supplemented with 0.1% bovine se-
rum albumin (conditioned media). The empty vector
transfected SNU-484, AGS and COS-1 cells served
as negative controls. The conditioned medium from
each cell line was collected, washed with storage
buffer (50 mM Tris, 20% ethylene glycol, pH 7.5),
and concentrated 200-fold in an Amicon Ultra-15 cen-
trifuge filter unit (Millipore, Billerica, MA). For sel-
ected experiments, the media was then partially purifi-
ed by lectin affinity chromatography*' with concana-
valin A-agarose (Vector Laboratories, Burlingame,
CA). Approximately 0.5 mL of each concentrated con-
ditioned medium was washed with binding buffer (50
mM Tris, 0.1 M NaCl, 0.01 M CaCl,, 20% ethylene
glycol, pH 7.2), added to 6 mL of additional binding
buffer and then to 2 mL of packed concanavalin- A
agarose beads. The sample was allowed to bind at 4°C
on a rocking platform for 2-3 h. After incubation, the
beads were washed with an additional 15 mL of bind-
ing buffer, and then incubated with elution buffer (50
mM Tris, 0.1 M NaCl, 0.01 M CaCl,, 20% ethylene
glycol, 500 mM a-D-mannopyranoside, pH 7.2) on
the rocking platform overnight at room temperature.
Each eluted sample was washed with storage buffer,
and concentrated to a volume of 0.25 mL (a 200-fold
concentration from the original conditioned medium).
Aliquots were tested by Western blot analysis or cell
motility assays.

Reverse transcription-PCR

Total RNA was extracted using TRIzol (Invitrogen,
Carlsbad, CA) and quality control was performed
using RNA 6000 Nano chips on an Agilent 2001 Bio-
analyzer (Agilent Technologies, Germany). Then, 1
ug RNA was used for the cDNA synthesis reaction
with the RNA PCR Core Kit (Roche, Branchburg, NJ).
cDNA was used per reverse transcription-PCR (RT-
PCR) reaction. RT-PCR program was 95°C 30's, 63°C
30s, 72°C 30 s for 30 cycles. RT-PCR primer sequ-
ences are as follows: TFF2 forward 5'-CGCGGATT
CATGGGACGGCGAGACGCCCAG, reverse 5'-CC
GGAATTCTTAGTAATGGCAGTCTTCCACAG;
GAPDH forward 5'-ACCAGGTGGTCTCCTCTG
AC, reverse 5'-TGCTGTAGCCAAATTCGTTG.

Western blot analysis

Whole-cell extracts were prepared with radio-immu-
noprecipitation assay (RIPA) lysis buffer (50 mmol/L
Tris-HCIL, pH 7.4, 150 mmol/L NaCl, 1% Nonidet P-
40, 0.25% sodium deoxycholate, 1 mmol/L Phenyl-
methane-sulfonylfluoride containing protease inhibi-
tors, Roche, Mannheim, Germany). Protein concentra-

tions were determined using the BCA protein assay kit
(Pierce, Rockford, IL) and absorbance of the protein
samples were read at 570 nm with the VICTOR3™
Multilabel Plate Reader (PerkinElmer Inc, Boston,
MA). RIPA lysates containing 10 ug or 15 ug of pro-
tein were separated by SDS-PAGE and transferred
onto a polyvinylidene difluoride (PVDF) membrane
(Amersham Hybond™-P, Buckinghamshire, UK) and
kept in 5% skim milk (BD Biosciences, Sparks, MD)
in TBS solution containing 0.05% Tween-20 (Usb Cor-
poration, Cleveland, OH) overnight to protect against
non-specific binding. The membranes were incubated
with each of the primary antibodies and HRP-conju-
gated secondary antibodies (Pierce, Rockford, IL).
The ECL plus Western blotting detection system (GE
healthcare, Buckinghamshire, UK) was used to detect
immobilized specific antigens conjugated to Horserad-
ish Peroxidase (HRP) labeled antibodies. TFF2 and a-
tubulin antibodies were purchased from Biovision and
Santa Cruz (Delaware, CA). The membrane was ex-
posed to LAS 3000 (Fuji Photo Film Co. LTD, Japan).

Cell proliferation assay

For the cell proliferation assay, the SNU-484 and AGS
cells were seeded in a 24-well culture plate at a den-
sity of 4 x 10* cells per well with RPMI 1640 medium
containing 10% FBS and maintained for 16-18 h. Four
hours after the pcDNA 3.1/TFF2 transfection, RPMI
1640 medium with 10% FBS was replaced in each of
the 24-wells in the culture plate and the cells were
maintained at 37°C in a 5% CO, humidified incuba-
tor. To evaluate cell proliferation, the cells were incu-
bated with 5 mg/mL of the yellow {3-(4,5-dimethyl-
thiazol)-2,5-diphenyl tetrazolium bromide; Sigma, St.
Louis, MO} solution for the indicated time (0, 1, 2, 3
days). Two hours after incubation, dark blue formazan
products were dissolved in dimethyl sulfoxide (DMSO,
Sigma, St. Louis, MO) and the absorbance of cells
were determined in a VICTOR3™ Multilabel plate
reader with a test wavelength of 570 nm (PerkinElmer
Inc, Boston, MA).

Cell motility assay

Motility assays of AGS cells were performed in 48-
well modified Boyden chambers (Neuroprobe, Cabin
John, MD) as described previously*?. The cells were
harvested using a trypsin/EDTA solution (Invitrogen,
Carlsbad, CA) and resuspended in RPMI 1640. The
bottom wells were filled with varying concentrations
of FBS, purified recombinant TFF2 and TFF2 trans-
fected cells as chemoattractants. The upper and lower
chambers were separated by gelatin-coated polyvi-
nyl-pyrrolidine-free polycarbonate filters with 8 um



268

Mol Cell Toxicol (2010) 6:261-269

pores (Neuroprobe, Cabin John, MD). The cells (5 X
10* or 1 x 10°) were placed into each upper well, and
then the chamber was incubated for 4 h or overnight at
37°C in a 5% CO, humidified incubator. The mem-
branes were fixed and stained with Diff-Quik (Sysmex,
Japan) and mounted on a glass slide. Cell migration
experiments were performed in triplicate and quantifi-
ed under the light microscope by counting the cells in
five randomly chosen, high-powered fields.
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