
Abstract. We performed SEREX (serological identification
of antigens by recombinant cDNA expression cloning) using
the sera of patients with esophageal squamous cell carcinoma
(SCC), and examined whether some of the SEREX antigens
can affect chemosensitivity against anticancer drugs. We
isolated a novel gene which was designated as AISEC (antigen
identified by SEREX for esophageal carcinoma). RT-PCR
analysis showed that the mRNA expression levels of AISEC
were higher in esophageal SCC tissues than in their normal
counterparts. By transfection into activated Ha-ras-trans-
formed NIH3T3 (ras-NIH) mouse fibroblasts, we isolated a
clone, FAISEC-3, which stably expressed AISEC. FAISEC-3
cells were more resistant to anticancer drugs, such as mito-
mycin C, ifosfamide, vincristine, camptothecin and etoposide,

than parental ras-NIH cells. Luciferase reporter assay after a
transient transfection with AISEC cDNA or the control vector
revealed that the transactivity of p53 was suppressed by
AISEC in a dose-dependent manner. These results suggested
that esophageal SCC tissues produce AISEC in increased
amounts, which can reduce the chemosensitivity against
anticancer drugs possibly by suppressing the p53 tran-
sactivation ability.

Introduction

Human esophageal squamous cell carcinoma (SCC) is a
highly malignant disease (1). Therefore, an early diagnosis
using tumor markers is indispensable for preventing tumor
development. We previously performed large scale SEREX
screening, and reported new tumor antigens of esophageal
SCC (2-8). Among them, TROP2/TACSTD2, SLC2A1 and
TRIM21 have gained a lot of attention because their serum
antibodies have frequently been developed in patients with
esophageal SCC (2,4,5). In addition most, if not all, of the
esophageal SEREX antigens have been suggested to be
related to carcinogenesis, apoptosis or cell growth (6). For
example, tumor suppressor p53, oncoprotein phosphatidyli-
nositol 3-kinase and stathmin were isolated by our SEREX
screening method.

p53 is activated after administering DNA-damaging
anticancer drugs, which may, at least in part, account for the
tumor-specific cytotoxic activity of anticancer drugs. One of
the typical targets of p53 transactivation is p21Cip1/Sdi1/Waf1

(9,10). p53 also induces Bax (11), AIP1 (12), Noxa (13),
Puma (14,15), Fas (16) and PIG3 (17) which are thought to
be involved in the induction of apoptosis. p53 transactivation
ability can be examined by a luciferase assay using a reporter
plasmid which possesses the promoter region of 13 repeats
of p53-binding consensus sequence followed by luciferase
cDNA (18).

In the present study, we investigated the function of a
newly isolated SEREX antigen by transfection into mouse
fibroblasts. It appears that the gene products reduce the
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chemosensitivity to anticancer drugs possibly by suppressing
the p53 activity.

Materials and methods

Drugs. G418 and MTT (3-(4,5-dimethylthiozol-2-yl)-2,5-
diphenyltetrazolium bromide) were purchased from Sigma-
Aldrich (St. Louis, MO). Vincristine (VCR), mitoxantrone,
mitomycin C (MMC), methotrexate (MTX) and tunicamycin
were purchased from Merck (Darmstadt, Germany).
Hydroxyurea and thioguanine were obtained from Wako
Pure Chemicals (Kyoto, Japan). Aclarubicin was from
Yamanouchi Pharmaceutical (Tokyo, Japan), while cytosine
arabinoside (AraC) was from Nippon Shinyaku (Kyoto,
Japan). 5-fluorouracil (5-FU) and staurosporine were obtained
from Kyowa Hakko Kogyo (Tokyo, Japan), and cis-diammine
dichloroplatinum (II) (CDDP) and etoposide (VP-16) were
from Nippon Kayaku (Tokyo, Japan). Methyl-nitro-ureido-
deoxy-glucopyranoside (ACNU) was provided by Mitsubishi
Pharma Corp. (Osaka, Japan). Ifosfamide (IFM) was
obtained from Shionogi (Osaka, Japan). Trichostatin A
was purchased from Cayman Chemical (Ann Arbor, MI). 5-
Aminoisoquinolinone (5-AIQ) and erbstatin were purchased
from Alexis Biochemicals (Lausen, Switzerland). Camp-
tothecin (CPT) and cytochalasin D were obtained from
Biomol Research Laboratories (Plymouth Meeting, PA).

Cells. A human esophageal squamous cell carcinoma cell
line, T.Tn (19,20), was obtained from the Japan Cell Research
Bank (Ibaraki, Japan). The cells were cultured in Dulbecco's
modified Eagle's medium (Sigma-Aldrich), supplemented
with 10% heat-inactivated fetal bovine serum. Mouse fibro-
blasts, NIH3T3 and activated Ha-ras-transformed NIH3T3
(clone F25) (ras-NIH) (21), were cultured in Dulbecco's
modified Eagle's medium (Nissui Pharmaceutical, Tokyo,
Japan) supplemented with 5% heat-inactivated bovine
serum.

Sera from patients with esophageal SCC. This work was
approved by the Ethics Committee of Chiba University,
Graduate School of Medicine. The collection of sera was
agreed upon by the patients, after obtaining their written,
informed consent. The sera were obtained from a patient with
esophageal SCC before treatment. The serum sample was
centrifuged at 3,000 x g for 5 min and the supernatant was
stored at -80˚C until use.

SEREX screening. Total RNA was prepared from T.Tn
cells by the acid guanidinium thiocyanate-phenolchloroform
method (22) and purified poly(A)+RNA was obtained using
the Oligotex-dT30 (Super) mRNA Purification Kit (Takara
Biochemicals, Kyoto, Japan) according to the manufacturer's
instructions. Double-stranded cDNA was synthesized by
conventional procedures and ligated into the EcoRI-XhoI
site of ÏZAP II phage. The original library size consisted of
1.8x106 independent clones. The immunological screening
method used was performed as described previously (2-7).
Monoclonalized phage cDNA clones were converted to
pBluescript phagemids by in vivo excision using ExAssist
helper phage (Stratagene, La Jolla, CA). Plasmid DNA

was obtained from the E.coli SOLR strain transformed by
phagemid.

Western blot analysis. E.coli JM109 cells that contained
cDNA clones recombined in pBluescript II were cultured
with or without 0.1 mM isopropyl ß-D-thiogalactoside (IPTG)
for 2.5 h. The cells were then washed with phosphate-
buffered saline and lysed in SDS sample buffer followed
by incubation at 100˚C for 3 min. The lysates were analyzed
by Western blotting using 1/5000-diluted sera from patients
with esophageal SCC.

Reverse transcriptase-PCR (RT-PCR). Total cellular RNA
was isolated from the T.Tn esophageal SCC cell line using
AquaPure RNA Isolation Kit (Bio-Rad, Hercules, CA), or
from the tumor tissues using FastPure RNA Kit (Takara Bio,
Otsu, Japan). Total cellular RNA was also isolated from the
parent ras-NIH and its transfected cells using the AquaPure
RNA Isolation kit. Reverse transcription was performed
with an oligo(dT)20 primer using the ThermoScript RT-PCR
System (Invitrogen). The presence of AISEC transcripts was
examined via PCR amplification using the following primers:
sense, 5'-TGACGAGCTGAGAGAAGAAGG-3'; antisense,
5'-CCCCATCACTTTCAGGTACAC-3'. ß-actin-specific PCR
primers (sense, 5'-ACCACAGCTGAGAGGGAAATC-3';
antisense, 5'-AGCACTGTGTTGGCATAGAGG-3') were used
as a loading control. PCR was performed using KOD-Plus-
DNA polymerase (Toyobo, Osaka, Japan) as follows: an
initial denaturation step at 94˚C for 3 min, followed by 33
cycles for AISEC or 28 cycles for ß-actin of denaturation at
94˚C for 15 sec, annealing at 60˚C for 30 sec, and extension
at 68˚C for 30 sec, with a final extension of 5 min at 68˚C.

Transfection. The expression plasmid of pME18SFL3-AISEC
was obtained as previously described (23). The plasmid and
neo gene construct were co-transfected into ras-NIH cells
using Lipofectamine Plus Reagent (Invitrogen, Carlsbad,
CA) according to the manufacturer's instructions. The trans-
fected cells were selected by a culture in the presence of
G418 (400 μg/ml) for 2 weeks as described (24,25). We
stably obtained AISEC-transfected clones, designated as
FAISEC-1 to -6.

MTT method for assessing viability. The inhibitory effects of
the drugs on the proliferation of cultured cells were examined
by the MTT method of Mosmann (26) as described previously
(27). Five thousand cells were plated in each well and cultured
for 3 days. Cell viability was quantified by measuring the
absorbance at 570 nm after incubation with MTT for 4 h.
The results are shown as percentages of the control results.

Luciferase assay. Luciferase reporter plasmid (PG13-luc)
containing 13 repeats of p53-binding sites of p21 and its
mutated control plasmid (PG15-luc) were provided by Dr
Bert Vogelstein (Howard Hughes Medical Institute) (18).
ras-NIH cells were co-transfected with 5 ng of PG13-luc,
10 ng of Renilla luciferase internal control plasmid, pRL-
CMV (Promega, Madison, WI) (28), 0 or 0.2 μg of wild-type
p53 expression plasmid (29) and 0-1 μg of pME18-FL3-
AISEC. Empty vector pME18-FL3 was also co-transfected
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to maintain constant amounts of DNA. Luciferase activity
was measured 48 h after the transfection by the Dual-
Luciferase Reporter Assay System (Promega) according
to the manufacturer's instructions as previously described
(25,30).

Results

Isolation of AISEC cDNA by SEREX. The phage expression
library was constructed using mRNA derived from the human
esophageal SCC cell line, T.Tn (2,3). A total of 1x106 cDNA
clones were screened using the sera from an esophageal
cancer patient, and a reactive clone was isolated. The results
of the second screening is shown in Fig. 1. A DNA sequence
analysis and a search for homologous sequence in NCBI-
accessible databases revealed that the isolated clone was
similar but not identical (97% homology) to Homo sapiens
cDNA clone IMAGE:4548538 (Accession No. BG333226).
This gene was designated as AISEC (antigen identified by
SEREX for esophageal carcinoma). AISEC is composed of
1,910 bases which encodes an open reading frame of 338
amino acids. The nucleotide sequence of AISEC cDNA and
amino acid sequence of putative AISEC gene product are
shown in Fig. 2. AISEC is an intronless gene and localized
at chromosome 5q31.2. Sequence analysis by the SMART
service (http://smart.embl-heidelberg.de/) revealed that amino
acids between 22 and 113 of AISEC protein demonstrate
homology with K-box, which is a possible coiled coil structure
and they may also play a role in multimer formation, how-
ever, no further information is available at present.
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Figure 1. Results of SEREX screening. Phage clones of AISEC isolated
by first screening were infected into E. coli. Bacterial extract containing
cDNA products were blotted onto the membranes and probed with anti-
bodies in the serum of the patients with esophageal SCC. The arrows
indicate positive reactions.

Figure 2. Nucleotide and amino acid sequences of AISEC. Nucleotide sequence of AISEC cDNA (A) and amino acid sequence of putative AISEC gene
product (B) are shown.

A

B
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Presence of AISEC antibodies in sera of patients with eso-
phageal SCC. E. coli JM109 cells that contained AISEC
cDNA recombined in pBluescript II were cultured with IPTG
to induce AISEC expression. The cell lysates were analyzed
by Western blotting using sera from patients with esophageal
SCC. Representative results are shown in Fig. 3. An IPTG-
dependent reaction was observed by using patient serum #2
but not #1. The molecular weight was approximately 40 kDa,
which equaled the estimated size from the sequence analysis.
As a result, the patient serum #1 and #2 were thus considered
to be negative and positive, respectively, for anti-AISEC
antibodies.

Expression of AISEC in esophageal SCC. The expression
levels of AISEC mRNA in esophageal tissue specimens
that contained esophageal carcinoma and normal cells,
were examined by RT-PCR analysis. For negative and
positive controls, normal esophageal keratinocytes and the
T.Tn esophageal SCC cell line, respectively, were used. The
expression of AISEC was almost undetectable in normal
esophageal keratinocytes whereas it was clearly observed
in T.Tn cells (Fig. 4). The expression levels of AISEC mRNA
in carcinoma tissues were higher than those in the normal
tissues of the same patients, suggesting that AISEC may
have a role in tumor cells.

Transfection of AISEC cDNA into ras-NIH cells. The
biological function of AISEC in transformed cells was

examined by an enforced expression of AISEC in ras-NIH
cells. AISEC cDNA constructed in pME18S-FL3 expression
vector (23) and neo gene were stably co-transfected into ras-
NIH cells. After selection with G418, the isolated clones
were designated FAISEC-1 to -6. The expression of AISEC
mRNA in each clone was examined by RT-PCR as described
(25). Among the 6 clones, FAISEC-3 showed the highest
expression of AISEC mRNA (Fig. 5). No apparent expression
was observed in parental ras-NIH and NIH3T3 cells. The
phase morphology of FAISEC-3 cells is shown in Fig. 6. In
comparison to the parental cells, longer processes and more
frequent cell aggregation were observed in the FAISEC-3 cells,
thus suggesting that the malignancy was exacerbated by
transfection with AISEC.

Comparison of chemosensitivity against anticancer drugs
between ras-NIH and FAISEC-3 cells. ras-NIH and FAISEC-3
cells were cultured for 3 days in the presence of various
concentrations of cytotoxic drugs. The relative viability was
evaluated by an MTT colorimetric assay (Fig. 7). FAISEC-3
cells were more sensitive to erbstatin, staurosporine,
trichostatin A and tunicamycin but more resistant to such
anticancer drugs as MMC, IFM, VCR, CPT, VP-16,
cytochalasin D and ACNU than the parental ras-NIH cells.
FAISEC-3 cells were also more resistant to 5-AIQ, which is an
inhibitor of poly(ADP-ribose) poly-merase-1 (PARP) (31).
On the other hand, no obvious difference in sensitivity was
detected between those cells for other anticancer drugs such
as AraC, CDDP, 5-FU, MTX, aclarubicin, hydroxyurea,
mitoxantrone and thioguanine (data not shown).

Suppression of p53 transactivation activity by AISEC. The
transcriptional activity of p53 was then examined by a
luciferase assay. p53 reporter plasmid, PG13-luc, and Renilla
luciferase internal control plasmid were co-transfected with
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Figure 3. Recognition of AISEC by serum antibodies in patients with
esophageal SCC. E. coli containing AISEC cDNA expression vector was
treated with IPTG for 2.5 h, and cell lysates were subsequently subjected
to a Western blot analysis using the sera from esophageal SCC patients #1
and #2. An arrow indicates the IPTG-induced polypeptide that represents
the encoded cDNA product.

Figure 4. Expression of AISEC mRNA in normal and esophageal SCC
tissues. The expressions of AISEC (upper panel) and ß-actin (lower panel)
mRNA were examined by RT-PCR in specimens of normal (N) and carci-
noma (T) tissues resected from patients 1 to 6 (P1-P6). ‘Normal’ and ‘T.Tn’
represent the products from RNA of normal esophageal keratinocytes
obtained from Cybrdi and the T.Tn esophageal SCC cell line, respectively.

Figure 5. Expression of AISEC mRNA in AISEC transfectants. The
expression of mRNA of AISEC (A) and ß-actin (B) was examined by
RT-PCR. The cells used were ras-NIH, NIH3T3, and FAISEC-1 to 6. Each
specific PCR product is indicated by arrows.

Figure 6. The phase micrographs of parental ras-NIH and FAISEC-3 cells. 
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Figure 7. The effect of AISEC on the chemosensitivity of parental and transfected cells toward cytotoxic drugs. Parental ras-NIH (❑) and FAISEC-3 (Δ) cells
were cultured in the presence of erbstatin (A), staurosporine (B), trichostatin A (C), tunicamycin (D), MMC (E), IFM (F), VCR (G) and 5-AIQ (H).
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AISEC expression plasmid into ras-NIH cells. The relative
luciferase activity decreased after transfection with AISEC

cDNA in a dose-dependent manner, and a significant decrease
was observed at co-transfection with 0.2 μg of AISEC plasmid
DNA (Fig. 8). After transfection with 1 μg of AISEC cDNA,
the luciferase activity decreased to as low as 15% of the
control. This suppressive activity of AISEC against p53
was also observed when wild-type p53 cDNA was co-trans-
fected. Wild-type p53 stimulated the p21 promoter >2-fold
as expected. This stimulatory activity of p53 was almost

HIWASA et al:  ESOPHAGEAL CARCINOMA SEREX ANTIGEN AISEC646

Figure 7 (continued). The effect of AISEC on the chemosensitivity of parental and transfected cells toward cytotoxic drugs. Parental ras-NIH (❑) and FAISEC-3
(Δ) cells were cultured in the presence of CPT (I), VP-16 (J), cytochalasin D (K) and ACNU (L) for 3 days. The viabilities were measured by an MTT assay.
The abscissa and ordinate represent the concentration of the test drugs and the relative viability vs. that in the absence of test drugs, respectively.

Figure 8. The transactivation activity of p53. ras-NIH cells were co-trans-
fected with 5 ng of PG13-luc, 10 ng of Renilla luciferase internal control
plasmid, 0 (-) or 0.2 μg (+) of wild-type p53 expression plasmid and 0, 0.2,
0.5 or 1.0 μg of pME18SFL3-AISEC. The empty vector pME18SFL3 was
also co-transfected to maintain the total amounts of DNA constant. The
luciferase activity was measured 48 h after the transfection. Each column
and bar represent the mean and standard deviation, respectively, of three
independent experiments. The P-values obtained by Student's t-test are also
shown.

Figure 9. Possible action mechanism of AISEC. DNA damage induced
by the treatment with anticancer drugs activates p53, which thus induces
apoptosis via its target genes such as Bax, AIP1, Noxa, Puma, Fas and
PIG3. AISEC reduced chemosensitivity against anticancer drugs possibly
by suppressing the transactivation activity of p53.
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completely suppressed by co-transfection with 1 μg of AISEC
plasmid DNA (Fig. 8). In comparison to PG13-luc, the
mutated reporter plasmid, PG15-luc, showed a much weaker
luciferase activity (data not shown). This suggests that AISEC
exhibited a p53-suppressive activity not at a distant upstream
signaling pathway, but instead at a location in the vicinity
of the p53 protein itself.

Discussion

SEREX screening is effective for identifying new tumor
markers. We previously carried out a large scale screening of
SEREX for esophageal SCC (2-8). It was thus found that
SEREX antigens may induce their serum antibodies possibly
by the overexpression of wild-types, the expression of
alternative splicing variants and/or altered protein processing.
As a result, SEREX antigens are not only possible tumor
markers but also potential participants in tumor development.
In fact, most of the esophageal SEREX antigens we identified
were related to cancer (6). Therefore, we examined the
biological activities of AISEC by transfection of its cDNA
into mouse fibroblasts.

Six stably transfected clones were isolated, of which
FAISEC-3 showed the highest expression of AISEC mRNA
(Fig. 5). FAISEC-3 cells showed a round and refractile mor-
phology with long processes (Fig. 6), which was typical for
such malignantly transformed NIH3T3 cells (32). Although
the growth rate and the anchorage-independent growth had
not apparently changed (data not shown), AISEC-expressing
cells were more resistant to anticancer drugs such as MMC,
IFM, VCR, CPT, VP-16, cytochalasin D and ACNU than the
parental cells (Fig. 7). It should be noted that some anticancer
drugs such as MMC, IFM, CPT and VP-16 are genotoxic
(33), and therefore, can induce p53-mediated apoptosis. 5-AIQ
can also cause genotoxic effects by inhibiting PARP (31)
which plays a part in DNA repair activity (34). Therefore, the
suppression of p53 transactivity by AISEC may account for
the decrease in chemosensitivity of FAISEC-3 cells against
anticancer drugs and 5-AIQ. A schematic drawing of the
possible action mechanism of AISEC is shown in Fig. 9.

On the other hand, AISEC increased the chemosensitivity
against erbstatin and staurosporine (Fig. 7). Erbstatin and
staurosporine are not only potent protein kinase inhibitors but
also apoptosis inducers (35-37). It was reported that p53
is activated due to the phosphorylation by ATM and ATR
after genotoxic stresses (38,39). Although it is not known
whether erbstatin and starurosporine affect the phosphorylation
of p53, AISEC could be involved in such phosphorylation
signaling pathways. Trichostatin A is a histone deacetylase
inhibitor, which can elevate the general transcriptional
activity by increasing the levels of acetylation of histone (40).
Tunicamycin is an inhibitor of glycosylation (41). Sensitivity
against trichostatin A and tunicamycin increased in AISEC-
expressing cells (Fig. 7), thus suggesting that acetylation
and glycosylation are also involved in the AISEC signaling
pathway.

The present study raised the possibility that AISEC
activity can be applied to cancer therapy. For example, the
chemical inhibitors of AISEC may increase the p53 activity,
thus resulting in the induction of growth arrest or the apoptosis

of tumor cells. The development of AISEC inhibitors is
therefore expected to have a positive effect in the develop-
ment of future cancer chemotherapy.

In conclusion, the present study suggests that an
esophageal SCC SEREX antigen, AISEC, can reduce chemo-
sensitivity against anticancer drugs via p53.
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