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ABSTRACT

To achieve reliability of molecular diagnosis using reverse transcrip-
(ion-PCR (RT-PCR), we established a unique method to search for a novel

gene marker specific for colonie epithelial cells. Of eight candidate genes
selected from a 3'-directed cDNA library in colonie mucosa, two genes

were expressed in normal mucosa and cancer of the colon but not in either
normal lymph node or normal liver tissue. Known sequences of these
genes were reported to be located in the 3' noncoding region, and an

additional sequence just upstream to gs04094 (one of the candidate genes)
was determined. According to the newly identified sequence, we designed
a new set of primers so that we could distinguish the DNA fragment
amplified in RT-PCR from that in genomic PCR. RT-PCR using these

primers demonstrated that gs04094 was expressed in all of 10 primary
colon cancers and 4 liver mÃ©tastasesfrom colon cancer but in none of 5
normal lymph nodes, 10 peripheral blood samples, and 2 normal liver
tissues. Sensitivity of this method was so high as to detect gs04094 m UN A
in III " fig of colon cancer RNA per 1 fig of normal lymph node RNA.

Thus, our strategy to search for a novel gene marker using .V-dim-ted

cDNA library proved to be highly efficient.

INTRODUCTION

Prognosis of carcinoma is predicted by various kinds of clinico-
pathological factors. Among them, lymph node metastasis and trans-

vascular distant metastasis are the most important and correlate well
with prognosis in various kinds of carcinomas (1-4). Recently, sev

eral methods for detecting cancer cells in lymph nodes by examining
tissue-specific gene expression using RT-PCR1 have been reported

(5-7). These methods, together with histopathological examinations,

are expected to facilitate a more accurate diagnosis of lymph node
metastasis. RT-PCR is also reported to be a useful method for detect

ing cancer cells in blood or bone marrow samples of patients with
melanoma, breast cancer, neuroblastoma, prostate cancer, liver can
cer, or colorectal cancer (8-13). Identifying cancer cells in blood may

enable a prediction of metachronous distant metastasis and define
those patients who will benefit from adjuvant chemotherapy. These
methods are reported to be so sensitive as to detect one cancer cell per
IO5 to IO7 normal cells. The major problem with these methods is the

probable appearance of false-positive results in samples without any

cancer cells. Schoenfeld et til. (5) described a method for detecting
breast cancer micrometastasis in lymph nodes by RT-PCR using
cytokeratin 19 as a tissue-specific gene marker. They reported, how

ever, that all 11 normal lymph nodes showed cytokeratin 19 expres
sion when nested-PCR was used and concluded that this might be
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attributable to the low level expression from endogenous mRNA.
Mori et al. (7) reported that they could detect micrometastasis in
lymph nodes from patients with cancer in esophagus, stomach, rec
tum, and breast using CEA as a gene marker. Although they showed
that this method was applicable to several kinds of cancer, they also
reported very faint bands in the electrophoresis showing positive
results in a few control normal lymph nodes on 25 or 30 cycles of
amplification but not on 15 or 20 cycles. These reports suggest that
some of the genes whose expression had been reported to be tissue
specific might also be expressed at a low level in the cells that are not
supposed to express these genes, at least at the protein level. These
false-positive results limit not only the sensitivity of the methods but

also make the judgment difficult when an obscure band appears in a
sample lane in the electrophoresis.

Searching and introducing a novel gene marker would be beneficial
in increasing the certainty of molecular diagnosis by means of RT-

PCR. If we could find a gene that is more specifically expressed in the
objective cells than those reported to date, we can construct a more
powerful system for molecular detection of micrometastasis. More
over, we can make more precise diagnosis by testing multiple gene
markers, compared with a diagnosis made by detecting a single gene
expression.

In the present study, we demonstrate a unique method to search for
a novel gene marker for microdetection of colorectal cancer cells. In
the selection of genes which are specifically expressed in colorectal
mucosa, we used 3'-directed cDNA libraries constructed by Okubo et

al. (14-16).

MATERIALS AND METHODS

Tissue Samples, Cell Lines, and RNA Extraction. All tissue samples
were obtained from surgical resection performed in the Department of Surgery
II, Osaka University. Samples of colorectal cancers and normal mucosae were
obtained from 13 patients. All of the cancers were pathologically diagnosed as
adenocarcinoma. Four samples of liver metastasis from colorectal cancer were
obtained from four other patients who underwent resection of these metastatic
foci. Two normal liver tissues were obtained from two patients with hepato-

cellular carcinoma without liver cirrhosis, and five normal lymph nodes were
obtained from a patient with aorto-iliac occlusive disease who underwent

aortic surgery and had no history of any neoplastic diseases. Peripheral blood
samples were obtained from 10 healthy volunteers. Normal tissues of esoph-

ageal. gastric, and ileac mucosa and pancreas were obtained from resected
specimens of corresponding tumors. All tissue samples were obtained imme
diately after surgical resection, frozen in liquid nitrogen, and stored at â€”¿�70Â°C

until RNA extraction. The cell lines used were as follows; SW480. HCT116,
and Lovo. colorectal carcinoma; HepG2. hepatoblastoma: and HL60. promy-

elocytic leukemia.
Total RNA was extracted from tissue samples and cell lines by using Isogen

(Nippon Gene. Toyama. Japan) according to the manufacturer's instructions.

Selection of the Candidate Gene Markers. We selected the candidate
gene markers, which might be expressed specifically in the colonie mucosa,
from a 3'-directed cDNA library in human colonie mucosa (16). This type of

library consists of short sequences (50-450 bp) just upstream of the poly(A)

tail representing the corresponding gene transcripts, which were termed as
GSs. GSs of colonie mucosa were sent to GenBank for identification of the
genes, and 959 GSs representing 658 species of chromosomal transcripts were
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obtained. The expression profile of colonie mucosa was compared with that of
HepG2, HL60. and granulocytoid and monocytoid cells, and the GSs that were
only expressed in colonie mucosa could be selected as initial candidate gene
markers. There were 15 GSs with such specificity among 44 species of GSs

appearing three times or more in the 959 chromosomally coded GSs of colonie
mucosa. Eight were selected from these 15 GSs. and we designed PCR primers
to amplify the internal sequence of GSs. according to sequences registered in
GenBank (Table 1). All of these primers were subjected to PCR using genomic
DNA as a template to see whether it could amplify DNA fragment of predicted
size (data not shown).

RT-PCR. First-strand cDNA was synthesized from 1 Â¿tgof total RNA with

poly(dT) primer using SUPERSCRIPT Preamplification System (Life Tech
nologies, Inc.. Gaithersburg. MD). according to the manufacturer's instruc

tions. cDNA was purified by phenol/chloroform extraction and ethanol pre
cipitation as described (17) and then dissolved in 30 fil of distilled water.
Subsequently, PCR was performed in a 25-/J reaction mixture containing 2 /xl
of cDNA solution, 10% DMSO. 67 niM Tris-HCl (pH 8.8). 6.7 mM MgCK.
16.6 mM (NH4),SO4. 10 mm ÃŸ-mercaptoethanol. 6.7 mM EDTA, 1.5 mM

deoxynucleotide triphosphates. 2.5 units of Taq DNA polymerase (Boehringer
Mannheim, Penzberg, Germany), and 100 ng of upstream and downstream
primer for each GS. PCR was performed with initial denaturation at 94Â°Cfor
3 min. 35 cycles of amplification; denaturation at 94Â°Cfor I min: annealing at
the calculated melting temperature of each primer (48-55Â°C) for 40 s; and
extension at 72Â°Cfor 40 s and additional extension at 72Â°Cfor 5 min. In each

reaction, distilled water was used instead of RNA for the negative control.
Previously published GAPDH PCR primers were used to rule out the possi
bility of RNA degradation in each reaction (5). Aliquots of PCR product were
electrophoresed at 100 V on a 2% agarose gel containing 1 ng/ml of ethidium
bromide for I h.

DNase I Treatment. Because of the nature of the 3'-directed cDNA

library, it was likely that the RT-PCR products with primers within the GS
sequence did not contain the exon-intron junctions. Therefore, one could not
distinguish the DNA fragment amplified in RT-PCR from that in genomic PCR

of possibly contaminated DNA. To solve this problem, we used DNase I
treatment to digest the possibly contaminated DNA in the total RNA solution
in the second screening of the present study (see "Results"). Two /ig of total

RNA in a 10-fil reaction mixture containing 10 mM Tris-HCl (pH 8.3). 50 mM

KC1. 10 mM MgCI2. and 0.3 unit DNase I RNase free (Boehringer Mannheim.
Penzberg. Germany) was incubated at 37Â°Cfor 30 min. heated to 70Â°Cfor 10
min. and chilled to 5Â°C.After DNase I treatment. RT-PCR was performed with

the same protocol. The efficiency of DNase I treatment was confirmed by a
series of preliminary RT-PCR with GA733-2 primers, the product of which
includes an exon-intron junction, using I ftg of colonie total RNA as a

template in which 100 ng of genomic DNA was artificially contaminated.
RT-PCR products were separated on 2c/i agarose gel. and the product from

DNA completely disappeared when samples were treated with DNase I (data
not shown).

5'RACE. Amplification of sequences from a mRNA template between the
defined site of gs04094 and unknown sequences at the 5' end was performed
by the 5'RACE system (Life Technologies). The primers used in 5'RACE

were: 4094D. TCAGCCCTAGGCTATTGACA: 4094d. TGCAGTTCTC-

Table 1 The selected gene aignutitres und PCR primers

Genesignatures00196
U"D04094

UD04I16UD02073

UD02673

UD02801

UD02177

UD04167

UDPCR

primersAGCTCTSTTGCCACCATGAGTGTCACCTTCCAACTGAACCCCAGAGACACCTAGTCCTGATGCAGTTCTCCTATCCACTTTTGGTGCACAAAATACTGTCAGGATCATAAAGCCCATCATTCTTCCATTCTCGAGCTACGTCAGGCTGCTATGCCAGATTCGCTCCTACTGATGAGACCAGCCACTAGGTGCCAATCTTCCCAGAGAGTGCTGGACTGCACTTTATTGGAGGTCTCTGCGATCTGACGTTTTCTACGTAGGCAGGGCTTCATCAGTGTTATCCCAAGGGCCCAGATAACGCACAGCAATAAAGTTTTAATGGAATAGSizeof PCRproduct28011614015616011570113"

U. upstream primer; D. downstream primer.

Table 2 Result of the first screening for candidate gene markers

Colon N" Colon T n-LN n-Liver SW480 HL60

gsOOI96 +b + + +

gs04094 + +
f>s04H6 + + + + +

gs02073 + + + + + +
gs02673 + + + + + +
gs02801 + + +
gs02!7T
gs04I6T
" Colon N. normal colonie mucosa: Colon T. colon cancer; n-LN. normal lymph node:

n-Iiver. normal liver.
* +. expression positive: -. expression negative.
' PCR was not successful.

CTATCCACTT; 4094U, ATCCAACATTGCACGAGTATC; 4094d,. CCAG-
GAATGGTGCTGTTGAT: and 4094u-CAU, CAUCAUCAUCAUTCAG-

GACTAGGTGTCTCTGG. Anchor primer and UAP were appended in the
5'RACE system. Briefly, first-strand cDNA was synthesized with 4094D.

After poly(C) tailing of the first-strand cDNA. initial PCR was performed with

the anchor primer and 4094d. The specificity of the initial PCR product was
confirmed by Southern blot hybridization. The initial PCR product was run on
2Vc agarose gel and transferred onto nylon membrane (Hybond N + : Amer-
sham, Buckinghamshire. United Kingdom). A sequence of 117-bp. which lay
inside the known sequence of gs04094. was amplified with a -y-':P end-labeled

upstream primer (4094U) and 4094d; and used as the probe. After the speci
ficity of the initial PCR product was confirmed, this product of the initial PCR
was run on 2% agarose gel again, cut out from the gel. and recovered with
Suprec 01 (TAKARA shuzo. Kyoto. Japan). Using an aliquot of this product
as a template, nested PCR was performed with primers with UDG cloning site
(UAP and 4094u-CAU). The product of nested PCR was separated on 2%

agarose gel. cut out. recovered, and cloned into pAMPl (Life Technologies)
using the UDG cloning method according to the manufacturer's protocol.

Sequencing of the cDNA Inserts. Sequencing of the cDNA inserts was
performed by the dye-terminating cycle sequencing method and analyzed on a

377 DNA sequencer (Applied Biosystems. Foster City. CA). The obtained
sequence was sent to DNA databases for gene identification using the BLAST
search program (18).

Northern Blot Hybridization. Northern blot hybridization was performed
as described (17). Total RNA samples extracted from two colonie normal
mucosae were run on 1c/cagarose gel and transferred onto a nylon membrane

(Hybond N + , Amersham). Sequence of the cDNA insert was amplified with
UAP and 4094u-rev and used as the probe. The probe was radiolabeled by the

random primer synthesis method using the Megaprime DNA labeling system
(Amersham). The filter was hybridized with the probe for 16 h at 65Â°Cand

exposed to autoradiography on Kodak XAR-5 film (Eastman Kodak. Roches

ter, NY).

RESULTS

The First Screening. We selected eight GSs as the candidate
genes from a 3'-directed cDNA library in colonie mucosa. Two of

them had been identified in GenBank: ,i;.vOO/96.human liver fatty
acid-binding protein; and i>s04lI6, carcinoma-associated antigen
GA733-2. Human liver fatty acid-binding protein also appeared in the

cDNA library in HepG2. but we selected it as expressed most abun
dantly in colon mucosa and to examine its expression in other tissues,
such as lymph node. The sequences of the rest of the six GSs did not
have any match in GenBank. The first screening of the candidate
genes was performed by RT-PCR using total RNAs extracted from a

normal colon mucosa, a colon carcinoma, a normal lymph node, a
normal liver tissue, and cell lines SW480 and HL60, as template
RNAs. Results of the first screening are shown in Table 2. Genomic
PCR using primers for gs02177 and gs04l67 did not successfully
amplify DNA fragments. gsOOÃŒ96,gs04Ã¬Ã¬6,gs02073, and gs02673
were expressed in normal lymph node and normal liver tissue as well
as colonie tissues. gs04Il(> had been identified as tumor-associated
antigen GA733-2 and was expressed vaguely in normal lymph node.
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9 10 11 12 13 14 15 16

LN DW
(+) (-) (+) (-) (+) (-) W (-) W (-)

gs04094

gs02801

GAPDH

B

gs04094

GAPDH

Fig. 1. Results of the second screening. Total RNA samples were treated with DNase
I before RT-PCR in these experiments. A. expression of gx()4094. gs0280l. and GAPDH
in various kinds of tissues and cell lines. M, (&X174/Htie\\I DNA size marker; Lanes 1-6,
three pairs of normal mucosae (Lanes 1. .?, and 5) and cancer (Lanes 2, 4. and 6) of the
colorectum; Ltines 7-9. normal lymph nodes; Lane 10, normal liver tissue; Lanes 11-13,
colon cancer cell lines SW480. HCTI 16. and Lovo. respectively; Lane 14, promyelocytic
leukemia cell line HL60; Lane IS. hepatoblastoma cell line HepG2; Lane 16, distilled
water (negative control). B, expression of gs04094 and GAPDH in various kinds of
normal tissues. LN, normal lymph node; L. normal liver tissue; Eso. esophageal mucosa;
St. gastric mucosa; lie. ileac mucosa; Pan, pancreatic tissue; Co, colonie mucosa; DW.
distilled water; RT. reverse transcription: ( + ). performed; (-). not performed.

Afterward, we noticed Bergsagel et al. (19) had reported that murine
homologue of human GA733-2, a pan-epithelial glycoprotein, was

also expressed in plasma cells (19), and this vague expression in
normal lymph node was probably due to the existence of plasma cells.
#Â¿â€¢00/96,liver tatty acid-binding protein, was expressed in normal

liver tissue as predicted, but it was also expressed in normal lymph
nodes. Thus, these four candidates were eliminated at the first screen
ing. Both of the remaining genes, gs04094 and gs0280l, were not
expressed either in normal lymph nodes or in normal liver tissue but
in colonie tissues and were subjected to second screening. The se
quences of primers used in the first screening are listed in Table 1.

The Second Screening. The second screening included DNase I
treatment before the RT-PCR. Samples used in the second screening

included RNAs extracted from three sets of normal mucosa and
carcinoma of the colon, three normal lymph nodes, a normal liver
tissue, and cell lines SW480, HCTI 16, Lovo, HL60, and HepG2. The
second screening showed that even after DNase 1 treatment, both of
these genes were expressed in three sets of normal colon mucosa and
carcinomas but not in three normal lymph nodes or in normal liver
tissue (Fig. 1/4). Therefore, these two gene markers were expected to
be specific and useful. The expression of these two genes, however,
differed in colon cancer cell lines. gs0280! was expressed in HCTI 16
and Lovo but not in SW480. whereas gs04094 was expressed only in
Lovo.

According to the 3'-directed cDNA library, expression of gs04094

was more abundant than that of gs0280l, and at first, we selected
gs04094 for further examination. Expression of gs04094 in various
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kinds of normal tissues was examined (Fig. IÃŸ).It was expressed in
gastric and ilial mucosae as well as colonie mucosa but not in either
esophageal mucosa or pancreas.

Determining the Upstream Sequence of gs04094. To obtain RT-
PCR primers whose product includes exon-intron junctions, and

thereby be able to distinguish the products from DNA and RNA
templates on agarose gel, an additional upstream sequence of gs04094
was examined by 5'RACE. We obtained an initial PCR product, the

length of which was about 600 bp. The specificity of this product was
confirmed by Southern blot hybridization. A 117-bp internal sequence
of gs04094 was used as a probe, and it hybridized to the 600-bp initial

PCR product (data not shown). The nested PCR successfully ampli
fied a DNA fragment that was about 100-bp shorter than the initial

PCR product, as expected. This product was subcloned, and three
randomly selected clones were sequenced. The resulting 415-bp se
quence contained the known sequence of gs04094 at its 3' end, and an

additional 332-bp just upstream to gs04094 were identified (Fig. 2A).

This sequence was subjected to homology search using the BLAST
search program (18), and it was nearly identical [score, 524; P = 1.Oe-
33; identities, 192/301 (63%)] to the bos taurus calcium-activated

chloride channel mRNA (GenBank accession no. U36445). Northern
blot hybridization showed that gs04094 mRNA was expressed in
normal colonie mucosa, and the size of transcript of gs04094 was
estimated to be about 2990 bases (Fig. 2B).

RT-PCR with Newly Designed Primers. According to the newly
identified sequence of gs04094, new PCR primers: NU-2, TGGC-

v-a

l CTGATGTCCCAAATGCTCCCATGCCTGATCTCTTCCCACCTGGCCAAATCACCX3ACCTGA

61 AGGCGGAAATTCACGGGGGCAGTCTCATTAATCTGACTTGGACAGCTCCTGGGGATGATT

121 ATGACCATGGAACAGCTCACAAGTATATCATTCGAATAAGTACAAGTATTCTTGATCTCA

181 GAGACAAGTTCAATGAATCTCTTCAAGTGACTACTACCGCTCTCATCCC AAAGGAAGCCA

241 ACTCTCAGGAAGTCTTTTTGTTTAAACCAGAAAACATTACTTTTGAAAATGGCACAGATC

301 TTTTCATTGCTATTCAGGCTGTTGATAAGGTCCATCTGAAATCAAAAATATCCAACATTG

^ Â«09Â«u-rÂ«v

361 CACGAGTATCTTTGTTTATTCCTCCACAGACTCCGCCAGAGACACCTAGTCCTGAl

B

28S â€”¿�

QS04094 mRNA

18S â€”¿�

Fig. 2. A. cDNA sequence identified by 5'RACE. box. 5' end portion of already

identified sequence of gs04094. Sites of the newly designed primers are indicated by
Â«mw.Ã¯.B, Northern blot analysis in two normal colonie mucosae. gs04094 was expressed
in both normal colonie mucosae. and the calculated size of gs04094 mRNA was about
2990 bases. 28S and 18S indicate the size of rRNAs as markers.
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MDP1 23456789 10 M

gs04094

GAPDH

NIP 1 23456789 10 M

B
M P 1 7 8 9 10 11 M

QS04094

GAPDH

gs04094
serial dilution

GAPDH

Fig. 3. Specificity of gs04094 mRNA expression and sensitivity of gs04094 mRNA
detection determined by RT-PCR using newly designed primers NU-2 and 4094U-rev. A,
expression of gs04094 in colorectal cancers. D. genomic DNA extracted from a normal
colonie mucosa; P. a positive control. A plasmid clone, in which .VRACE product of
gs04094 was inserted, was used as the template of PCR. Lanes 1-10. colon cancers. B.

expression of gs04094 in normal lymph nodes, normal liver tissues, and metastatic liver
tumors of colon. P. the same positive control used in A. Lanes 1-5. normal lymph nodes;
Lanes 6 and 7. normal liver tissues; Lttnes 8-11, metastatic liver tumors of colon cancer.

C result of a sensitivity determination performed with serial dilation of total RNA
extracted from a colon cancer mixed with total RNA extracted from a normal lymph node.
Lane l, I Â¿igof total RNA extracted from a colon cancer; Lanes 2-6. 10" \ 10 4. 10~5,
10~6, and 10~7 /ig of colon cancer RNA. respectively, per I jig of normal lymph node

RNA; Lane 7. l /ig of normal lymph node RNA. M. <frXI74/Â«<i<<IIIDNA si/e marker.
RT-PCR using GAPDH primers was performed in parallel to confirm the integrity of

RNA samples.

CAAATCACCGACCTGA; 4094U-rev, GATACTCGTGCAATGT-
TGGAT; and 4094u-rev, TCAGGACTAGGTGTCTCTGG, were de

signed. The position of these primers are indicated in Fig. 2A. As
demonstrated in Fig. 3A, RT-PCR with NU-2 and 4094U-rev ampli
fied the 330-bp fragment as expected, whereas a genomic PCR with
these primers amplified a fragment of about 1.3-kb. All of 10 colo

rectal cancers and 4 metastatic liver tumors of colorectal cancer
expressed gs04094, whereas none of five normal lymph nodes and
two normal liver tissues did (Fig. 3, A and B). In addition, none of 10
peripheral blood samples exhibited gs04094 expression (data not
shown). A sensitivity determination was performed with serial dilu

tion of total RNA extracted from a colon cancer; and preparation of
mixtures with total RNA extracted from a normal lymph node
achieved a ratio of 10~3-10~7 /Agof cancer RNA per 1 /ng of normal

lymph node RNA. gs04094 mRNA was detected at a concentration of
as low as 10~6 pig of cancer total RNA per 1 /Â¿gof normal lymph

node total RNA (Fig. 3O- We also designed a nested PCR using
NU-2 and 4094u-rev as the outer primers and NU-2 and 4094U-rev as

the inner primers and performed a sensitivity determination. However,
it was so sensitive that it detected gs04094 mRNA not only in all of
the dilution series but also in 1 fig of normal lymph node RNA.

DISCUSSION

A sensitive and specific method for detection of small amounts of
cancer cells should facilitate more precise staging of cancer and
enable a better assessment of the prognosis. The present study is a trial
to identify novel gene markers with which we can detect colon cancer
cells in lymph nodes or liver tissue by means of RT-PCR.

Our strategy is unique in the point that we used 3'-directed cDNA
libraries to search for gene markers. Beside 3'-directed cDNA librar

ies, there are two other major collections of partial cDNA sequences
(20, 21). As a part of the Human Genome Project, these libraries have
been constructed to provide probes for gene mapping or to make gene
pools for searching new members of gene families or human ortho-

logues of genes of other species. Among these cDNA libraries,
3'-directed cDNA library distinguishes itself in two ways: (a) only the
3' terminal sequences of mRNA, which were obtained without PCR-

based procedure before sequencing, were collected to avoid multiple
counting of cDNA fragments within the same mRNA and construct a
library in which the frequency of appearance was considered to
represent the abundance of each gene transcript (15); and (b) efforts
were made to make the source materials as homogeneous as possible
by using well-characterized cell lines, selective primary culturing, and

purification using antibodies or through careful dissection of tissue
specimens (16, 22). Thus, it was expected that we could efficiently
find some genes that show specific expression in colonie tissues by
comparing the 3'-directed cDNA library of colonie mucosa with that

of other tissues of interest.
Two rounds of screening showed that two genes (gs04094 and

gs0280I) of eight candidates selected from 3'-directed cDNA library

in colonie mucosa could be ideal markers because both were ex
pressed in all three sets of normal colon mucosa and carcinoma but
not in three normal lymph nodes or in a normal liver tissue. gs04094
was also expressed in gastric and ilial mucosa as well as colonie
mucosa, showing that expression of its mRNA is not limited to the
colonie mucosa, and this gene might also be used as a molecular
marker for gastric cancer.

The information of an additional 322-bp cDNA sequence of
gs04094, determined by means of 5'RACE, enabled us to design a

new pair of RT-PCR primers (NU-2 and 4094U-rev), the product
of which included exon-intron junctions. Specific expression of
gs04094 mRNA was determined by a series of RT-PCR using these

primers, and gx04094 mRNA was detected at a concentration as
low as 10~6 ng of cancer total RNA per 1 /xg of normal lymph

node total RNA. as demonstrated in Fig. 3. Expression of gs04094
mRNA was detected in all 4 metastatic liver tumors of colon
cancer, as well as in 10 primary colon cancers, although it was not
detected in normal liver tissues. This indicated that it was colon
cancer cells, not the stromal cells existing in normal colonie tissue,
which expressed gs04094 mRNA. A nested RT-PCR of gs04094.

however, was too sensitive, detecting a small amount of gx()4094
mRNA expression in normal lymph node. Therefore, at present, it
is reasonable to conclude that standard RT-PCR. not nested RT-
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PCR. using gs04094 primers is applicable to detection of cancer
cells of epithelial cell origin existing in lymph nodes, liver, or
peripheral blood.

Incidentally. gs04094 showed a significant homology to bos
lauras CACC mRNA. The full-length of CACC cDNA was 2984

bases and was almost the same as the estimated length of gs04094
cDNA (2990 bases. Fig. 2B). Moreover, the position in CACC
cDNA to which the query sequence was very similar was located
near the 3' end (2337 to 2637). These facts suggest that gs04094

may be the human homologue of CACC. CACC was cloned by
Cunningham et al. (23) from bovine trachea. This clone did not
show any significant homology to any other chloride channel
reported previously. Interestingly, although gs04094 was ex
pressed in all of colorectal normal mucosa, primary cancer, and
metastatic liver tumor examined, as well as in the Lovo colon
cancer cell line, it was not expressed in two other cell lines. SW480
and HCT116. It is possible that the expression of gs04094 might be
lost in some colorectal cancers. Cloning of full-length cDNA of
Â¡>s04094and further analyses should be performed to confirm the

correspondence of gs04094 to the CACC gene and the biological
significance of expression of this gene in epithelial cells.

Our strategy to search for a novel gene marker using 3'-directed

cDNA libraries proved to be efficient in the present study. We
identified a novel gene marker among eight GSs tested. There still
remain, however. 79 GSs that appear in the 3'-directed cDNA

library of colonie mucosa but not in the libraries of HepG2, HL60,
granulocytoid cells, or monocytoid cells (16), and more specific
gene markers could be found by surveying these GSs. The next
step of our strategy should include identification of the expression
of Â£504094 in an increased number of colorectal cancers with
various histopathological features and their metastatic regions,
application of the same strategy to remaining candidate GSs, and
finally, the construction of the most reliable system for molecular
detection of micrometastases. Furthermore, one may also search
for gene markers for cancers other than colorectal cancer by
screening the cDNA libraries in the corresponding tissues.
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