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ABSTRACT

A novel gene product which is immunologically related to carcinoem-
bryonic antigen (CEA) and constitutively expressed by six of eight human
gastric carcinoma cell lines is described. The antigen was initially iden
tified by the differential binding patterns of four monoclonal antibodies
(MAbs) which recognize the putative M, 180,000 CEA and/or the M,
90,000 CEA-related gene product, NCA (normal cross-reacting antigen).
Western blot analyses of partially purified membrane fractions prepared
from Hs 7461 gastric carcinoma cells identified an M, 110,000 antigen.
Northern blot analyses using CEA- and NCA-specific complementary
DNA probes did not identify any specific CEA or NCA transcripts in
polyadenylate-selected mRNA isolated from the Hs 746T cells. Likewise,
a probe designed to hybridize with different CEA-related family members
failed to identify a CEA-related message in the Hs 746T cells. Subsequent
studies revealed that interferon-7 (IFN-7) treatment substantially in
creased the level of expression of the M, 110,000 antigen on the Hs 746T
and five other gastric cell types that constitutively expressed the antigen.
IFN-7 treatment also de novo induced the expression of the M, 110,000
antigen on the surface of GaCa gastric carcinoma cells. A high percentage
of Hs 746T (i.e., >85%) and GaCa (approximately 75%) gastric carci
noma cells expressed the M, 110,000 antigen after IFN-7 treatment; yet,
neither cell type expressed CEA or NCA as measured by the binding of
the anti-CEA MAb, COL-1, or B6.2, an anti-NCA MAh. In contrast to
CEA and NCA, phosphatidylinositol phospholipase C treatment failed
to release the M, 110,000 antigen from the surface of the Hs 746T or
IFN-7-treated GaCa cells, suggesting that membrane attachment of this
novel antigen is not via a glycosyl-phosphatidylinositol anchor. Finally,
primers that amplify the 420 base pairs of the immunoglobulin-like
domain of CEA and NCA detected an appropriately sized product in
untreated as well as IFN-7-treated GaCa cells using the polymerase
chain reaction method. Thus, a potentially novel gene product coding for
an M, 110,000 antigen that is strongly upregulated by IFN-7 has been
identified in human gastric carcinoma cells. Immunologically, the antigen
shares reactive epitopes with CEA and its related NCA gene product;
however. Northern blot analyses, polymerase chain reaction, and phos
phatidylinositol phospholipase C results suggest that the antigen may be,
at best, a distant relative of the CEA gene family.

INTRODUCTION

Gastric cancer remains one of the most common neoplasms
worldwide, with high incidence rates in Eastern Europe, Asia,
and South America (1). The incidence of stomach cancer in
North America has been declining for the past 30 years, but it
remains the eighth most common cause of cancer death and,
therefore, a major health problem (1,2). The malignancy has a
very poor prognosis, and mortality rates are extremely high in
Western countries (2, 3). For example, metastatic stomach
cancer with lymph node involvement has a 5-year survival rate
of 5-14%, whereas the median survival time of unresectable
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stomach cancer is 4 months (3). Therefore, new approaches to
the diagnosis and treatment of gastric carcinoma need to be
developed. One such approach would be to develop selective
gastric tumor markers that could be targeted with therapeuti-
cally conjugated MAbs2 in an adjuvant setting after tumor

resection (4).
To date, no tissue-specific tumor markers of the transformed

phenotype for human gastric cells have been described. In
general, tumor markers initially characterized for colorectal or
pancreatic carcinomas subsequently have been found expressed
by stomach cancers (5-8). One of these tumor markers is CEA,
which is also one of the most widely studied human tumor
antigens. CEA was initially described as an M, 180,000 complex
glycoprotein by Gold and Freedman (9) and has since been
shown to be part of a large family of structurally related antigens
found on both tumor and normal tissues (10). These include
multiple species of NCA (11-13), normal fetal antigens (14),
meconium (14), normal plasma antigen (15), biliary glycopro
tein (16), pregnancy-specific glycoprotein (17-19), an NCA-
like antigen referred to as "TEX" (20), and other related mem

bers of the CEA gene family (21). Southern blot analyses have
shown the presence of 9-11 related genes in the CEA family,
which is part of the larger immunoglobulin gene superfamily
(22-24). Recent studies have suggested that CEA may function
as an adhesion molecule or a cell membrane ecto-ATPase (25,

26).
The present report describes the immunological and biolog

ical properties of a novel M, 110,000 gene product expressed
in human gastric carcinoma cells. It is constitutively expressed
in six of eight human gastric carcinoma cells, and its level of
expression is strongly upregulated by IFN-7. Interestingly, the

A/r 110,000 antigen shares some immunologically similar epi
topes with CEA and NCA; however, Northern blot analyses as
well as PI-PLC treatment suggest that the M, 110,000 antigen
has several unique properties not shared by most members of
the CEA gene family. Therefore, the M, 110,000 antigen rep
resents a potential new member of the CEA gene family which
is expressed in human gastric carcinoma cells.

MATERIALS AND METHODS

Cell Culture. Human colon tumor cell lines WiDr and LS174T were
provided by Dr. P. Noguchi (Bureau of Biologies, Food and Drug
Administration, Bethesda, MD) and the GEO line by Dr. M. Brattain
(Bristol-Baylor Laboratory, Baylor College of Medicine, Houston, TX).
The composition of the culture media used for the growth of the three

1The abbreviations used are: MAb, monoclonal antibody; CEA, carcinoem-
bryonic antigen; UN-,, interferon-r; PI-PLC, phosphatidylinositol phospholi
pase C; PBS, phosphate-buffered saline; DPBS, Dulbecco's PBS; BSA, bovine
serum albumin; SDS, sodium dodecyl sulfate; PAGE, polyacrylamide gel electro-
phoresis; cDNA, complementary DNA; NCA, normal cross-reacting antigen;
FACS, fluorescent activated cell sorting; RIA, radioimmunoassay; SSC, sodium
di lor idi-:sod inm citrate (Ix = 0.15:0.015 M); poly(A)*, polyadenylate; FBS, fetal
bovine serum; PCR, polymerase chain reaction; PI-G, phosphatidylinositol-
glycan.
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colon tumor cell lines have been published previously (27). The gastric
carcinoma cell lines, MKN 74, MKN 28, NUGC-3, KATO III, and AZ
521, were obtained from the Japanese Cancer Research Resources
Bank. GaCa was a generous gift from Dr. H. Egami. Kumamoto
University Medical School. The gastric carcinoma cell lines, ACS and
Hs 746T, were purchased from the American Type Culture Collection
(Rockville, MD). MKN 74, MKN 28, NUGC-3, KATO III, and AZ
521 were maintained in Dulbecco's modified Eagle medium supple

mented with 1 mM sodium pyruvate, 1x nonessential amino acids, and
10% heat-inactivated FBS. GaCa, ACS, and Hs 746T were maintained
in RPMI 1640 with 2 mM L-glutamine, Ix nonessential amino acids,
and 10% heat-inactivated FBS, Ham's F12 with 10% FBS, and Dul
becco's modified Eagle medium with 10% FBS, respectively.

IFN-7. Recombinant IFN-7 expressed in Escherichia coli was gen
erously provided by Biogen (Immuneren). The specific activity was 2.4
x IO7 antiviral units/mg as determined in a WISH/VSV cytopathic

effect microtiter assay standardized with National Institutes of Health
IFN-7 reference standard Gy 23-901-530. The IFN-7 was routinely
diluted in RPMI 1640 at a stock concentration of 1.0 x IO6antiviral
units/ml and stored at 4"C. Aliquots of IFN-7 were tested at regularly

scheduled intervals, and the antiviral titers remained essentially un
changed for up to 6 months with storage at 4Â°C.

Monoclonal Antibodies. The details of production, isolation, and
characterization of the MAbs COL-1 and COL-4 have been previously
reported (28, 29). COL-1 and COL-4 were generated by using extracts
of two colon carcinoma mÃ©tastases(one lymph node and one spleen)
and an extract of a primary colon carcinoma as sequential immunogens.
Both MAbs are of the IgG2a isotype and react with the M, 180,000
CEA as shown on Western blotting (27, 28). In more recent findings,
however, immunohistochemical results have shown that COL-4 also
recognizes an antigen expressed by human granulocytes (29). MAbs
B1.1 (IgG2a) and B6.2 (IgG 1) were generated using membrane-enriched
fractions of human metastatic mammary carcinoma cells from either
of two involved livers (30, 31). Both antibodies are IgGl and react with
colon and mammary as well as other tumor cell types. B6.2 strongly
reacts with human breast, colon, and other types of human tumor cells.
The antibody recognizes the M, 90,000 antigen believed to be the NCA
often coexpressed with CEA (32). W6/32, an IgG2a, recognizes a
monomorphic determinant of HLA antigens and was obtained from
Cooper Biochemical, Inc. (West Chester, PA). Other control antibodies
used were MOPC-21 (IgGl), BL-3 (IgGl), and UPC-10 (IgG2a), which
are mouse myeloma proteins obtained from Litton Bionetics, Inc.
(Charleston, SC).

FACS Analysis. The complete details for FACS analysis have been
published (27). The cells were harvested from subconfluent cultures
using 0.25% trypsin:0.5 mM EDTA and incubated l h at 4'C in 100 ^1

solution containing l Â¿igpurified MAb or 100 p\ undiluted hybridoma
supernatant/IO6 cells in DPBS containing 1% BSA. After incubation
with the primary MAb, the cells were washed twice with cold Ca2+-,
Mg2+-free DPBS and incubated in the presence of fluorescinated goat
anti-mouse IgG (Kirkegaard and Perry Laboratories, Inc., Gaithers-
burg, MD) (1:50-1:100 dilution) for l h at 4Â°C.The cells were washed,
centrifuged at 500 x g, and resuspended in Ca2*-, Mg2*-free DPBS at
a concentration of 0.5-1.0 x IO6cells/ml. The cells were immediately
analyzed using a Becton-Dickinson FACScan equipped with a blue
laser with an excitation of 15 mW at 488 nm. Data were gathered from
10,000 cells using a live gate, stored, and used to generate each figure.

Preparation of Whole Cell and Membrane-enriched Extracts. The
complete details of the preparation of extracts from human carcinoma
cells grown in vitro have been published (33). Briefly, the cells were
harvested from 5-10 T-150 flasks and centrifuged at 800 x g for 5-10
min at 4'C. The cell pellets were homogenized for 3 min on ice in 10

mM Tris-HCI (pH 7.2) with 0.2 mM CaCl2, followed by pressure
homogenization using a cell disruption bomb (Parr Instrument Co.,
Moline, IL) at 1000 lb/in2. The homogenate was centrifuged at 1000

x g for 5 min, and the supernatant was removed. An aliquot of the
supernatant (i.e., whole cell extract) was used to assess MAb binding,
while the remainder of the supernatant was diluted with buffer, layered
onto a discontinuous 20-40% sucrose gradient (w/w, 10 ml each), and

centrifuged at 100,000 x g for 17 h. Membranes migrated to the 20-
40% interface and were removed, diluted 5-fold with Tris-HCI buffer,
and pelleted at 100,000 x g for 65 min. Protein concentrations of the
whole cell homogenate as well as the partially purified membranes were
determined by the method of Lowry et al. (34).

Solid-Phase Radioimmunoassay. The complete details of the solid-
phase RIA have been published (33). Briefly, 10 Â¿igof membrane protein
was dried to each well of a 96-well plate. The assay began with the
addition of 50 ^1 of 5% BSA in DPBS and incubated for 1 h at 37Â°C

to block nonspecific MAb binding. The blocking medium was aspirated,
the plates were washed, and the primary MAbs were added as purified
immunoglobulin or undiluted hybridoma tissue culture supernatant.
The primary MAbs were incubated at 37"C for 1 h after which the

excess antibody was removed and the wells were washed and incubated
with I25l-labeled goat anti-mouse IgG. The iodinated second antibody
was incubated for 1 h at 37Â°Cat which time the excess was removed

and the plates were washed. The wells of the 96-well plates were cut,
transferred to counting tubes, and counted using an LKB Riagamma
(model 1274) gamma counter. Controls included wells to which no
primary MAb or an irrelevant, isotype-matched MAb [i.e., MOPC-21
(IgGl), UPC-10 (IgG2a)] was added. The range of cpm of those samples
was 400-600 cpm and was subtracted from test samples.

Western Blot Analyses. Partially purified membranes (i.e., 30 ^g
protein/lane) were diluted in SDS-PAGE sample buffer (0.125 M Tris-
HCL buffer, pH 6.8, 4% SDS, 20% glycerol, and 0.025% bromophenol
blue) and analyzed using 7.5% SDS-PAGE. After electrophoresis,
proteins were transferred to a polyvinylidene difluoride filter membrane
(0.45-ÃÃmpore size) at 4Â°Cand kept overnight at 30 V. The blots were

then treated with 5% BSA in PBS, washed with PBS containing 0.05%
Tween-20, and incubated with each purified MAb (1 jig/ml) or hybrid
oma supernatant for 2 h at room temperature with gentle agitation.
After washing, the blots were incubated for 2 h at room temperature
with 5 x 10' cpm/ml '"I-labeled goat anti-mouse IgG antibody. The

filters were then extensively washed overnight and exposed to Kodak
XAR X-ray film. For all experiments, isotype-matched MAbs were
used as negative controls.

CEA and NCA cDNA Probes. The CEA cDNA probe that recognizes
portions of the open reading frame shared by different members of this
gene family was described by Zimmerman et al. (35). It is a 550-base
pair Pstl fragment isolated from the vector pCEAl, containing domain
II and part of domain III of the glycopeptide, subcloned into the Pst\
site of pGEM-1. The specific CEA probe was a 400-base pair fragment
located in the 3'-untranslated region immediately downstream from

the Alu site. The NCA-specific probe was a 846-base pair Â£coRI/
Hindlll fragment located in the 3'-untranslated region of the mRNA.

All fragments were isolated and nick translated with a nick translation
kit, according to the instructions of the manufacturer (Bethesda Re
search Laboratories, Gaithersburg, MD), yielding a specific activity of
2-3 x lO'cpm/jigDNA.

RNA Analyses by Northern Blot Hybridization. Total RNA was
extracted from cultured cells by the acid guanidium thiocyanate-phenol-
chloroform method as previously described (36). The yield of total
RNA was between 0.25 and 1 mg/5 x IO7 cells. Poly(A)+ RNA was

isolated by two rounds of chromatography on oligo(dT) cellulose (Stra-
tagene Inc., La Jolla, CA) (37). For Northern blot hybridization, RNAs
were electrophoresed on a denaturing 1% agarose gel and transferred
to nitrocellulose membranes (38, 39). A 0.24- to 9.5-kilobase RNA
ladder (Bethesda Research Laboratories) was included as a size marker.
Prehybridization was performed in 50% formamide, 6x SSC, 5x Den-
hart's solution, 0.5% SDS, and 100 Mg/ml herring sperm DNA at 37'C
for 5 h. The blots were hybridized with |'2P]-cDNA probes in the same
buffer at 37Â°Cfor 15-20 h. After hybridization, the membranes were

washed twice in 2x SSC containing 0.5% SDS at room temperature
and then at 37Â°Cfor 30 min in the same washing solution. Under

stringent conditions the membranes were additionally washed in 0.1 x
SSC containing 0.5% SDS for 30 min at 65Â°C.The membranes were

then exposed to Kodak XAR X-ray film.
PCR Analyses. Primers for amplifying the CEA-specific, NCA-

specific, and CEA-related genes were 5'-GCAGCCCTGGTGTAGT-
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Table 1 Range ofMAb reactivities

Range of reactivity

MAbCOL-1COL-4Bl.lB6.2IsotypeIgG2algG2aIgG2aIgGlImmunogenMetastatic/primarycolon

carcinomaMetastatic/primarycolon

carcinomaMetastatic

breastcarcinomaMetastatic

breastcarcinomaTissue

reactivitiesGastrointestinal,

bladder,breast
cancerGastrointestinal,

bladder,breast
cancer,granulo-cytesGastrointestinal,

breastcancer,
melanoma.granulocytesGastrointestinal,

breastcancer,
granulocytesAntigen

recognitionCEACEA,

NCACEA

and otherrelatedantigensNCA

Table 2 Comparison ofanti-CEA and -NCA MAb binding to human colon and gastric carcinoma cells and granulocytes

Constitutive MAb reactivity

CelltypeColorectal

carcinomaGastric

carcinomaGranulocytes*

Percentage of the cellsreactiveexperiments.*

X]0n . 's M1 . rolle r...|,-tii i. with (1Cell

lineWiDrLS174TGEOMKN74MKN

28Hs
746TACSGaCaNUGC-3KATO

IIIAZ521Freshly

isolatedwith

eachrespectiveâ€¢Aft4AhCOL-448.3

(39.9)Â°56.3

(50.9)90.6
(448.7)10.2(47.3)18.0(41.0)55.1

(49.8)95.8(113.5)Neg24.7

(79.4)82.4(133.8)Neg40.4(41.1)MAb.

NumbersBl.l65.2

(67.5)69.1
(78.1)99.1
(575.9)14.7

(45.2)27.9
(68.2)54.8
(36.3)95.6(121.8)Neg44.4

(72.4)78.0
(89.7)Neg87.9

(68.2)in

parentheses, meanCOL-132.4

(36.4)66.8(51.1)95.7

(494.8)7.2

(33.2)11.5(33.3)Neg88.4

(93.4)Neg6.1

(90.1)38.6(216.4)NegNegfluorescence

intensity.B6.280.4

(65.7)46.9
(36.8)66.3
(243.6)17.2(33.2)25.3

(46.3)Neg98.6(113.8)Neg8.0

(82.0)31.8(71.5)Neg78.2

(58.8)Values

are theW6/3298.7

(56.9)96.4
(40.5)91.9(210.7)Neg*12.7(25.8)98.8(165.1)99.9(281.5)99.9(381.5)100.0(823.4)97.1

(210.3)98.2
(85.9)91.7(368.0)mean

of 3 to 4 separate

TTCTTCATT-3' and 5'-AGTCTGGAGCGACCACATAGGGAGA-
3', 5'-GGAGCTCAAGCTCCTCTACAAAGAG-3' and 5'-CTAG-
AAGAATTCAGGGTCTGGTCCA-3', and 5'-CTGCCCAAGCCCT-
CCATCTCCAGCA-3' and 5'-ATTATTCACAGTGATGTTGGGG-
ATA-3', respectively. These primers corresponded to the 3'-untrans-
lated region of CEA, the 5'- and 3'-untranslated regions of NCA, and
the immunoglobulin-like domain of CEA and NCA, respectively. The
poly(A)* RNA for PCR was prepared from human gastric and colon

carcinoma cells as described previously. The PCR was carried out with
the PCR kit (Perkin Elmer Cetus, Norwalk, CT) using 500 and 50 ng
poly(A)* RNA from IFN-7-treated and untreated GaCa, AZ 521, and

WiDr cells. The program of PCR thermal cycle was 35 cycles of 1 min
at 95Â°C,1 min at 55Â°C,and 3 min at 72Â°C;1 cycle of 15 min at 72Â°C;
and 4Â°Csoak. The PCR products were resolved by electrophoresis on

1% agarose gels, stained with ethidium bromide, and photographed
under UV light. A \DNA////niflII fragment was included as a size
marker.

RESULTS

Differential Reactivity of Different Anti-CEA and NCA MAbs
to Human Gastric Adenocarcinoma Cells. Four monoclonal
antibodies that react with CEA and NCA are listed in Table 1.
Initial studies with MAbs COL-1 and COL-4 indicated that
both MAbs recognized the A/r 180,000 CEA. Subsequent anal
yses, however, revealed that COL-4 also reacts with human
granulocytes (29), which was further corroborated in the present
study. Bl.l recognizes multiple members of the CEA gene
family (29), whereas B6.2 selectively reacts with the M, 90,000
NCA found on circulating human granulocytes (32). Flow
cytometric analyses were used to compare the relative binding
characteristics of those MAbs to human colorectal and gastric
carcinoma cells as well as to freshly isolated granulocytes (Table
2). All four antibodies react with the three human colorectal
carcinoma cell lines, WiDr, LS174T, and GEO. The percentage

of cells positive for COL-4, Bl.l, and COL-1 was highest in
the two highly differentiated LS174T and GEO cells. In con
trast, a different pattern of reactivity for the four MAbs was
observed using eight human gastric carcinoma cell lines (Table
2). For three gastric cell lines, MKN 74, MKN 28, and ACS,
the percentage of cells positive for MAbs COL-4, Bl.l, and
B6.2 was similar and higher than those reactive with MAb B6.2.
Another pattern emerged with KATO III and NUGC-3 gastric
tumor cells in which the percentage of COL-4 and Bl.l positive
cells was similar and higher than those reactive with COL-1
and B6.2. The most distinctive pattern of reactivity observed
for the binding of the four MAbs was that of the Hs 746T
gastric cell line. Approximately 55% of the Hs 746T cells were
COL-4 or Bl.l positive; however, no measurable binding of
COL-1 and B6.2 was detected using flow cytometry. Two poorly
differentiated gastric tumor cell lines, GaCa and AZ 521, did
not react with any of the four MAbs (Table 2).

Solid-phase RIA analyses were performed to further substan
tiate the differential reactivity of the four MAbs for the Hs
746T human gastric carcinoma cells. Fig. 1 represents the
antigen dilution curves using cell extracts of colon carcinoma
GEO cells (A) and partially purified membranes prepared from
gastric carcinoma Hs 746T (B) and GaCa cells (C). The levels
of COL-4, Bl.l, and COL-1 binding to the GEO cell extracts
were comparable, whereas the level of binding of B6.2 was
approximately 20-25% that of the other three MAbs. These
data generally agree with the flow cytometric results. Prelimi
nary studies revealed that cell extracts prepared from Hs 746T
cells had low levels of reactivity for all four MAbs and that
using partially purified membranes enriched the level of COL-
4 and Bl.l reactivity by 4- to 8-fold.3 However, while both
COL-4 and Bl.l showed substantial levels of binding to par-

3S. Shimada and J. W. Greiner, unpublished observation.
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Fig. l. Comparison of anti-CEA and anti-NCA Mabs binding to human colon and gastric carcinoma cells. Reactivity of MAbs which recognize CEA and related
gene products to membrane-enriched extracts prepared from GEO (A), Hs 746T (B), and GaCa (C) cells. Cells were grown in their appropriate growth medium and
harvested, and cell extracts from GEO cells and partially purified membranes from Hs 746T and GaCa were prepared as described in "Materials and Methods." An
antigen titration curve was prepared by drying 0.15 to 10 ng of either extract or membrane protein/well in a 96-well microtiter plate. The binding of M Abs COL-4
(A), Bl.l (Â»),COL-1 (â€¢),and B6.2 (â€¢)was measured using a solid-phase RIA as described in "Materials and Methods." Isotype-matched, control antibodies, MOPC-

21 (IgGl) and UPC-10 (IgG2a), were included in all assays and the cpm (usually <500 cpm) subtracted from the test samples. The data presented are from a
representative experiment; two to three separate experiments were done.

Table 3 QuantitÃ¤ten of CEA in whole cell and partially purified membrane
extracts prepared from human colon and gastric carcinoma cell lines

TissueColon

carcinomaGastric

carcinomaFibroblastsGranulocytesCell

lineWiDrLS174THs

746T
ACSMRC-5GranulocytesCEA

content"

(ng/mg pro
tein)76.1217.1Neg

20.0NegNeg

* CEA content was measured in whole cell extracts prepared from WiDr,

LS174T, and human fibroblasts and in partially purified membrane extracts from
Hs 746T, ACS, and granulocytes. Extracts and membrane preparations were
prepared as described in "Materials and Methods." All were diluted to 1.0 mg/

ml with the extraction buffer. CEA content was measured using a CEA RIA
monoclonal in vitro test kit (Abbott Laboratories, Inc., Chicago, IL). Data
represent the mean of two separate determinations with SE < 15%.

dally purified Hs 746T membranes, COL-1 and B6.2 reactivity
remained negative. Solid-phase RIA analyses of the partially
purified GaCa membranes showed little or no reactivity with
any of the four M Abs.

The amount of CEA in extracts prepared from colon (i.e.,
WiDr and LS174T) and gastric tumor cells (i.e., Hs 746T and
AGS) was compared using a commercially available CEA kit.
As listed in Table 3, WiDr and LS174T tumor extracts con
tained approximately 76 and 217 ng CEA/mg protein, respec
tively. Likewise, the human gastric carcinoma cell line, AGS,
which was highly reactive with the four MAbs (Table 2), con
tained 20 ng CEA/mg membrane protein. Interestingly, par
tially purified membranes prepared from the Hs 746T, which
were previously shown to react with MAbs COL-4 and Bl.l,
did not, however, contain detectable levels of CEA as measured
by the CEA RIA kit. Two control cell lines (fibroblasts and
granulocytes) also, as expected, did not contain CEA.

COL-1 and COL-4 are from a group of 14 antibodies which
were generated using primary and metastatic colon carcinoma
as immunogens and, as mentioned previously, recognize CEA,
NCA, and other related antigens on the surface of a variety of
human colon carcinoma cells (28). We wanted to determine
whether other MAbs from the COL family may also react with
the membrane-enriched fraction of the Hs 746T cells and,
therefore, recognize the gastric tumor-associated antigen. As
shown in Fig. 2, of the remaining 12 COL antibodies, only

COL-5 showed any measurable level of binding to the Hs 746T
membranes in a solid-phase RIA.

Western Blot Analysis. The apparent differential reactivity of
COL-4 and Bl.l to Hs 746T cell membranes was further
studied using SDS/PAGE/Western blot analyses (Fig. 3). The
different antigen(s) recognized by MAbs COL-4, Bl.l, COL-1,
and B6.2 were visualized in membrane-enriched fractions pre

pared from the human colon carcinoma WiDr cells, fresh
human granulocytes, and Hs 746T and AZ 521 gastric carci
noma cells. As shown, COL-1 recognizes the putative M,
180,000 CEA and, to a lesser extent, a lower M, 120,000-
130,000 antigen (lane 1) in WiDr membrane extracts (lane 2).
COL-1 did not recognize any discernible antigen in membranes

6000 i

5000 -

4000

0) o

3000

2000

1000 -

8 8 8 8 8 8 a Ã¨a Â¿

MAb Reactivity
Fig. 2. Reactivity of different anti-CEA MAbs to partially purified membranes

prepared from human gastric carcinoma cells. Membrane-enriched fractions were
prepared from Hs 746T cells. 10 ^g protein was dried to each well of a 96-well
plate, and MAb binding was measured using a solid-phase RIA as described in
"Materials and Methods." The 14 different COL MAbs, Bl.l, and B6.2 were

added as purified immunoglobulin (SCOng/well) or undiluted hybridoma tissue
culture supernatant. Data shown are the maximum levels of binding for each
antibody averaged from two separate experiments.
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prepared from Hs 746T (lane 3), AZ 521 (lane 4), or granulo-
cytes (lane 5) which agrees with the lack of reactivity for that
MAb to these same cells using flow cytometric analysis. The
pattern of reactivity of COL-4 is compared with the same cell
preparations in Lanes 6-10. As reported previously (27, 28),
COL-4 recognizes the A/r 180,000 CEA (lane 6), the lower
molecular weight antigen (i.e., M, 120,000-130,000) in WiDr
membrane preparations (lane 7), and an M, 160,000 antigen
expressed in freshly isolated human granulocytes (lane 10). The
membrane-enriched fraction prepared from the Hs 746T, how
ever, contained an M, 110,000 antigen which is recognized by
COL-4 (lane 8) which corroborates the flow cytometric finding
that approximately 55% of the Hs 746T cells were COL-4
positive (Table 2). The M, 110,000 antigen was not present in
membrane extracts prepared from the AZ 521 cells (lane 9).
MAb B 1.1 recognizes the M, 180,000 CEA as shown in lane
11. In addition, MAb B l. l also reacts with at least three distinct
bands in WiDr membrane extracts (lane 12), the most promi
nent being the M, 180,000 CEA. Western blot analyses of
granulocytes with B 1.1 visualized both the M, 160,000 and
90,000 or 95,000 species of NCA (lane 15) (12). Western blot
analyses with B1.1 of Hs 746T cell membranes yielded results
similar to those of COL-4, i.e., an M, 110,000 band (lane 13).
MAb B6.2 recognized the M, 90,000 NCA expressed in the
WiDr tumor cells (lane 17) and granulocyte membranes (lane
20) but did not show substantial reactivity to either Hs 746T
(lane 18) or AZ 521 (lane 19) membranes. The findings thus
demonstrate that the preferential reactivity of COL-4 and B1.1
to the Hs 746T gastric tumor cells is due to the presence of the
M, 110,000 antigen in the purified membranes of those cells.

Effects of I'hosphatid> linositol Phospholipase C on the Mem

brane Linkage of the V/, 110,000 Human Gastric Antigen. CEA
and other family members (e.g., NCA) are attached to the
membrane of several human colorectal tumor cells by a glyco-
syl-phosphatidylinositol anchor (13, 40, 41). Previous studies
have shown that treatment of CEA- and NCA-expressing cells
with PI-PLC releases these antigens from the cell membrane
by specifically cleaving the PI-G tail (12, 13, 40, 41). The two
human colorectal tumor cell lines, GEO and WiDr, express
high constitutive levels of CEA as shown by the reactivity of
MAbs COL-1 and COL-4 (Table 4). We were interested in
determining whether the M, 110,000 antigen was attached to

Table 4 Effects of PI-PLC treatment on the surface expression of CEA and the
M, 110,000 COL-4-reactive antigen on human colorectal and gastric tumor cells

Surface antigen
expression (% cells

positive)

CelllineGEOWiDrHs

746TGaCaTreatmentUntreatedUntreated+IFN-7+IFN-7AntigenCEA

H LA classICEA

HLA classICEA

M, 110,000
HLA class1CEAM,

110,000
HLA class IMAbCOL-1

COL-4W6/32COL-1

COL-4W6/32COL-1

COL-4
W6/32COL-1

COL-4W6/32Untreated92.7

93.6
91.977.3

89.1
99.9Neg

96.9
98.5Neg

54.8
99.9+PI-PLC*37.5

49.8
95.311.145.0

99.9Neg

96.9
99.5Neg

54.4
99.9

Â°Untreated GEO and WiDr cells and IFN--y-treated (2000 units/ml; 72 h) Hs
746T and GaCa cells were harvested from subconfluent T-75 flasks. The cells
were counted using a hemocytometer and approximately 6 x 10' cells were
resuspended in 1 ml of RPMI 1640 containing 2.0 units PI-PLC. The cells were
incubated for l h at 37'C and subsequently analyzed for the binding of the MAbs
as described in "Materials and Methods." Data shown are representative results
from one experiment; 3-4 experiments were performed for each cell line.

the gastric tumor cell membrane by the same or a similar
linkage. GEO cells incubated at 37Â°Cfor l h in the presence of

2 units of PI-PLC reduced the percentage of COL-1-positive
cells from 92.7 to 37.5%. Similar changes were observed for
COL-4 binding, suggesting the release of CEA with cleavage of
the glycosyl-phosphatidylinositol anchor by PI-PLC treatment.
WiDr cells treated with PI-PLC also reduced the percentage of
cells reactive with either COL-1 or COL-4. These were the
optimum conditions for releasing CEA from the WiDr and
GEO cell surface. In contrast, the Hs 746T gastric carcinoma
cells treated under the same conditions did not reduce the
percentage of cells reactive with either COL-4 or B1.1 (Table
4). Furthermore, increasing the amount of PI-PLC (to 4 units)
and/or the time of incubation at 37Â°Calso failed to alter COL-

4 or B1.1 binding to the Hs 746T cell surface. These observa
tions suggest that the M, 110,000 antigen may be anchored to
the Hs 746T cell membrane by a mechanism other than the
glycosyl-phosphatidylinositol linkage.
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Fig. 3. Detection of CEA and related antigens in colon and gastric tumor cells and normal human granulocytes by Western blot analysis. Western blot analyses of
COL-1 (lanes 1-5), COL-4 (lanes 6-10). Bl.l (lanes 11-15), and B6.2 (lanes Â¡6-20) reactivity to purified CEA (lanes 1, 6, 11, and 16) and membrane-enriched
fractions prepared from WiDr (lanes 2, 7, 12, and 17). Hs 746T (lanes 3, 8, 13, and 18), AZ 521 (lanes 4, 9, 14, and 19), and normal human granulocytes (lanes 5,
10, 15, and 20). Partially purified membranes were prepared from the WiDr, Hs 746T, and AZ 521 tumor cell lines as well as from granulocytes isolated from a buffy
coat using Ficoll-Hypaque (LSM, 6.2% I Itoli; Organon Teknika Corp.. Durham. NC) as described in "Materials and Methods." The membrane extracts were
analyzed by SDS-PAGE on 7.5% polyacry lamide gels followed by Western blotting. Protein, 30 jig, from purified membrane extracts of WiDr, Hs 746T, AZ 521,
and normal human granulocytes and purified CEA (1 *jg; International Enzymes) were added to the respective lanes as described above. Vertical scale, molecular
weight markers (x 10~3).
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Fig. 4. Northern blot analysis using specific cDNA probes for CEA and NCA.
In A, identification of CEA- (lanes 1-4) and NCA- (lanes 5-8) specific mRNA
transcripts in poly(A)* RNA prepared from GEO, AZ 521, GaCa, and Hs 746T
tumor cells. Poly(A)+ RNA was isolated from GEO (lanes I and 5), AZ 521
(lanes 2 and 6), IFN--x-treated GaCa (lanes 3 and 7), and Hs 746T cells (lanes 4
and 8). Samples were hybridized using CEA- or NCA-specific cDNA probes as
described in "Materials and Methods" and exposed for 72 h. Left ordinate, RNA

markers are 7.5, 4.4, 2.4, and 1.4 kilobases; right ordinate, approximate sized
mRNA transcripts which code for CEA (4.2 and 3.5 kilobases) and NCA (2.8
kilobases). In B, the blot was stripped and hybridized to a /i-actin probe under the
same conditions as in A. Right ordinate, approximate size of the actin mRNA
transcript (2.0 kilobases).

Northern Blot Analysis. Using different cDNA probes, we
analyzed the poly(A)+ RNA isolated from Hs 746T cells for the

presence of different transcripts for CEA and NCA. Since the
immunological data suggested that these gastric carcinoma cells
did not contain either CEA or NCA, initial Northern blot
analysis utilizing specific probes for CEA and NCA were carried
out to confirm those observations. The CEA-specific cDNA
probe was a 400-base pair fragment which hybridized to the 3'-

untranslated portion of the CEA gene immediately downstream
from the Alu site. The NCA-specific cDNA probe was a 846-
base pair EcoRl/Hindlll fragment which hybridizes to the 3'-

untranslated portion of the NCA mRNA. As shown in Fig. 4A
(lane 7), the CEA-specific cDNA probe hybridizes to two CEA

transcripts of 4.2 and 3.5 kilobases in the GEO colon carcinoma
cell line. No hybridization, however, was observed to the AZ
521, IFN-7-treated GaCa cells (see below), or Hs 746T gastric
carcinoma cells under stringent conditions (lanes 2-4). The
NCA-specific cDNA probe hybridizes to a 2.8-kilobase tran
script in poly(A)+-selected mRNA from the GEO cells (lane 5)

which agrees with previous studies identifying this as the NCA-
specific transcript in colon carcinoma cells (24). However, no
detectable hybridization of poly(A)+-selected RNA from AZ
521, IFN-7-treated GaCa cells, or Hs 746T was observed using
the NCA-specific cDNA probe (lanes 6-8).

It was reasoned that the M, 110,000 antigen which is consti-
tutively expressed by the Hs 746T gastric tumor cells might be
encoded by a CEA-related transcript. We previously used a 550-
base pair Pstl fragment CEA cDNA probe, which codes for the
repeated domains found within the open reading frame of CEA
and related gene products, and found that it hybridizes with
four predominant transcripts of 4.2, 3.5, 2.8, and 1.7 kilobases
found in poly(A)+-related RNA from human colon carcinoma
cells (27, 42). As shown in Fig. 5/1, poly(A)*-se!ected mRNA
from WiDr cells (tane 1) expressed the four CEA-related tran
scripts with the 4.2-, 3.5-, and 2.8-kilobase-sized messages being

the most predominant. The 1.7-kilobase transcript has been
seen in other human colorectal carcinoma cells (42) but usually
disappears under more stringent washing conditions. Interest
ingly, although both the IFN-7-treated GaCa (lane 3) and the
Hs 746T gastric tumor cells (lane 4) express the Mr 110,000
antigen, neither expresses any of the CEA-related transcripts
even under the relaxed washing conditions (2x SSC, 37Â°C).

These finding clearly indicate that the antigen detected in the
IFN-7-treated GaCa and Hs 746T cell line by the anti-NCA
and CEA MAbs is neither NCA or CEA and may be, at best, a
distant relative of the CEA gene family.

Interferon-7 Regulation of the M, 110,000 Antigen. We have
reported that IFN-7 treatment of a variety of human carcinoma
cells increases the level of CEA expression, thereby enhancing
the binding of anti-CEA MAbs to the tumor cell surface (27,
42). Northern blot analyses of those cells revealed that the IFN-
7-mediated enhanced CEA expression was accompanied by
concomitant increases in the level of CEA-related transcripts,
suggesting that the cytokine can regulate CEA expression at
transcriptional and/or posttranscriptional sites (27, 42). We
were interested in whether IFN-7 could also regulate the level
of expression of the M, 110,000 antigen recognized by MAbs
COL-4 and B 1.1 binding to the different human gastric carci-

1 2 3
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Fig. 5. Northern blot analysis using a CEA-related cDNA probe. Identification
of CEA-related mRNA transcripts in poly(A)* RNA prepared from WiDr, AZ
521, GaCa, and Hs 746T tumor cells. In A, Poly(A)*RNA was isolated from
WiDr (lane I), AZ 521 (lane 2), IFN-7-treated GaCa cells (lane 3), and Hs 746T
cells (lane 4). Samples were hybridized using CEA-related cDNA probes as
described in "Materials and Methods" and exposed for 72 h. Left ordinate, RNA

markers are 7.5, 4.4, 2.4, and 1.4 kilobases; right ordinate, approximate size for
CEA mRNA (4.2 and 3.5 kilobases), NCA mRNA (2.8 kilobases), and a CEA-
related family member (1.7 kilobases) (42) transcripts. In B, the blot was stripped
and hybridized to a /i-actin probe under the same conditions as in . I.
ordinate, approximate size of the actin mRNA transcript (2.0 kilobases).
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Fluorescence Intensity

Fig. 6. Effects of IFN-7 treatment on the binding of anti-CEA and anti-NCA MAbs to human gastric carcinoma cells. Flow cytometric analyses of COL-4 (A and
Â£),Bl.I (B and F), COL-I (C and G), and B6.2 (D and H) binding to the surface of Hs 746T (A-D) and GaCa (Â£-//) human gastric tumor cells before and after
IFN-7 treatment. Hs 746T and GaCa cells were treated for 72 h with 2000 antiviral units IFN-i/ml. The cells were harvested and prepared for analysis of MAb
binding by flow cytometry as described in "Materials and Methods." Data were collected using a live gate for 10,000 events and used to generate each figure within
the panels. Y-axis, number of cells; X-axis, mean fluorescence intensity as determined on a log scale. The FACS analyses shown are representative tracing from 3-4
experiments done for each cell line. , untreated Hs 746T or GaCa cells incubated in the presence of an isotype-matched, control MAb [i.e., MOPC-21 (IgGl)
and UPC-10 (IgG2a)); , control MAb binding to IFN-7 treated cells; , constitutive binding of the MAbs of interest to the untreated Hs 746T and GaCa
cells; , MAb binding to those cells treated with IFN-7.
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Fig. 7. IFN-7 induced changes in the expression of the COL-4-reactive M, 110,000 antigen in gastric carcinoma cells. SDS-PAGE/Western blot analyses of COL-
4 reactivity to purified CEA (lane 1) and membrane-enriched extracts prepared from MKN 74 (lanes 2 and 3), MKN 28 (lanes 4 and 5), Hs 746T (lanes 6 and 7),
ACS (lanes 8 and 9), GaCa (lanes 10 and //), NUGC-3 (lanes 12 and 13), KATO III (lanes 14 and 15), IFN-7-treated AZ521 cells (lane 16), and normal human
granulocytes (lane 17). Each gastric cell line was treated with 2000 antiviral units of IFN-7/ml for 72 h. The cells were harvested and partially purified membranes
were prepared and analyzed by SDS-PAGE gel electrophoresis followed by Western blotting using undiluted COL-4 hybridoma tissue culture medium as described
in "Materials and Methods" and Fig. 3. Protein, 30 Mg,from purified membrane extracts, and purified CEA, l /ig, were added to their respective lanes. COL-4
reactivity to purified CEA is shown in lane 1. The membrane-enriched extracts prepared from the IFN-7-treated cells are shown in the odd numbered lanes with the
exception of IFN-7-treated AZ521 cells which can be found in lane 16. Vertical scale, molecular weight markers (x IO"3).

noma cells. Fig. 6 illustrates the changes induced in the binding
of MAbs COL-4, Bl.I, COL-1, and B6.2 to Hs 746T and GaCa
cells following a 72-h treatment with 2000 units of IFN-7. This
schedule of IFN-7 treatment has been shown to be optimal for
an increase in the level of expression of CEA and other surface
antigens in a number of different target cells (27, 42). IFN-7
treatment dramatically increased both the percentage of Hs
746T cells which were reactive with COL-4 (55.1 to 86.9%)
(Fig. 6/Ã•)and Bl.I (54.8 to 74.4%) (Fig. 6Ã„)and their relative
mean fluorescence intensity. In contrast, the Hs 746T cells did
not bind detectable levels of either COL-1 or B6.2 before or
after IFN-7 treatment (Fig. 6, C and D). As indicated in Table

2, the GaCa cells represent a human gastric carcinoma cell type
which does not constitutively bind MAbs COL-4, Bl.I, COL-
1, or B6.2. However, IFN-7 treatment of the GaCa cells selec
tively induced COL-4 and Bl.I binding, presumably as a result

of de novo induction of expression of the M, 110,000 antigen.
Following IFN-7 treatment, 52.6 and 70.2% of the GaCa cells
reacted with COL-4 and Bl.I, respectively (Fig. 6, E and F).
The same cells, however, remained negative for COL-1, and
B6.2 binding after IFN-7 treatment (Fig. 6, G and H).

The effects of IFN-7 treatment of the eight human gastric
carcinoma cell lines on the expression of the M, 110,000 antigen
as well as CEA were analyzed by SDS-PAGE/Western blot
(Fig. 7) using partially purified membranes. As was previously
indicated, COL-4 recognizes epitopes found on both the M,

110,000 antigen and CEA (Table 2). The results clearly show
that IFN-7 treatment of the gastric carcinoma cell lines, MKN

74 (lanes 2 and 3), MKN 28 (lanes 4 and 5), Hs 746T (lanes 6
and 7), GaCa (lanes 10 and 77), and KATO III (lanes 14 and
75), either increases or de novo induces the expression of the
M, 110,000 antigen. In the case of the MKN 74, MKN 28, and,
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Fig. 8. Polymerase chain reaction analysis of colon and gastric carcinoma cells treated with IFN-^. CEA (A), NCA (B), and CEA-related (O PCR products were
resolved by agarose gel electrophoresis. PCR reactions were performed as described in "Materials and Methods." A 20-j<laliquot of the reaction mixture was resolved
by agarose gel electrophoresis. Lane I, DNA standards (XDNA/Wmflll fragments; Bethesda Research Laboratory); lane 2, blank; lane 3, a 306-base pair product of
positive control for the PCR kit; lanes 4 and 5. 6 and 7, 8 and 9, and 10 and //, PCR products of target poly(A)* RNA from WiDr, AZ 521, IFN--y-treated GaCa,
and untreated GaCa cells, respectively. (Even and odd numbered lanes. 500 and 50 ng poly(A)* RNA, respectively.) Lane 12, product of the PCR reaction in the
absence of the target RNA. Arrows, expected sizes for the 694- (A), 1152- (B), and 420- (C) base pair DNA products.

to a lesser extent, KATO III cells, IFN-7 treatment also in

creased the level of M, 180,000 CEA. The AZ 521 cell line
does not express either tumor antigen before (data not shown)
or after IFN-7 treatment (lane 16). As presented in Table 2,

approximately 40% of freshly isolated human granulocytes
react with COL-4, and the subsequent Western blot analysis
clearly shows that COL-4 recognizes the M, 160,000 antigen

expressed in partially purified membranes prepared from those
cells (lane 17). The findings indicate that the range of reactivity
of COL-4 includes CEA, the Mr 110,000 antigen found in

gastric carcinoma cells, and an M, 160,000 antigen expressed
by normal human granulocytes. The M, 160,000 antigen most
probably represents COL-4 reactivity to granulocyte NCA (12).

PCR Analyses. To test the possibility of the presence or
absence of CEA, NCA-specific and/or -related messages in

GaCa cells in which the M, \ 10,000 antigen is strongly induced
by IFN-7 treatment, PCR-based assays were carried out. In
those assays, primers from the 3'-untranslated region of CEA,
the 3'- and 5'-untranslated regions of NCA, and a common

immunoglobulin-like domain of CEA and NCA were used for
CEA-, NCA-, and CEA-related message amplification, respec
tively. These primers will amplify the 694-, 1152-, and 420-
base pair products for CEA-, NCA-, and the CEA-related

message, respectively (denoted by arrows in Fig. 8). As shown
in Fig. 8, A and B, none of the products were detected in either
CEA or NCA PCR assays of poly(A)+ RNA from AZ 521 (lanes

6 and 7) and untreated (lanes 10 and 11) or IFN-7-treated

GaCa cells (lanes 8 and 9), whereas appropriately sized prod
ucts (694 base pairs for CEA and 1152 base pairs for NCA)
were clearly amplified in the WiDr colon cancer poly(A)+ RNA

(lanes 4 and 5 in A and B, respectively). When using the primers
that will amplify the 420 base pairs of the immunoglobulin-like

domain (Fig. 8C), an appropriately sized product was amplified
in poly(A)+ RNA of untreated (lanes 10 and 11) as well as IFN-

7-treated GaCa cells (lanes 8 and 9). AZ 521 cells which have
no measurable reactivity with any of the anti-CEA or NCA

MAbs had a faint but discernible band at 420 base pairs (lanes
6 and 7).

DISCUSSION

The present study identified an M, 110,000 antigen which is
constitutively expressed in cell lines from five of seven poorly
to moderately differentiated gastric and one signet ring carci
noma. Initial results suggested that the A/, 110,000 antigen
may be another member of the large CEA gene family since it
was first detected in purified membrane fractions of human
gastric carcinoma cells by the reactivity of MAbs COL-4 and
B1.1, two MAbs which have been previously shown to recognize
CEA as well as NCA (28, 31). The M, 110,000 antigen, there
fore, shares one or more immunologically similar epitopes with
both CEA and NCA. The Western blot analyses clearly indicate
that the A/, 110,000 antigen is distinct from both the putative
M, 180,000 CEA found in colon and gastric carcinoma cells
and the M, 160,000 and 90,000-95,000 NCAs expressed by the
granulocytes (12, 43, 44).

While the M, 110,000 antigen shares some immunologically
reactive epitopes with CEA and NCA, other data suggest that
the regulation of that antigen by the gastric carcinoma cells
may be independent of CEA and NCA. For example, flow
cytometric (Table 2) and Western blot analysis (Fig. 3) indicate
that the A/, 110,000 antigen can be detected in selected gastric
carcinoma cell types (i.e., Hs 746T) which do not express either
CEA or NCA. The most compelling data which argue for the
independent regulation of the M, 110,000 antigen are the
changes induced in COL-4 and Bl.l binding to Hs 746T or
GaCa cells after treatment with IFN-7. IFN-7 treatment of Hs
746T cells preferentially increased the percentage of COL-4 or
Bl.l reactive cells from approximately 55 to >80% and de novo
induced the expression of the A/r 110,000 antigen in the GaCa
gastric carcinoma cells. Neither of those cell types expressed
CEA or NCA before or after IFN-7 treatment, suggesting the
presence of separate regulation pathways for the M, 110,000
antigen.

Additional results indicate that the posttranscriptional mod
ification of the A/r 110,000 antigen is dramatically different
from that of either CEA or NCA. Previous studies have found
that CEA and NCA are attached to the cell membrane by a
glycosyl-phosphatidylinositol anchor which is cleavable with
PI-PLC treatment, thus releasing the antigen (11, 12, 40).
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