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ABSTRACT

An IgM class monoclonal antibody (MAb) was derived by immunizing
BALB/c mice with a human endometrial carcinoma cell line. This MAb,
termed (12, exhibited strong reactivity against endometrial carcinoma,
but lesser reactivity against normal endometria. The antigen recognized
by MAb C12 (C12 antigen) was detected by radiometrie assay in sera
from patients with various carcinomas, but not in sera from patients
without carcinomas or in sera from normal individuals. MAb C12 was
found to agglutinate blood type O erythrocytes, but not A, B, or AB
erythrocytes. To clarify the specificity of MAb C12, tissue staining
experiments were performed in parallel using MAb C12, Ulex europaeus
let-tin I (anti-H), and a monoclonal anti-H antibody. In endometrial
carcinoma tissues, both H and C12 antigens increased, but the C12
antigen showed a prominent increase, in contrast to the H antigen.
Further, the C12 antigen was not found in endothelial cells of blood type
O patients. In sera, the level of the H antigen varied according to the
host's blood type. The sera from blood type O individuals possessed

higher levels of the H antigen than those with blood type A or B. Thus,
the H antigen showed no value as a tumor-associated serum marker. In
contrast, the presence of the C12 antigen in sera was not determined by
ABO blood group status. Thus, MAb C12 was demonstrated to be a
unique MAb that reacts with an H-like antigen occurring in the sera of
patients with carcinomas irrespective of ABO blood group status. MAb
C12 may prove to be a useful marker for cancer patient serum.

INTRODUCTION

Blood group antigens are expressed in glycolipids and gly-
coprotein in various human tissues and fluids. It has been
reported that the synthetic pathways of glycolipids and glyco-
proteins in carcinoma tissues are different from those in normal
tissues. It is possible that various alteration occurs on blood
group antigens in the process of oncogenesis (1-3).

A decrease in expression of blood group antigens has been
observed upon malignant transformation of normal bladder
epithelium. The extent of this decrease was found to correlate
with the degree of invasive potency of the carcinoma cells (4-
6). Similarly, a loss of blood group antigen expression was
observed in various digestive tract carcinomas; however, no
correlation with invasive potency of the carcinoma cells was
found (7-9).

It has been reported that blood group type A and B antigens
tended to decrease in carcinoma tissues. However, the H anti
gen, which is a precursor antigen of A and B type antigens,
behaved in a somewhat different manner in carcinoma tissues.
For example, in one report H antigen remained in colon carci
noma tissues of blood type O patients, whereas the carcinoma
tissues from A or B type patients lost their A or B antigens
(10). Other reports investigated using the lectin, UEA,3 eluci-
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dated the expression of H antigen in distal colon carcinomas in
comparison to that in normal mucosa of the colon in patients
of various blood group types, and interestingly, the H antigen
expressed in colon carcinoma was shown to be a biochemical
different from that found in normal tissues (11).

Recently, many Â¡VIAbs reacting to blood group antigens have
been established, and thus it has become possible to elucidate
alterations in blood group antigen expression under carcinoma
conditions by immunological approaches (12).

In this study, a newly established murine monoclonal anti
body, termed C12, was obtained by immunization of mouse
with an endometrial carcinoma cell line. MAb C12 was found
to react with an unusual H antigen present in various human
carcinoma tissues and sera through the comparative investiga
tions using UEA and usual anti-H MAb.

MATERIALS AND METHODS

Cell Lines. The endometrial carcinoma cell line, ISHIKAWA (13),
was derived from endometrial carcinoma tissues of a patient with blood
group type A. A human ovarian carcinoma cell line, HOC-21, was
derived from ovarian serous adenocarcinoma tissue (14).

Monoclonal Antibody Production. All the procedures for producing
the hybridoma were performed as described previously (15). Briefly,
BALB/c mice were immunized i.p. with IO7 of ISHIKAWA cells
without adjuvant, three times at 2-week intervals. On the fourth day
after the final boosting, spleen cells of immunized mice were fused by
polyethylene glycol 4000 (Miles). Hybridoma antibodies were identified
by immunofluorescence using a Terasaki plate assay, as previously
described by us (16). After selection, hybridoma cells were cloned three
times by limiting dilutions.

Monoclonal Antibodies and Lectins. Ulex europaeus Iectin-I UEA and
biotinated UEA were purchased from Seikagaku Kogyo, Osaka and
Vector, Funacoshi, Tokyo, respectively. Anti-blood group type antigens
such as anti-A, B, and H MAbs were purchased from the Dako Cor
poration, CA. These MAbs were all IgM subclass antibodies, and used
at the concentration of SOÂ¿tg/mldissolved in 0.15 M PBS.

Immunohistochemical Analysis. Paraffin-embedded samples of var
ious carcinomas and normal organ tissues obtained from autopsies or
surgeries were provided by the pathology division of the Hyogo Medical
College hospital. Paraffin sections were stained with semi-purified y
globulin of each MAb or with lectin using the ABC immunoperoxidase
assay kit (Vector, Funacoshi, Tokyo) as described by Hsu et al. (17).

The concentrations of MAbs and lectin used for the ABC immuno
peroxidase assay were adjusted at 50 Â¿Â¿g/mlfor MAbs and 10 fig/ml
for lectin, dissolved in PBS.

Hemagglutination, performed in collaboration with Dr. Taiko Seno
of the Division of Research, Osaka Red Cross Blood Center, Osaka,
was carried out against ABO types of RBCs including several variant
type RBCs using a supernatant of hybridoma C12 and an asci tes from
a hybriduma-inoculated mouse as described elsewhere (18).

Antigen Extraction and Characterization. Cells ( 10") of ISHIKAWA

or HOC-21 were treated with a hypotonie buffer (10 mM phosphate
buffer, pH 7.0) for l h at 4Â°C.The membrane fragments were obtained

by ultracentrifugation at 28,000 x g for 30 min, and then the membrane
pellets were treated with a detergent buffer [10 HIMTris-HCl, 150 mM
NaCl, pH 7.4, containing 0.5% NP-40 and 1 mM phenylmethylsulfonyl
fluoride, Sigma] for 30 min. The protein contents of these NP-40
extracts were stored at â€”80Â°Cuntil use for examinations.

Gel Filtration. NP-40 extract of ISHIKAWA cells and the serum of
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one patient with ovarian carcinoma were applied to a Sephacryl S-300
column (0.9-cm radius, 60-cm length), and eluted with triethanolamine-
buffered saline. Successive 1-ml fractions were assayed for C12 antigen
content by radiometrie assay using MAh C12.

Radiometrie Assay. lodinization of MAb Cl 2 and l T,A was per
formed by the lodogen procedure as described previously (19). Two
kinds of radiometrie assays were carried out, one with MAb C12-coated
polyvinyl plates and '"I-labeled MAb C12, and the other with UEA-
coated plates and 125I-labeledMAb C12. Polyvinyl microplates (Falcon

U3040) were coated with MAb C12 or UEA as follows: MAb or UEA
was dissolved in 0.1 M carbohydrate buffer, pH 9.6, at a concentration
of 50 /ig/ml and aliquots of 50 Â¿tlwere poured into the wells of the
microplates, incubated for 16 h at 4Â°C,and washed with PBS. The

microplates were immersed in PBS containing 1% BSA to prevent
nonspecific binding of proteins, and were stored at â€”20Â°C.

Sera from patients or normal individuals were diluted adequately
with PBS containing 0.1% BSA and 0.01% normal mouse serum and
placed in the wells of microplates coated with MAb C12 or UEA. The
plates were incubated for 16 h at 4Â°Cand washed twice with PBS. Fifty
ti\ of [I2!I]UEA or [125I]MAb C12 (dissolved in PBS containing 0.1%

BSA and 0.01% normal mouse serum) were introduced into each
microplate well (['"IJUEA to the UEA-coated plate and [125I]MAbC12
to the MAb C12-coated plates). After further incubation for 16 h, the
microplates were washed extensively with PBS and cut into individual
wells, then each well was measured for radioactivity with a y counter.
An NP-40 extract of ISHIKAWA cells was used as the standard antigen
in MAb C12 RM As to determine the titer of the antigen in the serum.
Five mg protein of the NP-40 extract of ISHIKAWA cells was defined
as 4000 unit/ml of C12 antigen, and standard antigens for the MAb
C12 RM As were prepared by making standard dilutions with the same
buffer used for the samples.

Binding Assay for RBC and Sera from Normal Individuals. Samples
of peripheral whole blood were collected from 10 normal individuals
with A, B, or O blood types, respectively. The RBCs and sera were
separated. The RBCs were washed with 0.1 % BSA in PBS. Ten percent
packed RBCs (100 ^1) were mixed with 100,000 cpm of [I25I]MABC12
or [I25I]UEA, incubated for 30 min at room temperature, and then

washed with PBS by centrifugation. The RBC pellets were counted for
radioactivity with an auto 7 counter. The sera obtained were assayed
by in the UEA and MAb C12 RMAs.

Enzyme and Periodic Acid Treatments of Endometrial Carcinoma
Tissues. Depara!fini/ed section slides of endometrial carcinoma tissue,
which were stained with MAb C12 by ABC immunoperoxidase, were
treated with several agents as follows: (a) 0.5% periodic acid in distilled
water, reacted for 10 min at room temperature; (b) 10 mg/ml of trypsin
(Sigma, type II) in PBS, treated for 2.5 h at room temperature; (<â€¢)10

U/ml of neuraminidase (Sigma, from Clostridium perfringens, type IV)
in 0.1 M acetate buffer, pH 5.0, reacted for 2.5 h at room temperature;
(<â€¢/)5 mg/ml of mixed glycosidase from Charonia lampas (Seikagaku

Kogyo, Osaka) in 0.1 M acetate buffer, pH 5.0, for 2.5 h at room
temperature; (e) I mg/ml of lipase (Wako-Junyaku, Tokyo) in 20 HIM
Tris-HCl, pH 8.5, reacted for 2.5 h at room temperature.

The treated sections were stained with MAb C12 by the ABC
immunoperoxidase.

Chloroform Methanol Extraction. An NP-40 extract of ISHIKAWA
cells was mixed with a 2:1 chloroform:methanol solution in a separating
funnel, shaken vigorously for 10 min, and allowed to settle for 16 h.
The three separated layers (organic, interface, and aqueous) were dotted
on nitrocellulose membrane. The antigens on the nitrocellulose mem
branes were examined by a dot-immunobinding assay as described
previously (20).

RESULTS

Specificity of Monoclonal Antibody C12. One hybridoma that
secreted a high titer of antibody reacting with ISHIKAWA cells
was selected and cloned. The class of the secreted antibody was
IgM, Klight chain.

The tissue reactivity of MAb C12, as determined by ABC

immunoperoxidase staining, is shown in Tables 1 and 2. MAb
C12 reacted with all of the 25 endometrial carcinomas except
one. On the other hand, normal endometria revealed very
limited staining. Other adenocarcinoma tissues stained with
MAb Cl2 are also shown in Table 2. MAb Cl2 reacted to many
adenocarcinomas other than endometrial carcinomas; however,
several normal gland tissues were also stained with MAb C12.
These normal tissues were stained within the cytoplasm of cells.
Since elevation of C12 antigen was frequently observed in the
sera of hepatoma patients and liver cirrhosis patients as men
tioned later, hepatoma and liver cirrhosis tissues were examined
carefully to determine whether MAb C12 reacted with them.
However, there were no hepatoma cells nor involved tissues of
liver cirrhosis stained with MAb C12. The staining parts were
observed only in so-called pseudo bile ducts developing in liver
cirrhosis tissues. A microphotograph of hepatoma-associated
liver cirrhosis stained with MAb C12 is shown in Fig. 1.

Hemagglutinational assay was used to test reactivity of MAb
C12 against red blood cells. MAb C12 did not agglutinate
ordinary A, B, and AB RBCs but it agglutinated several variant
types of A and B type RBCs and O type RBCs. A2 variant type
RBCs were never agglutinated by MAb C12. As shown in Table

Table I Distribution ofC12 antigen in various normal tissues

Tissues
Intensity of

stain"

Ductus and serous cells of salivary gland
Ductus and basal cells of esophagus
Ductus and acinar cells of exocrine pancrease
Columnar epithelial cells of gall bladder
Bile ducts of liver
Intestine

Mucosa
Goblet cells
Absorptive cells

Columnar cells of ductus epididymis
Glandular epithelial cells of prostate
Uterine cervical glands

Basal cells
Mucous cells

Lymphocytes, red blood cells
Smooth muscle cells
Striated muscle cells
Neurons and nerve cells
Capillary endothels
Glomerulus and tubules of kidney
Parenchyma! cells of liver
Cortex and medullary cells of adrenal
Follicular epithelial cells of thyroid
Seminiferous tubules of testis
Interstitial cells and follicle cells of ovary
Endometrium
Langerhans' islands cells of pancreas

++
â€¢H-

"ABC immunoperoxidase using MAb C12 (see "Materials and Methods"):

+++, very strong staining on over 80% of cells examined; ++, strong staining on
50-80% of cells; +, staining on 30-50% of cells; +/-, slight staining on 5-30%
of cells; â€”,not stained.

Table 2 Distribution ofC12 antigen in various carcinoma tissues
ABC immunoperoxidase using MAb C12. Positive means over 30% cells were

stained. Less than 30% cells stained was regarded to be negative.

NormalendometriumEndometrial
carcinomaCervical

carcinoma ofuterusSquamous
carcinomaAdenocarcinomaOvarian

carcinomaColorÃ©ela!
carcinomaPancreas
carcinomaStomach
carcinomaMammary
carcinomaHepatomaExamined262541522415Positive32401522310Negative23140000105
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Fig. I. Reactivity of M Ab CI 2 with liver cirrhosis associated with hepatoma.
Hepatoma cells (a) and area of cirrhosis (e) were not stained; however, pseudo
bile ducts (c) were stained with M Ah C12.

Table 3 Reactivity ofMAb C12 with various ABO blood group type variants of
RBCs, examined by hemagglutination assay

Variant types
ofRBCA,AIAjA,AÂ«,A,BA,BA2B3AXBA,B,BB,BÂ«.B.B_0^O0,Titer

ofdilution'Culture

medium_bâ€”XI6â€”XIâ€”â€”x8â€”X32â€”X16x32X256â€”XIx32-Ascites-â€”NTNTNTâ€”NTNTNTNTâ€”NTNTNTNTNTx

10,000-

" Initial dilution point for medium was xl, and for ascites was xlO.
* â€”,absence of hemagglutination in initial dilution point of cultured medium

or hybridoma CI 2 ascites is denoted as.
' NT, not tested.

3, in contrast to MAb C12, MAb anti-H and UEA showed
hemagglutination with AI, A2, or AiB type of RBCs, although
the agglutination titers of them were about four times less than
that of O type RBCs (data not shown).

Quantitative Binding Analysis of Antigen. The antigen corre
sponding to MAb C12 (C12 antigen) was detected quantita
tively using the MAb C12 RM A in the NP-40 extract of
ISHIKAWA cells. In contrast, the NP-40 extract from HOC-
21 cells showed no specific binding. These results are shown in
Fig. 2.

Sera of various patients and normal individuals were tested
using MAb C12 RM A. The mean value of C12 antigen in
normal sera using the NP-40 extract of ISHIKAWA cells as
the standard reference was 32 units/ml, and the standard devia
tion was 35 units/ml. The normal ranges of C12 antigens were
determined as the mean Â±2 x SD (less than about 100 units/
ml). With this range as a guideline, C12 antigen showed high
values in only three sera out of 181 normal individuals (101
females and 80 males from neonate to 70 years old). Levels of
C12 antigen in sera showed no significant differences among
the ages, sex, and ABO blood group types. However, high levels
of C12 antigen were found more frequently in sera of patients
with carcinoma than in sera of patients with noncarcinoma

cpm

3,000-

2,500-

2,000-

1,500-

1,000-

500-

X10 X20 X40 X80 X160 X320 dilution
400 200 100 50 25 12 unit/mi

Fig. 2. Binding curves of NP-40 extract of ISHIKAWA cells (O) and HOC-
21 cells (â€¢)were analyzed by MAb C12 radiometrie assay (see "Materials and
Methods"). The initial protein content of both antigens was adjusted as 5 mg/ml

and serially diluted.

12 antigen (U/ml)

250200150100

500A"

072

Ã 76A29A33B2425ABm4650OABO

blood groupNumber

of
examined
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Fig. 3. Characterization of Cl 2 antigen level in normal individuals of different
ABO blood types. Boxes show the distribution of sera with C12 antigen level
below SO U/ml, and number of the sera distributed within this range. (â€¢),one
serum out of the range; A, full-term neonatal babies' umbilical cord sera; A, a
serum from a 16-week-old fetus.

diseases. Prominent C12 antigen elevation was frequently ob
served in sera of patients with ovarian carcinoma, endometrial
carcinoma, colorectal carcinoma or hepatoma. On the other
hand, except for liver cirrhosis, no unusual elevation of C12
antigen in nonmalignant sera was observed. These results are
shown in Figs. 3 and 4.

Comparative Studies of C12 Antigen and H Antigen by Im-
munohistochemical Analysis. As mentioned before, MAb C12
showed hemagglutination with O type RBCs. Thus, the C12
antigen was studied to determine if it was different from the H
antigen to which MAb anti-H (Dako) or UEA bound specifi
cally.

Immunohistochemical analysis, using MAb anti-A, MAb
anti-B, MAb C12, MAb anti-H, or UEA against endometrial
carcinomas and normal endometria, revealed that H and C12
antigens were expressed predominantly in endometrial carci
nomas (68% stained by MAb anti-H, 96% stained by MAb
C12), but A and B antigens showed very little expression in
endometrial carcinomas and normal endometrium, regardless
of the blood group types of the patients from whom the exam
ined tissues were obtained, as shown in Table 4.
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Fig. 4. Characterization of Cl2 antigen level in sera of patients. Benign
diseases: 4 trauma. 1 gallbladder stone, 2 nephritis, 1 brain infarction, 3 heart
disease, 4 serility, 2 urinary tract stone. 1 diabetes mellitus, 3 hepatitis, 4
pregnancy, and 1 mild dysplasia of uterine cervix. Benign tumors: 5 uterine
myoma and 3 benign ovarian cyst.

Table 4 Comparison of reactivity ofMAbs Ci 2, anti-A, anti-B, and anti-H
(Dako) with normal endometrio and endometrial carcinomas

CarcinomaNormalEndometriumEndometrialCarcinomaBGT"ABABOABABOMAbanti-A0/12*0/80/40/83/220/110/10/13MAbanti-B0/122/80/40/81/225/110/10/13MAbanti-H0/121/80/42/810/229/111/112/13MAbC120/100/70/23/78/96/61/19/9

" BGT, Blood group types of individuals from whom the examined tissues

were derived.
'Number of sections stained (over 30% of endometrial carcinoma cells

stained)/number of sections examined.

The C12 antigen was not found in normal endometria of A,
B, nor AB type patients, but very small amounts of C12 and H
antigens were expressed in a small number of cases of normal
endometria from O type patients. Thus, all of UEA, MAb anti-
H, and MAb C12 stained endometrial carcinomas; however,
the staining patterns varied among them. UEA stained the
edges of endometrial carcinoma cells intensively, MAb anti-H
showed homogeneous staining of cytoplasma of endometrial
carcinoma cells but not as intense as MAb C12, and MAb C12
reacted strongly with whole cytoplasm of endometrial carci
noma cells, while MAb C12 showed much more intensive
staining than UEA and MAb anti-H (Fig. 5). Endothelial cells
express the ABO(H) blood group antigens, so that the endothe-
lial cells from blood group type O patients were stained with
UEA and MAb anti-H, but they were never stained by MAb
C12.

The staining pattern in one case of endometrial carcinoma
of blood group type O is shown in Fig. 6. In this case, endo
metrial carcinoma cells were stained by MAb C12 but not by
MAb anti-H, on the other hand endothelial cells were stained
by MAb anti-H but not by MAb C12.

Comparative Studies of C12 Antigen and H Antigen in Serum
Using MAb C12 RM A. A comparison of C12 and H antigen in
sera was carried out by performing MAb C12 and UEA RM As.
It had been observed by immunofluorescence that MAb anti-H
and UEA reacted to ISHIKAWA cells regardless of the pa
tient's blood group being type A. These results indicated that

both H and C12 antigens were present in ISHIKAWA cells, so
that NP-40 extract of ISHIKAWA cells were assayed by UEA

^V-1^

.y^:. ' .. ;â€¢â€¢â€¢-'

. >:\. â€¢''â€¢â€¢'â€¢*'.

.â€¢e-1 'i i

B

Fig. 5. Comparisons of staining patterns using UEA (A), MAb anti-H (lÃ¬).
and MAb C12 (C) against an endometrial carcinoma tissue of O blood group
type.

RM A, while comparing with MAb C12 RM A, estimating C12
antigen in the same NP-40 extract. It was demonstrated that
the H antigen could be assayed quantitatively by UEA RMA as
the Cl2 antigen could be assayed by MAb C12 RMA, as shown
in Fig. 7.

If the C12 antigen were not different from the H antigen,
which is usually defined by UEA, it could be assumed that the
C12 antigen defined by MAb C12 RMA and the H antigen by
UEA RMA would show the same pattern when examined in
sera from normal individuals or patients with carcinoma.
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Fig. 6. Endometrial carcinoma tissue of O blood group type contained endo-
thelial cells was stained by MAh C12 (A) and M Ab anti-H (K), a, carcinoma cells;
b, endothelial cells.
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Fig. 7. Identification of H antigen by UEA RM A (A), and C12 antigen by
MAb Cl2 RMA (â€¢)in NP-40 extract of ISHIKAWA cells.

However, the results of the two sets of experiments, described
as follows, elucidated that C12 and H antigen were different
with each other in sera. One of these experiments was per
formed using RBC and sera from normal individuals with blood
group types A, B, and O. Both of [125I]UEAand [125I]MAbC12

bound to O type RBCs rather than to A and B type RBCs. The
UEA RMA also showed greater quantities of H antigen in the
sera of blood group O type individuals than in the sera of types

A and B. This reflects the well-known fact that H antigen in
sera of O type individuals is higher than that of A or B type
individuals. However, MAb C12 RMA revealed no significant
difference in C12 antigen level between O type sera and non-O
type sera in contrast to H antigen defined by UEA RMA (Fig.
8).

In order to compare H and C12 antigen in sera from patients
with carcinoma, various sera from patients with carcinoma
(excluding hepatoma) and normal individuals were simultane
ously assayed using the UEA and MAb RMAs. H antigen levels
determined by UEA RMA were found to be higher in some
sera from patients with carcinoma than in sera from normal
individuals. However, a higher incidence of antigen-elevated
sera among the sera of carcinoma patients was observed using
the MAb C12 RMA, rather than the UEA RMA. These results
are shown in Fig. 9.

The elevation of H and C12 antigen in sera of patients with
carcinoma was not related to patients' ABO blood group types

(data not shown).

Analysis of C12 Antigen Properties. Gel filtration of C12

A(C12)OA(UEA)

D0Red

Blood Cells (A. B. 0)
DirectBindingZHp

<0.011

11
2XlO.OOOcpm)

Ip

< 0.011

â€”1A0AOSerum

(A. B, O)
RadiometrieAssay(C12)N.S'Â¿XÃ•VtVXÃ•Ã•Hâ€”l2

XIwsÃmttmtttMÃ

â€”t(UEA)p

<0.05\

1

Xl.OOOcpm

XlO.OOOcpm XlOOcpm

Fig. 8. Comparison of H antigen and C12 antigen in RBCs or sera of ABO
blood types. Direct binding of |12'I)MAb C12 and |125I]UEA was examined for

red blood cells and MAb C12 and UEA RMAs were tested for sera from every
A, B, and O blood group type individual. Peripheral blood was obtained from
every normal individual and divided to red blood cells and serum by centrifugaron.
Student's / test was estimated between O and non-O (A, B) blood types. (VS, not

significant; p. peril rate.

Xl.OOOcpm X1,000cpm

7-6UEA5-4-3-2-b'1Jo.-.-.

JÂ»1

: â€¢tÂ°.Â°oÂ°Â°i
'/Vjf

â€¢â€¢..â€¢1iÂ¡3456789

1013C12

Xl.OOOcpm

UEA

CI2 Xl.OOOcpm

Fig. 9. Comparison between UEA RMA and MAb C12 RMA to distinguish
carcinoma sera from normal sera. Â».carcinoma sera; O, normal sera; broken
lines, man + 2 x SD of cpm level of normal sera measured by MAb CI2 RMA
(a) and that of normal sera measured by UEA RMA, (b). The results of two
representative experiments were displayed (right and left).
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antigen, in the serum of a carcinoma patient and NP-40 extract
of ISHIKAWA cells on the Sephacryl S-300, resulted in a wide
distribution of C12 antigen activity among the fractions. The
main peak appeared at the void volume fraction, and the mo
lecular weight was determined to be more than 200,000, as
shown in Fig. 10.

Effect of Enzymes and Periodic Acid Treatments on Endome-
trial Carcinoma Sections. The reactivity of M Ab CI 2 with
endometrial carcinoma sections was greatly diminished follow
ing treatments with periodic acid and pronase, and slightly
decreased by treatment with mixed glycosidase. However, treat
ments with lipase, trypsin, and neuraminidase showed no effects
on staining of endometrial carcinoma sections by M Ab CI 2
(data not shown).

Chloroform Methanol Extraction of NP-40 Extract of ISHI
KAWA Cells and O Type RBC. C12 antigen from ISHIKAWA
cells were not extracted in the chloroform-methanol layer in
which glycolipids were extracted, but were found in the interface
layer in which glycoproteins were precipitated.

DISCUSSION

M Ab CI 2 reacted with endometrial carcinoma and various
adenocarcinomas. The C12 antigen appears to be related to the
H blood group antigen which is expressed in O type RBCs and
in various body fluids.

Two questions may arise with regard to the relationship
between H antigen and C12 antigen. The first is whether or not
the H antigen, which is defined by MAb anti-H or UEA, is the
same as the C12 antigen which is defined by M Ab C12. Another
question is whether or not such H antigen is also expressed
more frequently in the tissues or serum of patients with carci
noma than in those of persons without carcinomas, as C12
antigen seemed to be in sera.

Comparative studies on the expression of H antigen and C12
antigen in normal endometria and endometrial carcinoma re
vealed a common tendency in both these tissues. H and C12
antigens showed neo expression or an increase in endometrial
carcinoma tissues without correlation to the ABO blood group
type patients. A similar phenomenon was observed on cell line
ISHIKAWA, which was used for establishment of MAb C12 in
this study. ISHIKAWA cells possessed H and C12 antigen, but

Â»o
V

UNA
V

FRACTIONS

Fig. 10. Determination of molecular weight of C12 antigen in a serum of
carcinoma patient (â€¢)and NP-40 extract of ISHIKAWA cells (A) by gel filtration.
BD, elution point of blue dextran; USA. bovine serum albumin; (J.I. m albumine:
CTA, chymotrypsin-A; UNA, RNase.

did not possess A nor B antigen. However, the patient who
donated her endometrial carcinoma tissue for establishment of
the ISHIKAWA line was of blood group type A. It seemed that
these phenomena were associated with carcinoma changes of
the endometrium.

When endometrial carcinoma tissues were stained by MAb
C12 or MAb anti-H, their staining patterns were somewhat
similar, but there were several differences in staining intensity,
staining part of endometrial carcinoma cells, and staining of
endothelial cells of tissues from blood group type O patients.
These results imply that C12 antigen is quite similar to H
antigen, but not identical, even when it is expressed in carci
noma tissues. Furthermore, differences between H and C12
antigen were proven in studies for their expression in sera.

The UEA RMA, which was assumed to detect H antigens in
serum, showed increased levels in some sera from patients with
carcinomas, however H antigen elevations detected by UEA
RMAs were too infrequent to be applied as tumor markers in
serum. In contrast to H antigen, C12 antigens which were
detected by MAb C12 RMAs showed a higher incidence of
elevated levels than H antigens in sera of carcinoma patients.
Comparative studies of H and C12 antigen determined in
normal sera by UEA or MAb C12 RMA showed that the C12
antigen level was not influenced by the host's ABO(H) blood

group type status, in contrast to the H antigen level which was
significantly higher in O type sera than in other types of sera.
It seems there is no close correlation between the C12 antigen
and H antigen detected by MAb C12 RMA or UEA RMA,
respectively, in normal sera nor in carcinoma sera, in spite of
the common reactivity of MAb C12 and UEA with O type
RBCs.

Several reports have described monoclonal antibodies which
recognize H antigen (21-24). These monoclonal antibodies
were reported to agglutinate O type RBCs rather than A, B, or
AB type RBCs, however those hemagglutinations were not
restricted in O type RBCs. They agglutinated A, B, or AB
RBCs, although their hemagglutination titers against A, B, or
AB RBCs were lower than against O type RBCs. The most
prominent difference between MAb C12 and these anti-H
monoclonal antibodies was in the hemagglutination of several
variant types of RBCs. For example, RBCs of A2 types were
never agglutinated by MAb C12, but all anti-H monoclonal
antibodies cited here were reported to agglutinate these variant
types of RBCs.

H antigen detected by UEA RMA in sera showed no value
as a tumor marker system in this work; however, MAbs which
agglutinated O type RBCs were reported to be applied for the
detection of tumor-associated antigens in sera of patients with
carcinoma. Imai et al. reported on MAbs, termed SI and S3
(25), which reacted to O type RBCs rather than A, B, and AB
type RBCs. Enzyme immunoassay performed with MAb SI- or
S3-coated plates and peroxidase-conjugated MAbs SI or S3
revealed high levels in sera of several patients with carcinoma.
The distribution pattern of SI or S3 antigens among various
sera from patients with carcinomas was very similar as in the
case of C12 antigen, which was increased in sera of patients
with colorectal carcinomas, stomach carcinomas, hepatomas,
or ovarian carcinomas. However, in apparent contrast to C12
antigens which varied in concentration without correlation to
blood group type of either carcinoma patients or normal indi
viduals, SI and S3 antigens were more likely to be elevated in
O type sera of carcinoma patients and even in normal individ
uals.

We could not perform RMAs using MAb anti-H to determine
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H antigen in sera because of the low titer of MAb anti-H.
However, both SI and S3 were reported to possess anti type-2
H antibody activity. Therefore, RMAs performed using MAb
anti-H would probably produce results similar to those of SI
and S3 antigens in sera of patients with carcinoma and normal
individuals.

Significant increases of levels of C12 antigen were observed
in sera of liver cirrhosis and hepatoma patients. However,
immunoperoxidase analysis revealed only small parts of liver
cirrhosis tissue stained by MAb C12, and no staining in hepa
toma cells. A small amount of C12 antigen may be synthesized
even in normal conditions, but is metabolized by liver and
excreted from serum by the liver. Several disorders found with
liver cirrhosis or hepatoma may affect this pathway and account
for accumulation of C12 antigen in such sera.

Although the structure of C12 antigen is under investigation,
from our limited data using several agents, some characteristics
of the C12 antigen can be suggested. The C12 antigen is a
glycoprotein of various molecular weights within a wide range
of more than Mr 200,000, as it is sensitive to periodic acid or
pronase treatment. These properties of C12 antigen suggest
that it is a mucin antigen. The antigen determinants may be
located on the carbohydrate part of mucin, and neuraminic acid
may not play a role in the antigenicity of Cl 2 antigen. However,
it is acknowledged that the epitope structures of antigens of the
mucin type of glycoproteins are much more difficult to analyze
than those of the antigens of glycolipids (26).

There have been many studies in which ABO(H) blood group
antigens were examined in carcinoma tissues to ascertain their
appearance or disappearance due to oncogenesis. However, it
is an interesting question as to whether blood group antigens
expressed in carcinoma tissues are different from those of usual
blood group antigens which are expressed in normal RBCs,
tissues, and body fluids. Several reports have described unusual
blood group antigens expressed in carcinoma tissues, and most
of them were A-like antigens which appeared due to oncogenesis
(27-30).

Recently, Hirohashi et al. (29) reported an A-like antigen
defined by two MAbs, termed NCC-LU-35 and NCC-LU-85.
These MAbs reacted with RBCs from normal individuals with
blood group type A, and various adenocarcinomas, irrespective
of the host's blood group ABO(H) status. However, usual MAb

anti-A (Dako), which was the same as the MAb used in our
work, did not possess high reactivity to adenocarcinomas from
patients with blood group types B and O. The A-like antigen
corresponding to these MAbs was determined to be Tn antigen
(31), which appeared due to incomplete synthesis of carbohy
drate chains of mucin. The terminal residue of Tn antigen (that
is ) a-N-acetyl-D-galactosamine) is common with that of the
usual A antigen, accounting for its immunological crossing with
A antigen. But Tn antigen is apparently different biochemically
from the usual A antigen. Thus, it was possible that blood group
antigens, which arose in carcinoma tissues, had different bio
chemical properties, even if these antigens seemed to be no
different from the usual blood group antigens by conventional
immunological approaches.

There was a report describing an H-related antigen, as a
globo type H antigen (32). However, this type of H-related
antigen was a glycolipid, in contrast to C12 antigen which was
found only in glycoproteins.

The C12 antigen may be a novel antigen, which was proved
to be an H-like antigen by comparing it with the usual H
antigen in sera and tissues. Aberrations of ABO(H) blood group
antigens may occur not only quantitatively but also qualita

tively, and mucin of carcinoma tissues may express several
variant ABO(H) antigenicities due to oncogenesis.

It is assumed that the C12 antigen is a variant of the H
antigen in mucin, and is likely to be a useful tumor marker
uninfluenced by patient ABO(H) blood group type status be
cause of its unique antigenicity.
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