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New Monoclonal Antibody, 1C5, Reactive with Human Cervical Adenocarcinoma of
the Uterus, with Immunodiagnostic Potential1
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ABSTRACT

A murine monoclonal antibody, 1C5, was produced by fusion of spleen
cells obtained from mice immunized with CAC-1, a human cell line of
adenocarcinoma derived from uterine cervix, and NS/1 myeloma cells.
1C5 can be used for the staining of routine formalin-fixed and paraffin-
embedded tissue sections. ICS-defined antigen was found to have a
molecular weight of 26,000. The ICS-defined antigen was resistant to
neuraminidase and trypsin treatment, but sensitive to periodate treatment,
indicating that an epitope of the ICS-defined antigen is a carbohydrate
moiety. Immunohistochemical study using immunoperoxidase staining
demonstrated that 1C5 reacted with 87% of adenocarcinomas of the
uterine cervix, 39% of endometrial carcinomas of the uterus, 100% of
ovarian mucinous cystadenocarcinomas, 43% of ovarian serous cyst-
adenocarcinomas, 45% of adenocarcinomas of the colon, and 40% of
gastric adenocarcinomas, thus showing the broad reactivity to adenocar
cinoma cells of various origins. However, 1C5 did not show any reactivity
to ectocervix epithelium, cervical intraepithelial neoplasia, or squamous
cell carcinoma of the uterine cervix. In addition, adenocarcinoma of the
uterine cervix exhibited strong cytoplasmic reactivity with IC5, whereas
endometrial carcinoma of the uterus showed the luminal reactivity. ICS
also reacts with 95% ethanol-fixed malignant cells in cervical smears.

INTRODUCTION

The introduction of Papanicolaou smears for the mass screen
ing of cervical lesions resulted in a considerable reduction of
morbidity and mortality from cervical cancer. However, the
detection of premalignant disease by conventional cytological
diagnostic techniques depends on morphological criteria and
requires highly specialized professional personnel for diagnosis,
and a significant number of false interpretations occur. In order
to improve the specificity and sensitivity, various monoclonal
antibodies have been used for the immunohistochemical detec
tion of tumor markers in cervical cell smears and cervical tissues
(1-13). Much of the recent work dealing with tumor markers
of cervical malignancies has focused on the detection of CIN3
and squamous cell carcinoma (2-4, 6, 7, 10, 11, 13, 14). These
approaches enable us to diagnose cervical neoplasia at an earlier
stage than by conventional cytodiagnosis. However, little atten
tion has been paid to adenocarcinoma of the uterine cervix.
Thus, a reliable screening procedure for the detection of ade
nocarcinoma of the uterine cervix would be of great interest.
Therefore a main objective of the present study was to produce
a monoclonal antibody that could discriminate adenocarcinoma
of the uterine cervix from normal cervical epithelium, severe
cervicitis, CIN, and squamous cell carcinoma of the uterine
cervix. In this paper, we report the production of such a mono
clonal antibody, designated ICS. 1C5 reacted with routine
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formalin-fixed and paraffin-embedded tissue of adenocarci
noma, however it did not show any reactivity with normal
cervical epithelium, CIN, or squamous cell carcinoma of the
uterus. In addition, 1C5 can stain ethanol-fixed adenocarci
noma tissues.

MATERIALS AND METHODS

Cell Lines and Tissues. A list of the cell lines used in these experi
ments is shown in Table 1. A cell line derived from human adenocar
cinoma of the uterine cervix, CAC-1. was established in our laboratory
and maintained as described previously ( 14). OMC-4, a cell line derived
from adenocarcinoma of the uterine cervix, was obtained from Dr.
Osamu Sugimoto, Osaka Medical College, Osaka, Japan (15). A cell
line of squamous cell carcinoma derived from the uterine cervix,
SKG 1Mb, was obtained from Dr. Shiro Nozawa, Keio University
School of Medicine. Tokyo. Japan (16). Two endometrial carcinoma
cell lines, SNG1I and Kin kau a. were also used in this study (17, 18).
Other adenocarcinoma cell lines derived from breast, colon, pancreas,
lung, and stomach were used (19, 20).

Cell lines were maintained in Dulbecco's minimum essential medium

containing 10% fetal calf serum. Hematopoietic cell lines were main
tained in RPMI 1640 medium supplemented with 2 x IO"3 M L-

glutamine. 10% fetal calf serum, 100 U/ml penicillin, and 100 Mg/ml
streptomycin (referred to as complete medium). The mouse myeloma
cell line, NS/1, was used for cell fusion and was maintained in complete
medium. Fresh tumor specimens were obtained from patients undergo
ing surgery. Various normal tissues were obtained at autopsy. Fetal
tissues were obtained from spontaneous abortion materials. Small
pieces of tissues were snap-frozen in liquid nitrogen and kept at -70Â°C

until cryostat sectioning and some tissues were fixed with 10% formalin
and embedded in paraffin.

Cytological Material Containing Cervical Epithelial Cells. Conven
tional Papanicolaou smears obtained from the cervical squamocolum-
nar junction were obtained at Sapporo Medical College Hospital and
were fixed with 95% ethanol. The Papanicolaou-stained smears were
read routinely and when atypical cells were found, the patients were
examined by coloscopy and a biopsy specimens were taken. Diagnosis
of cervical lesions was made histopathologically.

Fusion and Selection of Hybridomas. BALB/c mice were immunized
i.p. with 1 x IO7 10% formalin-fixed CAC-1 cells weekly, five times in

total. Four days after the last immunization, spleen cells from the
immunized mice were fused with NS/1 myeloma cells using standard
procedures (21). The initial screening was done by indirect immunoflu-
orescence technique using a single cell suspension of 95% ethanol-fixed
CAC-1 cells and SKG 1Mbcells. 1-200,000 cells were incubated with
supernatant from each hydridoma for l h at 4Â°C,washed three times

with PBS and further incubated with fluorescein isothiocyanate-conju-
gated goat anti-mouse Ig. Hybrid clones producing antibodies to
ethanol-fixed CAC-1 cells, but not to ethanol-fixed SKGIlIb cells, were
recovered. The second screening was done by immunoperoxidase stain
ing of frozen sections. Hybridomas producing antibodies reacting with
tissues of human adenocarcinoma of the uterine cervix, but not to
tissues of squamous cell carcinoma of the uterine cervix, were recovered.
From 960 wells, 350 wells exhibited vigorous cell growth. After the
second screening, only three hybridomas were selected and were cloned
two times by limiting dilution technique. Based on reactivity and
antibody producing ability, one clone designated IC5 was selected and
subjected to further study. Antibody subclass determination was per
formed by Ouchterlony double-immunodiffusion with anti-mouse sub-
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class-specific antisera (Miles Laboratories, Kankakee, IL). 1C5 was
found to be Igd.

Immunohistochemical Analysis. Cryostat section (5 Ã•/ID)and sections
(5 Â¿im)of formalin-fixed and paraffin-embedded tissues of various
origins were used in this study. Various cell lines grown on slide glasses
as a monolayer were fixed with 95% ethanol. To remove endogenous
peroxidase, the sections and slides were preincubated with 0.5% H2C>2
in methanol for 30 min. The sections and slides were then incubated
with appropriately diluted ascites (1 Mg/slide) of 1C5 for l h at room
temperature and were washed three times with PBS for 30 min. The
sections and slides were then reacted with biotinylated goat anti-mouse
Ig serum for 1 h. The biotinylated goat anti-mouse Ig was preapplied
to human Ig-coupled Sepharose-4B to remove nonspecific binding to
human tissues. After washing with PBS, the sections were reacted with
avidin/biotin peroxidase complex (Vector Laboratories, Inc., USA).
The enzyme reaction was developed as described previously (20). Nuclei

Table 1 Reactivity of ICS with various cell lines
Cells grown on slide glasses were stained with ICS MoAb using immunoper

oxidase technique.

Origin Cell line Reactivity"

Cervical adenocarcinoma

Cervical squamous cell carcinoma

Endometrial carcinoma

CAC-1
OMC-4

SKGIIIb

SNGII
Ishikawa

BreastcancerPancreas

cancerColon

cancerGastric

cancerLung

cancerT-cell

leukemiaB-cell

leukemiaMonocytic

cellHMC-1HPC-1

HPC-4M7609KATO

IIIKagayaJurkat

TALLDaudiHL60

U937--------
* Stained slides were examined microscopically for the presence of brown

immunoperoxidase pigment in cells. Reactivity was determined as described in
"Materials and Methods." More than 90% of CAC-1 and OMC-4 cells were

strongly stained by 1C5.

were counterstained with hematoxylin. Isotype-matched monoclonal
antibody against rat granulocytes, R2-1A6 (22) was used at 1 ^g/slide
as a negative control. Cell lines and tissue sections having 5% or more
of their cells immunoperoxidase reactive were considered positive and
were expressed as "+." Cell lines and tissue sections with less than 5%

of cells immunoperoxidase reactive were considered negative and were
expressed as "-." The percentage of positive cells in each positive case

was approximately more than 80%. The intensity of staining was
determined by the density of brown immunoperoxidase pigment. The
average intensity of each section was examined and cases were scored
on a scale of negative, 1 to 3+, with 3+ being the most intense as
described previously (23).

ELISA. Rabbits were immunized i.v. with 1 x IO7 10% formalin-
fixed CAC-1 cells weekly, four times in total. Antibody was purified
from the rabbit serum by ammonium sulfate precipitation and DEAE-
Sephacel (Pharmacia Fine Chemicals, Uppsala, Sweden) chromatog-
raphy as previously described (24). 100 ^1 of purified antibody was
added to each well of 96-well microtiter plates (antibody concentration
of 10 Mg/ml) and the plates were incubated overnight at 4Â°C.After

washing five times with a buffer containing 0.05% Triton X and 0.05
M Tris-HCl, at pH 7.6 (washing buffer), 50 p\ of various samples were
added to the wells and were incubated for 2 h at 4Â°C.After washing the

plates with a washing buffer supplemented with 2% bovine serum
albumin (blocking buffer), 50 /il of appropriately diluted biotinylated
1C5 antibody (10 Mg/ml) was added to each well and was incubated for
2 h at room temperature. After washing with blocking buffer, 100 n\ of
avidin- alkaline phosphatase was added to each well followed by incu
bation at 37Â°Cfor 1 h. The plates were then washed three times with

blocking buffer and the enzyme reaction was developed by the addition
of 100 M' of p-nitrophenyl phosphate (1 mg/ml) in 0.1 M carbonate
buffer, pH 8.6, with 0.001 M MgCh. The reaction was stopped by
adding 200 n\ of 0.1 N NaOH and the absorbance at 410 nm was
measured using an MR600 Microplates Reader (Dynatech Laborato
ries, Inc., Alexandria, VA).

Enzyme Treatment. Sections of formalin-fixed and paraffin-em
bedded tissues were incubated with 0.05% trypsin (Type III; Sigma
Chemical Co., St. Louis, MO) in PBS, and 1.0 U/ml neuraminidase
(Streptococcus sp.; Seikagaku Kogyo Co., Tokyo) in 50 HIM acetate
buffer, pH 5.0, with 150 mM NaCl for 1 h at 4Â°C.Sections were treated

with 20 mM sodium-m-periodate (E. Merck, Darmstadt, West Ger
many) in 50 mM acetate buffer, pH 5.0, with 150 mM NaCl for 1 h at
4Â°C.After enzyme treatment, sections were washed three times with

PBS and were subjected to immunohistochemical analysis.
Solubilization and Biochemical Characterization of ICS-defined Anti

gen. CAC-1 cells were washed with PBS and 1 x 10" CAC-1 cells were
resuspended in 1 ml of lysis buffer (0.1% Triton X, 0.05 M Tris-HCl,

Table 2 Reactivity of IC5 with various tumor and dysplasia tissues
Paraffin sections and cryostat sections of various tissues were examined by immunoperoxidase technique.

No. of cases
tested"Cervical

adenocarcinomaCINICINIICINIIICervical

squamous cellcarcinomaEndometrial
carcinomaOvarian

serouscystadenocarcinomaOvarian
mucinouscystadenocarcinomaColon

carcinoma(adenocarcinoma)Gastric
carcinoma(adenocarcinoma)Breast

carcinomaThyroid
adenocarcinomaEsophagus
carcinomaBasal

cell carcinoma of theskinLung
carcinoma (squamous cellcarcinoma)Lung
carcinoma(adenocarcinoma)Chorionic

carcinomaRenal
cellcarcinomaProstatic

carcinomaPancreas
carcinomain

PS30878161873H157121331155inFS532244No.

of positive
cases"in

PS260000733562000000010inFS50000ii+40000410341000000010Staining

intensity2+1500003222210000000003+7000000]000000000000

1PS, paraffin sections; FS, frozen sections.
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Fig. 1. Immunoperoxidase staining of tissues obtained from adenocarcinoma of the uterine cervix (A, x 85), intraepithelial neoplasia Grade III (/i. x 170), and
cervical squamous cell carcinoma (C, x 118) by 1C5.

Table 3 Reactivity of ICS with cervical adenocarcinoma and endomelrial
carcinoma of uterus

Routine paraffin sections of uterine malignancies were examined by Â¡miniimi
peroxidase technique.

HistolÃ³gica!type"Cervical

adenocarcinomaEndocervical
type*HDA

(adenomamalignum)WDAMDAPDAEndometrioid

typeAdenosquamousEndometrial

carcinomaNo.

of
cases <
tested31134214S3018No.

of positivecasesCytoplasmic

reactivity311321904230Luminalreactivity000002137No.

of
negative

cases0002220411

" Pathological diagnosis was made by four board certificated pathologists at

Sapporo Medical College.
HDA, highly differentiated adenocarcinoma; WDA, well-differentiated ade

nocarcinoma; MDA, moderately differentiated adenocarcinoma; PDA. poorly
differentiated adenocarcinoma.

pH 7.6) and were incubated at 4Â°Cfor 2 h. Cells were centrifuged at
4000 rpm for 10 min at 4Â°Cand the supernatants were recovered. A

Sephadex G150 column was eluted with the same buffer at a flow rate
of 0.5 ml/min. The protein concentration was monitored at an absorb-
ance of 280 nm. Each fraction was assessed for the presence of 1C5-
defined antigen by ELISA. After gel nitration, a fraction that contains
1CS-defÃ¯nedantigen was concentrated and dialyzed against 20 mM Tris-
HC1 buffer, pH 8.0, supplemented with 0.05% Triton X and was applied
to the Mono Q aniÃ³nexchange column with fast liquid protein chro-
matography system (25). The Mono Q preequilibrated with 20 mM
Tris-HCl buffer, pH 8.0, with 0.05% Triton X was washed with 3 ml
of sample buffer. The gradient was then generated using 20 mM Tris-
HCl buffer, pH 8.0 with l M NaCl and 0.05% Triton X at a flow rate
of 0.5 ml/min. An aliquot of each fraction was assessed for the presence
of lC5-defined antigen by ELISA.

RESULTS

Reactivity of 1C5 with Various Tumor Cell Lines. The reactiv
ity of 1C5 with a panel of human tumor cell lines was tested by

immunoperoxidase staining (Table 1). Two out of two cell lines
derived from human adenocarcinoma of the uterine cervix were
strongly stained with 1C5, whereas cell lines derived from
squamous cell carcinoma of cervix and endometrial carcinoma
were not stained with 1C5. Other adenocarcinoma cell lines
derived from lung, pancreas, colon, and stomach did not react
with ICS. 1C5 did not react with the human hematopoietic
cells tested.

Reactivity of ICS with Various Tumors and Dysplastic Tis
sues. Immunoperoxidase staining was used to examine the
reactivity of 1C5 with malignant human tissues and cervical
dysplasia of the uterine cervix (Table 2). First, we determined
the reactivity of antibody with acetone-fixed frozen sections.
1C5 stained all cervical adenocarcinoma tissues, whereas none
of the dysplastic tissues or tissues from squamous cell carci
noma of the uterine cervix was stained by 1C5 in frozen
sections. Second, to determine its utility in immunohisto-
chemistry, 1C5 was tested for binding to formalin-fixed and
paraffin-embedded tissue sections using the avidin-biotin im
munoperoxidase system. 1C5 reacted with 87% of adenocarci
noma of the uterine cervix, whereas intraepithelial neoplasia
(CIN; Grades I-III) and cervical squamous cell carcinoma were
not stained with 1C5, thus indicating that ICS is useful for the
differential diagnosis of malignancies of the uterine cervix. The
representative results were shown in Fig. 1. Among 30 cases of
adenocarcinoma of the uterine cervix, 11 out of 11 cases of
well-differentiated adenocarcinoma were stained with 1C5 and
three out of three cases of moderately differentiated adenocar
cinoma were also stained. Two out of four cases of poorly
differentiated adenocarcinoma were stained with ICS. It should
be noted that minimal deviation adenocarcinoma (adenoma
malignum), which is often confused with endocervical glandular
hyperplasia, was also stained with ICS (Table 3 and Fig. 2).
Two out of four cases of endometrioid type adenocarcinoma of
the uterine cervix were not stained with ICS. Adenosquamous
carcinoma was also stained with 1C5, with no reactivity to
squamous components. In addition, ICS reacted with 39% of
endometrial carcinoma of the uterus. To determine the poten-
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Fig. 2. Immunoperoxidase staining of tissues obtained from adenocarcinoma of the uterine cervix (A, x 340), endometrial carcinoma of the uterus (B, x 235), and
adenoma malignum (C. x 235) by 1C5. Adenocarcinoma of the uterine cervix exhibit cytoplasmic reactivity with 1C5 MoAb. In contrast, endometrial carcinomas
exhibit the luminal reactivity with IC5 MoAb.

Table 4 Reactivity of IC5 with various normal tissues
The reactivity of 1C5 MoAb with routine paraffin sections of various normal

tissues was examined by immunoperoxidase technique.

TissuesUterineCervical

squamouscellCervical
columnarcellAcute

andchronicendocervicitisEndometrial

hyperplasiaEndometrial
epitheliumOvaryStomachSurface

mucouscellChief
cellPyrolic

glandularcellColonHeartLungBronchial

glandAlveolar
epitheliumLiver

hepatocyteIntrahepatic
bile ductepitheliumKidneyTubular

epitheliumGlomeruliProstate

glandularepitheliumMammary
glandLobuliDuctal

cellExocrine

acini inpancreasAdrenalAortaSpleenThyroidNo.

of
cases4242105632872012324445563322211No.

of
positive
cases00

(30)"000026268000000000000000Staining

intensity1

+00(10)000060260000000000000002+00(18)0000202420000000000000003+00(2)00000000000000000000000

a Only cells in the restricted area of squamocolumnar junction were strongly

stained by 1C5 MoAb.

tial clinical application of 1C5, it was important to determine
if there was any difference in the staining pattern between
adenocarcinoma of the uterine cervix and endometrial carci
noma. As shown in Table 3, adenocarcinoma of the cervix
exhibited cytoplasmic reactivity with 1C5 in contrast to the
luminal reactivity of endometrial carcinoma. The representative
results are shown in Fig. 2. Only three out of 26 ICS-positive
adenocarcinomas of the cervix exhibited the luminal reactivity.
Two such cases were endometrioid type and the other one case
was adenosquamous carcinoma of the uterine cervix. The sta
tistical difference of ICS-positive percentage in between cervical
and endometrial carcinoma was determined by x2 test and found

to be significantly different (P < 0.05). Next we determined if
the reactivity pattern of both cervical and endometrial carci
noma was statistically different by the same method and again
found to be significantly different (P < 0.05).

1C5 also reacted with 43% of ovarian serous cystadenocar-
cinoma and 100% of ovarial mucinous cystadenocarcinoma.
These tumors exhibit cytoplasmic reactivity to 1C5. 33% of
breast cancer, 45% of colon cancer, as well as 40% of gastric
cancer were also stained with 1C5. Breast cancer tissue showed
cytoplasmic reactivity to 1C5 whereas stomach as well as colon
cancer tissue exhibited cytoplasmic as well as luminal reactivity.
Other adenocarcinomas of thyroid, lung, and pancreas origin
were not stained with 1C5 in this study. One out of five prostatic
cancer tissues were stained with 1C5.

Reactivity of 1C5 with Various Normal Tissues. Table 4 shows
the immunohistological studies of 1C5 with normal human
tissues. The ectocervical epithelium, with or without squamous
metaplasia, normal columnar cell of the endocervix, microglan-
dular hyperplasia of the endocervix, and endometrial glands
were not stained with l C5. Tissues obtained from endocervicitis
and endometrial hyperplasia were not stained by 1C5. It should
be noted, however, that columnar cells in the restricted area of
squamocolumnar junction were stained by 1C5 (Fig. 3). Colum
nar epithelium in stomach and colon was also stained by 1C5
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Fig. 3. Immunoperoxidase staining of various normal tissues by ICS MoAb. The columnar cells in the restricted area of squamocolumnar junction were stained

by 1C5 MoAb (.-I, x 170). The columnar epithelium in stomach (B. x 170) and colon (C x 170) were also stained by 1C5 MoAb.

,
Fig. 4. Application of 1C5 MoAb for cytological smears by immunoperoxidase technique. Cytological smears obtained from adenocarcinoma of the uterine cervix

(A, x 640), cervical squamous cell carcinoma (B, x 640). endometrial carcinoma of the uterus (C x 640), and chronic cervicitis (D. x 640).

Table 5 Reactivity of ICS with various fetal organs
The reactivity of 1C5 MoAb with routine paraffin sections of various fetal

tissues was examined by immunoperoxidase technique.

Organ No. of cases
No. of

positive cases

BrainHeartLiverStomachEsophagusAortaKidney

;Spleen
'.ColonIleumThymusUterineCervixEndometrium000000!0!

000000

(Fig. 3). Fetal tissues were not stained by 1C5 (Table 5). The
reactivity of 1C5 with erythrocytes was examined by aggluti
nation and indirect immunofluorescence. Red cells from A, B,
and O blood types were tested. All were negative for 1C5 (data
not shown).

Reactivity of 1C5 to Exfoliated Cells Derived from the Uterine
Cervix. We next tested if 1C5 can be useful for the screening of
cytological smears. 1C5 stained none of 18 and 20 smears
obtained from normal cervix and chronic cervicitis, respectively
(Fig. 4D). These smears were examined for the presence of
endocervical type cells. We detected endocervical type cells in
four out of 18 cases of normal cervix and five out of 20 cases
of chronic cervicitis. None of these cells were stained by 1C5.
1C5 also did not stain any malignant cells obtained from
squamous cell carcinoma of the uterine cervix in 10 cases (Fig.
4Ã„). In contrast, 1C5 reacted strongly with malignant cells
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FracciÃ³n Number

Fig. 5. The representative elution profile of lC5-defmed antigen on Sephadex
G150 column. Sample was eluted at a flow rate of 0.5 ml/min. Protein concen
tration is shown as an absorbance at 280 nm (top). Arrows A, B, C, and D, elution
points of molecular weight standard; bovine serum albumin (A/, 66,000), o\ albu
min (M, 43,000), chymotrypsinogen (M, 25,000) and ribonuclease A (M, 13,700),
respectively. Each fraction was tested for the presence of ICS-defined antigen by
ELISA (bottom).

I""}

lÂ¡
I H

Fig. 6. The representative elution profile of ICS-defined antigen on Mono Q
aniÃ³nexchange column chromatography. NaCl gradient was generated between
0 and I M NaCl. Protein concentration is shown as an absorbance at 280 nm.
Each fraction was tested for the presence of ICS-defined antigen by ELISA.

obtained from three cases of adenocarcinoma of the uterine
cervix (Fig. 4A). Since 39% of uterine endometrial carcinoma
tissues exhibited luminal reactivity with 1C5 MoAb, we won
dered if 1C5 would react with cytological smears of endometrial
carcinoma. Preliminary studies indicated that 1C5 did not stain
malignant cells obtained from three cases of late-stage endo
metrial carcinoma of the uterus (Fig. 4C).

Biochemical Characteristics of ICS-defined Antigen. The cell
lysate of CAC-1 cells was subjected to Chromatographie sepa
ration using a Sephadex G150 column. After fractionation,

each fraction was applied to 96-well microtiter plate wells
precoated with rabbit anti-CAC-1 antibody. ICS-defined anti
gen was detected with ELISA as described in "Materials and
Methods." As shown in Fig. 5, the molecular weight of the

ICS-defined antigen was 26,000. A fraction containing ICS-
defined antigen was subjected to Mono Q aniÃ³n exchange
column. After fractionation, each fraction was assessed for the
presence of the ICS-defined antigen by ELISA. As shown in
Fig. 6, the ICS-defined antigen was eluted between 0.25 and
0.4 M NaCl.

The expression of the 1C5-defined antigen was found to be
resistant to trypsin and neuraminidase treatment, but sensitive
to periodate oxidation. Thus, an epitope of the lC5-defined
antigen is a carbohydrate moiety.

DISCUSSION

The detection and classification of malignant cells at an early
stage of disease is critical in the successful control of cervical
cancer patients. In this regard, the development of MoAbs that
can discriminate malignant cells from normal cells of cervical
smears and tissues would be of great benefit for the immuno-
diagnosis of cervical lesions and would increase the sensitivity
and reliability of early diagnosis if combined with conventional
cytological diagnostic methods.

Indeed, MoAbs (CE400-403 and 407) generated by immu
nization of mice with human cervical cancer cells successfully
detected malignant squamous cells in tumor-tissue imprints as
well as cervical smears (10). These MoAbs did not react to
normal cervical epithelial cells, however they bound to nonneo-
plastic epithelial cells associated with regeneration, so-called
repair cells. Koprowska et al. reported that some MoAbs can
be useful for the detection of malignant cells among exfoliated
cells of cervical smears (1). These MoAbs reacted with malig
nant cells of invasive squamous cell carcinoma of the cervix
and/or cells of intraepithelial neoplasia (CIN), but not with
normal cells. A MoAb, CAMS.2, recognizing low molecular
weight cytokeratin proteins, did not stain ectocervical stratified
squamous epithelium. There appeared to be a gradual increase
in expression of CAM5.2-defined antigen with increasing se
verity of cervical dysplasia and CAMS.2 reacted strongly with
invasive squamous cell carcinoma. CAMS.2 can be a useful
indicator of cell changes associated with malignant transfor
mation in the ectocervix (11).

Thus, many MoAbs have been used to study the histogenesis
and to detect malignant cells of cervical squamous neoplasia,
but little attention has been paid to the endocervical glands.
Adenocarcinoma in situ is frequently associated with squamous
intraepithelial neoplasia or invasive squamous cell carcinoma
of the uterine cervix (26). Recent reports suggest that adeno
carcinoma constitutes an increasing proportion of invasive car
cinomas of cervix (27). However, the detection rate for cervical
adenocarcinoma through cytological examination is less than
that for squamous cell carcinoma. Therefore, better means for
the detection of adenocarcinoma of the uterine cervix is of
significant clinical importance.

A MoAb, RGE53, recognizing intermediate-size filaments,
distinguishes squamous from columnar epithelium (S). RGES3
reacts positively with cervical adenocarcinoma but is negative
for squamous cell carcinoma. However, RGE53 cannot be used
for staining of routine paraffin sections. In addition, RGE53
also stains normal columnar epithelium of the endocervix.
Furthermore, RGE53 reacts with hepatocytes, intrahepatic bile
duct epithelium, exocrine acini of the pancreas, sweat gland
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acini, collecting tubular epithelium of the kidney, superficial
transitional epithelial cells of the ureter and urinary bladder,
glandular epithelium of the prostate, lobuli and ductal cells of
breast tissue, and ciliated columnar epithelium of the bronchus
(28). HMFG 1 is a MoAb raised to epithelial membrane anti
gens of delipidated milk fat globules (12). HMFG 1 exhibits
cytoplasmic reactivity with adenocarcinoma of the uterine cer
vix in contrast to its reactivity with the luminal border of normal
endocervical glands. Interestingly, its staining pattern of cervi
cal glandular atypia is identical to the patterns seen in neoplastic
glands. HMFG 1 shows little staining of normal squamous
epithelium, however, it reacts with areas of reserve cell hyper-
plasia, metaplastic squamous epithelium as well as dysplastic
and neoplastic squamous epithelium of the uterine cervix, in
dicating that it is difficult to use HMFG 1 for a screening of
cervical smears.

1C5, generated by immunization of mice with CAC-1, a
human cell line derived from adenocarcinoma of the uterine
cervix, reacted with adenocarcinoma of the uterine cervix. Al
though 1C5 exhibited reactivity with some normal tissues as
well as tumor tissues, it did not react with normal epithelium
of the ectocervix, CIN, squamous cell carcinoma of cervix,
microglandular hyperplasia of the endocervix, or normal en
docervical epithelium except for a restricted area at the squamo-
columnar junction. The lC5-defined antigen is distinct from
RGE53 as well as the HMFG 1 defined antigen. Firstly, the
molecular weight of lC5-defined antigen is 26,000 whereas the
molecular weights of RGE53 and the HMFG 1 defined antigen
are 45,000 and more than 400,000, respectively (28, 29). Sec
ondly, the reactivity of 1C5 with various tissues is different
from the reactivities of RGE53 and HMFG 1. In addition, 1C5
reacted with routine formalin-fixed and paraffin-embedded tis

sues of adenocarcinoma of uterine cervix as well as 95%
ethanol-fixed cells in cervical smears. Although a considerable
heterogeneity in the intensity of staining and a variable positive
percentage was reported with many MoAbs (8, 10), approxi
mately 87% (26 positive cases among 30) of adenocarcinoma
of the uterine cervix were strongly stained by ICS. 1C5 reacted
with only 39% of endometrial carcinoma of the uterus. There
fore, it is not surprising to see that two cases out of four 1C5-
negative cases are of the endometrioid type of cervical adeno
carcinoma. This type of adenocarcinoma originates from the
epithelium of ectopie endometrial glands in the cervix (27). The
histolÃ³gica! differentiation of endometrial and endocervical ad
enocarcinoma is of clinical importance because the staging,
treatment, and prognosis of these lesions is quite different.
Adenocarcinoma of the uterine cervix exhibited strong cyto
plasmic reactivity with 1C5 (except one case of the adenosqua-
nious type and two cases of the endometrioid type), whereas all
ICS-positive endometrial carcinomas of the uterus exhibited
luminal reactivity, thus making it possible to distinguish ade
nocarcinoma from endometrial carcinoma. Two lC5-positive
endometrioid type adenocarcinomas of the uterus also showed
luminal reactivity. In addition, Dabbs et al. (8) reported that
the presence of vimentin may readily distinguish endometrial
from endocervical carcinoma. It should be noted that 1C5
reacted to all minimal-deviation adenocarcinomas of the uterine
cervix (adenoma malignum) which is often difficult to recognize
as a neoplastic process. It should also be noted that preliminary
experiments have shown no reactivity of 1C5 with exfoliated
cells derived from endometrial carcinoma in spite of some
reactivity with surgical specimens of endometrial carcinoma as
shown in Fig. 2. It is likely that preservation of the architecture
of endometrial carcinoma tissue is important for the reactivity

of 1C5 explaining the lack of reactivity with cytological smears
in which the original architecture is significantly disrupted. To
conclude, 1C5 may offer an improved means for the detection
of adenocarcinoma of the uterine cervix through tissue imprints
and cervical smears. In addition 1C5 can be used for the
differential diagnosis of malignancies of uterus. Thus, it may
provide a sensitive and reliable immunodiagnostic tool for
cervical adenocarcinoma in which early detection is of critical
importance in prognosis and survival.
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