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Abstract

A murine monoclonal antibody was generated against human
skin cells obtained from psoriatic plaques. The antibody, called
VM-2, recognizes an epitope expressed on the basal cell layer
of human skin and other epithelia. VM-2 also binds to cultured
cells from a variety of human carcinomas including HeLa cervical
carcinoma, A431 vulvar carcinoma, A-549 lung alveolar carci-
noma, and SCL-1 skin squamous cell carcinoma cells. In several
primary human cell lines, including fibroblasts, endothelial cells,
and cells from the hematopoietic lineage, the antigenic site rec-
ognized by VM-2 could not be detected. The cellular antigen
when immunoprecipitated by VM-2 from both normal and
transformed cells appears to be proteins of - 100,000 and
120,000 mol weight. In frozen sections from human tumor-con-
taining tissues, VM-2 labels skin, cervical, and lung squamous
carcinoma cells, as well as skin basal carcinoma cells.

Malignant cells present in exfoliative smears from epidermoid
invasive neoplasias of the cervix are also selectively recognized
by VM-2 in distinction to normal squamous cervical cells. VM-
2 is thus directed against an antigen associated with neoplastic
cells when applied in selected sites of exfoliative cytology. This
monoclonal antibody represents a new reagent that should prove
useful in the diagnosis of cervical neoplasia.

Introduction

At present the techniques for distinguishing normal from ma-
lignant tissues and for the classification of neoplastic specimens
rest mainly on the microscopic examination of cell morphology
after differential staining. Histochemical and immunological
criteria are sometimes used to validate the morphological ob-
servations. Recent developments in hybridoma technology have
provided effective approaches to generate unlimited amounts of
well-defined molecular probes for the analysis of cell surface and
circulating antigens. Tumor-specific antigens recognized by
monoclonal antibodies have been described for several neoplastic
diseases including lymphoma (1), melanoma (2-4), and carci-
noma of the ovary (5-7), lung (8, 9), colon (10, 1 1), and breast
(12). These antibodies have been successfully used as confir-
matory diagnostic tools for tissue sections and in some cases for
in vivo imaging of solid tumors and metastases (2, 10, 12). Al-
ternatively, when the antigenic molecules are shed, immunoas-
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says have been devised to measure levels in circulating blood
and other biological fluids, to be correlated with tumor burden
and disease progression. In the case of B cell lymphomas (1),
the idiotype ofthe cell surface immunoglobulin is truly a tumor-
specific antigen, as most, though not all (13), ofthese lymphomas
appear to be ofclonal origin (14). For most solid tumors, careful
analysis of antigen specificity has often revealed either cross-
reactivity with fetal antigens or interindividual variations ex-
cluding the use of the antibodies as universal reagents. In other
cases, quantitative rather than qualitative differences in antigen
expression compared with normal tissues have been found; in
these cases, tumor specificity of the antigen becomes an opera-
tional definition dependent upon assay configuration and sen-
sitivity.

This report deals with the characterization of a monoclonal
antibody to an antigen expressed at the surface ofbasal epidermis
and other epithelia. The antibody, which is denoted VM-2, was
originally generated against human skin cells derived from pso-
riatic plaques. VM-2 binds to an antigen expressed by a variety
of squamous carcinoma cells both in tissue culture and in biop-
sies from human lung, cervix, and skin. Cervical carcinoma cells
present in exfoliative smears bear the antigen unlike normally
differentiated superficial squamous cells and other normal cell
types in the same specimen. The antigen recognized by VM-2
is not tumor-specific but tumor-associated in selected sites or
preparations. Therefore, we suggest that this antibody may be a
useful immunodiagnostic tool in exfoliative cytology such as
cervical smears.

Methods

Cells
Cells. Human foreskin fibroblasts were established from primary cultures
derived from skins obtained at circumcisions; cells were used between
transfers 4 to 10. Peripheral blood lymphocytes, mononuclear cells, and
erythrocytes were obtained from healthy volunteers. The A-43 1 epider-
moid vulvar carcinoma cell line, A-549 alveolar cell carcinoma cell line,
and murine BALB/c 3T3 fibroblasts were obtained from Dr. G. Todaro.
HeLa cervical carcinoma cells, GH3 rat pituitary tumor cells, normal rat
kidney fibroblasts (NRK), Daudi (human B lymphoma), Molt (human
T lymphoma), and P 388 Dl murine macrophage cell line were obtained
from the American Type Culture Collection (Rockville, MD). A squa-
mous cell carcinoma cell line (SCL-1) from human skin was obtained
from Dr. N. Fusenig, Heidelberg, Germany, and bovine and rabbit aortic
endothelial cells (EC) were prepared according to standard techniques.
Bovine venous EC were obtained from Dr. D. Gospodarowicz (University
of California at San Francisco, CA), and murine capillary EC from Dr.
A. Curtis (Glasgow, Scotland). All tissue culture cells were grown in
Dulbecco's minimal essential medium (DME)' (MA Bioproducts,
Walkersville, MD) containing 10% fetal calf serum (FCS) (Hyclone).

1. Abbreviations used in this paper: DME, Dulbecco's minimal essential
medium; EC, endothelial cells; ELISA, enzyme-linked immunosorbent
assay.
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Generation of VM-2 monoclonal antibody
Isolation ofhuman epidermal cells. Single cell suspensions of skin cells
were prepared from split-thickness skin from psoriatic plaques removed
with a keratotome (Davol, Inc., Cranston, RI) preset at 0.015 in. or from
skin obtained at surgery (for keratinocyte cultures). Full-thickness skin
obtained at surgery was trimmed, cut into 1 X 5-cm strips, and split-cut
with a Castroviejo keratotome set at 0.1 mm. Strips of split-thickness
skin were treated for 25 min at 370C with 0.3% trypsin (M. A. Bioprod-
ucts, Walkersville, MD) in 0.8% NaCl, 0.04% KCI, 0.1% glucose, 0.084%
NaHCO3, pH 7.3, plus 0.1% EDTA. The skin slices were washed, trans-
ferred to complete growth medium consisting of DME plus 10% heat-
inactivated FCS, 50 gg/ml gentamicin, 2 mM L-glutamine, 50 U/ml
penicillin, and 50 ltg/ml streptomycin, and the basal and malpighian
cells were released into the medium by gentle agitation.

Immunization and hybridoma production. Using standard techniques
(SP2/08A2), myeloma cells were fused with spleen cells obtained from
a BALB/c (National Institutes of Health strain) mouse. To immunize
and boost the mouse, keratotome sections from psoriatic plaques from
two unrelated donors were incubated in trypsin/EDTA as described
above. The dispersed cells were washed once with complete growth me-
dium, resuspended in phosphate-buffered saline (PBS), and injected into
the mouse intraperitoneally. The hybridoma clones were screened on
frozen tissue sections prepared from both normal skin and psoriatic
plaques, using the immunofluorescence technique described below.

Purification and derivatization of the VM-2 antibody. VM-2 was
cloned and then subcloned twice. The last two cultures were derived
from microtiter wells for which serial dilutions predicted 1/2 cell per
well. Cells were grown in large scale in 75-cm2 tissue culture flasks for
12 h in the absence of FCS. Conditioned medium was precipitated with
35% saturated ammonium sulfate for 4 h at 4°C. Precipitates were ex-
tensively dialyzed against PBS and yielded 10-20 ug/ml medium semi-
purified VM-2 antibody. Alternatively, 107 VM-2 cells were injected
intraperitoneally in pristane-treated BALB/c mice. After 10 d, ascites
fluid was collected, cleared by centrifugation, and precipitated with 20%
sodium sulphate. After dialysis against 5 mM phosphate buffer, pH 8.0,
VM-2 antibody was further purified on DEAE-Sephacel with a 5-300-
mM gradient of phosphate buffer, pH 8.0. The purity of the antibody
was assessed by immunoelectrophoresis and sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE), and found to be higher
than 95%.

Isotype Determination of VM-2
Ouchterlony immunodiffusion. An aliquot of supernatant of VM-2 hy-
bridoma cells was placed into the center well of a 2% agar plate. Mono-
specific rabbit anti-mouse Ig isotype antibodies (Meloy) were placed in
the outer wells and the plate was incubated for 2 h at room temperature
and overnight at 4°C.

Flexible polyvinylchloride 96-well plates (Costar, Cambridge, MA)
were coated with 0.1 mg/ml goat anti-mouse Ig antibodies for 2 h at
37°C and countercoated with a 3% BSA solution for 2 h at 37°C. VM-
2 hybridoma supernatant was then incubated at 37°C for 2 h. After
being washed with PBS containing 0.1% BSA (PBS-BSA), plates were
incubated at 37°C for 2 h with monospecific rabbit anti-mouse Ig isotype
antibodies coupled to peroxidase (Zymed). After being washed, plates
were incubated with 1 mg/ml orthophenylenediamine and 0.03% H202
in 0.1 M citrate buffer, pH 4.5. Optical density at 630 nm was determined
on a Dynatech enzyme-linked immunosorbent assay (ELISA) plate reader
(Dynatech Co., Cambridge, MA).

Cellular antibody assay
Adherent cells were grown to subconfluence in 96-well Linbro dishes;
cells growing in suspension were allowed to adhere to the 96-well dishes
for 30 min at 37°C after precoating of the wells with 50 ul/well of a
0.1% poly L-lysine (Miles Laboratories, Inc., Elkhart, IN) solution in
PBS. Cells were then fixed in the wells for 5 min at room temperature
with 0.25% glutaraldehyde (Sigma Chemical Co., St. Louis, MO) and
washed 3 times with PBS. Dishes were either used immediately or stored
at 4VC in humidified chambers. Cells were incubated at 370C for 2 h

with monoclonal antibody, washed with PBS-BSA, and further incubated
with rabbit anti-mouse Ig antibodies coupled to peroxidase (Zymed or

Cappel Laboratories, Cochranville, PA) at 370C for 2 h. After washing
with PBS-BSA, the cells were incubated for 10 min at room temperature
with 1 Ag/ml orthophenylenediamine and 0.03% H202 in 0.1 M citrate
buffer, pH 4.5. Optical density (O.D.) at 630 nm of individual wells was
determined on a Dynatech ELISA plate reader (Dynatech). O.D. readings
10-fold higher than those of controls (no first and/or no second antibody
incubation) were considered to reflect significant binding ofthe antibody
to the cells.

Alternatively, I0' VM-2-producing hybridoma cells were incubated
at 37-C for 1 d with 100 MCi selenium75 methionine (New England
Nuclear, Boston, MA) in methionine-deficient medium and 10% dialyzed
serum. The medium was collected and the specific activity ofVM-2 was
determined by competition radioimmunoassay with unlabeled VM-2 as
2,500 cpm/ng protein. Flexible polyvinylchloride dishes coated with cells
as above were incubated at 370C with increasing amounts ofVM-2 me-
dium for 2 h before washing with PBS-BSA. The cell-associated radio-
activity was counted in a gamma counter.

Immunoprecipitation studies
SCL- 1, A-43 1, HeLa cells, and primary human keratinocytes were grown
to subconfluence in 100-mm tissue culture dishes in DME containing
10% FCS. Cells were incubated at 37°C for 4 h with 100 MCi
[35S]methionine in DME deficient in methionine (Gibco, Grand Island,
NY) containing 10% dialyzed FCS. Alternatively, cells were surface io-
dinated with 1 mCi Na 1251 (New England Nuclear) by Enzymobeads
(Bio-Rad Laboratories, Richmond, CA; immobilized glucose oxidase,
lactoperoxidase system). Cells were washed with PBS-BSA and lysed
with PBS containing 0.5% Triton X-100 (Sigma Chemical Co.) for 30
min at 4°C. Lysates were centrifuged for 4 min at 10,000 g in an Ep-
pendorf centrifuge to remove cell nuclei and debris. Lysates were then
incubated at 4°C for 2 h with either 20 gg VM-2 antibody or 20 Mg
normal mouse Ig (control immunoprecipitate) and antigen-antibody
complexes were precipitated with 100 Mg goat anti-mouse Ig antibody
by overnight incubation at 4°C and centrifugation. Immunoprecipitates
were washed four times with PBS-BSA containing 1% Triton X-100 and
solubilized in 20 Ml Laemmli sample buffer by boiling for 2 min. Antigen
analysis was performed on 5-12% acrylamide gradient one-dimensional
SDS-PAGE. Gels were run at 30 mA constant intensity for 6 h, stained
with Coomassie Brilliant Blue, destained, dried, and processed for au-

toradiography or fluorography for 1 or 2 d. Borohydride-tritiated protein
mixtures were prepared using standard techniques and were run in parallel
to allow apparent molecular weight determinations.

Immunohistological techniques
Fluorescence. VM-2 antibody was coupled to fluorescein isothiocyanate
by incubation at room temperature for 30 min in a bicarbonate buffer,
pH 9.1. Excess dye was removed by Sephadex G50 chromatography.
The fluorophore-to-protein ratio varied between 3 and 6. Tissue culture
cells grown on coverslips, frozen tissue sections, or cervical smears were
incubated at room temperature for 30 min with 50 ,g/ml of either VM-
2 or fluoresceinated VM-2 in DME-BSA. In the former, a second in-
cubation with affinity-purified goat anti-mouse Ig antibodies coupled to
fluorescein (Cappel Laboratories) was performed before observation with
a Zeiss Universal fluorescence microscope (Carl Zeiss, Inc., Thornwood,
NY). Pictures were taken with Ektachrome 400 films (Eastman Kodak
Co., Rochester, NY).

Peroxidase. Tissue culture cells grown on coverslips or frozen tissue
sections were fixed (acetone or formalin) and incubated at room tem-
perature for 30 min with 50 ug/ml VM-2 antibody in DME-BSA. After
washes, samples were incubated with goat anti-mouse Ig coupled to biotin
(Tago Inc., Burlingame, CA), washed, and allowed to react with avidin-
peroxidase (Vector Laboratories, Burlingame, CA). Visualization was
performed with diaminobenzidine (Polysciences Inc., Warrington, PA)
in the presence of H202-

Gold-silver technique. Cells grown on coverslips or frozen tissue sec-
tions were incubated with 50 Mg/ml VM-2 antibody, fixed, and further
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incubated with goat anti-mouse Ig coupled to colloidal gold (GAM 20,
Janssen). Visualization was achieved by incubation with silver lactate
for 30 min in the dark according to Danscher (15).

Results

We generated several monoclonal antibodies specific for human
epidermal cells by fusing SP2/08A2 with the splenocytes ofmice
that had been immunized with skin cells obtained from pso-
riatic plaques. The IgG, monoclonal antibody denoted VM-2
binds specifically to the cells in the basal layer of the epidermis
and the external root sheet ofhair follicles (Fig. 1). Occasionally,
in some sections, the layer of cells directly above the basal layer
was also stained by the antibody though only in focal areas.

After subcloning, stabilization of the VM-2 hybridoma and
antibody production from ascites fluid subjected to sodium sul-
fate precipitation and DEAE-Sephacel fractionation, we stud-
ied the reactivity ofthe purified VM-2 to a variety of cells grown
in tissue culture by solid-phase enzyme-linked assays and direct
binding assays. The results are summarized in Table I. VM-2
binds to an antigen expressed to different degrees on human
squamous carcinoma cells from skin (SCL- 1), cervix (HeLa),
vulva (A-43 1), and lung alveolar carcinoma cells (A-549). VM-
2 does not bind to normal fibroblasts, endothelial cells, or cells
from the hematopoietic lineage from different species. The cell
surface antigen to which VM-2 binds can be visualized with
different immunohistological techniques as shown in Fig. 2. In-
direct immunofluorescence (Fig. 2 A), avidin-biotin-immuno-
peroxidase (Fig. 2 B), and immunogold-silver (Fig. 2 C) tech-
niques all yielded satisfactory signal amplifications to apparently
similar sensitivities. Fixation of cells with either acetone, ethanol,
paraformaldehyde, or glutaraldehyde did not significantly affect
staining.

Figure 3. Cellular antigen immu-
noprecipitated by VM-2 antibody.
Cells were biosynthetically labeled
with either [35S]methionine, or sur-
face labeled with '25I, lysed, and in-
cubated with complexes of either
VM-2 or normal mouse Ig anti-
body and goat anti-mouse Ig anti-
bodies. Immune complexes were
analyzed by SDS-PAGE (7-12%
gradient) under nonreducing con-
ditions.

A-F, A-431 cells: A, sample of
total lysate [35S]methionine-labeled
cells; B, sample of total lysate 12511
lactoperoxidase-labeled cells. C,
35S, control normal mouse Ig im-
munoprecipitate; D, 35S, VM-2
precipitate; E, 1251I, VM-2 precipi-
tate; and F, 125i, control normal
mouse Ig immunoprecipitate.

G-J, keratinocytes: G, 35S, con-
trol normal mouse Ig immunopre-
cipitate; H, 1251, control normal
mouse Ig immunoprecipitate; I, 35S,
VM-2 precipitate; and J, 1251, VM-2
precipitate. Numbers on the side re-
fer to molecular weight standards.

A B

Table I. Reactivity of VM-2 with Cells Determined by Solid Phase
Enzyme-Linked Immunoassay and Direct Binding Assay

Max..
Cell type O.D. Range* (bound/10' cells)

SCL-l skin squamous cell
carcinoma (human) +++ 12,000±2,000

A-431, vulvar carcinoma (human) ++ 7,500±1,500
A-549, bronchial carcinoma
(human) + 3,200±800

HeLa, cervical carcinoma (human) +++ 11,500±1,500
Foreskin fibroblasts (human) 800±400
3T3 fibroblasts (murine) - 600±300
Kidney fibroblasts (rat) - NT
Peripheral blood lymphocytes
(human) NT

Peripheral blood monocytes
(human) NT

Erythrocytes (human) - NT
Molt, T lymphoma (human) NT
Daudi, B lymphoma (human) - NT
P388 DI macrophages (murine) NT
Aortic endothelial cells (bovine

rabbit) NT
Venous endothelial cells (bovine,

murine, human) NT

* At 10 Ag/ml VM-2 antibody, solid-phase enzyme-linked immunoas-
say. +, O.D. >10 times background; ++, O.D. >20 times back-
ground; +++, O.D. >40 times background.
t Selenium" methionine-labeled VM-2 antibody.
§ NT, not tested.
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Figure 1. VM-2 staining of human skin. A frozen
section of normal human skin obtained from a
punch biopsy was incubated with 50 Ag/ml VM-2
antibody. Visualization was obtained by the biotin-
avidin peroxidase technique as described in Meth-
ods. Note the discrete surface staining of the basal
cell layer of the epidermis. Magnification, X 630.
Figure 2. VM-2 staining of A-43 1, epidermoid carci-
noma cells. Cells grown on glass coverslips were in-
cubated with 50 ,g/ml VM-2 antibody for 30 min at
room temperature, washed, fixed with paraformalde-
hyde, and incubated with goat anti-mouse Ig anti-
bodies coupled either to fluorescein (A), peroxidase
(B), or colloidal gold (C). In (B), visualization was
achieved with diaminobenzidine in the presence of
H202 and in (C), with silver lactate as described in
Methods.

Reactivity of VM-2 on tissue sections from cervi-
cal carcinoma biopsy. Frozen sections were incu-
bated with 50 gg/ml VM-2 antibody followed by ei-
ther biotin-avidin-peroxidase technique (D) as de-
scribed in Methods or fluoresceinated second
antibodies (E). In (D), the clear border between

4 stained tissue and normal cervical tissue. Magnifica-
tion, X 400.

Figure 4. Staining of malignant cells in cervical smear by VM-2 antibody. 50 tg/ml fluoresceinated VM-2 was incubated onto the acetone-fixed
smear. Magnification, X 400.
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Table II. Reactivity of VM-2 Antibody to
Normal and Neoplastic Human Tissues

Tissue Number VM-2 Reactivity

Normal skin 8 + Basal cells of epidermis and
hair follicles

Lung 2 - None
Spleen I - None
Cervix 4 + Basal cells of epithelium; only

weak staining
Kidney 1 + Glomeruli
Trachea I + Basal cells of epithelium only
Liver 1 - None
Duodenum I + Basal cells of epithelium only
Brain cortex 2 - None
Ovary 1 - None
Cardiac muscle I - None
Cervix carcinoma 22 + Tumor cells stained
Lung squamous 6 + Tumor cells stained

carcinoma
Skin squamous 7 + Tumor cells stained

carcinoma
Skin basal cell carcinoma 4 + Tumor cells stained
Colon adenocarcinoma 2 - None
Prostate carcinoma I - None
Breast carcinoma 2 - None
Bladder carcinoma 1 - None

Having identified tissue culture cells that bind VM-2, we
wished to analyze the nature of the recognized antigenic deter-
minant. Normal epidermal cells, A-43 1, SCL- 1, and HeLa cells
were either biosynthetically labeled with [35S]methionine or their
membrane proteins iodinated by the lactoperoxidase technique.
After detergent solubilization the lysates were incubated with
VM-2 antibody. Analysis of the immunoprecipitates by SDS-
PAGE is shown in Fig. 3. A major doublet band at 120,000 mol
wt and a band at 100,000 mol wt appear to be specifically im-
munoprecipitated. Bands of similar molecular weight were ob-
tained from the different positive cell types.

The reactivities of the VM-2 antibody with normal human
tissues and biopsies of clinically and pathologically confirmed
carcinomas were tested by fluorescence and peroxidase tech-
niques. Results are listed in Table II. Except for some staining
of the basement membrane in the kidney glomeruli and the
basal cells of trachea and duodenum, VM-2 does not bind to
normal parenchymatous cells of human tissues including lung,
kidney, liver, and brain cortex. All biopsies studied were posi-
tively stained by VM-2 with high specificity as can be seen in
Figs. 2 D and E. The VM-2 antibody did not react with ade-
nocarcinoma ofthe colon and prostate nor with breast and blad-
der carcinoma biopsies.

We then wished to study whether the VM-2 antibody would
identify malignant squamous cells in cervical smears. Cells on
85 cervical smears from normal volunteers were not stained by
the VM-2 antibody. In contrast, 34 out of 34 smears (duplicates
of smears diagnosed as malignant carcinomas by Papanicolaou
staining and tissue biopsies) contained cells brightly stained by
VM-2. An example of the staining is shown in Fig. 4. For some
slides, coordinates of positive cells were recorded, slides were

counterstained with Papanicolaou staining, and observed. The

positive cells also appeared abnormal by nuclear texture, nu-
cleolar structure, and nucleus-cytoplasmic ratio criteria. In sam-
ples with either moderate or severe dysplasia as observed by the
Papanicolaou staining, the VM-2 antibody stained dysplastic
cells in 19 out of 21 and 12 out of 12 samples, respectively. For
this limited sampling the VM-2 reaction would have an overall
sensitivity and specificity of 97%.

Discussion

During the course of our work on the antigenic characterization
of human epidermal cells (16), we noted the discrete specificity
of a murine monoclonal antibody, which is denoted VM-2. In
many aspects VM-2 presented similar staining characteristics as
VM- 1, an antibody obtained in the same way and described
recently (16). Whereas many antibodies specifically bound to
all epidermal cells, VM-2 appeared to recognize an antigen ex-
clusively expressed on cells from the basal and, in some areas,
suprabasal layer of the epidermis and the external root sheet of
hair follicles. The aim of the present study was to test the fea-
sibility of using the VM-2 antibody as a recognition tool for
malignant squamous cells. Our hypothesis was that the antigen
to which VM-2 binds would be a suitable candidate for a tumor-
associated antigen. In sites of exfoliative cytology, such as cervical
smears, the cellular components normally present originate from
the well-differentiated epithelial layers. As these cells do not bear
the antigen recognized by the VM-2 antibody, VM-2 reactivity
would indicate the presence of abnormal squamous cells, pre-
sumably linked to malignant changes. As such, the VM-2 an-
tibody would constitute an attractive immunodiagnostic reagent
both available in unlimited amounts and of well-defined spec-
ificity due to its monoclonal cellular origin. In order to test the
VM-2 antibody, our main focus was cervical exfoliative cytology,
since 95% of all cervical carcinomas are of squamous origin
(17). Malignant diseases of the skin, which sometimes require
the identification of residual cancer cells after microscopically
controlled surgery, for example, would be logical extensions in
the evaluation of VM-2.

The cellular antigen for the VM-2 antibody is presumably
a differentiation marker rather than tissue-specific since it is ex-
pressed by a variety of squamous carcinoma cells both in tissue
culture cell lines and in tissue sections, including skin, lung, and
cervix. Strikingly, proteins with similar molecular weight
(120,000 and 100,000 mol wt) are immunoprecipitated by VM-
2 from biosynthetically or membrane-radiolabeled cells as dif-
ferent as A-43 1, vulvar epidermoid carcinoma, HeLa, cervical
squamous carcinoma and SCL- 1, skin squamous carcinoma
cells, and normal epidermal cells. Current pulse-chase and pep-
tide map studies should resolve the relationship between the
various immunoprecipitated proteins. The antigen reactivity for
VM-2 resists cell fixation by classical means and various assay
configurations have been successfully applied using fluorescence,
peroxidase, or colloidal gold-silver endpoint signals. These im-
munohistological techniques are easy, rapid, and yield unequiv-
ocal read-outs to the observer.

Cancer immunodiagnostics have so far been limited by the
elusive nature of tumor-specific antigens. An additional problem
is that although tumor cells are presumably monoclonal in origin,
phenotypic and antigenic heterogeneity is usually rapidly
reached. This phenomenon has been well documented both in
animal experimental models (18) and human pathology (19,
20). At present, we cannot evaluate to what extent interindividual
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differences or tumor cell heterogeneity will influence the expres-
sion of the differentiation antigen recognized by the VM-2 an-
tibody. So far 22 out of 22 biopsies of cervical carcinomas in
situ and 34 out of 34 cervical carcinomatous exfoliative smears
were positively identified by VM-2 immunohistological tech-
niques.

Conventional cervical cytology is currently based on Papan-
icolaou staining (21-24). This widely used screening technology,
almost unchanged since its inception 30 yr ago, has resulted in
a dramatic improvement in life expectancy for cervical cancer
patients (25-27), thanks to early diagnosis. False positivity and
false negativity rates are unfortunately rather high and vary be-
tween cancers. We do not yet know to what extent the antigen
recognized by the VM-2 antibody is present on dysplastic cervical
cells, the premalignant precursors for invasive cervical cancer.
Preliminary results on some samples containing cells with either
moderate or severe dysplasia seem to indicate that these cells
will be recognized by the VM-2 antibody. Studies of many clin-
ically well-documented specimens, tested in parallel by cytology
and immunocytology, will be required to determine the anti-
body's widespread usefulness. These are objectives of our present
efforts.
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