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ABSTRACT

Stratified squamousepmtheliaof oral and cervical mucosaexpresshigh
levels of simple mucin-type 0-linked carbohydrates, and these are known

to undergo structural changes in relation to epithelialdifferentiationand
neoplastic transformation. O-glycans in these epithelia are associated with

the ceH membrane, but the identity of the carrier molecule(s) remains
largely unknown. We report here the identification of a membrane-bound
Mr 200,000250,000 glycoprotein (gp230) that is expressed in stratified
squamous epithelia of the oral cavity. Western blot analysis identified
gp230 as a major earner of simple-mucin type carbohydrate antigens in
buccal nonkeratinized mucosal epithelium, suggesting that it may repre

sent a mucin-like molecule. A monoclonal antibody PANH4 defining a
protein epitope of gp230 was generated. The PANH4 epitope was localized
by immunohistology to suprabasal cell layers of buccal epithelium and
was also found in larynx, esophagus, vagina, and exocervix, but not in
epidermis. Data showed that gp230 was distinct from MUC1 or CD44. It
is interesting that in most cases gp230 was not expressed in squamous cell
carcinomas of buccal and cervical mucosa. A few moderately differenti
ated carcinomas, mainly from cervix, expressed the gp230 epitope. The
results suggest that a membrane-bound mucin-like molecule, gp230, is

associated with the differentiated phenotype of normal mucosal stratified
squamous epithelia and that expression of gp230 generally is lost in severe
oral epithelial dysplasia and squamous cell carcinomas of oral and cervi

cal mucosa.

INTRODUCTION

Mucin-type O-glycosylation is predominantly found in mucins, in

which the glycan moiety may exceed 50â€”80%of the total molecular
mass (1), but it is also found on other glycoproteins in mucin-like
domains (2) or is sporadically distributed in many glycoproteins. The
simple mucin-type carbohydrateantigens Tn, STn,3 T, ST (core 1),
and histo-blood group ABH variants are found exclusively as 0-
linked glycans. Thus, antibodies to these structures distinguish 0-
glycans from other types of glycoconjugates, including N-linked gly

cans or glycolipids (3, 4). In normal nonkeratinized oral stratified
squamousepithelium, simple mucin-type carbohydrate antigens asso
ciated with the cell membraneshow a distinct sequentialexpression
pattern associatedwith epithelial differentiation (5). The most imma
ture structures Tn and STn are virtually absent from the cell mem
brane,but basal cells are characterizedby expression of ST. Mature
cell layers express histo-blood groupABH variantsof simple mucin
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type 0-glycans under the influence of the host genotype (4). Dysplas
tic and neoplastic transformation of oral epithelium is associatedwith
changes in glycosylation toward a more immature glycosylation pat
tern (6). Simple mucin-type ABH antigens are lost from epithelial
cells in dysplasia (6), and recent studies suggest that ST antigen is
highly expressedin a large proportion of oral SSCs.4A similar pattern
of glycosylation also is found in normal mucosa and SSCs of the
uterine exocervix (7).

The identities of the carrier proteins of 0-linked glycans in oral and
exocervical epithelia are not clearly established. Previously, an alter
native spliced form of CD44, CD44E, has been reported to be a major
carrier of glycoconjugates in epidermis (8), and CD44 variants have
also been found in oral mucosa (9), where they are associated with

basal and parabasalcell layers. MUC1 (polymorphic epithelial mucin,
Episialin, MAM-6 antigen, epithelial membrane antigen), a mem
brane-associated mucin expressed in many secretory epithelia, is
expressed at a low level in normal oral mucosa (10, 11). However,
somecaution is required in evaluating MUC1 expression levels due to
potential masking of antibody reactivity by glycosylation. Given the
abundancy of simple mucin-type 0-glycosylation in suprabasal cell
layers of oral and exocervical mucosa as detected by immunohistol
ogy (5), it is likely that one or more novel membrane-associated
mucin-like glycoproteins are present in these epithelia.

We present data suggesting that the major carrier of simple mucin
type ABH antigens in superficial buccal mucosa is a Mr 200,000
250,000 mucin-like molecule, tentatively designated gp230. We have
generated a mAb PANH4 defining a protein epitope of gp230, and
immunohistological studies using this mAb indicated that the PANH4
epitope was expressedexclusively in suprabasalcell layers of nonke
ratinized mucosal stratified squamous epithelia. It is interesting that

gp230 was lost in most oral and cervical squamous cell carcinomas.

MATERIALS AND METHODS

Preparationof ExtractsfromBuccalEpithelium

Cell extractsfromthreehealthyvolunteers,a23-yearold male(A, secretor),
a 38-year old male (0, secretor), and a 27-year old male (AB, nonsecretor)

were examined for simple mucin-type 0-glycan antigens. The oral cavity was

rinsed with physiological saline before scraping of the buccal epithelium with

a spatula. The cells were homogenized in ice-cold 4 M guanidinium thiocya

nate, 1 M sodium citrate (pH 7.0), and 0.5% N-lauryl sarcosine (buffer 1) and
centrifugedat 10,000X g for 10mm. The supematantwasdialyzedagainst
waterandlyophilized.

SDS-PAGE and Western Blots

SDS-PAGEand blotting was carried out with pre-cast4â€”16%gradient
polyacrylamide gels (PhastSystem, Pharmacia Biotech, Uppsala, Sweden). All
samples were applied reduced and carboxymethylated. Blots were blocked

with 5% BSA in PBS followed by incubationwith undiluted hybridoma
supernatantsovernight.The mAbs usedwere: HH5, anti-A chain 3/4 (12);
HH14, anti-H chain 3/4 (13); HH8, anti-T (14); CF4-C, anti@Lea(l5)@ HH3,

4 U. Mandel and H. Clausen, unpublished observations.
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Tissuesreactive with MAb PANH4Tissues not reactive with MAbPANH4Buccal

mucosa,a esophagus,'@Salivary glands, epidermis,bladder,larynx,'@
exocervix,avagina,a

sebaceousglandsâ€•urethra,
prostate,endocervix,endometrium,

breast,lung,bronchus,trachea,pancreas,
gallbladder, stomach, duodenum, ileum, colon,
thyroid, liver, myocardium, kidney, spleen,
lymphnodes,placenta

MUCIN-LIKE GLYCOPROTEIN IN MUCOSAL SQUAMOUS EPITHELIA

anti-AL&' (16); HB-Tnl, anti-Tn (DAKO, Glostrup, Denmark); PlGl2, anti
CD44 (17); and HMFG-2, anti-MUC1 (18). As secondary antibody, peroxi
dase-conjugatedrabbit anti-mouseserum(DAKO) wasuseddiluted 1:200in
PBS. Developmentwas with diaminobenzidinelH2O2.For detectionof ST
antigen,samplesextractedwith buffer 1 weredesialylatedwith 0.5 UnitS/mi
neuraminidasetypeX (Sigma,St.Louis,MO) in 0.1Msodiumacetate(pH5.5)
at 37Â°Cfor 2 h before SDS-PAGE and Western blotting.

Generation of mAb PANH4

Oral keratinocyteswere scrapedfrom the buccal mucosaof a healthy
27-year-oldmale(histo-bloodgroupAB, nonsecretor).Thecellswerewashed
in PBS,suspendedin Freund'sadjuvant(Sigma),andinjectedi.p. into female
BALB/c mice.After threeimmunizationsat 2-weekintervals,the mice were
boostedi.p., andspleencellswerefusedwith SP2asdescribedpreviously(14).
Hybridomasupernatantswerescreenedoncryostatsectionsof normalhuman
buccal epithelium and on Westernblots of buccal mucosalcell extracts.
Sections were from individuals who were secretors (of histo-blood group
antigens in saliva) as well as from individuals who were nonsecretors. The
antibodyisotypewasdeterminedusing isotype-specificgoatanti-mouseper
oxidase-conjugatedserum(SouthernBiotechnologyAssociates,Birmingham,
AL). Westernblotting was carried out as describedaboveusing undiluted
PANH4 hybridomasupernatant.

Pronase Treatment of the PANH4 Epitope

Superficialbuccalepithelialcellsfrom theAB, nonsecretorindividualwere
washedin PBSbeforehomogenizationandcentrifugationin buffer 1,followed
by dialysis against PBS. The cell extract was double-diluted in an ELISA plate
and allowed to absorb to the plate before blocking with 5% BSA in PBS. Half
of theplatewasincubatedwith 0.1%Pronase(DAKO) in PBSat 37Â°Cfor 20
mm,andtheotherhalfwasincubatedwith PBS.PrimaryantibodiesCF4-C
(anti@Lea) and PANH4 were used as culture supernatants. As secondary anti

body, rabbit anti-mouse peroxidase-conjugated serum (DAKO) was used in a
dilution of 1:500in PBS.Developmentwaswith l,2-phenylenediaminefH2O2.

SuccessiveExtractions from Oral Epithelial Cells

To examinetheassociationof thePANH4antigenwith thecell membrane,
buccalepithelialcellsfrom theAB, nonsecretorindividualwereextractedwith
successivebuffers containing different concentrations of salt and detergents.The
cellswerecentrifugedat 1000X g for 10mm,andthesalivain thesupernatant
was removed. The cell pellet was resuspendedand homogenized in ice-cold PBS
containing2% Na@EDTA,5 mMPMSF, stirredfor 30 mm at 5Â°C,and centrifuged
as above. The pellet was resuspended in 1 M NaCI in PBS containing 2%
Na@EDTAand 5 mM PMSF, stirred for 30 minutes, and centrifuged at 1000 X g.
The cell-pelletwas resuspendedin PBS containing1% Triton X-lOO, 2%
Na@EDTA,and 5 mM PMSF, stirred at 5Â°Covernight,and centrifugedat
1000 X g. The pellet was finally resuspendedin Laemmli loading buffer [10 mM
Tris-HC1,1 mMNa@EDTA(pH 8.0),25% SDS,andbmmphenolblue]with 20
mM DTT, boiled for 5 mm, and carboxymethylated. All extractions were kept to
equal volumes (1.5 ml), and the extracts were concentrated to half volume in a
vacuum concentrator before SDS-PAGE analysis.

Deglycosylationof Cell EXtractS

Samples extracted as described above were dialyzed against water and
lyophilizedbeforedeglycosylationwith TFMSA,asdescribedpreviously(19).
After neutralization, the samples were dialyzed against water and lyophilized.

Tissue Samples

Tissueswereeither usedfrozenor wereformalin fixed andembeddedin
wax. Frozen sections: Tissue was quick-frozen in isopentane precooled on dry
ice and storedat â€”70Â°C.Sectionsof 5 @&mwere cut from frozen blocks,
mountedon gelatin-coatedslides, and used unfixed or fixed in ice-cold
acetone.Formalinfixedsections:Tissuewasfixedin 10%formalinbuffered
with PBSandembeddedin wax. Sectionswerecut to a thicknessof 5 ,tm.

Normal Oral Epithelia. Biopsiesof buccalmucosaweretakenfrom five
individuals differing in histo-blood group and secretorstatusunder local
infiltration anesthesia.Oral mucosafrom tongue,palate,gingiva,floor of the
mouth,andlip werefrom autopsies.

Normal Exocervical Epithelium. Tissues were obtained from seven hys
terectomiesmadedueto diseasesnotaffectingtheexocervicalepithelium.The
testedsectionsrepresenteddifferenthisto-bloodgroupsandsecretorstatus.

Other Normal Tissues. Samples were from patients with diseases not
affectingthe organsunderstudy.(Tissuesarelisted in Table 1.)

Oral Mucosa Exhibiting Epithelial Dysplasia. Biopsies of oral epithelial
dysplasiasweregradedpreviouslyby their degreeof differentiationas mild,
moderate,or severe,accordingto an establishedclassificationsystem(20).
Two erythroplakiasand four leukoplakiasfrom different keratinizedand
nonkeratimzed regions of the oral cavity with severe dysplasia were chosen for
this study. Three samples were from the floor of the mouth, and a sample each

was from palatal mucosa, tongue mucosa, and labial mucosa.
Oral SSCs. SSCs from 28 individuals were examined. Tissue was from

oral carcinomas originating from keratinized and nonkeratinized regions of
oral mucosa, and each included adjacent, apparently normal epithelium.

Cervical SSCS. Tissue was obtained from hysterectomies from 10 individ
uals.

Immunohistology

Staining of Tissue from Oral Mucosa and Cervix Uterus. Frozen tissue
sections were air dried, and wax-embeddedsections were dewaxed and
brought to water before blocking with 5% BSA in PBS. Sectionswere
incubatedwith undilutedhybridomasupernatantsovernightat 4Â°C,rinsedin
PBS,andincubatedwith FITC-conjugatedrabbitanti-mouseimmunoglobulins
(DAKO) diluted in PBS. As control for staining specificity, sections were
incubatedwithout primary antibody,with a primary antibody of identical
subclass but with another specificity, and without secondary antibody.

Sectionstreatedwith neuraminidaseor periodicacidweretreatedwith 0.1
units/mI neuraminidase type X (Sigma) in 0.1 M sodium acetate (pH 5.5) or
with 20 mM periodic acid in 0.05 M sodiumacetate(pH 5.0) followed by
neutralizationwith 1%glycineasdescribedpreviously(21).

Sections from Other Organs. Sections were incubated with undiluted
PANH4 hybridoma supernatant, which was detected with biotin-conjugated

rabbitanti-mouseserumandavidin-biotin-peroxidasecomplex.Development
was with diaminobenzidinetetrahydrochloridelH2O2.The experimentswere
approvedby theDanishEthicalCommitee(J#KF 03â€”004/95),andtheuseof
mice wasauthorizedby theDanishAnimal Inspectorate.

RESULTS

Identification of a Major Mucin-like Glycoprotein in Superficial
Cell Layers of Buccal Mucosa

Cells were scra@ from the superficial buccal mucosaof three inch
viduals differing in histo-blood group ABH and secretorstatus.Extracts
from thesecells were usedin Western blots, with mAbs defining simple
mucin-type ABH carbohydrateantigens.All mAbs defining simple mu
cm-type carbohydratesstained a Mr 200,000250,000 band from each
individual (Fig. 1,Aâ€”C).This glycoprotein was tentatively namedgp230.
The sample from each individual was stained in accordancewith his
histo-blood group status as expected. Thus, the extract from the A
secretorindividualstainedwith mAb HH5 (anti-A chain3; Fig. 1A),and
the extract from the 0 secretor individual stained with mAb HHI4
(anti-H chain 3; Fig. 1B).The extract from the AB nonsecretorindividual
stained with mAb 1*18 (anti-T) after desialylation (Fig. 1C), which
correlatedwith thepreviousfindings that nonsecretorsexpressST antigen
on suprabasa.lcell membranesof buccal mucosa (5).

Table1 ImmunohistologywithmAbPANH4

a Membrane stainingof upper cell layers.
b Membrane staining of cells around the sebaceous glands in epidermis.
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Dilution of antigen

Fig. I. Western blots of buccal mucosal cell
extracts from three individuals differing in histo
blood group and secretor status (A secretor, 0
secretor, and AB nonsecretor) immunolabeled
with mAbs directed to simple mucin-type O-gly
cans and PANH4. The figure shows mAb HH5
(A), mAb HHI4 (B), and mAb HH8 (C) after
treatmentwith neuraminidasebefore SDS-PAGE
andblotting andmAb PANH4 (D).

Generation of mAb PANH4 against gp230

The strategy used for generation of mAbs against gp230 was
focused on generating antibodies reactive with the peptide core of
gp230 and eliminating anti-carbohydrate antibodies. Histo-blood
group antigens of the ABH and Lewis systemsare abundant in buccal
stratified squamous epithelium of secretor individuals, and these are

highly immunogenic antigens in mice. In nonsecretors@@ b_),
carbohydrateantigens of the ABH and Lewis systems are limited
mainly to ST and L&' (5). Because nonsecretors and secretors thus
have few of these predominant histo-blood group antigens in com
mon. we used whole cells from a nonsecretor individual as immuno
gen and screened hybridoma supernatants on tissue sections from
secretors. This strategy was intended to reduce the number of anti
carbohydrate antibodies found in the screening. One mAb, PANH4
(1gM), was selectedbecauseit stained suprabasalepithelial cell mem
branes independently of histo-blood group and secretor status and in
Western blots recognized the gp230 band in all three individuals
regardless of histo-blood group and secretor status (Fig. 1D). These
results indicated that mAb PANH4 was directed to a protein epitope
of gp230.

Characterization of the Epitope Recognized by mAb PANH4

To further characterize the nature of the epitope recognized by mAb
PANH4, buccal cell extracts were treated with Pronase and examined
for PANH4 reactivity in ELISA. A control mAb against a carbohy
drate epitope recognized buccal cell extracts regardless of Pronase
treatment, whereas PANH4 reactivity was eliminated by Pronase
treatment (Fig. 2), indicating that an epitope of the protein core of
gp230 was recognized by PANH4.

Characterization of gp230

In the A secretor individual, the gp230 band also stained with mAb

HH3 (anti-ALec'), and in the AB nonsecretorindividual, the gp230
band also stained with mAb C4F-C (anti@Lea;data not shown), sug
gesting that the carbohydrate antigens expressed on gp230 were not
limited to simple mucin-type 0-glycans, but included complex-type
0-glycans or N-linked glycans. This was verified by capture ELISA
with PANH4 using epithelial cell extracts from the nonsecretor mdi
vidual. Both anti-T (after desialylation) and anti@Leareactivity were
found associatedwith the PANH4 antigen (data not shown), confirm
ing that both simple mucin-type and complex carbohydrates were
associated with the PANH4 antigen (gp230).

Successive serial extractions of suprabasal oral keratinocytes with
buffers containing different salt concentrations and detergentsshowed
that gp230 was solubilized mainly from the cells in Triton X-lOO
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Fig. 2. Analysis of sensitivity of the PANH4 epitope to Pronasetreatment. ELISA
analysisof cell extractsfrom superficialbuccalepithelium from a nonsecretorindividual
with and without Pronase treatment of the antigen. As primary antibodies, PANH4 and
CF4-Cwereused.Control(PBS)(A) showedreactivitywith bothmAbs,whereasPronase
treatment(B) eliminatedPANH4reactivity.Theabscissaindicatesthedecreasein
concentrationof antigencomparedwith the initial concentration,whereasthe ordinate
indicates the intensity of the reaction as estimated by absorbance at 492 am.
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MUCIN-LIKE GLYCOPROTEIN IN MUCOSAL SQUAMOUS EPITHELIA

buccal epithelial cell extracts (data not shown), but after TFMSA
deglycosylation, MUC1 was clearly visualized as a smear of Mr
300,000 or more, mainly extracted by PBS from the buccal epithelial
cells (Fig. SC). CD44E or other CD44 variants recognized by mAb
P1G12 could not be detected on Western blots of native or deglyco
sylated buccal epithelial cell extracts.

Immunohistology

Similar staining of mAb PANH4 was observed in formalin-fixed,
wax-embedded sections and in unfixed, frozen sections.

Normal Oral Epithelia. mAb PANH4 stained the cell membranes
in suprabasal cell layers of buccal epithelium (Fig. 6A), but not the
basal and parabasalcell layers. A similar staining patternwas ob
served with mAb HH5 against simple mucin-type A antigen in tissue
sections from A secretor individuals (Fig. 6B). Regional variation in
the staining pattern of mAb PANH4 was observed in oral epithelia. In
keratinized free gingiva, only a few individual cells were stained by
mAb PANH4, and no staining was observed from the attachedgingiva
close to the junction of nonkeratinized buccal epithelium (Fig. 6C).
Tongue epithelium stained with mAb PANH4 in the spinous cell layer
in relationto filiform papillae (data not shown).

To investigate whether mAb PANH4 recognized an epitope that

could be masked by glycosylation, frozen tissue sections from normal
buccal epithelium and oral SSCs were incubated with neuraminidase
or periodic acid. Neither neuraminidase nor periodic acid treatment
altered the reactivity of mAb PANH4 in normal or malignant tissues,
whereas control anti-Tn antibody HB-Tn 1 ceased to stain sections
after treatment with 20 nmi periodic acid (data not shown), indicating
that all carbohydrates had been removed. These results confirmed that
mAb PANH4 was directed to a protein epitope of gp230 and further
more suggested that the absence of PANH4 reactivity in basal cells
and in oral SSCs was due to absence of gp230 per Se, and not to
posttranslational masking of the epitope recognized by PANH4.

The staining patterns of mAbs directed to MUC1 and CD44 were
compared with that of mAb PANH4. All three mAbs stained mainly
cell membranes.mAb HMFG-2 (anti-MUC1) stained weakly in upper
cell layers (Fig. 6D), whereas mAb PlGl2 (anti-CD44) stained the
basal and parabasal cell layers intensely, with hardly any staining of
upper cell layers (Fig. 6E).
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Fig. 3. Westernblot analysisof serialextractionsfrom cell extractsof buccalsuper

ficial mucosa stained with mAb PANH4. Extracts were prepared as indicated and are
describedin â€˜%1aterialsandMethods.â€•

detergentextracts (Fig. 3), suggestingthat gp230 was an integral
membrane-associated glycoprotein. Fractions solubilized with PBS
and 1 M NaC1containeda muchsmallerfractionof gp230, which was
possibly released by proteolytic cleavage.

Western blots with concentrated salt extracts of buccal superficial

cells gave identical bandsunder nonreducedand reducedconditions
(Fig. 4), as did fractionsextractedwith PBS containing 1% Triton
x-l00 (datanot shown).Theseresultssuggestedthat gp230was
presentin buccalmucosaas a monomer.

The presenceof 0-glycans on gp230 was also demonstratedby
partial deglycosylation with TFMSA followed by detection of the Tn
epitope. TFMSA has been shown to cleave all carbohydratesof
mucinsexceptthe innermostcarbohydrateepitopeGalNAcal-0-Ser/
Thr (Tn-epitope; Ref. 22). In Western analysis, TFMSA-deglycosy
lated Triton X-l00 detergent extracts from buccal superficial cells
showeda major Tn-reactivebandthat was localizedcorrespondingto
mAb PANH4 reactivity (Fig. 5, A and B). This confirmed the presence
of 0-linked carbohydratesin gp230 and was in agreementwith the
finding that suggested that gp230 was a major carrier of simple
mucin-type carbohydrates in superficial cell layers of buccal mucosa
(Fig. 1, Aâ€”C).Partial deglycosylation with TFMSA resulted in a
relatively small shift in electrophoretic mobility compared with native
gp230 (Figs. 3 and 5B), possibly due to predominance of simple
mucin-type 0-glycans and short complex-type carbohydrates, in
which caseonly few sugarswould be releasedfrom gp230 by TFMSA
deglycosylation. Another possibility was that different glycoforms of
gp230 exhibited unusual electrophoretic mobilities, since heavily gly
cosylatedmoleculesare known to migrate differently from globular
proteins in SDS-PAGE (23). Furthermore, the reactivity of mAb
PANH4 with TFMSA-deglycosylated gp230 confirmed that mAb
PANH4 recognizeda protein epitopeof gp230.

4% gel.-

PANH4

2c@-SIÃ¸

Ill

89-

47-. ,@

MUC1 was detected using mAb HMFG-2 directed to the tandem
repeat of MUCI. HMFG-2 reacted weakly on Western blots of native

Fig.4. Westernblot of PBS-solubleextractfrom buccalsuperficialcellselectrophore
sedundernonreducedandreducedconditionsandprobedwith mAb PANH4.
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Fig. 5. Analysis of sensitivity of the PANH4
epitopeto partialdeglycosylation.Westernblots
with TFMSA-deglycosylatedcell extracts from
buccalsuperficialepitheliumpreparedasdescribed
in â€œMaterialsand Methodsâ€•and analyzed for Tn,
PANH4, and MUCI reactivity. The figure shows
mAb HB-Tn1 (anti-Tn) (A), mAb PANH4 (B),
mAb HMFG-2 (anti-MUC1)(C).

Screening of Other Normal Tissues. mAbPANH4wastestedon
a panel of tissue sections and found also to stain the upper epithelial
cell layers of larynx, esophagus, vagina, exocervix (Fig. 6F), and
sebaceousglands in epidermis, but not normal epidermal epitheium.
mAb PANH4 showed no staining in other tissues tested (Table 1).

Cervical SSCs. Sections from 10 cases of cervical SSCs were
studied.The tumorsshoweddifferent degreesof differentiation.One
tumor exhibited keratinization. Seven of 10 cases showed a total loss

of PANH4reactivityin the tumor (Fig. 6G), whereasthe apparently
normal adjacentepithelium was stainedby PANH4 when presentin
the section.Two casesexhibited weak stainingin the tumor, corre
sponding to well-differentiated cells in the center of tumor islands,
and one case was stained in the periphery of tumor islands, which in
this tumor corresponded to well-differentiated cells as estimated by
H&E-stained sections.All threepositivetumorswere estimatedto be
moderately differentiated and unkeratinized.No general difference
was observed in the degree of differentiation between the PANH4-
positive and PANH4-negative tumors; however, the PANH4-negative
group alsocontainedlow-differentiatedtumors.

Oral Epithelial Dysplasia. Six lesions with severe oral epithelial
dysplasia were selected for this study. PANH4 reactivity was absent in all
of the severeoral dysplasiastested(datanot shown), aswas the reactivity
ofmAbs directedagainstsimple mucin-type ABH variants.The adjacent,
apparently normal epitheium was stained by PANH4, as well as by the

appmpiate mAbs directed againstsimple mucin-type ABH variants.
Oral SSCs. Sectionsfrom 28 cases of oral SSCs were examined

with PANH4. The tumorsexhibitedvaryingdegreesof differentiation.
Twenty-two of the tumors were keratinized. In 27 cases,a total loss of
mAb PANH4 reactivity was seenin the tumor, whereas the apparently
normal, adjacentepitheium was stainedwith mAb PANH4 as de
scribed above (Fig. 6, H and 1). A similar staining pattern was
observedwith mAbs againstsimple mucin-typeABH variants(Fig.
6.1). One case of oral SSC out of 28 showed weak staining with
PANH4 in relation to tumor cells with a high degreeof differentiation.
This case was nonkeratinized and moderately differentiated.

DISCUSSION

In the present study, we have identified a Mr 200,000250,000
glycoprotein (designated gp230) that appearedto be a major carrier of

0-glycans in nonkeratinizedsuperficialcell layers of oral stratified
squamous epitheium. Strikingly, simple mucin-type 0-glycans were
found almost exclusively associated with gp230 (Fig. 1, Aâ€”C)in cell
extracts prepared with a high salt and detergent-containing buffer.

Partial deglycosylation of Triton X-l00 extracts from superficial
epitheial cell layers showed that gp230 was also a majorcarrierof
0-linked glycans in this preparation (Fig. 5), as indicated by the
intense anti-Tn reactivity observed corresponding to gp230. Thus,

theseresultssuggestthat gp230 may be the major carrier of simple
mucin-type0-glycans in superficialcell layersof nonkeratinizedoral
epithelium.

A mAb PANH4 defininga proteinepitopeof gp230 wasgenerated.
Immunohistology with PANH4 indicated that the gp230 epitope was
found on cell membranes of suprabasalcells in normal oral stratified
squamous epithelium. However, basal and parabasal cells did not
express the gp230 epitope. mAb PANH4 exhibited a similar immu

nohistological staining pattern in nonkeratinized stratified squamous
epitheliaof exocervix,larynx, esophagus,andvagina,suggestingthat
theseepithelia also expressgp230 or gp230 isoforms. Keratinized oral
epithelia generally showed little or no reactivity with PANH4.
PANH4reactivitywasfoundto beabsentin mostoralandcervical
SSCs, as well as in oral epitheial lesionswith severedysplasia.A
larger proportion of cervical than oral SSCs showed PANH4 reactiv

ity. This difference may be related to the keratinization of a large
pmportion of the oral SSCs, because the expression of gp230 in
normal tissue was found mainly in nonkeratimzed epitheia. Treat
ment of tissue sectionswith periodic acid eliminated carbohydrate
epitopes but did not alter PANH4 reactivity. This suggested that not

only the epitope recognized by PANH4, but gp230 per se was absent

from oral and cervical SSCs and basal cells of the normal epitheia,
disregardingthe possibility that the epitope recognized by PANH4
was lost due to alternative splicing events of gp230 transcripts.

Previous studies have demonstrated that at least two mucin-like
glycoproteins are expressed in oral and cervical stratified squamous
epitheia. MUC1, a membrane-associatedmucin,hasbeenreportedto
be weakly expressedin normal oral epithelium (10, 11), whereas
CD44 variants are highly expressedin normal oral mucosa (9). gp230
was unlikely to be identical to MUCI based on their different local
izations in Western blots (Fig. 5). gp230 also was unlikely to represent
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a CD44 variant, becauseCD44 localized to basal and parabasal cell
layers in oral epithelium by immunohistology (Ref. 9 and Fig. 6E).
Furthermore, CD44 could not be detected in Western blots of cell
extracts from superficial buccal mucosa. Because the anti-CD44 mAb

that was used works in Western blots (17), CD44 was possibly absent

from the buccal cell layers examined, or was not solubilized in the
extraction buffer.

An increased reactivity of MUC1 antibody Staining in approxi

mately 70â€”80%of oral and cervical SSCshas been reported ( 10, 11).
An elevated expression level of MUC I is also found in some breast
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and pancreatic carcinomas (24). MUC 1 is a large, extended molecule
covered by glycans and is only expressed on the apical surface of
normal epithelial cells when these are polar, as in simple columnar

epithelia. Up-regulation and loss of polarity of MUC1 in tumors is
thought to confer reduced adhesion and immune recognition proper
ties to tumor cells (25). Becausegp230 also appearsto be a mucin or
mucin-like molecule, it is interesting that gp230 is down-regulated in
oral and cervical SSCs in contrast to MUC1.

Screeningof varioustissueswith PANH4 showedthatexpressionof
the gp230 epitope appearedto be restricted to tissues also expressing
cytokeratinsK4 and K13. Expressionof cytokeratinsK4 and K13 is also
found in suprabasalcell layers of mucosal stratified squamousepitheia,
and at least K4 is also expressedin sebaceousglands (26, 27), as is the
gp230 epitope. The expression of cytokeratins K4 and K13 is also
down-regulated in premalignant and malignant oral lesions, although

generally not in as large a proportion of SSCs as we found lost the gp230

epitope (28â€”32).It is possible that the expression of gp230 is associated

with a commitment to terminal differentiation of mucosalstratified squa
mous epithelia, as are cytokeratins K4 and K13.

The loss of mature carbohydrate antigens in cancer in favor of
immature carbohydrate antigens has been described in several tissues
(33), includingoral and cervical epithelia (6, 34). Thesechangesare
not fully understood, but may result from decreasedexpression of the
glycosyltransferases, which catalyze the buildup of mature carbohy
drate antigens, resulting in shorter carbohydrate chains. It is interest

ing to note that immonohistochemical localization of simple mucin
type ABH variants coincides with the localization of gp230 in buccal
epithelium, becausegp230 itself is the major carrier of theseantigens.
Thus, the glycosyltransferases that catalyze the build-up of these
carbohydrate structures and the major carrier of these carbohydrates,
gp230, appear to be expressed simultaneously in cells of normal
buccal epithelium and appear to be lost simultaneously in severe
epithelial dysplasias and SSCs (Fig. 6, 1 and J).

The absenceof gp230 in basal and parabasal cells of normal oral
and exocervical epithelia suggeststhat other mucin-like glycoproteins
are present in these cells as they express another simple mucin-type
carbohydrate antigen, ST. It is possible that these carriers and/or
MUC1 carry the ST antigen found in a large proportion of oral and
cervical SSCs.Whether CD44 is one of thesecarriers is unknown, but
its high expression level in basal and parabasal cells makes it a

candidate.
The present study suggests that a novel mucin-like glycoprotein,

gp230, is a major carrier of O-glycans in normal nonkeratinizedmucosal
stratified squamousepithelia, and that gp230 is down-regulated during
malignant development. Availability of mAb PANH4 should enable
cloning of the geneencoding the protein backboneof gp230.
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