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Abstract Epithelial mucins are present at the apichk responsible for successive waves of clonal expansion
membranes of gastrointestinal epithelial cells or in theif transformed cells [2, 10]. Alterations of glycoconju-
secretions. In this study, we examined the occurrencegafes on the cell surface during the development of colo-
peptide epitopes of the mucins MUC1 and MUCS3 and &ctal tumours have not been studied systematically to a
three mucin-associated glycotopes (TF, Tn, and s-Tn)similar extent. Over the past decade mucins and mucin-
a series of colorectal tissue samples (normal colon, adssociated carbohydrate structures, which are major
nomas with different grades of dysplasia, carcinomadomponents of apical membranes of epithelial cells, have
situ, and invasive carcinomas). A new monoclonal anitieen found to undergo drastic changes on malignant tu-
body to a conformation-dependent peptide epitope raburs, and they are thought to contribute to their inva-
MUC1 was employed, which does not react with the fudive and metastatic growth [5, 7, 13]. Recently, a number
ly glycosylated mucin as found in normal gastrointestif important functional aspects have been attributed to
nal mucosa. We found that adenomas acquired the abifitycins and mucin-associated carbohydrate structures:
to expose Tn, s-Tn, TF and MUCL1 epitopes, and tlugerexpression of the mucin in carcinoma cells with the
correlated with increasing malignant potential. The ssensequence of strongly reduced intercellular adhesion
cretory mucin, MUC3, revealed a different pattern: @nd integrin- and E-cadherin-mediated cell-cell interac-
was detectable in all sections, with maximum expressibons [20, 32]; mucin and mucin-associated glycan-medi-
in adenomas and decrease in carcinomas. Most impmied adherence to basement membrane and matrix pro-
tantly, normal mucosa and benign lesions showed suggns [28]; and binding of the DF3/MUC1 cytoplasmic
nuclear and/or apical distribution of these antigens, hail to the Grb2 protein [25]. Therefore, mucins should
malignant lesions and lesions with a very high risk b seen as a group of biologically active molecules,
malignancy revealed diffuse cytoplasmic and basolaterdlich may be involved in the fundamental functional
membrane localization. The immunohistological rehanges that transform an ordinary epithelial cell into a
sponse to a combination of MUC1-related antibodiearcinoma cell, as well as in the process of tumour pro-
may assist in assessing the malignant potential and stgtession. Moreover, glycosylation changes may provide
of lesions of the colon. diagnostically useful markers.
We examined normal, premalignant and malignant

Key words Mucin - Thomsen-Friedenreich antigen - colonic tissues for the expression of mucin core proteins
Carbohydrate - Carcinogenesis - Colon turit:our (MUC1 and MUC3) and for the presence of mucin-asso-
ciated carbohydrate structures, Thomsen-Friedenreich
antigen (TF, G§1-3GalNAm1-O-Ser/Thr), Tn (Gal-
Introduction NAcal-O-Ser/Thr), and sialosyl-Tn (s-Tn, Neud2-

6GalNAm 1-O-Ser/Thr) in various stages of tumour de-
Models of tumour progression have been proposedvilopment. We also intended to analyse the simultaneous
which the accumulation of genetic changes is assume@xpression of these biosynthetically linked structures
with respect to their mutual relationships.
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The 17 normal colonic mucosae included 4 cases taken at autdpswgingle or double staining were incubated with a comparable di-
from individuals without colorectal malignancies and 13 spedistion of either IgG or IgM from a mouse plasmocytoma (Sigma)
mens from patients with cancer taken at surgery or colonoscapstead of the mAb.
from apparently normal parts of the colonic wall distant from the Sections from all tissues were treated with the antibodies A76-
tumour. These 17 mucosae showed normal histomorphologic #1667, HMFG-2, A78-G/A7, 12A8-C7-F5, and B72.3. MAb M3.2
cytomorphologic appearances. All specimens except 4 cases ofveas employed in all normal colonic mucosae and adenomatous
enomatous polyps were immediately frozen and store®@t C. polyps, and in 32 cases of carcinomas. Four mAbs were used for
Cryosections were cutdm thick. The remaining 4 cases of adedouble staining in the following combinations: HMFG-2 and A78-
nomatous polyps were fixed in formalin, embedded in paraffin aGdA7; HMFG-2 and 12A8-C7-F5; A78-G/A7 and B72.3.
cut into 4um serial sections. Scoring was performed as followsall cells negative; + <30%
Classification of primary carcinomas was done on haematoxypsitive cells; 2+ 30-60% positive cells; 3+ >60% positive cells.
lin-eosin stained sections according to UICC and World Healfthe percentage of positive cells was estimated in several optical
Organization recommendations [11, 18]. T stage and lymph ndidds (12.5xlens).
metastases were recorded on the basis of the pathological examirData were analysed with either the Chi-square test or Fisher's
ations. Haematogenous metastasis was defined according to a ekact probability test. Correlation analysis of enumeration data
ical follow-up for at least 1 year. Adenomatous polyps were classias also performed [26]. The significance lewsgl\fas 0.05.
fied as to histological type and grade of dysplasia according to the
criteria of Konishi and Morson [21]. Cases in which adenomas
contained carcinoma in situ (malignant cells confined to the muco-
sa) were grouped with those containing severe dysplasia. Results
A76-A/C7 is a newly developed anti-MUCL1 antibody from this
laboratory (manuscript in preparation). Briefly, this hybridom . . .. -
cell line was generated by fusion of spleen cells from a Balt%@e frequencies and intensities of staining for MUCI1,
mouse, immunized with life T-47D (breast carcinoma) cells aftBMUC3, TF, Tn and s-Tn in normal mucosa, adenomas,

treatment with neuraminidase frovh choleraewith X63-Ag8.653 and carcinomas are shown in F|g 1. Similar results ob-

plasmocytoma cells. Antibody screening was done by cytochemis: ; _ _ ;
try (immunofluorescence tests) with T-47D cells. After clonin dined with HMFG-2 and A76-A/C7 were combined.

antibody specificity was determined by immunohistochemistgt@ining frequencies were compared among normal mu-
with normal and malignant human tissues, immunocytochemisg@sa and adenomas, adenomas with mild, moderate and
with MUC1-positive and -negative cell lines, and enzyme-linkesbyere dysplasia, well, moderately and poorly differenti-

immunosorbent assays (ELISAs) with a variety of glycoproteingaq adenocarcinomas, and different histological types of
and peptides, among them human milk fat globule membranes an L
enomas and carcinomas.

synthetic MUC1 peptides of various lengths. The antibody AT78¢ A ) L
AIC7 (IgG1,K) recognizes a peptide epitope of the MUC1 tandem Three different patterns of antigen localization were

repeat which is conformation-dependent (and therefore requireglzserved in the tissues examined. The first was a supra-
minimal Iength of the peptlde [ >3 tandem repeats] for b|nd|ng Clear pattern, |n Wthh the antlgens are Ioca“zed Only

ELISA). For comparison, the anti-MUC1 antibody HMFG-2 . : . .
(IgG1) was used, which recognizes the epitope DTR [4]; it w the circumambient supranuclear portion (Golgi zone)

purchased from Dianova, Hamburg, Germany. The anti-TF mM goblet and columnar cells (Fig. 2). In the apical ex-
A78-G/A7 (IgM) has been described elsewhere [19]. M3.2 (anpression pattern the antigens are present in the apical
MUCS, 19G2 [1]) and 12A8-C7-F5 (anti-Tn, IgM [30]) were kind-membranes of both goblet cells and columnar cells or in

ly provided by Dr. P.-X. Xing (Heidelberg, Victoria, Australia) an ; ; _
Prof. Dr. G.F. Springer (Chicago, USA), respectively. B72.3 (ancy-1e apical cytoplasm of columnar cells and/or in vacu

s-Tn, IgG1) was purchased from Biogenesis (Bournemouth, UKP!€S of goblet cells (Fig. 2A, B, D). The diffuse cyto-
Staining of tissue sections was performed by the avidin-biotiplasm and basolateral membrane pattern showed anti-
peroxidase complex (ABC) method with a commercial kit (Vectgrens distributed diffusely throughout the cell or distinct-

stain ABC Elite Kit, Vector Laboratories, Burlingame, Calif.) a in the basolateral membrane (Fig. 2J-L). The frequen-
follows. Paraffin sections were deparaffinized, and frozen sectiofls ’ ’

were air-dried at room temperature (RT), followed by fixation witaieS Of the three staining patterns in various colonic tis-

10% formalin in PBS for 15 min at RT. Endogenous peroxidaséles are presented in Fig. 3. In adenomas, the patterns of

activity was eliminated by treatment with 3%®} in PBS for 30 antigen localization correlated with the morphological

min at RT. Nonspecific binding sites were blocked with normgbatyre of epithelial cells. Polar epithelial cells showed
ﬁl

rabbit serum that had been absorbed with neuraminidase-tre ) .
red blood cells from blood group O individuals. After washin supranuclear pattern or the apical expression pattern.

with PBS, sections were incubated with mAbs in appropriate dit+€lls that had lost polarity exhibited the diffuse cyto-
tions for 1 h at RT. The thoroughly washed sections were treaplasm and basolateral membrane staining pattern. In ma-

with biotinylated anti-mouse immunoglobulin antiserum for 3ﬁgnant lesions with positive staining we found that al-
min at RT, and thereafter with the ABC complex. Colour develops i o : :
ment during incubation with the peroxidase substrate (diamir%—ost all positively staining carcinomas showed the third

benzidine, DAB, Sigma, Deisenhofen, Germany) was controllB@ttern, although not necessarily in all cells of a given
under the microscope with a positive control” section. Doutlgmour. Generally, in glandular adenocarcinomas the an-
staining was done in 5 adenomas and 10 carcinomas. Briefly, s@§ens were detected predominantly at the apical mem-
tions were incubated with first mAbs, then the thoroughly washg{ane and in apical parts of the cytoplasm. Diffuse cyto-

sections were treated with rabbit anti-mouse immunoglobulin an b lateral b tt |
APAAP (alkaline phosphatase anti-alkaline phosphatase complg!@Sm Or basolateral membrane patlerns were also seen.

Biogenesis), and colour development was accomplished with e nongland-forming areas of tumours and in invasive
DAKO Fast Red Substrate System (DAKO, Copenhagen, Dagells, the diffuse cytoplasm or basolateral membrane pat-
mark); thereafter, the second mAb was added, followed by biotjgyn, was observed in almost all positive cells.

ylated anti-mouse IgGy{chain) or anti-mouse IgMuféchain; Sig- . .
ma) and the ABC complex as above. For successful double st 'n-The simultaneous expression of MUC1, MUC3, TF,

ing the first and second mAbs must belong to different Ig classé§! and s-Tn in the same tissues was examined. In gener-
Counterstaining was done with haematoxylin. Negative contr@b we observed a correlation between the four antigens
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904 s-Tn Tn, P<0.05, Pearson’s correlation coefficient (abbrevia-
60 p=0.0256 tion C) C=0.6011; MUC1 and s-TrP<0.05,C=0.6348;
4 Tn and TF,P<0.05, C=0.6097; Tn and s-TnP<0.05,
07 C=0.7852; TF and s-TrP<0.05,C=0.6645. MUC3 did
60 not show a similar correlation with either MUC1, TF,
501 % Tn, or s-Tn P>0.05). The double staining results in ade-
40 %% nomas revealed that in areas of higher proliferation and
30 - %% dysplasia tumour cells tended to express MUC1 strongly
20 - % or to present MUC1 and mucin-associated glycotopes si-
104 % multaneously (Fig. 2). In mildly dysplastic acini, the
0 L , ) cells expressed only mucin-associated glycotopes. On
1 234 567 8 910 1112 the basis of the results from serial sections and double

_ _ _ ~ staining too, we conclude that in adenomas, mildly and
Fig. 1 Comparison of the frequencies (percentage of positi oderately dysplastic lesions show simultaneous expres-

cases) of anti-MUC1, anti-MUC3, anti-TF, anti-Tn and anti-sia:: :
osyl (s)-Tn staining normal, adenomatous and cancerous tissue I3p of MUC3, TF, Tn and s-Tn, and lack of MUC1 in

colon (L normal colon2-7adenomatous polyp&mild dysplasia, MOSt cases. In some severely dysplastic |_95i0n5 MUC1
3 moderate dysplasia severe dysplasia or carcinoma in s&u, became positive, whereas MUC3 expression decreased
tubular adenomag tubulovillous adenomay villous adenoma, slightly. In adenocarcinomas, the majority of cases

8-12 primary colorectal carcinoma& well-differentiated adeno- ; ;
carcinomag moderately differentiated adenocarcinorb@poorly showed a correlation between the four antigens (MUC1,

differentiated adenocarcinomal adenocarcinomal2 mucinous 1 F» T and s-Tn) with respect to the intensity of staining
adenocarcinomd,] <30% reactive cellsZ2 30-60% reactive cells, (excluding MUC3). The extent of mucin and mucin-as-
B >60% reactive cells). Statistically significant differencesociated glycotope presentation was ranked according to
(P<0-|0f5'pM°Sg'f"deﬁ tesy) ?rm”.d'catted' ‘l"”th. th%excﬁptg.’f? of thke frequency and intensity of positive staining in the
gg??ror?wg, but a|:$gvfrgrrﬁ g&ﬂmngzggz ony signiticanty e study as follows. In all adenomas, regardless of their de-

gree of dysplasia, the sequence was Tn>s-Tn>TF>

MUC1,; in adenocarcinomas, MUC1 moved to the first
(MUC1, TF, Tn and s-Tn) with respect to the intensity gbsition. In contrast to MUC1, MUC3 was expressed in
staining in most cases of adenocarcinomas (tumonmsmal colon, benign lesions, and mucinous carcinomas
strongly positive for one of the antigens were also iat higher frequencies, and to a lesser extent in adenocar-
tensely stained for the others). Correlation analysis m#aomas. In mucinous carcinomas the mucus itself did
vealed the following: MUC1 and TP>0.05; MUC1 and not react with the anti-MUC3 mAb.
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Discussion

Carcinomas The concept of tumourigenesis as a multistep process is
widely accepted. The various stages of colorectal tumour
development provide an excellent model to study genet-
ic, cellular, biochemical, and immunological alterations

Adenomas with occurring during this process, and to assess their impor-

severe dysplasia . . . .

or carcinoma in sty tance and possible functional role during malignant
transformation. In the past decade many studies have fo-
cused on the changes of genes and chromosomes [2, 10].

Adenomas with Mucins are major components present at the surface

moderate dysplasia Mmembranes of gastrointestinal epithelial cells and in their
secretions. They are thought to act as a barrier separating
these cells from the action of luminal degradative en-

A zymes, particularly proteases. In colorectal carcinomas

Adenomas with . . . .

mild dysplasia and premalignant lesions, alterations of mucin expres-
sion and glycosylation have been described [5, 7, 13, 14,
17, 34, 35], rendering these mucins, and especially the

s membrane-bound MUC1, highly interesting molecule for
TF Normal mucosae cancer diagnosis and therapy. From a separate set of ex-
|—mggf periments (Y. Cao etal.,, unpublished work) we now
know that, in contrast to earlier observations, MUCL1 is
100 80 60 40 20 0 20 40 60 80 100 % expressed both in normal and in malignant colon epithe-

. . o . lium, although with differences in its glycosylation,
Fig. 3 Percentage of the different staining patterns of anti-MUC{hich alters the immunoreactivity of the molecule. Our

anti-MUC3-, anti-TF, anti-Tn and anti-s-Tn in normal, adenom:MUCl mAb employed here. A76-A/C7. does not stain
tous and carcinomatous areas of collhqupranuclear pattern, ! ’

7 apical expression patter diffuse cytoplasm and basolaterafn€ normally glycosylated MUC1 of colorectal epithelia.
membrane patter ) This antibody recongizes a conformation-dependent pep-

tide epitope which in the gastrointestinal tract is tumour
ﬁepecific. It was, therefore, of interest to determine at

No significant correlations were found between t . e X '
presence of these antigens and T stage, or lymph niiat stage of the colon tumourigenesis this epitope first
opears. This was compared with the appearance of

status. However, we observed a significantly higher UC1 ted lated TE T
pression rate of MUC1 and TF in carcinomas from pd-/ :rassoc:jate , tumour-refate gyco;[opes_, M’ch
tients with blood-borne metastasis than in patients Wi@ﬁ' s-Tn, and a secretory gastrointestinal mucin, MUCS3.
or this pupose we have used a series of colorectal tissue
out metastases. >
samples (normal colon, adenomas with different grades
of dysplasia, carcinoma in situ, invasive carcinoma) and
Fig. 2A-L Immunohistochemical analysis of mucin core peptiddsave compared the simultaneous presence of all epitopes

and mucin-associated glycotopes in colorectal adenomas and ggamined by parallel staining of serial sections and dou-
cinomas.A Adenoma with mild dysplasia, supranuclear regio,

(arrowheads of epithelial cells stained with 12A8-C7-F5 (anti-BIe staining, resulting in the most comprehensive study
Tn). B Adenoma with mild dysplasia, positive in goblet cells’ va(;fJf thIS kind published so far. The results are summarized
uoles érrowhead with B72.3 (anti-s-Tn)C, D Serial sections of in Fig. 4.

an adenoma with moderate dysplasia, negative for A76-A/C7 (an-Normal mucosae were negative for the A76-A/C7 and

ti-MUC1, C) but positive at the apical membrane with A78-G/A _ ; K _
(anti-TF, D). E Adenomas with severe dysplasia double stainl_AMFG 2 epitopes of MUC1, TF, Tn and s-Tn. In adeno

with 12A8-C7-F5 browr) and HMFG-2 (anti-MUC1red). [Note: Mas, we observed a gradual increase of expression of
some tumour cellsafrowhead show mixed colour.F Carcinoma these antigens from adenomas with mild dysplasia
stained with M3.2 (anti-MUC3). [Note: tumour cellariow) are through adenomas with moderate dysplasia to adenomas

negative for M3.2, while the adjacent mucosardqwhead is i in i i i i
stained.]G Carcinoma double stained with A78-G/ABrgwn) with severe dysplasia, in agreement with previous studies

and B72.3 ed). (Note: most tumour cells show mixed colowt) dealing with partial aspects [17, 34, 35]. In addition,
Carcinoma double stained with A78-G/Airgwr) and HMFG-2 these antigens showed a tendency to be more abundant in
(red). I Carcinoma double stained with 12A8-C7-Rficwr) and villous adenomas. It is obvious that the grade of dyspla-

HMFG-2 (ed). [Note: tumour cells show mixed colour, eithegjg of adenomas is closely related to their size; adenomas
stronger inred (arrow), or in brown (arrowhead.] J Adenomas

with severe dysplasia, MUC1 labelled with A76-A/C7 showin _at are larger, of hl_gher grar_;les of dySple_lS'a’ or of the
the apical expression patterariow) or the diffuse cytoplasm and Villous type have a higher malignant potential [21]. Well-

basolateral membrane pattearrwhead. K Adenomas with se- differentiated and moderately differentiated carcinomas
vere dysplasia, TF detected with A78-G/A7 revealing either te&hibited MUC1, TF, Tn and s-Tn at higher frequencies

apical expression patterarfow) or the diffuse cytoplasm and ba-, ; : ; ; _
solateral membrane pattemriowhea. L Carcinoma, MUC3 la- than did poorly differentiated carcinomas. Thus, the al

belled with M3.2, showing the diffuse cytoplasm and basolatef§fations in glycosylation as exemplified by the appear-
membrane patterrafrowhead$ ance of MUC1, TF, Tn and s-Tn are early events in neo-
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Normal Ad_enorr_las _Adenomas Adenomas ) Invasive
mucosa » with mild » with modeate » severe dysplasia > carcinomas
dysplasia dysplasia or carcinoma in situ
MUC11 none none 1 apical T1 apolar T1 apolar
MUCS3  suprmnuclear 1 supranuclear 1 apical 1 apolar 1 apolar
TF none T supranuclear T apical T1 apolar T1 apolar
Tn none T supranuclear T1 apical T1 apolar T1 apolar
S-Tn none T supranuclear T1 apical T1 apolar T1 apolar

Fig. 4 A model of the alterations of mucin and mucin-associatgghsolateral membranpattern was seen only in adeno-
?'3{282222 ddg)r('”?egsoig’mrfcgrggTor;ggg?g)é@eeg‘(org;‘gge;ﬂg“v mas with severe dysplasia and in carcinomas. These dif-
creased expresgioapical’ antigenggistribution in thF:e apical’mem-f(:'_'rent pattt_erns may be explained on the ba_S'S _Of mucin
branes or apical cytoplasm of epithelial cefiepranuclearanti- blosynthESIS and intracellular transport: eplthEIIal cells
gherll. dlis(:téil?suggglj; ;ﬁlggg%rg?mbiteg; sdqf?rzgluc!ga{;‘gczzrtit%rglgfsg]tpﬂth the supranuclear pattern are most likely to be able
thelia , ! IStnibution diffusely | Y o fully accomplish glycosylation and apical transport,
ggﬁggft the basolateral membrane of epithelial CeAS6-A/CT \\harehy only intermediates in the Golgi can be visual-
ized. This interpretation implies that full glycosylation
may lead to masking of mucin peptide epitopes (Y. Cao
plastic transformation and are sometimes no longer visi-al., unpublished observation). Lesions with the second
ble in the fully transformed, poorly differentiated stat@attern probably synthesize incompletely glycosylated
importantly, enhanced levels of MUC1, TF, Tn and s-Tnucins, but their polarized localization is essentially re-
in adenomas seem to be associated with their malignamed. Lesions in which the antigens are diffusely or
potential. According to our results, adenomas with deasolaterally distributed have lost the capacity both for
vere dysplasia, which carry a high cancer risk, and madmplete glycosylation and for apical transport, resulting
erately and well differentiated carcinomas, which meaimsmucin accumulation in the whole cells and/or its apo-
the vast majority of cases of colorectal adenocarcinontas distribution. This phenomenon is also observed in
[8], expressed MUC1, TF, Tn and s-Tn in the highest frether carcinomas, such as breast and ovarian carcinomas
guency and intensity. This suggests a possible diagnogiz, 31]. Histochemistry alone cannot decide whether the
application through the examination of these antigensabserved loss of polar expression of mucin plays an ac-
tissues, sera and secretions. The expression pattertivefpart in the process of carcinogenesis. However, one
MUC3 was clearly distinct from that of MUC1 and ther more of the following mechanisms may explain the
mucin-associated glycotopes examined. In the nornplenomenon. Mucins at the basolateral membrane may
mucosa, epithelial cells presented MUC3 in the supramaduce the adherence of epithelial cells to their neigh-
clear region. In adenomas with mild and moderate dymuring cells [32], since incompletely glycosylated,
plasia, the expression of MUC3 was increased in regidrasolaterally distributed mucin might allow binding to fi-
of altered architecture in a number of cases, and its pt@®nectin, laminin and/or collagen type IV of the basal
ence in vacuoles of goblet cells was also occasionatiegmbrane and the extracellular matrix [28] and possibly
observed. In severe dysplasia and malignant lesioalso to galectins. Mucin localized anywhere on the cell
which were made up mainly of nonmucinous columnaurface may shield the cell from lower pH caused by
cells, the percentage of MUC3-positive cells was slightiygh glycolytic activity [3] or mucins more or less uni-
lower. This result differs from that of a recent study erfermly distributed at the surface might protect tumour
ploying another anti-MUC3 antiserum, M3P [14]. In thisells from the immune system [12]. Since the cytoplas-
study, tubulovillous and severely dysplastic adenomasic domain of MUCL1 is associated with the ras signal
and carcinomas showed significantly stronger stainiagstem [25], it is also possible that an abnormal distribu-
than normal mucosa, despite a lower mRNA level iion of the mucin interferes with normal cellular signal-
these neoplastic cells. The differences may be due tolthg. Finally, the mucin-associated, newly exposed
fact that the epitope of M3.2 differs from that of M3P. glycotopes (eg TF, sialosyl-Ep at the cellular surface
The changes in the cellular distribution of MUCIadhere to receptors on endothelial cells or liver cells, re-
MUCS3, TF, Tn and s-Tn observed during the processggfectively, and are thus involved in metastasis [5, 16]. It
malignant transformation seem important. Three typesi®tempting to speculate that incomplete glycosylation of
cellular localization of mucin and mucin-associatesucin may be an early step in the transformation of a
glycotope in distinct phases of cancerogenesis couldrimemal epithelial cell, and that this mucin may be subject
distinguished as supranucleampattern, which was pres-to an abnormal apolar distribution with more serious al-
ent in normal mucosae and in adenomas with mild dysration. This may be a key step in their pathophysiologi-
plasia; examples were MUC3 in normal mucosa, or T¢al function, leading to further consequences such as
Tn and s-Tn in adenomas with mild dysplasia, and a sioausing or promoting the epithelial cells to leave their
ilar pattern was seen in the small intestine [6]. @&pe original site and break through the basement membrane,
cal membrane and cytoplagmattern was seen in varioughus starting invasive growth. In our opinion, the apolar
adenomas and carcinomas. Tthi€fuse cytoplasm anddistribution of mucin and mucin-associated glycotopes is
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a decisive sign of malignant transformation in histopaf Dr. M. Ghadimi (Tumour Bank, MDC, Berlin, Germany) who
thology. We also noted that cells with apolar mucin dieellected and provided most of the samples. This work was sup-
tribution showed an apolar arrangement in morphologﬁ%ﬂed by the Deutsche Forschungsgemeinschaft (grant Ka 921/1).

architecture.
Thomsen-Friedenreich-related glycotopes are known
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