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Abstract The expression of epithelial mucins angtroduction

Thomsen-Friedenreich-related antigens in preneoplastic

and neoplastic hepatocellular lesions was systematicadiypatocellular carcinoma (HCC) is one of the major
investigated using an in situ immunohistochemical staiancers of Man, causing at least 250,000 deaths annually
ing approach. MUC1, MUC2, TF, sialosyl-TF, Tn, siakhroughout the world. In its early stages, it is usually
osyl-Tn, a2,3-linked sialic acid, and2,6-linked sialic asymptomatic and not accompanied by physical signs,
acid were examined in normal and cirrhotic human livand coexisting with cirrhosis, thus making diagnosis dif-
and in human hepatocellular carcinomas (HCCs) aficult at the time when a cure is still possible. Early de-
cholangiocarcinomas. Normal hepatocytes and prenesetion, accurate distinction of HCCs from benign hepa-
plastic foci of altered hepatocytes did not expresscellular lesions and improved monitoring of HCCs are
MUC1, MUC2, TF, Tn, s-Tn, oa2,6-linked sialic acid. urgently needed. The identification of serum tumour
In contrast, HCCs showed positive reactions for MUCiharkers is a potential method for early clinical recogni-
TF, Tn, s-Tn, and2,6-linked sialic acid. MUC2 was ab-tion of HCC. a-Fetoprotein is one marker used for the
sent in normal biliary epithelial cells, but present in chatiagnosis of HCC, but both false-negative and false-posi-
angiocarcinomas. The staining of MUC1, or s-Tn anide results occur [14] and more reliable markers are nec-
02,6-linked sialic acid in human normal liver tissues argsary.

various liver diseases did not change after specific treat-Thomsen-Friedenreich-related histo-blood group anti-
ments such as periodate oxidation or saponification, ingens (TF/Tn system, including TF, G&-3GalNA@-O-;
cating that their expression in HCC does not result fr@gialosyl-TF, NeuAa2-3GaBl-3GalNA@-O- and
incomplete glycosylation or lovD-acetylation, respec- Galpl-3(NeuA@2-6)GalNA@-O-; Tn, GalNA@-O-;
tively. MUC1, TF, Tn, s-Tn, and2,6-linked sialic acid sialosyl-Tn, NeuAa2-6GalNA@-O-) constitute a
may be useful as indicators of progression of HCC in tigroup of important carbohydrate epitopes (glycotopes) of
sue sections, and perhaps also as targets for diagnag{icoconjugates. The precursor of TF is Tn. While

and therapeutic approaches in vivo. GalBl-3GalNA@-O- and GalNAo-O-saccharide are
ubiquitous core structures found in a cryptic manner in
Key words Liver - Mucin - Thomsen-Friedenreich- many glycoproteins, their expression as TF and Tn
related antigens - Carbohydrates - Cytoke:atin glycotopes is restricted to specific carrier proteins in spe-
cific cells and organs. Sialosyl-Tn is also a glycotope in
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drophobic stretch of amino acid residues, anchoring thelin and embedded in paraffin. Preneoplastic foci of altered he-
long filamentous molecules in the plasma membrane. Patocytes, particularly glycogenotic clear cell and mixed cell foci,

. ISR were identified and classified in tissue sections (treated with hae-
MUC1 (previously labelled episialin, EMA, MAM-6, matoxylin-eosin and periodic acid-Schiff) according to the criteria

HMFGP, CAl15-3)is a m_embrane_:-bound mucin. Its prefsu et al. [28]. Hepatocellular carcinomas were diagnosed histo-
tein backbone (apomucin) consists of an extracellulagically and graded according to the classifications of the World

domain of 20 amino acid residues repeated many tinftéglth Organisation [7] and Kojiro [16].

: _~minahe antibodies A78-G/A7 (anti-T&-and TFS [13]) and A76-
in tandem, a transmembrane sequence, and a 69 arw/%éh(anti-MUCL which recognises the peptide epitope APDTRP

acid-long cytoplasmic tail. Expression of MUC1 hag the MUC1 tandem repeat [6]), and A53-B/A2 (anti-CK19 [12])
been described in the normal bile duct, breast, pancrease described previously; CCP58 (anti-MUC2 [33]) was kindly
gastrointestinal tract, and other gland-epithelial tissuggvided by Dr. P-X. Xing (Heidelberg, Victoria, Australia);

i i ; IMFG-2 (anti-MUC1, which recognises the epitope DTR), HBTn
[5. 8, 15]. MUC2 is a secretory mucin with a central 1 anti-Tn), and B72.3 (anti-s-Tn) were purchased from Dianova

gion composed of an extended set of tandem repeat §&mpurg, Germany), DAKO (Copenhagen, Denmark), and Bio-
quences of 23 amino acids each. It is present in norgédesis (Bournemouth, UK), respectively. Biotinylated preparation
gastrointestinal secretion products and epithelia, andofrihe lectins amaranthirA(naranthus caudatuagglutinin, ACA,

some tumours [10]. Alterations in glycosylation and cejhich  recognises the Gil-3GalNA@-O-  or  Neu-
il 4 : . ca2—-3Gap1-3GalNA@-O- [23]), andSambucus nigraggluti-

lular dlstrlbutlon of Thomsen—Frl_edenrelch-related anti " (SNA., which recognises the NeuSAG-6)Gal/GalNAc [26])

gens glycoconjugates and mucins are some of th@gfe obtained from Vector Laboratories (Burlingame, Calif.).

changes in cellular phenotypes that emerge during masStaining of tissue sections was performed by the avidin—biotin
lignant transformation and may lead to altered cellulegroxidase complex method with a commercial kit (Vectastain

; s _ :ABC Elite Kit, Vector Laboratories) as follows. Paraffin sections
behaviour. In the clinical context, these tumour-associ m thick were deparaffinized in xylene and rehydrated through a

ed glycoconjugate changes promise to be useful markgkgied ethanol series. Endogenous peroxidase activity was elimi-
for diagnosis and targets for immunotherapy [30]. nated by treatment with 3%,8, in methanol for 30 min at room
Overexpression of apomucins and Thomsen-Friedégmperature. Nonspecific binding sites were blocked with normal

ich- i ; i i bit serum. After washing with phosphate-buffered saline, sec-
reich-related antigens in human cholanglocarcmon'{%%s were incubated overnight at 4°C with mAbs or biotinylated

,has_been_ Sh,own previously [34]. Binding of some Iec“[&%tins at appropriate dilutions. The thoroughly washed sections
in cirrhotic liver and HCC has also been demonstratggicept those stained with biotinylated lectins) were treated with
[21, 35]. However, few systematic studies addressihigtinylated anti-mouse immunoglobulin antiserum for 30 min at
MUC1, MUC2, and Thomsen-Friedenreich-related an’%m temperature, and thereafter with the avidin—biotin peroxi-

: : : e complex. Colour development during incubation with the
gens in hepatocellular carcinomas and preneoplastic oxidase substrate (diaminobenzidine) was controlled under a

patic lesions have been performed. The reactivity of ariicroscope. Counterstaining was performed with haematoxylin.
MUC2, anti-TF, anti-Tn, amaranthirAfharanthus cau- Positive controls were normal colon for MUC2 and colon carcino-

datusagglutinin, ACA, binding Gf1-3GalNA@-O- or mas for the other antigens. Negative controls were incubated with

_ _ Y ; a comparable dilution of an IgM and IgG from a mouse plasmocy-
NeuAa2—-3Gapl-3GalNA@-0-), andSambucus nigra toma (Sigma) instead of the mAb.

agglutinin (SNA, binding NeuSAc2—6)Gal/GalNAc) in~ For the immunohistochemical detection of sialosyl-TF using
HCC and preneoplastic hepatic lesions has not beenaift-TF mAb, sections were incubated with neuraminidase from
vestigated previously. Vibrio cholerae(Serva, Heidelberg, Germany) at a concentration

Liver tissue contains several types of cells, such T%{Q.OZ U/ml in phosphate-buffered saline containing 0.01 ¥t Ca
! or 1 h at room temperature to remove NeuAc, washed, and re-

hepatocytes, biliary epithelial cells, endothelial _Ce”§cted with anti-TF mAb. Erythrocytes present in vessels in the
Kupffer cells, and Ito cells. To study the expression @dsue sections functioned as an internal positive control for sial-
the antigens mentioned above in different cell types w&yI-TF. _ _ _

used an in situ immunohistochemical approach to labe|Pretreatment by partial deglycosylation was carried out on the

; ; ; ; ; : tions before incubation with anti-MUC1 and anti-MUC2 mAbs
these antigens in normal human liver and in various li previously described [5]. Sections were incubated for 30 min at

diseases. Cytokeratin 19 (CK19), an intermediate fildom temperature with 20 mM periodic acid in acetate buffer,
ment protein preferentially occurring in cholangiocytes05 M, pH 5. After three rinses in phosphate-buffered saline, the

under normal conditions, was demonstrated in the Saqt;_ﬁ@tions were neutralised with 1% glycine for 30 min, then further

; ; ; sed in phosphate-buffered saline. Staining of normal colon epi-
human tissues for comparison. Expression of these aﬁ@ium by A76-A/C7 (anti-MUC1) after the periodic acid treat-

gens in foci of altered hepatocytes, which are considefgght was used as positive control for periodate oxidation.
to be preneoplastic lesions frequently associated withO-Acetyl substituents were removed from sialic acid with
cirrhosis and neoplasia [2, 28], was also examined. KOH pretreatment before incubation with anti-s-Tn, ACA, and
SNA as described by Jass et al. [11]. Sections were immersed in
0.5% KOH in 70% alcohol for 30 min at room temperature. There-
- after, sections were rinsed in 70% alcohol and washed in tap water
Materials and methods for 10 min. Staining of normal colon epithelium with B72.3 (anti-
s-Tn) served as a positive control for saponification.
A total of 87 explanted and resected livers were studied. SamplesThe extent of the immunohistochemical reaction in neoplastic
from 8 donor livers were used as normal tissue. Pathologically afd preneoplastic hepatocellular lesions was evaluated as follows:
tered tissues were taken from 42 hepatocellular carcinomas,—32ll cells negative; +: <30% of the cells positive; 2+: 30%—60%
cases of liver cirrhosis (15 posthepatitic, 8 alcoholic, 4 cryptogesf-the cells positive; 3+: >60% of the cells positive. The percent-
ic, 6 biliary), 2 hepatic glycogenoses, and 2 cholangiocellular cage of positive cells was estimated with a x10 objective lens.
cinomas. The study protocol was approved by the Ethics Commis-Data were analysed with Fisher's exact probability test [24].
sion of the Medical Faculty of the University of Heidelberg. ADifferences were considered significant if the probability was less
samples were fixed in Carnoy’s solution or in 10% buffered fothan 0.05.
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The staining of anti-MUC1 and anti-MUC2 in human
tissues was not significantly enhanced by analogous peri-

‘odate treatment. Saponification with KOH did not in-

The results of staining for anti-MUC1, anti-MUC2, anti* : . .
TF, anti-TF after neuraminidase treatment, anti-Tn, anff€ase the reactions of anti-s-Tn, ACA, or SNA with hu-

s-Tn, ACA, and SNA in human donor liver and varioy§@n normal or altered cells. .
liver diseases including cirrhosis, metabolic diseases,COMParing the expression of MUC1 and CK19 in hu-

hepatocellular carcinomas, and cholangiocarcinomas normal and pathologically altered liver, we ob-
ved that normal hepatocytes did not express either

documented in Fig. 1 and summarised in Table 1. T ERe >
results obtained with HMFG-2 and A76-A/C7 were si %Cl or CK19, while biliary epithelial cells expressed
gth antigens at different sites (MUC1 was localised in

ilar, and were combined. Foci of altered hepatocyt : ) o
particularly glycogenotic clear cell foci (glycogen-stof'€ @pical membrane and CK 19 was diffusely distribut-
i in the cytoplasm). Oval cells in cirrhosis expressed

ing foci, 55 cases) and mixed cell foci (80 cases), ;
served in posthepatitic or alcoholic liver cirrhosis dig<19 strongly and MUC1 not at all. Preneoplastic clear

not express MUC1, MUC2, TF, Tn, s-Tn,2,6-linked and mixed cell lesions were negative for MUC1, but am-

sialic acid. In contrast, HCCs showed positive reactioR8ePhilic cell populations displayed positive staining for
for MUC1, TF, Tn, s-Tn, and:2 6-Iink§d sialic acid. g 19; the expression of MUC1 and CK19 was not cor-
The frequency and extent of positive reactions in HC€/ated in HCCs. Expression of MUC1 and CK19 was
ranked as foliows (Fig. 2): anti-TF with neuraminidas@f9ative in 22 of 42 HCCs; in 7 HCCs MUC1 was posi-
pretreatment and ACA >anti-Tn >anti-MUC1>anti-TEVvE but CK19 was negative; a negative reaction for

>anti-s-Tn >SNA. At least one of the five antigenMUC1_ and a positive reaction for CK19 was found in 4
(MUCl, TF, Tn, S-Tn,C(Z,G-”nked sialic acid) was eX_HCCS, flnaIIy, in 9 HCCs both MUC1 and CK19 were

pressed in about 70% of HCCs. An interesting obsenP@sitive.

tion was that 12 cases of HCC (29%) were positive for

Thomsen-Friedenreich-related antigens but negative for

MUCL1. In HCCs and cholangiocarcinomas that webDiscussion

positive for the antigens, the reaction was predominant-

ly observed in the cytoplasm of the tumour cells. The expression of Thomsen-Friedenreich-related anti-
2 cholangiocarcinomas and 7 HCCs containing adengiehs, which are considered to be oncodevelopmental
(pseudoglandular) formations, membrane staining wasrkers, and of epithelial mucins in tumours correlates
also seen. In several cases of chronic liver diseaslesely with the phenotypic changes that occur during
strict apical membrane localisation of TF, Tn, or s-Tmeoplastic transformation. These antigens appear to be
antigens was observed in some but not all proliferatimyolved in the fundamental functional changes that oc-
biliary epithelial cells. One case of a carcinoid wasir during transformation of an ordinary epithelial cell
positive for anti-MUC1, anti-TF, anti-Tn, ACA, SNA,into a carcinoma cell [9, 10, 15]. Clinically, quantitative
and anti-CK 19, and negative for anti-MUC2 and anti-and/or qualitative alterations in Thomsen-Friedenreich-
Tn. related antigens and epithelial mucins have been widely

Results

Table 1 Expression of MUC1, MUC2, cytokeratin 19, and Thomrot noted were mainly diffusely stained. No. of cases reactive/total
sen-Friedenreich-related antigens in donor liver tissues and vad- of cases examined (percenta_es)
ous liver lesions. Cases for which a specific location of staining is

Tissues MUC1 MUC2 TF N+G/A¥  ACA SNA Tn s-Tn CK19
Donor liver
Hepatocytes 0/6 0/6 0/6 3/6(%0) 3/6(50)p 0/6 0/6 0/6 0/6
Cholangiocytes 6/6(100) 0/6 0/6 6/6(100) 6/6(100Fy 0/6 0/6 0/6 6/6(100)
Glycogenosis la
Hepatocytes 0/2 0/2 0/2 0/2 0/2 0/2 0/2 0/2 0/2
Cholangiocytes 2/2(100) 0/2 0/2 2/2(10)  2/2(100y 0/2 0/2 0/2 2/2(100)
Cirrhosis
Hepatocytes 0/33 0/33 0/33 17/33(52) 17/33(52% 0/33 0/33 0/33 12/33(36)
Cholangiocytes 33/33(100) 0/33 6/33(18) 33/33(100y 33/33(100j 0/33 6/33(18) 4/33(12y 33/33(100)
Hepatocellular 16/42(38) 0/42  16/42(38) 24/24(57) 24/42(57)  9/42(21) 20/42(48) 9/42(21) 13/42(31)
carcinoma
Well differentiated 1/7(14) o/7 2/7(29) 2/7(29) 2/7(29) o/7 2/7(29)  1/7(14) o/7
Moderately 13/31(42) 0/31  13/31(42) 21/31(68) 21/31(68) 8/31(26) 16/31(52) 7/31(23) 11/31(35)

differentiated
Poorly differentiated  2/4(50) 0/4 1/4(25) 1/4(25) 1/4(25) 1/4(25) 2/4(50) 1/4(25) 2/4(50)

Cholangiocarcinoma 2/2 1/2 2/2 2/2 2/2 1/2 2/2 1/2 1/2

aG/A7 after neuraminidase treatment ¢ Present along the luminal surfi:ce
b Present in the supranuclear cytoplasm or Golgi region
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< Fig. 1A-l Immunohistochemical findings for MUC1, TF, Tnthese antigens were demonstrable by immunohistochem-

s-Tn, a2,6-linked sialic acid and CK19 in human cirrhosis, helo?stry in human normal liver parenchyma or benign hepa-
tocellular carcinoma (HCC), and cholangiocarcinonfgsd Seri- . : . . .
al sections through a cirrhotic liveA A53-B/A2 (anti-CK19 tocellular lesions, including preneoplastic foci altered

stains the cytoplasm of hepatocytasrgwhead, biliary epithelial  hepatocytes in the present study. In contrast, MUC1, TF,
cells Ghorter arrow), and ductular (oval) celldonger arrow) dif- Tn, s-Tn, anda2,6-linked sialic acid were present in

fusely; D A76-A/C7 (anti-MUC1) stains the apical membrane g§CCs. When the five antigens were combined, 70% of

biliary epithelial cells.B, E Serial sections through an HCC s ; ;-
B AB3-BJA2 stains the Gytoplasm of some tumour celEci- the HCC showed a positive reaction. Thus, these anti

head and all biliary epithelial cellsagrow) diffusely; E A76- 9€ns may be useful as indicators of progression of HCC
AIC7 stains the cytoplasm of most tumour ceflsqwhead dif- in tissue sections and, perhaps, also as targets for diag-
fusely, but only the apical membrane of biliary epithelial celts ( nostic and therapeutic approaches in vivo. However, a

row). C, F Serial sections through an HCC.HBTn (anti-Tn) and i i i
F B72.3 (anti-s-Tn) stain the cytoplasm of many tumour cells d].- rger number of cases has to be investigated to permit

fusely. G In a case of HCC, A78-G/A7 stains the cytoplasm ofh@l conclusions. The antigens studied are also ex-
most tumour cells diffuselyH In a case of cholangiocarcinomapressed at the surface of cancer cells and may, hence, be

,(A76-A{]C7dstainds tr?e apice}l mem?raﬂe of bilil?ryl( eF;itflle:ial celleleased into the blood. It remains to be seen whether
arrowhead and the cytoplasm of tumour cellarfow). | In a gome or all of these antigens are released and whether
f HCC, SNA (bindin@2,6-link ialic aci tains the . . . . .
g?assemg mecr;l%rasne an(g thde gtoglasmegf%%sct tuCr:nOcl))urS(?ells weakl\Y h_ave any potentlal_for Cllnlcal_ appllcatlon In ear_ly
A—H x200,1 x10C tection and/or serological determination of progression
of HCC.

MUC1 is expressed widely in normal epithelial tis-
used as indicators in diagnosis and as targets for immues and carcinomas, such as breast, colon, rectum,
notherapy [30]. Thus, a basic comprehensive knowledgemach, and pancreas carcinomas [5, 10], and has been
of the occurrence of mucins, Thomsen-Friedenreich amidnsidered to be a marker for epithelial tissues. Our re-
gen and its biosynthetically linked carbohydrate antigessits clearly show that MUC1 is present in HCCs; simi-
(s-TF, Tn, and s-Tn) in normal liver tissues and varioler findings were previously reported for HCCs [18] and
liver diseases, including cirrhosis, metabolic diseaségpatoblastomas [1]. Therefore, MUC1 (CA15-3) and
and hepatocellular and cholangiocellular neoplasia, ismficin-type carbohydrate antigens, which have been used
interest for both basic research and clinical understamstensively in histological and serological diagnosis of
ing. carcinomas, are not useful for distinguishing HCCs from
In this study, 38% and 20% hepatocellular carcinomasher carcinomas, such as cholangiocarcinomas and gas-
from human beings expressed MUCL1 and s-Tn, whichtisintestinal carcinomas.
in line with the results of Ma et al. [18]. The occurrence The alterations in the expression of mucins and
of TF in HCC has already been demonstrated by bithomsen-Friedenreich-related antigens may be of bio-
chemical assays with lectins in a few cases [22]. For dogical significance. For example, TF antigen on the sur-
immunohistochemical approach, a new anti-TF mAhce of extrahepatic cancer cells may lead to binding to
with higher specificity was used in a total of 42 HCCgormal hepatocytes [3]; sialic acid-dependent cell adhe-
38% of which expressed this antigen. The expressions@n to collagen IV correlates with in vivo tumorigenici-
MUC1, MUC2, TF, Tn, s-Tn, and2,6-linked sialic acid ty in a variety of neoplasm [20]; enhanced mucin and
in human normal liver and chronic liver diseases includ2,6-linked sialic acid strongly reduce the contacts be-
ing HCC has not been investigated previously. None tefeen epithelial cells [9, 19].

The mechanisms underlying the expression of MUC1

and Thomsen-Friedenreich-related antigens in HCCs is
% not clear. In breast and colon cancers, overexpression of
. MUC1 is related to up-regulated mucin synthesis [9], in-
complete glycosylation [5, 17], and accumulation. Apo-
lar localisation of MUCL1 in these tumour types may be
due to obstruction of mucin transport within the tumour
cells. TF and Tn exposure in colon cancer results from
several defects in glycosyltransferase activities [32], and
s-Tn expression relates to reduction in sialic &zidcet-
ylation [11]. In this study, we found that the reactions for
apomucin or sialic acid were not significantly changed
after specific pretreatment procedures such as periodate
oxidation or saponification in human normal liver tissues
and various liver diseases. This indicates that MUC1, or
both s-Tn- anda2,6-linked sialic acid expression in
Fig. 2 _Fr’]ercent_age of pOSSitivel)éreaQting Cases,agd egﬂem of repeCs does not result from incomplete glycosylation or
tT'?:” g"gmil_ﬁgé:'\l/'%cfﬁtzi_ng’ anatlir-]%:S th“ﬁer‘a'ran'f#ﬂdgsingre_Iow O-acetylation, respectively. It is noteworthy that a
treatment8 and9 ACA in HCCs (1 <30% of the cells positive; Number of HCCs expressed only Thomsen-Friedenreich-
¥ 30%—-60% of the cells positive; >60% of the cells positive)  related antigens and did not possess MUC1, to which

50
40

30 1z

iR

S

3




508

these antigens are usually bound. It remains to be se®rCao Y, Blohm D, Ghadimi BM, Stosiek P, Xing P-X, Karsten
which other carrier molecules of Thomsen-Friedenreich- U (1997) Mucins (MUC1 and NUC3) of gastrointestinal and

. . L breast epithelia reveal different and heterogeneous tumor-asso-
related antigens are available under these conditions. ciated aberrations in glycosylation. J Histochem Cytochem

CK19 is present in early fetal hepatocytes, but disap- 45:1547-1557
pears at about the 10th week [27]. In biliary epitheliaé. Cao Y, Schlag PM, Karsten U (1997) Inmunodetection of epi-
cells, however, it remains and it is also expressed in ovalthelial mucins (MUC1, MUC3) and mucin-associated glyco-

; ; : s topes (TF, Tn, and sialosyl-Tn) in benign and malignant le-
.Ce.”S’ which Often proliferate in response to chronic fiver sions of colon epithelium: apolar localization corresponds to
injury. MUCL1 is not demonstrable in fetal or mature he- the malignant transformation. Virchows Arch 431:159—166

patocytes [25], nor yet in the oval cells of cirrhotic liversz. Gibson JB, Sobin LH (1978) Histological typing of tumours of
However, it is expressed at the apical surfaces of biliary the liver, biliary tract and pancreas. (International histological

epithelial cells with differentiation and formation of bile , classification of tumours, no 20) _WH|O, Geneva
ducts. CK19 has previously been shown to be sometim%‘ Gum JR Jr (1995) Human mucin glycoproteins: varied struc-
- p y Sures predict diverse properties and specific functions. Bio-

present in foci of altered hepatocytes and HCCs and hashem Soc Trans 23:795-799
been regarded as a possible marker for a transdifferentfaHilkens J, Wesseling J, Vos HL, Storm J, Boer B, van der Valk
tion of hepatocytes to ductular cells during hepatocarci- SW, Mass MCE (1995) Involvement of the cell surface-bound

nogenesis [29]. Similarly, the occurrence of MUC1 in gggwégpéﬂ?wxg%gégggg&ess'on of human carcinomas.

HCCs might indicate a transdifferentiation of hepag. Ho SB, Niehans GA, Lyftogt C, Yan PS, Cherwitz DL, Gum
tocytes to ductular cells. MUC1 might be a particularly ET, Dahiya R, Kim YS (1993) Heterogeneity of mucin gene

appropriate marker in this context since, in contrast to expression in normal and neoplastic tissues. Cancer Res

i i 53:641-651
CK19, it is not expressed in fetal hepatocytes. Jass JR, Allison LJ, Edgar SG (1994) Monoclonal antibody

; 11.

Human normal bile ducts do not show MUC2, <’:an|1 TKH2 to the cancer-associated epitope sialosyl Tn shows
cholangiocarcinomas express this antigen ectopically, ascross-reactivity with variants of normal colorectal goblet cell
reported previously [34]. One recent study revealed thatmucin. Pathology 26:418-422
MUC2 mRNA was detectable in the normal ChOIang:I'—Z' Karsten U, Papsdorf G, Roloff G, Stolley P, Abel H, Walther I,

. Weiss H (1985) Monoclonal anti-cytokeratin antibody from a
ocytes [31]. But the presence of MUC2 protein was not pyhrigoma clone generated by electrofusion. Eur J Cancer

demonstrable by means of immunohistochemical stain- Clin Oncol 21:733-740
ing even in combination with mild, carbohydrate-specifit3. Karsten U, Butschak G, Cao Y, Goletz S, Hanisch FG (1995)
periodate pretreatment in the present study. A new monoclonal antibody (A78G/A7) to the Thomsen-Fri-

. . edenreich pan-tumor antigen. Hybridoma 14:37-44
In conclusion, MUC1, TF, Tn, s-Tn, and,6-linked 14. Kew MC (1997) Clinical and nonimaging diagnosis of hepato-

sialic acid are expressed in human HCC, but are not usecellular carcinoma. In: Okuda K, Tabor E (eds) Liver cancer.
ful for distinguishing HCCs from other carcinomas, such Churchill Livingstone, New York, pp 315-329 _
as cholangiocarcinomas and gastrointestinal carcinomis Kim YS, Gum JR Jr, Brockhausen | (1996) Mucin glycopro-

: ; eins in neoplasia. Glycoconjugate J 13:693—-707
These antigens are absent from normal liver parenChy{E&KOjiro M (1997) Pathology of hepatocellular carcinoma. In:

and benign hepatocellular lesions, but emerge increas-pkuda K, Tabor E (eds) Liver cancer. Churchill Livingstone,
ingly in HCCs with progression. The clinical implica- New York, pp 165-187

tions and functional significance of this abnormal e<. Lloyd KO, Burchell J, Kudryashov V, Yin BWT, Taylor-

pression of MUC1 and Thomsen-Friedenreich-related Papadimitriou J (1996) Comparison of O-linked carbohydrate
chains in MUC1 mucin from normal breast epithelial cell lines

antigens in HCCs require further study. and breast carcinoma cell lines. J Biol Chem 52:33325-33334
8. Ma CK, Zarbo RJ, Frierson HF, Lee MW (1993) Comparative
immunohistochemical study of primary and metastatic carci-
nomas of the liver. Am J Clin Pathol 99:551-557
Marer NL, Stehelin D (1995) High alpha-2,6-sialylatiorNef
acetyllactosamine sequencegas-transformed rat fibroblasts
correlates with high invasive potential. Glycobiology
2:219-226
20. Morgenthaler J, Kemmner W, Brossmer R (1990) Sialic-acid-
dependent cell adhesion to collagen IV correlates with in vivo
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