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Summary

High dose chemotherapy in breast cancer reviewed. Baars
JW, Rodenhuis S, Wall E van der and Schornagel JH. Ned
Tijdschr Klin Chem 1995; 20: 288-293.
Laboratory and experimental data show a dose response curve
for cytostatic drugs, especially for alkylating agents. For many
malignancies, clinical evidence of a dose response relationship
is limited .
The dose limiting toxicity of most cytostatic drugs is myelo-
suppression, which can be circumvented by the use of haema-
topoietic growth factors and/or autologous bone marrow or
peripheral stem cell support. 

Clinical data derived from studies in patients with metastatic
breast cancer, show that dose escalations of 1.5-2 x standard
dosages, possible without autologous bone marrow or peri-
pheral stem cell transport can induce higher remission rates,
which did not, however, correspond to a significant survival
advantage. Despite promising results from small trials with
high dose intensity treatment in combination with peripheral
stem cell or bone marrow support (depending on the schedule
used, dose escalations possible of 5-10 x the standard dosages)
in a selected patient population with high risk or metastatic
breast cancer, they do not justify the use of this approach out-
side the setting of clinical studies. We have to gain more
knowledge of selecting the patients who are likely to profit
from high dose chemotherapy as well as to continue focusing
on improvement of efficacy, reduction of the considerable
morbidity and costs of this treatment.
Key-words: breast cancer, high dose chemotherapy, peri-
pheral stem cell transplantation, autologous bone marrow
transplantation, haematopoietic growth factors.
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Numerous monoclonal antibodies (mAbs) have been
raised against mucins on carcinoma cells. Many of
these mAbs are directed against an epithelial sialo-
mucin (1, 2, 3, 4, 5) that is now referred to as episia-
lin. Episialin is one of the major sialylated glycopro-
teins at the surface of most types of carcinoma cells.
With a few exceptions, the molecule is only present
in normal tissues at the apical side of exocrine glan-
dular cells and is therefore not in direct contact with
the circulation. In contrast, on carcinoma cells, the
molecule is often expressed in a non-polarized
fashion. Episialin is a membrane-bound glycoprotein,
but its extracellular domain can be released from the
cell and appears in the serum of breast cancer pa-
tients. As determined with mAbs that are directed
against a non-glycosylated, non-repeat region of the
molecule, and by RNA in situ hybridization, the ex-
pression of the molecule is strongly increased in car-
cinoma cells relative to the corresponding normal
epithelial cells. For example, we found that the ex-
pression level in breast cancer cells is at least 10-fold
above the level in normal breast epithelium. The bio-
logical background for the up-regulation of episialin
expression has not yet been determined.
Several of the mAbs against episialin have been used
to develop serum assays. One of these assays is the

CA 15-3 test, a sandwich assay using mAb 115D8
developed in our group (6) and mAb DF3 raised by
Kufe and colleagues (7). Both mAbs were initially
employed in separate assays (the MAM-6 assay (6, 8,
9) and DF3 assay (10)) but have been combined in
the CA 15-3 assay where they act as catcher and
tracer, respectively.
In this report we will give an outline of the structure
of the molecule, discuss the various glycoforms of
episialin which explains the variations in results ob-
tained with the various serum assays and review the
effect of this elongated molecule on cellular adhesion
and metastasis.

Structure of episialin
We cloned episialin cDNA and subsequent sequence
analysis revealed that episialin is synthesized as a
transmembrane molecule with a relatively large extra-
cellular domain and a cytoplasmic domain of 69
amino acids (11). The extracellular domain mainly
consists of a region of nearly identical repeats en-
coding 20 amino acids. The number of repeats is
highly variable in the human population, leading to
substantial differences in molecular weights of the
episialin molecules from different individuals (12).
The repeats together with adjacent degenerated re-
peats contain many serines and threonines which are
potential attachment sites for O-linked glycans and
constitute the mucin-like domain which comprises
more than half of the polypeptide backbone, even in
the smallest allele detected. The number of tandem
repeat sequences in each allele can vary from ap-
proximately 30 to 90.
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The mucin domain of episialin contains many pro-
lines and other helix-breaking amino acids, resulting
in a molecule with an extended structure and many
β-turns (13). The extended structure is very rigid as a
result of the numerous O-linked glycans attached to
the molecule. Consequently, the mucin domain of
episialin reaches an extreme length. According to
Jentoft (13), an extensively O-linked glycosylated
polypeptide of 20 amino acids is approximately 5 nm
long. This means that the mucin-like domain of
episialin extends 200 to 500 nm above the cell mem-
brane (14). Electron-microscopic analysis of purified
episialin molecules as well as episialin present on an
in vitro cell line revealed that episialin indeed has the
predicted thread-like structure. Figure 1 shows a mo-
del of episialin.
Episialin is unlike the genuine mucins that are secre-
ted by specialized cells and form the mucus layer in
e.g. the gastrointestinal tract. The genuine mucins are
secreted by highly specialized cells such as the goblet
cells of the intestine or the mucus producing salivary
glands, and form gels covering a large area. Before
secretion, they are stored intracellularly in storage
vesicles, where they form large oligomers linked by
S-S bonds (15). After secretion, the tangled polymers
do not remain bound to the cell surface. In contrast,
cell surface-bound mucins such as episialin, CD43
and epiglycanin are anchored in the membrane and
are not produced by a highly specialized cell type.
They are not secreted but shed from the cell surface.
These mucins do not form gels. Both types of mucins
are depicted schematically in figure 1. The common

characteristic of both types of molecules is that a
large part of the protein backbone consists of an array
of threonine, serine and proline-rich tandem repeats
which are heavily O-glycosylated. This region, which
in secreted mucins is flanked by a cysteine-rich
sequence, constitutes the actual mucin domain. Epi-
sialin is one of the best characterized cell surface-
associated mucins and may serve as the prototype for
this class of molecules.

Biosynthesis of episialin
It has been shown by means of biosynthetic labeling
followed by immunoprecipitation that episialin is
synthesized as a large single polypeptide, in most cell
lines approximately 200 kDa or more (16, 17). This
precursor is rapidly cleaved by proteolysis in a
smaller moiety, which contains the transmembrane
and cytoplasmic domains, and a larger part which
comprises most of the extracellular domain. Both
moieties remain non-covalently associated (18). This
proteolytic processing step occurs in the endoplasmic
reticulum and may be essential for further matura-
tion. Episialin is mainly processed by adding nume-
rous O-linked glycans, which increases the apparent
molecular weight on SDS-polyacrylamide gels to
more than 400 kDa. The extensive glycosylation pro-
tects the molecule against proteolytic degradation,
since the precursors without O-linked sugars are de-
graded rapidly, while the mature molecule is extre-
mely resistant to the action of proteases. The glycosy-
lation also determines the rigidity of the molecule as
discussed above. The last step in the processing of
episialin is the addition of sialic acid to the glycans,
which increases the mobility of the molecule on
SDS-gels.
The early proteolytic cleavage step is not directly
responsible for the release of episialin from the mem-
brane, which suggests that episialin is most likely
released from the membrane by a second proteolytic
cleavage step after arrival at the cell surface. The
second proteolytic cleavage seems to be a slow and
probably random process, allowing the mucin to re-
main associated with the cell surface with a half-life
of 16-24 h.

Differential glycosylation of episialin
The repetitive part of the protein backbone of episia-
lin is very immunogenic and most mAbs raised
against episialin bind to this part of the molecule, as
was shown by their reactivity with synthetic peptides
(19), and/or with the repetitive part of the gene ex-
pressed in bacterial expression vectors. For example,
mAb DF3 strongly reacts with the protein backbone.
However, mAb 115D8 reacts with an epitope which
involves the protein backbone, but full reactivity is
dependent on the presence of carbohydrates, in parti-
cular sialic acid. Other mAbs, such as Ca1 (20) and
3E1.2 (21), seem to be directed against epitopes ex-
clusively consisting of carbohydrates. However, it is
difficult to prove that no amino acid residues are
involved as long as the carbohydrate sequence has
not been determined. The peptide sequence of the
minimal epitope of some of the mAbs has been deter-
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Figure 1. Models of a cell-bound mucin (episialin) and a se-
creted mucin. In the model of episialin the protein backbone
comprises a tandem array of 40 repeat units (800 amino acids),
which is the estimated number of repeats in the short allele of
episialin in the T47D breast carcinoma cell line. The extra-
cellular domain of the molecule is almost completely covered
by O-linked glycans. Five N-linked glycans are present C-ter-
minal of the repeat region. The variations in the N-terminus
due to the alternative splicing are not indicated. A typical
transmembrane sequence of at least 24 amino acids is found in
the C-terminal part, followed by a cytoplasmic domain of 69
amino acids. The second model shows the macro molecular
structure of a secreted mucin as proposed by Carlstedt et al.
(1983) and largely confirmed by the deduced aminoacid se-
quence after cloning several secreted mucin genes. Most of the
protein backbone is covered by O-linked carbohydrates, only
the N and C-terminal ends contain cysteine rich non-glyco-
sylated domains. These domains are responsible for the multi-
merization of the individual mucin molecules. 



mined. Several epitopes overlap or are only shifted
by one or two amino acids (3, 4). Some epitopes in-
clude a serine or threonine which are potential glyco-
sylation sites. 
Some mAbs directed against peptide sequences, like
SM3 (22) and our mAb 175C5, show a high prefe-
rence for breast carcinomas relative to normal breast
epithelium. Other mAbs, like mAb Om-1 raised
against episialin on ovarian carcinomas (23) and
mAb 202H4, raised in our group against the peptide
backbone, react only with specific subsets of epithe-
lial tissues. We investigated the biochemical back-
ground of the preferential binding to different tissues
of the various mAbs against episialin. For this pur-
pose we used carcinoma cell lines of different tissue
origin as models (5). The reactivity of the mAbs is
complex. All mAbs directed against the protein back-
bone precipitate the non-glycosylated precursor mo-
lecule from all cell lines expressing episialin. How-
ever, the mature molecules are precipitated by some
mAbs from only a restricted number of carcinoma
cell lines. Even within a single cell line some mAbs
precipitate all mature molecules, whereas others pre-
cipitate only subsets of the mature episialin mole-
cules. These differences in reactivity are most likely
caused by variations in accessibility of the peptide
epitopes to the mAbs as a result of differential glyco-
sylation. Thus differentially glycosylated molecules,
referred to as glycoforms, each show a restricted ex-
pression pattern resulting in positive and negative
cells and cell lines for certain mAbs. These results
obtained with cell lines can be applied to explain the
differential reactivity of certain mAbs with carcino-
mas and normal epithelial cells and the differential
reactivity with tissues of different histological origin.
The difference in O-glycosylation of episialin on
tumor cells is also apparent from the direct analysis
of the glycans. The most frequently present O-linked
glycans on episialin from BT-20 breast carcinoma
cells and from HEp 2 larynx carcinoma cells are re-
latively short (1-4 sugars) and consist of sialic acid,
galactose and galactosamine (24, 25). In contrast, the

glycans in episialin from human milk, and thus
probably also in episialin from breast alveolar epi-
thelial cells, are much longer and more complex (26).
In addition to differences in length or branching of
the glycans, differential glycosylation could occur by
differential initiation of the O-linked glycans. 
It is important to realize that in most cases the diffe-
rential reactivity is not an all-or-nothing pheno-
menon, but a preferential reactivity with certain tis-
sues or tumors. Even within one type of carcinoma,
the number of epitopes accessible for a given anti-
episialin mAb may vary in each individual tumor.

Episialin expression and cellular adhesion
To investigate the effect of overexpression of episia-
lin on tumor cells, we transfected several cell lines
with episialin cDNA under the control of the CMV
immediate early promotor. A proportion of the cells
of the transfected cell clones were growing in suspen-
sion (figure 2), whereas the adhesion of control cells
was not affected, indicating that cell-matrix inter-
actions were reduced. Indeed, adhesion of the trans-
fectants to individual extracellular matrix compo-
nents such as laminin, fibronectin and collagen I and
IV was also strongly affected, confirming the notion
that episialin reduces the integrin mediated adhesion
(27). Episialin-negative revertant cells were used as
controls, which have been bulk-selected with the cell
sorter.
In addition to the reduced cell-matrix adhesion, the
transfected cells also exhibit a reduced cell-cell adhe-
sion as compared with the revertants as was shown in
cell aggregation assays (28). In fact, overexpression
of episialin on one of two interacting cells is already
sufficient to inhibit aggregation.
As discussed above, episialin is towering 200-500 nm
above the plasma membrane, whereas most proteins
at the cell surface remain inside the boundaries of
the glycocalyx which is approximately 10 nm thick.
Therefore, we have tested whether the size of the
molecule is responsible for the anti-adhesion effect
of episialin. Episialin molecules in which we had
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Figure 2. The anti-adhesion effect of episialin. A proportion of the melanoma cells transfected with episialin cDNA does not adhere
to the plastic of a culture flask (B), whereas the revertant cells which have lost episialin expression adhere normally under the same
conditions (A). 



deleted most of the repeat domain, resulting in a
molecule <90 nm, had lost its anti-adhesive proper-
ties. Removal of the negatively charged sialic acid
and sulphate residues affected the anti-adhesion pro-
perty of episialin only slightly (Wesseling J, van der
Valk S and Hilkens J, in preparation). Thus, the anti-
adhesion properties of episialin are the result of the
unique elongated and rigid structure of the molecule,
while charge repulsion only playes a minor role. We
conclude that episialin, if present at a sufficiently
high density, can prevent cellular adhesion by hin-
dering the binding of the adhesion receptors to their
ligands. Such high densities appear to be present on
many carcinoma cells in vivo (Hilkens J, unpub-
lished). Interestingly, only the binding to ligands
bound to a semi-solid phase, such as the plasma
membrane or the extracellular matrix, is prevented by
episialin, since mAbs in solution can bind to integrins
on episialin-transfected cells in an almost undisturbed
way, whereas the same antibodies can no longer
reach the integrins on the same cells, when absorbed
to plastic (27).

Episialin can promote cellular invasion in vitro
By using E-cadherin/episialin double transfectants, we
demonstrated that episialin can prevent E-cadherin
mediated cell-cell adhesion. Decreased E-cadherin
mediated cell-cell interactions are known to promote
invasion in vitro (29). Moreover, loss of E-cadherin
expression in several types of cancers correlates with
poor prognosis of the patient. Decreased E-cadherin
expression and episialin overexpression is likely to
have the same effect. Indeed, episialin overexpression
in SV-40 transformed mammary epithelial cells
(HBL-100) promoted invasion into a reconstituted
extracellular matrix (matrigel).

Episialin interferes with immune recognition
As discussed above, episialin prevents cell-cell adhe-
sion. Therefore we assumed that the molecule may
also prevent conjugate formation between cytotoxic
effector cells and their target cells. Indeed, episialin-
transfected A375 melanoma cells were unable to effi-
ciently form conjugates with rIL-2 activated large
lymphocytes (LAK cells) and allogeneic T lympho-
cytes (CTL), stimulated with A375 cells, whereas
conjugate formation between the lymphocytes and
the revertants, which had lost episialin expression,
was hardly affected. Subsequently, we measured the
lysis of episialin-transfected A375 melanoma cells
and episialin-negative revertants by the LAK cells
and CTL with time, in a 51Cr release assay. The kine-
tics of lysis of episialin-negative cells by the LAK
cells was comparable to that of K562 cells, the stan-
dard target of LAK cells, whereas lysis of the epi-
sialin-positive A375 transfectants, was significantly
slower (30). However, the maximal percentage of
target cells lysed eventually reached comparable
levels. Nevertheless, the slower rate of killing episia-
lin-expressing cells might be crucial to the survival of
metastasizing cells.

Episialin expression and experimental metastasis
We injected an episialin-transfected A375 clone and
revertants of these cells into the tail vein of 21-28
days old Balb/c nu/nu mice. The mice were killed
after 5-7 weeks, and the lungs were weighed; count-
ing of the metastases was not possible due to their
large number of nodules obtained with the episialin
positive cells. The weight of the lungs of the mice in-
jected with the episialin positive A375 cells was sig-
nificantly higher than that of the mice injected with
revertant cells, whereas the growth rate in vitro did
not differ between the transfectants and revertants. In
some animals injected with revertant cells we obser-
ved a relatively high number of metastases. About
25% of these metastases turned out to be positive for
episialin, whereas less than 1% of the injected cells
were episialin-positive as shown by FACScan analy-
sis, which suggests that episialin-positive cells have a
higher propensity to metastasize. Other tissues were
only rarely affected (as determined at the macrosco-
pic and microscopic level) with the exception of the
brain. We conclude that episialin positive cells meta-
stasize more efficiently to the lung than episialin
negative cells. Since episialin protects cells against
immune attack of LAK cells (closely related to NK
cells that form the main cellular immune defense of
nude mice) in vitro, it is tempting to speculate that the
difference in the formation of experimental metasta-
ses is due to escape of the episialin positive cells to
immune destruction. Alternatively, the differences in
adhesion properties of the episialin transfectants and
revertants may cause the difference in metastatic po-
tential between both cell types. 

Episialin and progression of breast carcinomas
Cellular adhesion is important for metastasis; in parti-
cular cell-cell adhesion as discussed above, but also
cell-matrix adhesion has an effect on breast tumor
dissemination which is not yet fully understood.
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Figure 3. Cleft formation and episialin staining at the tumor-
stroma boundary. A ductal breast carcinoma was immunostai-
ned with mAb 214D4 directed against episialin. Only limited
or no cell-stroma contacts are present in those tumor margins
at which episialin staining is present.



Since episialin has an effect on both types of adhe-
sion, we investigated the role of episialin in metasta-
sis. We found that in primary breast cancers there are
several patterns of episialin expression of which more
than one type can be found in a single tumor. Episia-
lin may be exclusively present at the apical mem-
brane (in highly differentiated tumors), at the entire
cell surface (non-polarized), intracellularly, at the
entire cell surface and intracellularly, or at the basal
site (facing the stroma) of tumor cell clusters. In the
latter case mainly those cells lining the stroma were
staining for episialin. Cells expressing episialin at the
basal site made almost no cell-stroma contacts (figure
3). Thus, the expression of episialin may also affect
cellular adhesion in vivo. Interestingly, patients having
primary ductal breast tumors, exhibiting the latter in-
verted expression pattern, showed lymph node invol-
vement significantly more often than patients with one
or more of the other patterns of episialin staining
(p<0.05).

Literature

1. Price MR, Edwards S, Robins RA, Hilgers J, Hilkens J,
Baldwin RW. Epitopes with diagnostic and prognostic
significance co-expressed on a human breast carcinoma-
associated antigen. Eur J Cancer Clin Oncol 1986; 22:
115-117.

2. Abe M, Kufe DW. Identification of a family of high mole-
cular weight tumor-associated glycoproteins. J Immunol
1987; 139: 257-261.

3. Burchell J, Taylor-Papadimitriou J, Boshell M, Gendler S,
Duhig T. A short sequence, within the amino acid tandem
repeat of a cancer-associated mucin, contains immunodo-
minant epitopes. Int J Cancer 1989; 44: 691-696.

4. Xing PX, Tjandra JJ, Reynold K, McLaughlin PJ, Purcell
DFJ, McKenzie IFC. Reactivity of anti-human milk fat
globule antibodies with synthetic pepti. J Immunol 1989;
142: 3503-3509.

5. Hilkens J, Buys F, Ligtenberg M. Complexity of MAM-6,
an epithelial sialomucin, associated with carcinomas. Can-
cer Res 1989; 49: 786-793.

6. Hilkens J, Kroezen V, Bonfrer H, Bruning PH, Hilgers J,
Eijkeren M van. A sandwich-radioimmunoassay for a new
antigen (MAM-6) present in the sera of patients with
metastasized carcinomas. In: Protides of the Biological
Fluids 31, Peeterse H ed., Pergamon Press 1984; 651-653. 

7. Kufe D, Inghiriami G, Abe M, Hayes D, Justi-Wheeler H,
Schlom J. Differential reactivity of a novel monoclonal
antibody (DF3) with human malignant versus benign
breast tumors. Hybridoma 1984; 3: 223-232.

8. Hilkens J, Kroezen V, Bonfrer H, De Jong-Bakker M,
Bruning PF. MAM-6 antigen, a new serum marker for
breast cancer monitoring. Cancer Res 1986; 46: 2582-
2587. 

9. Hilkens J, Bonfrer JMG, Kroezen V, Eijkeren M van,
Nooyen W, De Jong-Bakker M, Bruning PF. Comparison
of circulating MAM-6 and CEA levels and correlation
with the estrogen receptor in patients with breast cancer.
Int J Cancer 1987; 39: 431-435.

10. Hayes DF, Sekine H, Ohno T, Abe M, Keefe K, Kufe
DW. Use of a murine monoclonal antibody for detection
of circulating plasma DF3 antigen levels in breast cancer
patients. J Clin Invest 1985; 75: 1671-1678.

11. Ligtenberg MJL, Vos HL, Gennissen AMC, Hilkens J.
Episialin, a carcinoma-associated mucin, is generated by a
polymorphic gene encoding splice variants with alterna-
tive amino termini. J Biol Chem 1990; 265: 5573-5578.

12. Swallow DM, Gendler S, Griffiths B, Corney G, Taylor-
Papadimitriou J, Bramwell ME. The human tumour-asso-
ciated epithelial mucins are coded by an expressed hyper-
variable gene locus PUM. Nature 1987; 328: 82-84.

13. Jentoft N. Why are proteins O-glycosylated? [see com-
ments]. Trends in Biochemical Sciences 1990; 15: 291-
294.

14. Hilkens J, Ligtenberg MJL, Vos HL, Litvinov SV. The
structure of cell-associated mucin-like molecules and their
adhesion modulating property. Trends in Biochemical
Sciences 1992; 17: 359-363.

15. Carlstedt I, Lindgren H, and Sheehan JK. The macromole-
cular structure of human cervical mucus glycoproteins.
Biochem J 1983; 213: 427-435.

16. Hilkens J and Buys F. Biosynthesis of MAM-6, an epi-
thelial sialomucin. J Biol Chem 1988; 263: 4215-4222.

17. Linsley PS, Kallestadt JC, Horn D. Biosynthesis of high
molecular weight breast carcinoma associated mucin glyco-
proteins. J Biol Chem 1988; 263: 8390- 8397.

18. Ligtenberg MJL, Buijs F, Vos HL, Hilkens J. Suppression
of cellular aggregation by high levels of episialin. Cancer
Research 1992; 52: 2318-2324.

19. Gendler SJ, Taylor-Papadimitriou J, Duhig T, Rothbard J,
Burchell JM. A highly immunogenic region of a human
polymorphic epithelial mucin expressed by carcinomas is
made up of tandem repeats. J Biol Chem 1988; 263:
12820.

20. Ashall F, Bramwell ME, Harris H. A new marker for hu-
man cancer cells. The Ca antigen and the CA1 antibody.
The Lancet 1982; 2: 1-6.

21. Thompson CH, Jones SL, Whitehead RH, McKenzie IFC.
A human breast tissue-associated antigen detected by a
monoclonal antibody. J Natl Cancer Inst 1983; 70: 409-
419.

22. Burchell J, Gendler S, Taylor-Papadimitriou J, Girling A,
Lewis, Millis R, Lamport D. Development and characte-
rization of breast cancer reactive monoclonal antibodies
directed to the core protein of the human milk mucin.
Cancer Res 1987; 47: 5476-5482.

23. DeKretser TA, Thorne HJ, Jacobs DJ, Jose DG. The se-
baceous gland antigen defined by the OM-1 monoclonal
antibody is expressed at high density on the surface of
ovarian carcinoma cells. Eur J Cancer Clin Oncol 1985;
21: 1019-1035.

24. Bramwell ME, Bhavanandan VP, Wiseman G, Harris H.
Structure and function of the Ca antigen. Br J Cancer
1983; 48: 177-183. 

25. Hull SR, Bright A, Garraway KL, Abe M, Hayes DF,
Kufe DW. Oligosaccharide differences in the DF3 sialo-
mucin antigen from normal human milk and the BT-20
human breast carcinoma cell line. Cancer Commun 1989;
1: 261-267.

26. Hanisch FG, Katalinic PJ, Egge H, Dabrowski U and
Uhlenbruck G. Structures of acidic O-linked polylacto-
saminoglycans on human skimmed milk. Glycoconjugate
J 1990; 7: 525-543.

27. Wesseling J, Valk SW van der, Vos HL, Sonnenberg A,
Hilkens J. Episialin (MUC1) overexpression inhibits in-
tegrin-mediated cellular adhesion to extracellular matrix
components. J Cell Biol 1995; 129: 255-265.

28. Ligtenberg MJL, Buijs F, Vos HL, Hilkens J. Suppression
of cellular aggregation by high levels of episialin. Cancer
Res 1992; 52: 2318-2324.

29. Behrens J, Mareel MM, VanRoy FM, Birchmeier W. Dis-
secting tumor cell invasion: epithelial acquire invasive
properties after the loss of uvomorulin-mediated cell-cell
adhesion. J Cell Biol 1989; 108: 2435-2447.

30. Van de Wiel-van Kemenade E, Ligtenberg MJL, Boer AJ
de, Buijs F, Vos HL, Melief CJM, Hilkens J, Figdor CG.
Episialin (MUC1) inhibits cytotoxic lymphocyte-target
cell interaction. J Immunology 1993; 151: 767-776.

297Ned Tijdschr Klin Chem 1995, vol. 20, no. 6



Summary

Episialin/CA15-3: its structure and involvement in breast can-
cer progression. Hilkens J, Wesseling J, Vos HL, Storm J,
Boer M, Valk SW van der and Maas MCE. Ned Tijdschr Klin
Chem 1995; 20: 293-298.
Episialin, also designated EMA, PEM, CA 15-3 antigen etc.,
is a highly polymorphic epithelial sialomucin, which is enco-
ded by the MUC1 gene. Episialin is present at the apical side
of glandular epithelial cells. Its mucin-like extracellular do-
main protrudes high above the cell surface. It is often present
at increased levels in breast carcinomas relative to normal
breast epithelial cells. In patients with breast and other carci-
nomas, episialin is released from the cancer cells into the cir-
culation and can be detected by the CA 15-3 assay. The assay
is useful for monitoring the course of the disease and for early
detection of recurrent breast cancer.
The episialin molecule is heavily O-glycosylated. As a result
of differential glycosylation, there are many different glyco-

forms of episialin. Some glycoforms are preferentially present
on carcinoma cells and others are preferentially present on one
or a limited number of tissues. Monoclonal antibodies directed
against episialin often specifically bind to one or a subset of
glycoforms and thus can have a tumor or tissue preference,
which explains the differences between the various serum
assays that measure episialin.
We have shown that overexpression of episialin prevents cell-
cell and cell-extracellular matrix adhesion by shielding the
adhesion receptors. As a result, episialin augments the in-
vasive properties of tumor cells in vitro, the resistance of the
tumor cells to immune destruction, and the formation of expe-
rimental lung metastases following intravenous injection of
cells that overexpress episialin into nude mice. Preliminary
evidence suggests that a certain pattern of episialin expression
in primary breast cancers correlates with lymph node involve-
ment.
Key-words: episialin, CA 15-3, mucin, glycoforms, cell adhe-
sion, metastasis.
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Of all malignant tumours in women, breast cancer is
the first cause of death in the Netherlands. Early diag-
nosis by means of mammographic screening is one of
the few possibilities to increase the prognosis of
breast cancer. Despite the limitations of this type of
examination, mammographic screening has made it
possible to reduce the mortality of this lethal disease
by 30% in the group of women aged 50-70 years.
A tumour marker detectable in serum would be help-
ful to contribute to the early diagnosis, provided the
test were sensitive and specific enough to already mir-
ror minimum amounts of one particular malignant
tumour at the initial stage of the disease concerned.
Specific serum tumour marker tests would also be va-
luable at those stages of disease where there is a need
for independent information to evaluate the condition
of the patient. Tumour marker determinations in se-
rum could also be used as prognostic factors to pre-
dict impending relapse following primary treatment,
or as a reason for starting adjuvant or palliative the-
rapy. These results could also help to evaluate the ef-
ficacy of that therapy. In addition, if serum tumour
marker determinations conducted on a regular basis
could identify preclinical relapses in bone or organs,

this information could be used to initiate new cura-
tive therapies. In the case of metastatic breast cancer,
serum tumour marker testing during therapy could
play a part in assessing treatment effects. It could be
an advantage to simply recognize ineffective treat-
ment at an early stage because this would allow a
quicker change to possibly more effective therapy.
Finally, the simplicity of the assessment itself might
comfort the patient.

Serum tumour markers for mammary carcinoma
The various categories of potentially useful tumour
markers for serodiagnostic use in breast cancer com-
prise Cancer Antigen 15-3 (CA 15-3), Carcinoem-
bryonic Antigen (CEA), and Tissue Polypeptide Anti-
gen (TPA).
CA 15-3 has been identified on the apical side of
alveoli and ducts of mammary glands and as a circu-
lating antigen. Distinct epitopes of this high molecu-
lar-weight mucine-like glycoprotein of 300-450 kD
(also known as polymorphic epithelial sialomucines,
episialin) are identified by monoclonal antibodies
DF3 (1) and 115D8 (2).
The oncofoetal protein CEA (3) was one of the first
tumour markers tested in breast cancer, but has be-
come well-known by its occurrence in carcinomas of
the gastrointestinal tract and lung.
Serum elevations of TPA occur in breast, lung, gas-
trointestinal, urological and gynaecological cancers.
Already described in 1957 (4), this oncofoetal anti-
gen is found in the cytoplasm of epithelial cells and
has been reported to be related to the cytoplasmic in-
termediate filaments.
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