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Differential expression of the cancer associated
antigens T (Thomsen-Friedenreich) and Tn to
the skin in primary and metastatic carcinomas
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Abstract

Aim—To study the immunohistochemical
expression of the Thomsen-Friedenreich
antigen (T) and its precursor, Tn, in the
skin in various cancers.

Methods—T and Tn antigens were studied
with monoclonal antibodies in 91 primary
premalignant and malignant lesions, 13
cases of Paget’s disease, and 26 carcino-
mas metastatic to the skin. The material
had been collected over a 10 year period,
formalin fixed, and paraffin embedded.
Diagnoses had been made after examin-
ation of standard histological sections,
supplemented when needed by appropri-
ate immunohistochemical staining.
Results—21% and 29% of the primary
cutaneous premalignant and malignant
epithelial tumours expressed the Tnand T
antigens, respectively. By contrast, 81% of
metastatic carcinomas to the skin were Tn
positive, while only 23% of them expressed
the T antigen. All cases of Paget’s disease
were Tn positive but only 15% of them
expressed the T antigen. The 21 non-
epithelial tumours (including melano-
mas) were as a rule unreactive.
Conclusions—The accumulation of the
precursor (Tn) antigen in tumours metas-
tasising to the skin highlights the incom-
plete glycosylation of carbohydrate
antigens occurring in these tumours. The
predominant Tn versus T antigen expres-
sion appears to be a useful immunohisto-
chemical feature which may aid in the

differentiation of primary cutaneous car-
cinomas from metastatic tumours.
(¥ Clin Pathol 1998;51:588-592)
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Changes in glycoconjugate metabolism (in-
complete or abnormal glycosylation) is one of
the features accompanying malignant cell
transformation. The expression of glycopro-
teins is modified because of depression of genes
encoding for glycosyltransferases, and this
leads to decreased cell-cell adhesiveness, con-
ferring to cancer cells an advantage for
metastatic spread.'” Two such carbohydrate
antigens are the Thomsen-Friedenreich (T)
antigen  (GalB(1-3)GalNaca(1-O)-Ser/Thr)
and its immediate precursor, the Tn antigen
(GalNaca(1-O)-Ser/Thr). These are core di-
saccharides of O-glycosylated complex carbo-
hydrates, thought to be cryptic in normal post-
fetal tissues but expressed in carcinomas of
several organs, thereby being considered as
“general pancarcinoma” antigens.*® Interest-
ingly, the expression of the T or Tn antigens
has been found to correlate with tumour
aggressiveness in terms of local invasion,
metastasis, and poor survival in carcinomas of
the pancreas,’ colon,*'’ breast,' uterine
cervix,”” ’ stomach,' urinary bladder,” ' and
ovary.'” The T/Tn antigens can be detected
with lectins and polyclonal antibodies, but
these reagents are less specific than the mono-
clonal antibodies that are now available.'

Table 1  Expression of T/Tn antigens in cutaneous malignancies

Diagnosis Total No T+ (%) Tn+ (%)
Premalignant dermatoses 18 5 (28) 11 (61)
Actinic keratosis 5 1/ 2/+to +
Bowen’s disease 13 4/+ or + 9/+ or +
Primary carcinomas 52 10 (19) 9 (17)
Basal cell carcinoma 26 1/x 0
Squamous cell carcinoma 22 7/ to ++ 8/+
Neuroendocrine skin carcinoma 4 2/% 1/
Paget’s disease 13 2 (15) 13 (100)
Mammary 8 1/ 8/+ to ++
Extramammary* 5 2/+ 5/+ to ++
Metastatic skin carcinomas (origin) 26 6 (23) 21 (81)
Breast 8 2/% 7/+ to ++
Lung 2/+ 4/% to ++
Larynx 1 0 1/
Kidney 2 0 1/+
Unknown 11 2/+ to ++ 8/t to ++
Non-epithelial malignancies 21 0 (0) 15
Malignant melanoma (primary) 9 0 0
Malignant melanoma (metastatic) 5 0 0
Leukaemia/lymphoma 4 0 0
Langerhans cell histiocytosis 1 0 0
Kaposi sarcoma 1 0 0
Angiosarcoma (Stewart-Treves) 1 0 1/

*3 vulvar, 1 scrotal, 1 perianal.
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Figure 1  Actinic keratosis (bowenoid type): the T antigen is expressed within the
cytoplasm of around 30% of atypical keratinocytes (A); no Tn expression is seen (B).

Figure 2 In basal cell carcinoma no T antigen expression is seen (note normal sebaceous
glands, arrowed, expressing strong immunoreactiviry).

Up to now there have been few data on the
expression of T/Tn antigens detected by
monoclonal antibodies in normal and neoplas-
tic skin.” *' Recently we found that in adult
human skin the T and Tn antigens are
expressed within sebaceous (and occasionally
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sweat) glands and benign proliferations arising
from these’™); furthermore, demodex mites
colonising hair follicles express the Tn (but
not the T) antigen.”> However, normal epider-
mis and benign epidermal tumours are
unreactive. Because of the scarcity of relevant
data in published reports, and in view of the
potential involvement of T/Tn antigens in car-
cinogenesis, we screened their expression in
primary and metastatic malignancies of the
skin.

Methods

TISSUE SAMPLES

These included biopsy or excision specimens
of epithelial premalignant tumours (18) and
malignant cutaneous tumours (52 primary and
26 metastatic of various origins), 13 cases of
Paget’s disease (eight mammary and five
extramammary), and 21 mesenchymal malig-
nant tumours (table 1). The diagnosis of meta-
static (v primary cutaneous) carcinoma in
cases with no known primary was supported by
the following histological features: tumour
masses dispersed in the mid- and lower dermis,
no connection with the overlying epidermis or
the surrounding adnexa, and Indian file
infiltration of collagen bundles by tumour cells.
The material had been collected in our labora-
tory over the previous 10 years, formalin fixed,
and paraffin embedded. The diagnosis had
been made after examination of standard
histological sections, supplemented when
needed by appropriate immunohistochemical
staining (keratin, S100 protein, HMB45 anti-
gen, carcinoembryonic antigen, and epithelial
membrane antigen).

IMMUNOHISTOCHEMISTRY

Sections 4 um thick, placed on aminopropyl-

triethoxysilane coated glass slides, were depar-

affinised and rehydrated, then immunola-
belled according to a streptavidin-biotin-
peroxidase technique (LSAB kit, Dako,

Copenhagen, Denmark). This included the

following steps:

(1) Inhibition of endogenous peroxidase with
1% H,0, in phosphate buffered saline.

(2) Incubation of the sections with blocking
(non-immune) serum.

(3) Incubation with the primary antibodies for
15 minutes in moist chambers at room
temperature; primary antibodies used
were: (a) clone HB-T1, a mouse IgMx
anti-T antigen produced against the termi-
nal BGal-1-30GalNAc-carrying  gly-
cosphingolipid isolated from human blood
group A erythrocytes; (b) clone HB-Tnl, a
mouse IgMk produced with asialo-ovine
submaxillary mucin as immunogen and
recognising the Tn antigen. Both reagents
were purchased from Dako and used at a
dilution of 1:40.

(4) Incubation with biotin conjugated antise-
rum to mouse immunoglobulins (10 min-
utes).

(5) Incubation with peroxidase conjugated
streptavidin (10 minutes).

The reaction was revealed with aminoethylcar-

bazole as chromogen. The intensity of immu-
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Figure 3 Primary cutaneous squamous cell carcinoma: weak cytoplasmic T antigen
immunoreactivity is seen within the most differentiated cells (arrows).

Figure 4 Extramammary Paget’s disease: the T antigen is not expressed (B) whereas the
Tn antigen is expressed within the cytoplasm of most Paget’s cells (A).

nolabelling was scored according to the per-
centage of immunoreactive cells as follows: 0
(no labelling), + (< 10%), + (10-30%), and ++
(> 30%). Negative controls were performed by
omitting the first layer antibody and proved
consistently negative.
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Results

The results are summarised in table 1. The
normal looking epidermis overlying the tu-
mours studied was unreactive for both anti-
gens. T (and more weakly Tn) cytoplasmic
immunoreactivity was consistently seen in
adjacent sebaceous glands, and this served as
an internal positive control.

EPITHELIAL TUMOURS

Primary tumours

Overall, Tn and T immunoreactivity was seen
in only 20 (29%) and 15 (21%), respectively, of
the 70 primary cutaneous premalignant and
malignant lesions. In more detail, in 18 prema-
lignant conditions of the epidermis (actinic
keratoses and Bowen’s disease), T and Tn
expression was found in five (28%) and 11
cases (61%), respectively. The labelling inten-
sity was low, with less than 30% of epidermal
cells stained in each case (figs 1, panels A and
B). The immunoreactivity was cytoplasmic and
present in medium and upper layer keratinoc-
ytes.

The 26 basal cell carcinomas (including
superficial, solid, adenoid, and morphea-like)
were unreactive (fig 2), with the exception of a
single (adenoid) basal cell carcinomas where
about 20% of T antigen positive cells were
found within the deepest tumour masses.

Fourteen of 22 primary squamous cell carci-
nomas (64%), including the poorly differenti-
ated ones, were completely unreactive. Of the
remaining squamous cell carcinomas, all eight
cases (36%) were Tn+ and of these, seven
(36%) were T+ and one was T-; all these cases
comprised more T- than Tn-immunoreactive
cells, found mainly around areas of keratinisa-
tion (fig 3). Two of four cases of primary neu-
roendocrine skin carcinoma (“Merkel cell
tumour”) comprised a few (less than 5%) T
antigen positive cells and another case com-
prised a low percentage of Tn positive cells;
one case was completely unreactive.

Pager’s disease

All cases of mammary (n = 8) and extramam-
mary (n = 5) Paget’s disease showed cytoplas-
mic Tn immunoreactivity within Paget cells;
conversely, only one and two cases respectively
of mammary and extramammary Paget’s dis-
ease expressed the T antigen (fig 4).

Metastatic tumours

Overall, cytoplasmic Tn and T immunoreac-
tivity was detected in 21 (81%) and six (23%)
of the 26 metastatic tumours, respectively. All
metastatic carcinomas of the breast, larynx,
and kidney (n = 11) were Tn positive/T nega-
tive (fig 5); in this group, low T antigen expres-
sion was seen only in two cases of metastatic
breast carcinoma. In the remaining cases,
expression of the Tn and T antigens was seen
respectively in 4/4 and 2/4 lung carcinomas,
and in 8/11 and 2/11 metastatic carcinomas of
unknown primary origin. In all positive cases,
the expression of the Tn antigen was greater
than that of the T antigen, both in terms of
percentage of cells immunolabelled and of
individual cell staining intensity.
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Figure 5 Mammary adenocarcinoma metastatic to the skin: malignant cells express strong
cytoplasmic Tn immunoreactiviry (A) but no T antigen immunoreactivity (B).

NON-EPITHELIAL TUMOURS

All these tumours (that is, primary and
metastatic melanomas of the skin) were T/Tn
negative. The only exception was a case of
postmastectomy (Stewart-Treves) angiosar-
coma which comprised 5% T positive cells.

Discussion

The Thomsen-Friedenreich antigen (T) and
its precursor, Tn, are complex mucin-type car-
bohydrate antigens, the expression of which
has been studied extensively in visceral carci-
nomas and has been found in some cases to
correlate with the course of these tumours. As
far as we know, no study has reported in detail
the expression of T and Tn antigens detected
with monoclonal antibodies in skin tumours.
The T and Tn antigens can be recognised
using plant lectins (Arachis Hypogaea-PNA
and Vicia Villosa Agglutinin-VVA, respec-
tively) but these reagents are not absolutely
specific. For instance, PNA also recognises
N-acetyllactosamine  (LacNac;  Galbetal-
4GlcNac) present at the termini of several cell
surface glycoproteins. This accounts for the
much wider reactivity pattern of PNA in
normal and neoplastic skin than we obtained
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with the monoclonal antibodies used in this
study. For instance, PNA invariably labels the
surface of keratinocytes of the upper epidermal
and hair follicle layers,” the epithelial compo-
nent of hair follicle tumours,” a variable
proportion of histiocytic cells in xanthogranu-
lomas and Langerhans cell histiocytoses,”
keratoacanthomas, squamous® and basal
cell carcinomas,” and some malignant
melanomas.”® In our study we never detected
such reactivities either on normal or in diseased
skin. Therefore the results of studies with
lectins are not comparable with those obtained
with specific antibodies, at least in the specific
case of T/Tn antigens. Very recently, a leucine
mutant of PNA was described (L212N) which
is specific for the T antigen®; however, this has
not yet been used for the study of skin tumours.

In a preliminary study, we found consistent
T/Tn antigen expression in tumours arising
from sebaceous glands and (much less often
and in a surface rather than a cytoplasmic pat-
tern) from sweat glands.”"* With the exception
of these cases, where the T/Tn immunoreactiv-
ity obviously reflects tumour derivation from
structures (sebaceous and sweat glands) nor-
mally expressing these antigens, benign epider-
mal tumours expressed much less—if any—
immunoreactivity compared with the primary
cutaneous carcinomas studied here. These
results are in agreement with those reported
earlier in relation to tumours of the ovary'’ and
the breast,” and suggest that in normal epider-
mis and its benign tumours the T/Tn antigens
are cryptic, masked by further glycosylation,
whereas in malignant tumours deficient glyco-
syltransferase activity leads to their exposure.

The results we obtained on T/Tn antigen
expression in primary cutaneous carcinomas
and tumours metastatic to the skin agree with
published data showing a predominance of Tn
over T expression in poorly differentiated
carcinomas of the colon,’ breast,"’ and uterine
cervix.”” Indeed, even though we could not
study the primary tumours corresponding to
our metastatic carcinomas, we found the latter
to express the Tn antigen much more com-
monly (81%) than the T antigen (23%).
Remarkably, primary cutaneous (squamous
and basal cell) carcinomas expressed generally
low T/Tn immunoreactivity. It is tempting to
speculate that the low T/Tn immunoreactivity
observed in primary cutaneous tumours re-
flects their lower biological aggressiveness
(metastatic potential) as compared with carci-
nomas metastasising to the skin.

Our results on mammary and extramam-
mary forms of Paget’s disease provide interest-
ing information concerning Paget cells. Mam-
mary Paget’s disease is considered to reflect the
presence of an underlying mammary adenocar-
cinoma, but the extramammary form is associ-
ated with an underlying malignancy in no more
than 25% of cases.” The precise nature of
intraepidermal Paget cells is not unequivocally
settled (intraepidermal spread of cells from the
underlying tumour along lactiferous ducts in
the mammary form or along apocrine ducts in
the extramammary form, or in situ malignant
transformation of intraepidermal undifferenti-
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ated keratinocytes). The clearly predominant
Tn over T antigen immunoreactivity in both
mammary and extramammary Paget’s
disease—that is, a pattern similar to that shown
by metastatic carcinomas—favours the first
hypothesis; indeed, keratinocytic malignancies
arising within the epidermis from keratinocytes
(for example, Bowen’s disease) seem to express
small amounts of the T and Tn antigens.

From a diagnostic point of view, the predomi-
nance of Tn over the T antigen may assist in the
histopathological distinction between primary
cutaneous carcinomas and carcinomas metasta-
sising to the skin. Whereas the differential diag-
nosis is usually easy, individual cases of
squamous cell carcinomas may pose a diagnostic
challenge to the pathologist (for example, when
no connection of tumour masses with the
surface epidermis is seen). Some organ specific
antigens exist (such as prostate specific antigen
or thyroglobulin) which may identify the organ
of origin of the secondary cutaneous tumour
and thereby definitely establish its metastatic
nature.” From our present results, the predomi-
nant expression of the Tn over the T antigen
favours a metastatic origin of the tumour. This
feature seems to be particularly helpful in undif-
ferentiated lesions and in metastases of un-
known origin, since in these cases the Tn is also
more strongly expressed than the T antigen.
According to our preliminary data on benign
sweat gland tumours, sweat gland carcinomas
could also express the T/Tn antigens; however,
we speculate that in these cases the labelling
would be localised on the surface rather than in
the cytoplasm of tumour cells. This hypothesis
needs confirmation.

CONCLUSION

In conclusion, we found that primary cutane-
ous premalignant and malignant epithelial
tumours show weak T or Tn antigen immuno-
reactivity, or both, in contrast to carcinomas
metastasising to the skin, which show a greater
expression of predominantly precursor (Tn)
over T antigen immunoreactivity. This differ-
ential expression seems interesting from a
pathogenic point of view, and offers a useful
criterion for the histopathological diagnosis of
these lesions, particularly since T and Tn anti-
gens are readily detectable on formalin fixed,
paraffin embedded specimens. The value of the
T/Tn antigens as prognostic indicators in
primary cutaneous carcinomas is currently
under investigation.
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