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Type 2 chain glycosylation in thyroid carcinomas
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Alterations of cell-surface carbohydrates are important for the metastatic behaviour of human carcinomas.
Follicular and papillary thyroid carcinomas clinically show a very different metastatic pattern and represent
a good model for studies of the metastatic process. We examined the expression of various Le*-related
carbohydrates in 30 primary papillary, 20 primary follicular and 15 primary anaplastic thyroid carcinomas
by means of immunohistochemistry. Six metastases from papillary and five from follicular carcinomas were
also examined. Morphologically normal thyroid epithelium did not express any of the type 2 carbohydrates.
Papillary carcinomas were immunoreactive for several type 2 carbohydrates, including sialyl-Lewis X, in
contrast to follicular and anaplastic carcinomas. The metastases showed no significant differences in
expression of carbohydrates compared with the primary tumours. We hypothesize that the up-regulation of
sialyl-Lewis X and some other related carbohydrates in papillary carcinomas is of importance for the

clinical behaviour of these tumours.
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Introduction

Several studies have shown that changes in cell-
surface carbohydrates (CHs) are important for the
invasive and metastatic behaviour of human carci-
nomas [1-3]. The function of these CHs is vir-
tually unknown, but there is accumulating evi-
dence that they are cell-cell and cell-matrix re-
cognition molecules [1,3-7]. Thus, several studies
have focused upon oligosaccharides as diagnostic
markers and as potential targets in cancer treat-
ment [2, 3, 8-10].

Papillary and follicular thyroid carcinomas have
different metastatic properties. Papillary thyroid
carcinomas mainly metastasize to lymph nodes,
whereas follicular thyroid carcinomas mainly
spread haematogenously [11,12]. The biological
explanation for this different organ-specific meta-
static behaviour is unknown [12, 13].

In this study we have examined the distribution
of several type 2 chain CHs, some of which have
recently been suggested to be adhesion molecules
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(for example sialyl-Le*) and of significance for the
metastatic process [1, 5, 14, 15]. We show that pap-
illary and follicular thyroid carcinomas exhibit dif-
ferential expression of various Le*-related type 2
CHs.

Materials and methods

Tissue

The material consisted of 65 thyroid carcinomas
(30 papillary, 20 follicular and 15 anaplastic).
Lymph node metastases from six of the primary
papillary tumours and five distant metastases from
follicular carcinomas (two lung and three bone)
were included. The tissues were fixed in 10%
buffered formalin and paraffin embedded. All
cases were obtained from the files of Department
of Pathology, The Norwegian Radium Hospital,
Oslo, Norway.

Antibodies

Six monoclonal anti-carbohydrate antibodies re-
acting with type 2 CHs with different specificities
were used. The antigens studied were as follows:
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Table 1. Primary monoclonal antibodies used, their isotype, dilution and chemical structure of the carbohydrate

antigens
Antibody Isotype Antigen Chemical structure of antigen Dilution?
[source ref.]
IB2 [16] IgM LAC Galf1-4GlcNAcf1-R 1:10
BE2 [16] IgM H (Fuca1-2)Galfl-4GlcNAcf1-R 1:10
SH1 [17] IgG Lex GalpB1-4(Fucal-3)GlcNAcf1-R 1:7
AHS6 [18] IgM Ley (Fucal-2)Galfl-4(Fucal-3)GIcNAcS1-R 1:10
SNH3b IgM s-Lex (NeuAca2-3)Galf1-4(Fucal-3)GleNAcpl-4

(Fuca1-3)GlcNacfi1-R 1:10

aDiluted from a hybridoma supernatant with an immunoglobulin content of 10-30 ug/ml.

bA. Singhal ef al., unpublished results.

N-acetyllactosamine (LAC), sialyl-N-acetyllactos-
amine (s-LAC), blood group H structure (H),
Lewis X (Le¥), Lewis Y (Le*) and sialyl-Lewis X
(s-Le*). The specificities of the antibodies, iso-
types, dilutions and sources are shown in Table 1.

Immunohistochemical staining

Four-micron sections were placed on gelatin—
chrome—alum-coated slides, deparaffinized in
xylene and brought to water through a 100% and a
96% solution of ethyl alcohol. An avidin—biotin—
peroxidase complex (ABC) method was applied,
using the Vectastain ABC kit (Vector Labora-
tories, Burlingame, CA, USA) as previously des-
cribed [19].

To remove terminal sialic acid from the LAC
carbohydrate antigen, sections were incubated for
2h at 37°C with neuraminidase (Test-Neuramini-
dase, ORKD 04/05, 20 ¢ in 1ml 0.1 M sodium
acetate buffer, pH 5.5; Behringwerke, Marburg,
Germany) before application of the primary anti-
body, 1B2.

Control staining reactions included replacement
of the primary antibody with (i) phos-
phate-buffered saline (PBS), (ii) monoclonal anti-
body of another and irrelevant specificity, but of
the same isotype, and (iii) a culture supernatant of
the myeloma cell line (SP2) used for hybridization.
Endothelial cell staining was an inherent positive
control for expression of H and s-LAC. In addi-
tion, sections from various carcinomas known to
express these CHs were used as positive controls.

Scoring of immunostaining

The fraction of immunostained cells in the whole
tumour was registered semiquantitatively. Staining
was recorded as: 0 =no cells positive, + =less
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than 5% cells positive, ++ = 5-30% cells positive,
+++4 = more than 30% cells positive. Staining was
recorded as located either in the cytoplasm or on
the cell-surface membrane. The intensity of
immunostaining was not recorded.

Results

The expression of type 2 carbohydrates is shown in
Table 2 and Figures 1-5. s-Le*, Le*, LAC, s-LAC
and Le¥ were expressed in a variable number of
papillary tumours. The Le’ structure was the only
carbohydrate expressed in follicular carcinomas ex-
cept that one follicular carcinoma also showed a
few LAC-positive cells. In anaplastic carcinomas
half of the tumours expressed Le¥ and 20%
showed a few LAC-positive cells. The staining
pattern in metastases was the same as in the
primary tumours. No obvious relation between
reactivity for different CHs in papillary thyroid
carcinomas was seen. The staining of tumour cells
in papillary tumours was generally located on the
cell surface (Figures 1-4). In most of the follicular
thyroid carcinomas and anaplastic carcinomas that
expressed CHs a cytoplasmic immunoreactivity was
seen (Figure 5).

In four primary tumours (two papillary and two
follicular) we detected tumour cells in blood ves-
sels. In papillary thyroid carcinomas, these intra-
vascular tumour cells were immunoreactive for
s-Le*, LeY, Le*, LAC and s-LAC on the surface
(Figure 4). The intravascular cells in the two
follicular carcinomas did not express any of the
CH structures examined.

Adjacent normal-looking thyroid epithelium did
not express any of the CH structures (Figure 1).
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Table 2. Immunostaining of some type 2 carbohydrate structures in normal thyroid and different thyroid carcinomas

Tissue Extent Carbohydrate structures (per cent of tumours)
of
staining? LAC s-LAC H Lex s-Le* Ley

Normal thyroid - — - - -

Primary papillary tumours® + 27 63 - 33 70 30
(n = 30) ++ - 7 - - - 37
+++ - - - - - 23

Papillary tumours® + 67 33 - 67 67 17
(metastases) ++ - 33 - - - 33
(n=26) +++ - - - - - 33
Primary follicular tumours® + 5 - - - - 15
(n = 20) ++ - - - - - -
+++ - - - - - 10

Follicular tumours® + - - - - - 25
(metastases) ++ - — - - - -
(n=175) +++ - - - - - -
Anaplastic carcinomas® + - 20 - - - 33
(n =15) ++ - - - - - 13
+++ - - - - - 7

a—, no cells positive; +, < 5% cells positive; ++, 5-30% cells positive; +++, > 30% cells positive.
bGenerally membrane staining.
¢Generally cytoplasmic staining.

Figure 1. Morphologically normal thyroid tissue showing Figure 2. Primary papillary thyroid carcinoma showing a
no expression of any of the studied type 2 carbo- subpopulation of cells expressing LeY oligosaccharide on
hydrates. Bar = 100 um. the cell surface. Bar = 50 ym.
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Figure 3. Primary papillary thyroid carcinoma showing a
subpopulation of cells expressing s-LAC oligosaccharide
on the cell surface (arrowhead). Follicular carcinomas
did not express this structure. Bar = 30 um.

Discussion

It is well documented that papillary tumours
spread almost exclusively to lymph nodes and that
follicular tumours generally spread haematogen-
ously [12]. In this work we found that cells in
papillary tumours expressed several Le*-related
CH structures, in striking contrast to follicular
tumours.

The molecular mechanisms involved in the arrest
of cancer cells in lymph nodes are virtually un-
known [20].-A few recent in vitro adhesion stud-
ies, however, suggest that various integrins and
some oligosaccharides are important in the adhe-
sion of cancer cells to lymphatic extracellular ma-
trix and possibly to lymphatic endothelium
[20,21]. It has been suggested that some of the
CH structures detected in papillary tumours func-
tion as cell adhesion molecules in vivo [17, 22-25].
There is, however, no experimental evidence at
present that these Le*-related CHs are adhesion
molecules in the lymphatic metastatic process. The
present work suggests, on the other hand, that
these CHs are not involved in the haematogenous
spread of follicular tumours. This is in contrast to
what is probably the case for colorectal carcinomas
[26].

Expression of a few, but not all, of the blood
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group-related CHs studied in the present work has
previously been investigated in thyroid tissue
[27-29]. Our results confirm that normal thyroid
tissue does not show immunoreactivity for these
blood group-related type 2 chain CHs. We and
others [27-29] have found striking glycosylation
differences between normal and malignant thyroid
tissue, confirming that an altered CH pattern is
correlated with malignant transformation in epithe-
lial tissues [1, 3, 30].

Several studies have shown a prognostic value
for various CHs in different human carcinomas
[2,19,26,31]. The Le’ oligosaccharide is strongly
expressed in the majority of carcinomas (especially
papillary tumours) [27]. However, we observed
considerable individual differences in the immuno-
staining for this structure. Further studies are
needed to elucidate the role of Le¥ and other CHs
as prognostic markers for thyroid neoplasms.

Most anaplastic thyroid carcinomas are derived
from the same epithelial cells as papillary and
follicular tumours [12], and often minor tumour
areas with either papillary or follicular morphology
are seen. In this study we found that papillary cells
in particular expressed CHs in a very different
pattern from the adjacent anaplastic cells, support-
ing previous studies that expression of CHs is
highly associated with cellular differentiation
[1,3,32]. A general finding was that CHs in papil-
lary cells were detected on the cell surface,
whereas the follicular cells, and especially the
anaplastic cells, displayed cytoplasmic CH staining
or no staining at all. The cytoplasmic sublocaliza-
tion of these CHs is mainly in the Golgi apparatus,
an organelle in which most of the CHs are synthes-
ized, and in secretory vesicles [33, 34]. This shift in
subcellular distribution of CH in highly differenti-
ated to poorly differentiated cells has been ob-
served in various carcinomas [16, 34, 35]. The bio-
logical significance of the retention of CHs in
cytoplasm is unknown [34]. It is, however, unlikely
that CHs in cytoplasm are involved in the adhesive
properties of the cells.

Lack of immunoreactivity for a CH structure in
cancer tissue indicates either (a) little or no bio-
synthesis or (b) an elongated or masked molecule
[3,30]. Thus, our observations that type 2 carbo-
hydrates were not expressed by normal thyroid
tissue or on the surface of the cells in follicular
and anaplastic carcinomas does not necessarily
mean that the biosynthesis of CH is similar. We
believe that it is much more likely that significant
differences in various glycoproteins or glycolipids
on the cell surface will be found between normal
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Figured. (A) A subpopulation of S-Le*-positive cells
(arrowhead) in a lymph node metastasis from a papillary
thyroid carcinoma. A blood vessel adjacent to the same
lymph node containing (B) s-Le* and (C) LeY-positive
cells (arrowheads). Bar = 50 um.

Figure 5. Anaplastic thyroid carci-
noma probably derived from a pap-
illary carcinoma. LeY oligosac-
charide is expressed on cell mem-
branes on moderately to highly dif-
ferentiated cells (P) in contrast to
no staining or granular cytoplasmic
staining (arrowheads) in anaplastic
cells. Bar = 50 ym.
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thyroid tissue and these carcinomas using more
sensitive methods [3].

In conclusion, we found striking CH differences

between papillary and follicular tumours and be-
tween normal thyroid tissue and thyroid carcino-
mas. We hypothesize that these differences in
cell-surface CHs are partly responsible for the
different pattern of metastatic behaviour in papil-
lary and follicular thyroid carcinomas.
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