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Abstract: The aim of this study was to evaluate the relationship between abnormal expression of E-cadherin
(E-CAD) and the extracapsular extension of tumors, lymph node involvement and the presence of metastasis in
various types of thyroid cancers. Histopathological specimens of 35 benign thyroid lesions and 122 malignant
tumors (papillary, follicular, poorly differentiated and undifferentiated cancers) were analyzed. E-CAD immu-
nostaining intensity, its subcellular localization, homogeneity within lesion, and the relation of staining intensity
between tumor and surrounding thyroid parenchyma were evaluated. The obtained results show that the vari-
ants of differentiated cancers with a poorer prognosis (i.e. tall cell and follicular variants of papillary cancer and
widely invasive follicular cancers) present reduced intensity of E-CAD expression, its abnormal localization or
heterogeneity of staining more frequently than classical papillary cancers and minimally invasive follicular can-
cers. However, the assessment of E-CAD expression does not allow the prediction of extrathyroidal growth of
thyroid cancers. (Folia Histochemica et Cytobiologica 2012, Vol. 50, No. 4, 519–526)
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Introduction

Thyroid cancers comprise a heterogeneous group of
malignant tumors. Differentiated thyroid cancers
(papillary and follicular ones) are usually associated
with a good prognosis, despite frequent lymph involve-
ment in papillary cancer, or frequent distant metastas-
es in follicular cancer. Undifferentiated cancer is
a highly malignant tumor that usually leads to the pa-
tient’s death. Poorly differentiated thyroid cancers
occupy, both morphologically and clinically, an inter-

mediate place between the well-differentiated and
undifferentiated cancers [1]. To date, in many cases,
traditional histopathological examination has not
been able to predict which differentiated cancers have
the potential to behave aggressively. This is particu-
larly relevant in the case of papillary microcancers.
Traditional techniques are also not always useful in
estimating  prognosis in poorly differentiated cancers
[2–3]. Thus, new methods are needed to predict the
clinical course of thyroid cancers. In this respect, the
attention of investigators has been drawn to the eval-
uation of E-cadherin expression.

Cadherins constitute a large group of proteins
which are important for cell to cell adhesion, tissue
organization and morphogenesis. The best known
members of the superfamily of cadherins are classi-
cal cadherins — transmembrane glycoproteins with
a large extracellular domain and a short intracellular
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domain which connects to the cytoskeleton through
a complex of proteins among which a- and b-catenins
play the most significant roles. E-cadherin (E-CAD)
is a major classical cadherin, responsible for cell-to-
cell adhesion of epithelial cells. It has been postulat-
ed that the loss of normal function of cadherins may
be an essential step in the progression of cancer cell
dedifferentiation, leading to increased metastatic
potential. Impairment of E-CAD expression has been
observed to correlate with tumor invasion and me-
tastasis in gastric and ovarian cancers, as well as oth-
er tumors [4–6]. Regulation of E-CAD gene expres-
sion has been linked to the methylation status of its
promoter in several tumor models, including thyroid
cancer [7].

Evaluation of E-CAD in the thyroid has focused
on the relation of E-CAD expression to size of tu-
mor, lymph nodules involvement or presence of me-
tastasis, but the reported results are not consistent
[8–15]. In only some of those reports has the expres-
sion of E-CAD been evaluated in relation to histo-
logic subtype of papillary thyroid cancer or the pat-
tern of local invasion in follicular cancers (minimally
invasive versus widely invasive) [16–21]. Moreover,
poorly differentiated thyroid cancers have been ex-
amined only in a few studies with equivocal results
[7, 16, 19, 22].

The aim of this study was to evaluate E-CAD ex-
pression in thyroid tumors in relation to their histo-
pathologic type (including some subtypes of papillary
cancer), extent of tumor, lymph node involvement,
and presence of metastasis.

Material and methods

Histopathological specimens of the thyroid gland were an-
alyzed, obtained from 157 patients with various types of le-
sions: 35 patients with benign lesions (32 females and three
males) and 122 with malignant tumors (107 females and
15 males). Mean age of patients with benign lesions was
49.35 ± 9.74 years (mean ± SD) and did not differ signifi-
cantly from the mean age of patients with malignant tumors:
50.02 ± 17.45. All the patients had been subjected to total
or subtotal thyroidectomy. The postoperative histopatho-
logical examinations were performed in the Department of
Pathomorphology of M. Kopernik Regional Specialist Hos-
pital in Lodz, Poland.

In all cases, hematoxylin and eosin-stained slides were
reviewed by one of us (S.S.) and the histological patterns of
the tumors were classified according to the WHO criteria.
The analyzed lesions included: 18 cases of non-neoplastic
thyroid tissue (nodular goiter) — NN (16 females and two
males); 17 follicular adenomas — FTA (16 females and one
male); eight follicular cancers — FTC (seven females and

one male). Of these, three were minimally invasive
(MI-FTC) and five widely invasive (WI-FTC). We analyzed
14 follicular cancers of oxyphilic cell type — Hürthle can-
cer — HTC (12 females and two males). Of these, five were
minimally invasive (MI-HTC) and nine widely invasive (WI-
HTC). We analyzed 75 papillary cancer — PTC (68 females
and seven males). Of these, 26 cases were of classical —
conventional variant — C-PTC (one male), 36 were follicu-
lar variant FV-PTC (four males), and 13 were tall cell vari-
ant TV-PTC (two males). There were 18 poorly differenti-
ated cancers — PDTC: solid or trabecular type of poorly
differentiated cancers and insular cancers (15 females and
three males) and seven undifferentiated cancers — UDTD
(four females and three males). The mean age of patients
with NN was similar to the mean age of patients with vari-
ous types of papillary cancer (NN — 51.4 ± 12.7, C-PTC —
47.7 ± 16.1, FV-PTC — 46.7 ± 14.8, TV-PTC — 50.4 ±
± 10.1). The mean age of patients with FTC was lower than
the mean age of patients with HTC 50.6 ± 8.5 vs. 64.5 ±
± 10.7 (p < 0.05), but similar to the mean age of patients
with FTA 45.3 ± 13.5. The mean age of patients with UDTC
was 74.40 ± 12.7 years and was higher than in all other
groups (p < 0.05).

Paraffin sections were mounted onto SuperFrost slides,
deparaffinized in xylene, then treated in a microwave oven
in Target Retrieval Solution (Dako Cytomation, Denmark)
for 30 minutes (2 × 5 minutes 360 W, 2 × 5 minutes 180 W,
2 × 5 minutes 90 W) and transferred to distilled water. En-
dogenous peroxidase activity was blocked by 0.3% hydro-
gen peroxidase in distilled water for 30 minutes, and then
sections were rinsed with tris-buffered saline (TBS, Dako
Cytomation, Denmark) and incubated with monoclonal
mouse anti-human E-cadherin antibody (Dako Cytomation,
clone: NHC-38, dilution 1:200). Afterwards, EnVision+
Systems-HRP for mouse (Dako Cytomation, Denmark)
prepared according to the instructions of the manufacturer
were used. Visualization was performed by incubating the
sections in a solution of 3,3’-diaminobenzidine (Dako Cy-
tomation, Denmark). After washing, the sections were
counter-stained with hematoxylin and coverslipped. For each
antibody, and for each sample, a negative control was pro-
cessed by incubation in the absence of the primary antibody.
This yielded negative results in each case. For each batch,
a positive control was performed using normal urothelial
tissue samples and ductal breast carcinoma tissue samples.
In 113 cases of thyroid tumors, adjacent normal-looking
thyroid parenchyma could be identified and was therefore
used as an internal control.

The intensity of staining was assessed semi-quantitatively
by the evaluation of 1,000 cells in each lesion. The staining
was regarded as positive in the case of membrane expres-
sion of E-CAD. The results were expressed in an ordinal
scale from 0 to 4 (0: no membrane staining or staining
present in £ 5% of cells, 1: staining present in 6–30% of
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cells, 2: in 31–60% of cells, 3: in 61–90% of cells, and 4: in
more than 90% of cells). Grades of 0 and 1 were classified
as markedly reduced (Figure 1), grade 2 — as reduced, and
grades 3 and 4 — as preserved (Figure 2). Apart from the
intensity, other features of E-CAD immunostaining were
also assessed: its subcellular localization, homogeneity with-
in lesion, the relation of staining intensity between tumor
and surrounding thyroid parenchyma. Pattern of E-CAD
expression was regarded as abnormal when at least one of
the following features was present: markedly reduced mem-
brane staining (lack of membrane expression or expression
in less than 30% of cells), heterogeneity of staining, or im-
munostaining less intensive in tumor than in its surround-
ings. The correlation between the extracapsular extension
and size of primary tumor (T4 vs. T1-T3 and papillary mi-
crocancers vs. other papillary cancers), lymph node involve-
ment (N0 vs. N1) or presence of metastasis (M0 vs. M1),
and features of E-CAD expression were also examined.

The statistical evaluation of obtained results was per-
formed using Spearman’s coefficient, chi-square test (with
Yates’ correction), Mann–Whitney’s U test or Student’s
t-test, where applicable.

Results

All benign lesions presented positive membrane ex-
pression of E-CAD (Table 1). In the groups of papil-
lary cancers, the decrease in the percentage of mem-
brane staining was 88.5% in the case of C-PTC, 83.3%
— FV-PTC and 69.2% in the case of TV-PTC
(TV-PTC vs. NN: p < 0.05). In the group of follicular
cancers, the percentage of positive staining reached
75.0% in FTC and 92.9% in HTC, and the lack of
membrane expression was observed only in widely
invasive cancers (WI-FTC and WI-HTC). In the
PDTC group, negative staining was found in only
16.7%, while in the UDTC group it was found in

Figure 1. Papillary carcinoma — classical type — E-CAD
expression markedly reduced. Magnification × 200

Figure 2. Papillary carcinoma — classical type — preserved
membrane expression of E-CAD. Magnification × 500

42.9%. In the cases of negative membrane staining,
the staining was positive in cytoplasm or — rarely (only
in two cases of FV-PTC) — in nucleus (Figure 3).

In the groups of MI-FTC, MI-HTC and FTA, no
case was found with marked reduction of E-CAD
expression (positive expression in less than 30% of
cells). In contrast, such a reduction was observed
in all cases of UDTC — significantly more frequen-
tly than in all other groups with the exception of
TV-PTC and WI-FTC. Marked reduction of the mem-
brane E-CAD was found significantly more frequently
in the groups of TV-PTC (46.2%) and FV-PTC
(33.3%) than in the C-PTC group (11.5%, p < 0.05
in both cases) (Table 1).

Mean degree of E-CAD expression was the low-
est in UDTC: 0.57 ± 0.53, mean ± SD, (UDTC vs.
FTA and C-PTC: p < 0.0001; UDTC vs. other groups:
p < 0.005) (Table 1). The highest mean degree of
E-CAD expression (> 3) was noted in follicular neo-
plasms (FTA: 3.24 ± 0.83, MI-FTC: 3.33 ± 0.58,

Figure 3. Papillary carcinoma — classical type — cyto-
plasmatic expression of E-CAD. Magnification × 200



522 D Slowinska-Klencka et al.

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2012
10.5603/FHC.2012.0073

www.fhc.viamedica.pl

MI-HTC: 3.20 ± 0.84, WI-HTC: 3.11 ± 1.27) with
the exception of WI-FTC (1.80 ± 1.79). No difference
was found in mean degree of E-CAD expression be-
tween NN (2.56 ± 0.92) and any variant of PTC, but
it was found between C-PTC and TV-PTC (2.73 ±
± 1.28 vs. 1.61 ± 1.39, p < 0.05). Mean expression of
E-CAD in PDTC (2.11 ± 1.28) was lower than in FTA
and C-PTC (p < 0.05 in both cases) and comparable
with FV-PTC (2.22 ± 1.42), TV-PTC and WI-FTC.

Preserved E-CAD expression — the presence of
staining in more than 60% of cells — was observed in
more than 60% of NN and C-PTC cases, in 50.0%
of FV-PTC, but in only 30.8% of TV-PTC (NN vs.
TV–PTC: p < 0.05). In the group of follicular cancers,
it was found in at least 80% of cases of MI-FTC,
MI-HTC and WI-HTC — thus with a frequency similar
to that observed in the group of FTA (76.5%) — but
only in 40.0% of WI-FTC. In the PDTC group, pre-
served expression E-CAD was noted in 44.4% of cas-
es, and in the UDTC group — in none of the cases
(UDTC vs. NN, FTA and WI- HTC: p < 0.005;
UDTC vs. MI-HTC, MI-FTC, FV-PTC and C-PTC:
p < 0.05) (Table 1).

In the UDTC, PDTC and TV-PTC groups, the
immunostaining was homogenous twice or thrice less
frequently than in the groups of other cancers
(UDTC, PDTC and TV-PTC together vs. other can-
cers together: p < 0.0005). On the other hand, in the

majority of cases (77.8%), the NN group presented
non-homogenous immunostaining against E-CAD
(p < 0.005 vs. FTA).

E-CAD expression in all cases of follicular can-
cers was equal to or higher than that observed in sur-
rounding tissues. In all four cases of UDTC, in which
there were surrounding tissues present in the speci-
men and in some cases of other cancers, the staining
in the surrounding tissues was higher than in the tu-
mor (in 29.2% of PTC, and in 20.0% of PDTC).

The pattern of E-CAD expression was abnormal
in 100.0% of UDTC, 88.9% of PDTC and 84.6% of
TV-PTC — significantly more frequently than in the
FTA group — 17.6% (3/17) (UDTC and TV-PTC vs.
FTA: p < 0.005; PDTC vs. FTA: p < 0.0001). In all
other groups of papillary cancers and in the WI-FTC
group, abnormal pattern of E-CAD expression was
observed in 55–60% of cases. In the FTA, MI-FTC,
and MI-HTC groups, abnormal pattern of E-CAD
expression was in each case connected with hetero-
geneity of staining only. Similarly, in the majority of
cases in the NN group, abnormal E-CAD expression
was related to heterogeneity of staining (12 of 14 cas-
es with abnormal pattern). In both groups of widely
invasive follicular cancers (FTC and HTC), cases with
lowered expression or lack of membrane localization
were also observed. In the PTC, PDTC and UDTC
cases, all analyzed types of abnormality were found

Table 1. Characteristics of E-CAD in various thyroid tumors and non-neoplastic thyroid tissue (* — in some cases missing
surrounding tissues in the specimen)

Type of tumor Characteristics of E-CAD expression

Positive Mean degree Intensity markedly Intensity preserved Homogenous Expression in
membrane ± SD reduced (> 2 degree) expression tumor similar

staining (0–1 degree) to surrounding
tissues

NN 18/18 (100.0%)df 2.56 ± 0.92b 2/18 (11.10%)afk 12/18 (66.7%)bf 4/18 (22.2%) –

C-PTC 23/26 (88.5%) 2.73 ± 1.28afl 3/26 (11.5%)afk 16/26 (61.5%)d 12/23 (52.2%) 13/20* (65.0%)

FV-PTC 30/36 (83.3%) 2.22 ± 1.42b 12/36 (33.3%)b 18/36 (50.0%)c 16/30 (53.3%) 27/34* (79.4%)c

TV-PTC 9/13 (69.2%) 1.61 ± 1.39b 6/13 (46.2%) 4/13 (30.8%) 2/9 (22.2%)hj 6/11* (54.5%)

FTA 17/17 (100.0%)c 3.24 ± 0.83al 0/17 (0.0%)aek 13/17 (76.5%)b 14/17 (82.4%) 16/17 (94.1%)c

MI-FTC 3/3 (100.0%) 3.33 ± 0.58b 0/3 (0.0%)d 3/3 (100.0%)c 2/3 (66.7%) 2/2* (100.0%)

WI-FTC 3/5 (60.0%) 1.80 ± 1.79b 2/5 (40.0%) 2/5 (40.0%) 3/3 (100.0%) 2/2* (100.0%)

MI-HTC 5/5(100.0%) 3.20 ± 0.84b 0/5 (0.0%)b 4/5 (80.0%)c 3/5 (60.0%) 3/3* (100.0%)

WI-HTC 8/9 (88.9%) 3.11 ± 1.27b 1/9 (11.1%)b 8/9 (88.9%)b 7/8 (87.5%) 5/5* (100.0%)

PDTC 15/18 (83.3%) 2.11 ± 1.28b 5/18 (27.8%)c 8/18 (44.4%) 3/15 (20.0%)gj 12/15* (80.0%)d

UDTC 4/7 (57.1%) 0.57 ± 0.53 7/7 (100.0%) 0/7 (0.0%) 0/4 (0.0%)hj 0/4* (0.0%)

a — p < 0.0001 vs. UDTC; b — p < 0.005 vs. UDTC; c — p < 0.01 vs. UDTC; d — p < 0.05 vs. UDTC; e — p < 0.01 vs. TV-PTC; f — p < 0.05
vs. TV-PTC; g — p < 0.005 vs. FTA; h — p < 0.01 vs. FTA; i — p < 0.01 vs. WI-HTC; j — p < 0.05 vs. WI-HTC; k — p < 0.05 vs. FV-PTC;
l — p < 0.05 vs. PDTC
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(Table 2). If heterogeneity of staining was excluded
from the set of features indicating abnormal pattern
of E-CAD expression, then the percentage of such
patterns dropped to 0 in the groups of FTA, MI-FTC,
MI-HTC, and was lowered in the NN and PDTC
groups, but remained unchanged in the UDTC group
(Table 2).

There was no correlation between the abnormal
pattern of E-CAD expression and features of extrathy-
roid growth of cancers (Table 2). No relation was
found even when each examined feature of E-CAD
expression was analyzed separately and compared to
the extent of primary tumor (T4 vs. T1-T3), lymph
node involvement (N1 vs. N0) and presence of me-
tastasis (M1 vs. M0). Abnormal pattern of E-CAD
expression was observed in 44.4% of papillary micro-
cancers (4/9) and in 63.6% of other papillary cancers
(42/66), p — NS.

Discussion

Quantitative evaluation of E-CAD immunoexpression
is difficult. Heterogeneity of staining in various re-
gions of tumors and the lack of an unequivocal defi-
nition for the reduction of staining intensity make
results from different centers very difficult to com-
pare. Some investigators prefer to use only a descrip-
tive scale of staining intensity, e.g.: very weak, mod-

erate, or strong expression [8, 16, 17, 20]. Others ac-
cept a well defined limit of the percentage of posi-
tively stained cells to distinguish reduction of E-CAD
expression. Scheumman et al. (1995) set such a limit
at 30% of positive cells in tumor [9]. Naito et al. (2001)
treated E-CAD expression as preserved if more than
50% of cells were stained, and Kato et al. (2002) raised
that limit to 70% of tumor cells [12, 18]. The highest
limit was used by Brecelj et al. (2005), who defined
reduced E-CAD expression as < 90% of cells show-
ing membrane positivity [19].

Undoubtedly, these discrepancies are at least
partially responsible for some contradictions between
the published reports. Another cause is related to the
lack of distinguishing between subtypes of papillary
cancer and follicular cancers, as well as to differenc-
es in classification of poorly differentiated thyroid
cancers.

In the present study, we decided to assume < 30%
of positively stained cells as the limit for markedly
reduced expression, and > 60% as the limit for pre-
served expression. Additionally, the study assessed not
only the staining intensity but also the homogeneity
of staining and the relation between intensity of
E-CAD staining in a tumor and its surroundings. Vari-
ous subtypes of papillary and follicular cancers were
analyzed separately, and the examined features of
E-CAD expression were compared to the intensity of

Table 2. Abnormal pattern of E-CAD expression in various thyroid tumors; comparison of E-CAD expression in cancers
limited to the thyroid (T1-3, N0, M0) and in tumors showing extrathyroid growth (N1 or M1 or T4). Abnormal pattern of
E-CAD — at least one of the following features: lack of immunostaining or staining positive in less than 30% of cells, lack
of membrane localization, heterogeneity of staining, or immunostaining less intensive in tumor than in its surroundings

Type of tumor Abnormal pattern of E-CAD expression Abnormal pattern of E-CAD expression,
except for heterogeneity of staining

All TNMs N0 and M0 N1 or M1 All TNMs N0 and M0 N1 or M1
and T<4 or T4 and T<4 or T4

NN 14/18 (77.8%)bd – – 2/18 (11.1%) – –

C-PTC 15/26 (57.7%) 8/12 (66.7%) 7/14 (50.0%) 8/26 (30.7%) 3/12 (25.0%) 5/14 (35.7%)

FV-PTC 20/36 (55.5%) 14/25 (56.0%) 6/11 (54.5%) 12/36 (33.3%) 10/25 (40.0%) 2/11 (18.2%)

TV-PTC 11/13 (84.6%)bd 3/3 (100.0%) 8/10 (80.0%) 7/11 (63.6%) 2/3 (66.7.0%) 5/10 (50.0%)

FTA 3/17 (17.6%) – – 0/17 (0.0%) – –

MI-FTC 1/3 (33.3%) 1/3 (33.3%) 0/0 (0.0%) 0/3 (0.0%) 0/3 (0.0%) 0/0 (0.0%)

WI-FTC 3/5 (60.0%) 1/1 (100.0%) 2/4 (50.0%) 2/5 (40.0%) 1/1 (100.0%) 1/4 (25.0%)

MI-HTC 2/5 (40.0%) 2/4 (50.0%) 0/1 (0.0%) 0/5 (0.0%) 0/4 (0.0%) 0/1 (0.0%)

WI-HTC 2/9 (22.2%) 2/3 (66.7%) 0/6 (0.0%) 1/9 (11.1%) 1/3 (33.3%) 0/6 (0.0%)

PDTC 16/18 (88.9%)ace 8/9 (88.9%) 8/9 (88.9%) 7/18 (38.9%) 4/9 (44.4%) 3/9 (33.3%)

UDTC 7/7 (100.0%)b 1/1 (100.0%) 6/6 (100.0%) 7/7 (100.0%) 1/1 (100.0%) 6/6 (100.0%)

a — p < 0.0001 vs. FTA; b — p < 0.005 vs. FTA; c — p < 0.005 vs. WI-HTC; d — p < 0.05 vs. WI-HTC; e — p < 0.05 vs. FV-PTC
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tumor growth (size and extent of the tumor, lymph node
involvement and presence of distant metastases).

We found, in accord with many other reports, that
E-CAD expression is most reduced in UDTC [7, 8,
16, 23–25].

In PTC, E-CAD expression was reduced more fre-
quently in non-classical variants — TV-PTC and
FV-PTC — than in classical ones. Also, the hetero-
geneity of the expression or its relocation from mem-
brane to the cytoplasm or nucleus was observed in
TV-PTC more than twice as frequently as in FV-PTC
and C-PTC. Rocha et al. (2001) showed relocation to
the cytoplasm in a diffuse sclerosing variant of PTC
in contrast to classical PTC. However, no detailed re-
port has yet been published on alterations in E-CAD
expression in TV-PTC [17].

In FTC and HTC, E-CAD expression in terms of
intensity of staining, membranous localization and
homogeneity was similar to that observed in benign
lesions (especially FA) and differed significantly from
that seen in PTC. This is concordant with the reports
by other authors [7, 8, 12, 16, 20, 23, 26, 27]. Only von
Wasilewski et al. (1997) did not find differences in
E-CAD expression between PTC and FTC [11]. We
found some cases of abnormal E-CAD localization
and marked reduction of its expression only in the
groups of WI-FTC and WI-HTC. Brecelj et al. (2005)
reported that reduced E-CAD expression was signif-
icantly associated with widely invasive growth of FTC
but was not related to the size of tumor, which is con-
cordant with our data [19].

In PDTC, marked reduction of E-CAD expres-
sion was observed in only 27.8% of cases, but abnor-
mal pattern of E-CAD expression (including also
heterogeneity of staining, non-membranous localiza-
tion or reduced intensity compared to the surround-
ing parenchyma) was present in 88.9% of cases. The
reports on PDTC are much less unequivocal. Rocha
et al. (2003) found that none of 17 cases of PDTC
displayed membranous immunoreactivity [22]. Only
two cases showed E-CAD expression, but it was ab-
errantly localized (cytoplasmatic or granular in the
apical pole of the cells). In contrast, Choi et al. (2005)
observed expression of E-CAD in 58% of cases of
PDTC compared to no cases of UDTC, 33% of PTCs,
80% of FTCs, and 83% of HTCs [20]. It should be
kept in mind that ‘poorly differentiated cancer’ is an
umbrella designation of a heterogeneous group of
thyroid cancers. According to the WHO classification,
a tumor is diagnosed as PDTC when any of insular,
trabecular, or solid histological patterns is recognized
in the majority of the tumor along with an infiltrative
pattern of growth, necrosis, and obvious vascular in-
vasion [28]. However, these criteria are difficult to

employ in daily practice as there is no clear-cut sepa-
ration between PDTC, the solid variant of PTC and
well-differentiated FTC with predominantly solid/tra-
becular growth pattern [29, 30]. It is also important
that within a single lesion both strong membrane pos-
itivity in the well-differentiated areas, and absence of
E-CAD expression in undifferentiated areas of
PDTC, may be observed [16]. This constitutes an ad-
ditional problem regarding the interpretation of the
results of immunostaining against E-CAD, which is
itself difficult to quantify. This problem is well illus-
trated by the exclusion of heterogeneity from the cri-
teria of abnormal pattern of E-CAD expression, which
leads to a marked reduction in the number of PDTC
cases with abnormal E-CAD expression. Interesting-
ly, the expression of heterogeneity was also very com-
mon in non-neoplastic thyroid tissue. This was prob-
ably caused by the presence of hyperplastic nodules
in nodular goiter, and not only normal thyroid tissue
in that group.

Although we found abnormal E-CAD expression
to be more frequent in cancers showing a poorer prog-
nosis — UDTC, PDTC, TV-PTC and WI-FTC — no
significant relation was found between abnormalities
in E-CAD expression and the features of extrathy-
roidal growth of cancers (extracapsular invasion,
lymph nodes involvement or metastases). No differ-
ence was shown in any of the analyzed features of
E-CAD expression between papillary microcancers
with other papillary cancers. Similarly, Kapran et al.
(2002) did not find a correlation between E-CAD im-
munoreactivities and local invasion or lymphatic
spread of papillary cancers [13]. Soares et al (1997),
as well as Nikiel et al. (2006), reported that PTC which
had lymph node involvement did not disclose any
major difference in intensity of immunoreactivity and
percentage of immunoreactive cells [14, 16]. Erdem
et al. (2011) did not find any difference in E-CAD
expression in relation to the size of tumor, capsule
invasion or metastases [15]. On the other hand, Nai-
to et al. (2001) found that E-CAD expression was pre-
served significantly less often in papillary cancer with
lymph node metastasis than in node-negative cases,
but E-CAD expression did not correlate significantly
with other clinical factors including tumor diameter,
extracapsular tumor extension or histological differ-
entiation [12]. These and our results are thus in con-
trast to those reported by Brabant, von Wasilewski,
Scheumman, Walgenbach and Batistatou [8–11, 31].
Brabant et al. (1993) observed lower or undetectable
E-CAD immunoreactivity in tumors presenting lymph
node metastases, distant metastases or local recur-
rence [8]. von Wasilewski et al. (1997) found that the
lack of E-CAD expression was more frequent among
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T3-T4 cancers compared to T1-T2 tumors and among
cancers with distant metastases compared to M0 tu-
mors [11]. Scheumman et al. (1995) and Walgenbach
et al. (1998) reported that reduced (below 30% in the
study by Scheumman and < 20% — in Walgenbach’s
study) or negative E-CAD expression was associated
with advanced T categories of the primary tumors and
higher rates of lymph node involvement and distant
metastasis [9, 10]. Batistatou et al. (2008) found that
the reduction of E-CAD expression in papillary mi-
crocancers was smaller than in other papillary cancers
[31]. Our data did not confirm those observations.

In conclusion, the assessment of E-CAD expres-
sion does not enable the prediction of extrathyroidal
growth of thyroid cancers. However, there are signif-
icant differences in the expression of E-CAD between
various subtypes of papillary cancer. Variants of PTC
with a poorer prognosis — particularly the tall cell
variant — present reduced E-CAD expression, its
abnormal localization or heterogeneity of staining
more frequently than classical PTC. Similarly, some
widely invasive follicular thyroid cancers show abnor-
mal pattern of E-CAD expression in contrast to min-
imally invasive follicular cancers, which are similar to
follicular adenomas in this respect. Abnormal E-CAD
expression is most commonly observed in undiffer-
entiated thyroid cancers.

In our opinion, it should not be surprising that
some aggressively growing thyroid cancers show
E-CAD expression while some others, with a benign clini-
cal course, present markedly reduced or abnormal
expression of this protein. Obviously, E-CAD is not
the only protein on which cell-to-cell adhesion relies.
In fact, it has been shown that thyroid follicular cells
can maintain adhesion in the total absence of E-CAD
[32]. It is probable that disruption of other proteins
can lead to the loss of cell-to-cell adhesion, even in
the presence of normally expressed E-CAD.
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