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Summary
The immunohistochemical expression of galectin-3 (Gal3), cytokeratin 19 (CK19), neural cell adhesion molecule (NCAM), and E-cadherin
(Ecad) was evaluated to assess their use in diagnostics of papillary thyroid carcinoma (PTC). A total of 84 PTCs - 36 classical variants
(cPTCs), 26 follicular variants (fPTCs), and 22 papillary microcarcinomas (mPTCs) were studied. Expression of Gal3 was found in 36/36
(100%) cPTCs, 24/26 (92%) fPTCs, and 19/22 (86%) mPTCs. CK19 expression was detected in 34/36 (94%) cPTCs, 17/26 (65%) fPTCs,
and 13/22 (59%) mPTCs. Expression of NCAM was seen in 5/36 (14%) cPTCs, 7/26 (27%) fPTCs, and 9/22 (41%) mPTCs. Ecad
expression was found in 23/36 (64%) cPTCs, 17/26 (65%) fPTCs, and 18/22 (82%) mPTCs. A significant difference in CK19 expression
was observed between cPTC and both fPTC and mPTC (p < 0.001). Furthermore, extrathyroid tumor spread significantly correlated with
both level of CK19 expression and loss of Ecad expression (p = 0.001, p = 0.04). Our findings suggest that Gal3 and CK19 are useful
markers for PTC, although decreased CK19 expression in mPTC and fPTC must be considered. Furthermore, CK19 and Ecad may play
a role in extrathyroid tumor spread.
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Souhrn
Exprese galektinu-3, cytokeratinu 19, neural cell adhesion molecule a E-cadherinu ve variantách
papilárního karcinomu štítné žlázy
Cílem studie bylo pomocí nepřímé imunohistochemie zjistit expresi galektinu-3 (Gal3), cytokeratinu 19 (CK19), neural cell adhesion
molecule (NCAM) a E-cadherinu (Ecad) ve variantách papilárního karcinomu štítné žlázy (PTC) s ohledem na možné využití těchto markerů
v bioptické diagnostice. Soubor tvořilo 84 případů – 36 klasických variant PTC (cPTC), 26 folikulárních variant PTC (fPTC) a 22 papilárních
mikrokarcinomů (mPTC). Gal3 byl exprimován ve 36/36 (100 %) cPTC, ve 24/26 (92 %) fPTC a v 19/22 (86 %) mPTC. Exprese CK19 byla
zastižena ve 34/36 (94 %) cPTC, v 17/26 (65 %) fPTC a ve 13/22 (59 %) mPTC. Exprese NCAM byla prokázána v 5/36 (14 %) cPTC,
v 7/26 (27 %) fPTC a v 9/22 (41 %) mPTC. Ecad byl exprimován ve 23/36 (64 %) cPTC, v 17/26 (65 %) fPTC a v 18/22 (82 %) mPTC.
V expresi CK19 byl zjištěn signifikantní rozdíl mezi cPTC versus fPTC a mPTC (p < 0,001). Dále byla prokázána signifikantní korelace mezi
expresí CK19 a ztrátou exprese Ecad ve vztahu k šíření nádoru mimo štítnou žlázu (p = 0,001, p = 0,04). Detekci exprese Gal3 a CK19
lze tedy doporučit jako pomocné kritérium v diagnostice PTC, nicméně je třeba upozornit na nižší expresi CK19 ve fPTC a v mPTC.
K detailnímu posouzení úlohy CK19 a Ecad při šíření PTC mimo štítnou žlázu je třeba dalších studií.
Klíčová slova: štítná žláza – papilární karcinom – galektin-3 – cytokeratin 19 – neural cell adhesion molecule – E-cadherin
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Papillary thyroid carcinoma (PTC) is the most frequent
endocrine malignancy with worldwide increasing incidence (9).
In the last WHO classification (2004), at least fifteen variants
of PTC differing not only by their microscopical appearance
but also by their biological behaviour and prognosis are
recognized (9). The classical variant of PTC (cPTC) is
characterized by overall papillary architecture of the tumor; on
the contrary, the follicular variant of PTC (fPTC) displays a
follicular growth pattern making sometimes the differentiation
from follicular adenoma/carcinoma a challenge. The papillary
microcarcinoma (mPTC) is defined as an incidentally found
PTC measuring 1 cm, irrespective of its growth pattern; its
differential diagnosis includes mainly a fibrous scar with
entrapped normal follicles - a condition known as fibrosing
thyroiditis (26).
Galectin-3 (Gal3), a member of a family of ß-galactoside
binding lectins, has been proved to be implicated in various
biological processes, incl. regulation of cell growth, cell-cell
and cell-matrix interactions, as well as apoptosis and
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neoplastic transformation and metastatic spread (17). The
alterations in Gal3 expression in various malignant tumors,
e.g. gastrointestinal carcinomas (29), breast carcinoma (6),
and prostatic carcinoma (32), have been observed. Most
previous studies focused on Gal3 expression in thyroid gland
tumors have reported Gal3 presence in malignant tumors,
whereas it was absent in benign lesions as well as in normal
gland tissue (2, 3, 5, 7, 10, 14, 19, 24)
.
Cytokeratin 19 (CK19) is expressed in various types of
normal epithelial cells as well as in wide range of malignant
epithelial tumors, e.g. gastrointestinal carcinomas, breast
carcinoma etc. (21). In thyroid gland, CK19 is reported to be
expressed namely in PTC, thus making its detection useful in
differential diagnosis between fPTC versus follicular adenoma
(FA) and/or follicular carcinoma (FC) and between PTC versus
papillary hyperplasia in goiters (3, 13, 16, 20, 24, 25).
Neural cell adhesion molecule (NCAM), a transmembrane
glycoprotein, plays an important role in cell-cell interactions
(8). There are only few studies focused on NCAM expression
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in thyroid gland and its tumors; NCAM was shown to be
expressed mainly in the normal gland follicles and benign
thyroid tumors (33, 35).
E-cadherin (Ecad), a transmembrane glycoprotein, plays a
crucial role in cell-cell adhesion and in intercellular signaling
(18). Decreased or absent Ecad expression has been
observed in various malignant tumors, including lobular breast
carcinoma, diffuse gastric adenocarcinoma, etc. (31). In
thyroid gland, Ecad expression has been found to be
preserved in normal tissue and benign tumors, and frequently
absent in malignant tumors (4, 12, 22, 28).
The aim of the study was to analyze the expression of the
four above mentioned markers in cPTC, fPTC and mPTC and
to assess their potential use in diagnostics and prognosis of
these particular PTC variants.

MATERIALS AND METHODS
A total of 84 cases of PTCs (36 cPTCs, 26 fPTCs, and 22
mPTCs) were retrieved from the archive files. All patients
underwent lobectomy or subtotal/total thyreoidectomy in years
1998 - 2006. In each case, gender and age of the patient, size
and extrathyroid spread of the tumor, vascular invasion (i.e.
invasion of tumor cells in blood and/or lymphatic vessels), and
presence of metastases were noted.
In all cases, the tissue was fixed in 10% formalin, routinely
processed, embedded in paraffin and stained with
hematoxylin-eosin.
In addition, representative sections were used for
immunohistochemical detection of the studied markers. The
antigen retrieval was performed in a microwave oven
(Panasonic) for Gal3 and NCAM, in Microwave Vacuum
Histoprocessor RHS 1 (Milestone) for Ecad, and using
0.0033% ficin for CK19, respectively. Further steps were
performed in Dako Autostainer (DakoCytomation).
Endogenous peroxidase activity was inhibited by immersing

the sections in 3% H2 O2. The sections were then treated with
monoclonal antibodies to Gal3 (1: 100, clone 9C4,
Novocastra), to CK19 (1: 100, clone RCK 108,
DakoCytomation), to NCAM (1: 100, clone 1B6, Novocastra),
and to Ecad (1: 100, clone M3612, DakoCytomation),
respectively. A section from each case was treated with PBS
instead of the primary antibody to provide a negative control.
Finally, the sections were incubated with EnVision+ Dual Link
System Peroxidase (DakoCytomation). The reaction was
visualized using diaminobenzidine. In addition to the negative
controls, sections of anaplastic large cell lymphoma, phyllodes
tumor of breast, appendix, and tonsil provided positive
controls for Gal3, CK19, NCAM, and Ecad, respectively.
Brown staining of cell cytoplasm (Gal3, CK19) and cell
membrane (NCAM, Ecad) was interpreted as positive. The
immunostaining was scored as follows: 0: absent; +: 1-10%
tumor cells stained; ++: 11-25% tumor cells stained; +++: 2650% tumor cells stained; ++++: 51-75% tumor cells stained;
+++++: 76-100% tumor cells stained. The staining intensity
was interpreted as weak, moderate, or strong.
For statistical analysis, NCSS 2004 programm, including
„@@“ test and Fisheręs exact test, and Kruskal-Wallis
analysis were used. Differences were accepted as statistically
significant at p < 0.05.

RESULTS
The detailed clinico-pathological data of the patients are
shown in Table 1. There were 69 (82%) females and 15 (18%)
males aged 15 – 80 years (mean: 53 Ī 17 years; median: 55
years). The tumor size ranged from 1 to 105 mm (mean: 21 Ī
18 mm; median: 15 mm); extrathyroid spread was detected in
17/84 (20%) cases. Vascular invasion was present in 11/84
(13%) cases, while metastases (detected in cervical lymphatic
nodes only) were found in 10/84 (12%) patients. The follow-up
period ranged from 8 to 94 months (median: 65 months).

Table 1: Clinicopathological data of patients

Gender
Tumor type

N (%)

females
N (%)

males
N (%)

Age MD
(Min-Max)
(min-max)

Size
(mm)
M ± SD

Extr.
spread
N (%)

Vascular
invasion
N (%)

Metastases
N (%)

cPTC

36 (43)

27 (75)

9 (25)

53 (15 - 79)

28 ± 16

13 (36)

7 (19)

7 (19)

fPTC

26 (31)

23 (89)

3 (12)

54 (15 - 80)

22 ± 20

2 (8)

3 (12)

1 (4)

mPTC

22 (26)

19 (86)

3 (14)

57 (29 - 73)

6±3

2 (9)

1 (5)

2 (9)

Total

84 (100)

69 (82)

15 (18)

55 (15 - 80)

21 ± 18

17 (20)

11 (13)

10 (12)

Abbrev.: cPTC = classical variant of papillary thyroid carcinoma; fPTC = follicular variant of papillary thyroid carcinoma; mPTC
= papillary microcarcinoma of thyroid; MD = median; M = mean; SD = standard deviation; extr. = extrathyroid; Min-Max = range
Table 2: Expression of the studied markers in individual PTC variants

Tumor type

Gal3 (%)

CK19 (%)

NCAM (%)

Ecad (%)

cPTC

36/36 (100)

34/36 (94)

5/36 (14)

23/36 (64)

fPTC

24/26 (92)

17/26 (65)

7/26 (27)

17/26 (65)

mPTC

19/22 (86)

13/22 (59)

9/22 (41)

18/22 (82)

Total

79/84 (94)

64/84 (76)

19/84 (23)

58/84 (69)

Abbrev.: cPTC = classical variant of papillary thyroid carcinoma; fPTC = follicular variant of papillary thyroid carcinoma; mPTC =
papillary microcarcinoma of thyroid; Gal3 = galectin-3; CK19 = cytokeratin 19; NCAM = neural cell adhesion molecule; Ecad = Ecadherin
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In the normal thyroid gland, Gal3 expression was detected
in the cytoplasm of fibroblasts and endothelial cells, as well as
in the nuclei of intrafollicular macrophages. Furthermore, solid
cell nests were Gal3 positive in both cases where these were
observed. Normal follicular cells were either negative or
showed only focal and usually weak Gal3 expression,
predominantly in close vicinity of a tumor displaying strong
Gal3 expression. To the contrary, no expression of CK19 in
normal thyroid tissue was detected. As a rule, NCAM and
Ecad expression was present in the basolateral part of cell
membrane of normal follicular cells.
The expression of the studied markers in the PTC variants
(Fig. 1-3) is summarized in Table 2. Gal3 expression was
detected in 79/84 (94%) of PTCs. In all PTC variants, a
predominantly strong expression was seen in more than 75%
of tumor cells. In fPTC, the Gal3 expression was also present
in the colloid within neoplastic follicles. CK19 was expressed
in 64/84 (76%) of PTCs. The staining intensity was mainly
strong, while the percentage of positive tumor cells varried
among the PTC variants. In both cPTC and mPTC, CK19 was
usually expressed in more than 75% of tumor cells, while in
fPTC its expression was limited mainly to less than 50% of
tumor cells. A moderate to strong expression of NCAM was
detected in 19/84 (23%) of PTCs; it was limited usually to less
than 50% of tumor cells. Finally, weak to strong expression of
Ecad was detected in 58/84 (69%) of PTCs. In both cPTC and
fPTC it was limited to less than 50% of tumor cells, contrary to
mPTC, where Ecad was expressed mostly in more than 75%
of tumor cells.
A statistically significant difference in CK19 expression was
observed between cPTC and both fPTC and mPTC (p <
0.001). On the other hand, there was no significant difference
in Gal3, NCAM, and Ecad expression between PTC variants,
respectively (p > 0.05).
Regarding extrathyroid tumor spread, there was statistically
significant positive correlation with CK19 expression (p =
0.001) and negative correlation with Ecad expression (p =
0.04); on the other hand, there was no correlation with both
Gal3 and NCAM expression (p > 0.05, p > 0.05). Finally, no
correlations between expression of all the studied markers and
the presence of metastases were observed (p > 0.05).

Fig. 1: Papillary growth pattern of cPTC; ground glass nuclei of
tumor cells are evident (HE, original magnification 200x). Upper
right: Diffuse strong Gal3 expression in cPTC (original magnification 100x). Lower right: Diffuse focally strong expression of
CK19 in cPTC (original magnification 100x)

DISCUSSION

Fig. 2: Follicular architecture of fPTC; note intranuclear grooves in some of tumor cells (HE, original magnification 400x).
Upper right: Moderate membranous expression of NCAM in
fPTC (original magnification 200x). Lower right: Moderate
membranous Ecad expression in fPTC (original magnification
200x)

The spectrum of primary thyroid neoplasms is quite limited
(9). However, as the diagnostic criteria may be relatively
subjective and their evaluation expert-dependent, the
diagnostics of thyroid lesions still represents a challenge. The
most frequent diagnostic pitfalls include differentiation of FA
from minimally invasive FC, differentiation of follicular
neoplasms from fPTC, and distinction between fibrosing
thyroiditis and mPTC (26).
Increasing knowledge of Gal3 shows, that this lectin is
overexpressed in thyroid gland malignancies, particularly in
PTC, with sensitivity and specifity varying between 86-94%
and 36-98%, respectively (2, 19, 23, 24).
However, only a
limited number of studies have dealt with Gal3 expression in
the individual variants of PTC. We believe that Gal3
expression in fPTC is of particular interest. Gal3 has been
reported to be expressed in 33%, in 83%, and in 100% of
fPTCs (7, 11, 23); in our study it was detected in 24/26 (92%)
of fPTCs. Although in herein presented study the Gal3
expression in fPTC was not significantly lower in comparison
with cPTC, the possibility of decreased Gal3 expression in
fPTC (see above) must be considered in the differential
diagnosis between follicular neoplasms versus fPTC. In a
recent study (15) the sensitivity and specificity of Gal3 for the
diagnosis of fPTC versus FA and FC were 92% and 63%,
respectively. On the contrary, we (15), as well as other

Fig. 3: mPTC with follicular growth pattern resembling fibrosing
thyroiditis (HE, original magnification 40x). Upper left: Diffuse
strong Gal3 expression in mPTC (original magnification 100x).
Upper right: Diffuse strong expression of CK19 in mPTC (original
magnification 100x). Lower left: Diffuse strong membranous
NCAM expression in mPTC (original magnification 200x). Lower
right: Diffuse strong expression of Ecad in mPTC (original magnification 100x)
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investigators (10, 24) have reported a significantly higher Gal3
expression in fPTC in comparison with FA and FC,
respectively. Therefore, with knowledge of the above data,
immunohistochemical identification of Gal3 may be a useful
adjunct to the histopathological diagnosis of thyroid nodules
with follicular growth pattern. In contrast to Kawachi et al. (14),
who found a positive correlation between Gal3 expression and
presence of both synchronous and metachronous metastases
of PTC, we were unable to prove such a relationship, probably
because of a limited follow-up period in our series and a lower
number of PTCs studied.
The studies focused on the use of Gal3 in differential
diagnosis between FA versus FC have shown inconsistent
results; Gal3 expression was detected in 0-63% of FAs
compared to 50-94% of FCs (2, 3, 10, 11, 14, 23, 24)
.
Similarly, some investigators have demonstrated a significant
difference of Gal3 expression between FA and FC (2, 3, 10,
14, 23, 24), whereas the others have failed to confirm this
finding (11, 15) relying the differential diagnosis on
demonstration of complete transcapsular invasion and/or
angioinvasion of tumor cells. The main cause of these varying
results may be probably in the variations of
immunohistochemical demonstration of Gal3. Nowadays, the
biotin-free detection systems are strongly recommended (34).
The results of studies focused on CK19 expression in
thyroid gland neoplasms have come to a consistent result, that
PTC, irrespective of its histological variant, is characterized by
strong and diffuse expression of CK19 (3, 5, 10, 16, 24)
.
However, most studies did not concentrate on detailed
examination of CK19 expression in the particular PTC
variants. There is an exception in the study of Cheung et al.
(13), who reported CK19 expression in only 57% of fPTCs
compared to 80% of positive cases of cPTCs, and the study of
Baloch et al. (1), who found CK19 expression in all fPTCs and
cPTCs in their series. In our current study, we have proved a
significantly lower CK19 expression not only in fPTC but also
in mPTC compared to cPTC. Although the exact cause of this
phenomenon is unclear, the possible explanation of the lower
CK19 expression in fPTC in contrast to cPTC might be the
presence of different RET/PTC rearrangements (i.e.
RET/PTC3 in fPTC versus RET/PTC1 in cPTC) (30). Another
reason could be the presence of PAX8/PPAR@ translocation
in fPTC. This molecular change is typical for FC; it has been
described in fPTC, but not in cPTC (30). Recently, we have
reported (15) a significantly higher CK19 expression in fPTC
versus both FA and FC, making CK19 with Gal3 (see above)
a possible useful marker in differential diagnosis in this field of
thyroid pathology. The significantly lower CK19 expression in
mPTC may be explained by a hypothesis, that CK19 is
aberrantly expressed by the tumor cells in advanced stages of
tumorigenesis. This explanation is furthermore supported by
our finding of positive correlation between CK19 expression
and extrathyroid spread of the tumor. In addition, this finding is
of important diagnostic value limiting the use of CK19 in
differential diagnosis between fibrosing thyroiditis and mPTC.
There is only a limited number of studies dealing with
expression of NCAM in thyroid gland lesions; the NCAM
expression is decreasing in the sequence normal thyroid gland
– benign tumors – malignant tumors (33, 35). Recently, the
NCAM expression in various types of PTC was analyzed by
Scorpino et al. (27), who have demonstrated its decreased or
absent expression in all the PTCs from their series. In the
herein presented study, we were unable to prove any
difference in NCAM expression between all the PTC variants,
although decrease in NCAM expression in both cPTC and
fPTC in comparison with mPTC is noticeable (see Table 2).
This finding may be explained by the alteration in the adhesive
and migratory properties of tumor cells. Thus, although NCAM
may play certain biological role in thyroid gland embryonic
development and follicle formation, its precise role in thyroid
gland tumorigenesis remains to be elucidated by further
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studies and the use of NCAM as a diagnostic marker in daily
routine practice cannot be recommended.
There is an increasing evidence of a potential role of Ecad
in tumorigenesis of thyroid neoplasms. Ecad expression is,
similarly to NCAM, decreasing in the sequence normal thyroid
gland – benign tumors – malignant tumors, which indicates
similar biological function of these two proteins (4, 12, 22).
Naito et al. (22) found absent Ecad expression in 21% of PTCs
in their series; in the herein presented study, 26/84 (31%) of
PTCs were Ecad negative. In addition, there was a negative
correlation between Ecad expression and extrathyroid spread
of PTC, indicating an impaired function of Ecad in advanced
stages of PTC. In contrary to Naito et al. (22), who
demonstrated a negative correlation between Ecad expression
in PTC and the presence of synchronous metastases, we have
not found this relationship, probably because of a higher
metastatic rate in PTCs in the former series (metastases
detected in 30/53 (57%) of PTCs) in contrast to our series
(12%). Although we have found Ecad expression to be
decreased in fPTC and cPTC versus mPTC (see Table 2),
there was no statistically significant difference detected. Like
NCAM, Ecad may play an important role in thyroid
tumorigenesis, but its exact function remains to be elucidated
and at this time its use in differential diagnosis cannot be
recommended.
In conclusion, our findings suggest that Gal3 and CK19 are
useful markers for PTC, although not definitely solving the
classical diagnostic pitfalls. Particularly, decreased CK19
expression in mPTC and fPTC must be considered. To the
best of our knowledge, the significantly lower CK19 expression
in mPTC in comparison to cPTC has not been previously
reported. On the other hand, NCAM and Ecad, although
probably playing important biological roles in thyroid gland
embryonic development as well as in thyroid tumorigenesis,
are not recommended for daily practice. In addition, CK19 and
Ecad may play a role in extrathyroid spread of PTC; however,
the exact explanation of this finding as well as the potential
use of CK19 and Ecad as predictive markers must be
elucidated by further studies.
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