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EXPRESSION OF CYTOKERATIN 19, HBME-1 AND GALECTIN-3
IN NEOPLASTIC AND NONNEOPLASTIC THYROID LESIONS
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In this study, 105 cases of thyroid lesions were evaluated to assess the role of 
HBME-1, cytokeratin-19 (CK-19), galectin-3 in distinguishing benign from malignant
thyroid lesions. Thirty-seven papillary, 10 follicular, 6 medullary, 1 mixed medullary
follicular cell carcinoma, 3 poorly differentiated carcinoma, 18 adenomatous nodu-
lar hyperplasia, 30 follicular adenoma cases were included in the study. Immuno-
histochemical staining was performed with HBME-1, CK-19, galectin-3 on 
cross-sections derived from selected paraffin blocks. Benign and malignant lesions
were compared in terms of intensity, percentage and type of staining with CK-19, 
HBME-1 and galectin-3, and a statistically significant difference (p < 0.05) was found.
The percentage and intensity of staining was higher in malignant lesions. Especial-
ly, strong and diffuse expressions of CK19, HBME-1 and galectin-3 were observed
in papillary carcinomas. Membranous (luminal) staining was seen more frequently
in malignant lesions; cytoplasmic staining in benign lesions. It was concluded that
these markers could assist in the diagnosis of thyroid lesions with cellular proper-
ties suspicious for the diagnosis of papillary carcinoma and without capsule and ves-
sel invasion. They may be used especially in cases where the follicular variant of pap-
illary carcinoma, follicular adenoma and follicular carcinoma are confused with each
other and follicular adenoma cannot be differentiated from follicular carcinoma. 

Key words: thyroid, malignancy, benign lesions, cytokeratin 19, HBME-1,
galectin-3, immunohistochemistry.

Introduction

Primary benign thyroid tumors or adenomatous
nodules resembling tumors are encountered frequently.
It has been shown that more than 50% of clinically ev-
ident single nodules are multinodular goitre or thyroiditis
[1]. Primary thyroid cancers constitute 1% of all malignant
tumors arising from all organs. However, thyroid carci-
nomas arising from follicular epithelium are the most com-
mon among endocrine system malignancies. There are
many factors affecting the prognosis of thyroid cancer in-
cluding age, gender, distant metastasis, lymph node metas-
tasis, histological subtype, dimension of primary tumor
and multicentricity. Marked differences are found in can-
cers arising from follicular thyroid cells in terms of mor-
phological phenotype, clinical course and genotype [2]. 

As in many other organ lesions, the immunohisto-
chemical method is used for the evaluation of thyroid
lesions, especially thyroid tumors for diagnosis and dif-
ferential diagnosis. Immunohistochemical markers
supporting the diagnosis of thyroid cancer can be di-
vided into two classes: thyroglobulin, TTF-1 (thyroid
transcription factor-1) is related to cell type. The 
second group is related to a pathological type: cytok-
eratin-19 (CK-19) is primarily directed for papillary 
carcinomas, and high molecular weight cytokeratin
(HMWCK), S100, HBME-1, galectin-3 (Gal-3), 
CITED-1, fibronectin, p27, calcitonin, bcl-2 and 
N-myc are reported to be markers having a prognos-
tic value for medullary carcinoma. In practice, mark-
ers related to the cell type are more useful than mark-
ers related to the pathological type [3]. 
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Cytokeratin-19 is a low molecular weight cytoker-
atin in a group of intermediate filaments. It is expressed
on neoplastic epithelium. However, focal reactivity has
been reported in benign follicular lesions and areas of
degeneration in some studies [4-6]. The HBME-1 is
a mesothelial marker. It has been shown to be useful
as a marker for malignant tumors arising from follic-
ular epithelium [7, 8]. Galectin-3 is β-galactosidase
binding lectin consisting of amino acids. Although it
is more prominent in the cytoplasm, it is also found in
the nucleus, epithelium and on immunized cell surfaces.
Its exact role is not known, but it is related to biological
and pathological states including cell development, cell
adhesion, inflammation and apoptosis [9, 10]. 

In this study, benign and malignant thyroid lesions
are compared in terms of intensity, percentage and type
of staining with CK-19, HBME-1 and galectin-3. 

Material and methods

Pathological reports and slides stained with hema-
toxylin-eosin of 105 materials reported between 2003
and 2007 were evaluated retrospectively with all
prognostic parameters. The diagnoses of these mate-
rials were distributed as follows: 37 papillary carcino-
ma, 10 follicular carcinoma, 6 medullary carcinoma,
1 mixed medullary follicular cell carcinoma, 3 poorly
differentiated carcinoma, 18 adenomatous nodular hy-
perplasia and 30 follicular adenoma cases. Slides
which represent the lesions and are appropriate for im-
munohistochemical study were selected. Immunohis-
tochemistry was performed on formalin-fixed, paraf-
fin-embedded 5 μm-thick tissue sections. Negative
controls were used to rule out nonspecific staining. 
CK-19 (Neomarkers, monoclonal, 1 : 20 diluted),
HBME-1 (Neomarkers, monoclonal, 1 : 20 diluted),
galectin-3 (Neomarkers, monoclonal, 1 : 20 diluted)
antibodies were applied. The sections were deparaf-
finized, rehydrated in graded alcohols, and processed
using the Neomarkers kit. Antigen retrieval was per-
formed in a microwave oven for 15 minutes in 10 mM
citrate buffer (pH 6.0). Endogenous peroxidase activ-
ity was blocked with a 3% H2O2-methanol solution,
and the slides were incubated in 10% normal goat
serum for 30 minutes to prevent non-specific staining.
They were then incubated for 2 hours at room tem-
perature with an appropriately diluted primary anti-
body. The following mouse monoclonal antibodies were
used: CK-19, HBME-1, galectin-3. Thereafter, the sec-
tions were incubated with biotinylated goat anti-poly-
valent (Labvision) for 15 minutes and streptavidin per-
oxidase, (Labvision) for 15 minutes. 3-amino-9-ethyl
carbazole-AEC (Labvision) was used as a chromogen,
and the sections were counterstained with Mayer’s
hematoxylin.

The preparations were evaluated under light mi-
croscope by a semiquantitative method. 

The percentage of staining for CK-19, HBME-1 and
galectin-3 was scored as follows:
• 0; no staining in the area of the lesion – score 0,
• 1+; 5-29% staining in the area of the lesion – 

score 1,
• 2+; 30-69% staining in the area of the lesion – 

score 2,
• 3+; 70-100% staining in the area of the lesion – 

score 3.
The intensity of staining for CK-19, HBME-1 and

galectin-3 was scored as follows: 
• 0; no staining in the area of the lesion – score 0,
• 1+; poor staining in the area of the lesion – 

score 1,
• 2+; moderate staining in the area of the lesion – 

score 2,
• 3+; strong staining in the area of the lesion – 

score 3.
The staining pattern of HBME-1 was evaluated as

follows:
• Membranous staining; lined or fringed staining is

present on the cytoplasmic membrane at the lumi-
nal side. 

• Cytoplasmic staining; staining is present in the fol-
licular cell cytoplasm. 

• Mixed staining; both membranous and cytoplasmic
staining is present.
Statistical Package for Social Sciences 11.0 was used

for statistical analysis. Student t test and Mann-
Whitney U test were used for paired group compar-
isons. Value of p < 0.05 was considered to be signif-
icant. 

Results 

When malignant and benign lesions were compared
in terms of percentage of staining with CK-19, +3
staining was found in 49.1% of malignant lesions and
+1 staining in 45.8% of benign lesions. Student t test
revealed a statistically significant difference (p = 0.001
vs. p = 0.05) (Table I). 

Malignant and benign lesions were compared in
terms of intensity of staining with CK-19, and +3 stain-
ing was found in 66.7% of malignant lesions and +3
staining in 41.7% of benign lesions. Student t test re-
vealed a statistically significant difference between ma-
lignant and benign lesions (p = 0.044 vs. p = 0.05)
(Table II, Fig. 1). 

When these lesions were compared in terms of per-
centage of staining with HBME-1, +3 staining was
found in 38.6% of malignant lesions and +1 staining
in 50% of benign lesions. Student t test revealed a sta-
tistically significant difference between malignant 
and benign lesions (p = 0.001 vs. p = 0.05) (Table III,
Fig. 2). 

The comparison of the lesions according to the de-
gree of staining with HBME-1 showed +3 staining in
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Table I. Percentage of staining in malignant and benign lesions with CK-19 (p = 0.001)

PERCENTAGE OF STAINING WITH CK-19 TOTAL

0 1 2 3

Group Malignant n 10 5 14 28 57
% 17.5 8.8 24.6 49.1 100

Benign n 10 22 11 5 48
% 20.8 45.8 22.9 10.4 100

Total n 20 27 25 33 105
% 19.0 25.7 23.8 31.4 100

Table II. Intensity of staining in malignant and benign lesions with CK-19 (p = 0.044)

INTENSITY OF STAINING WITH CK-19 TOTAL

0 1 2 3

Group Malignant n 10 4 5 38 57
% 17.5 7.0 8.8 66.7 100

Benign n 10 5 13 20 48
% 20.8 10.4 27.1 41.7 100

Total n 20 9 18 58 105
% 19.0 8.6 17.1 55.2 100

Table III. Percentage of staining in malignant and benign lesions with HBME-1 (p = 0.001)

PERCENTAGE OF STAINING WITH HBME-1 TOTAL

0 1 2 3

Group Malignant n 6 12 17 22 57
% 10.5 21.1 29.8 38.6 100

Benign n 16 24 4 4 48
% 33.0 50.0 8.3 8.3 100

Total n 22 36 21 26 105
% 21.0 34.3 20.0 24.8 100

Fig. 1. +3/+3 percentage of staining/intensity of staining
in papillary carcinoma with CK-19. Magnification 200×

Fig. 2. +3/+3 percentage of staining/intensity of staining
in papillary carcinoma with HBME-1. Magnification 200×
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77.2% of malignant lesions, and no staining was seen
in 33.3% of benign lesions. Student t test revealed a sta-
tistically significant difference between malignant
and benign lesions in terms of intensity of staining with
HBME-1 (p = 0.001 vs. p = 0.05) (Table IV). 

Malignant and benign lesions were compared in
terms of the type of staining with HBME-1, and a high-
er rate of membranous (luminal) staining was found
in malignant lesions and a higher rate of cytoplasmic
staining was found in benign lesions. However, the dis-
tribution was not appropriate for statistical analysis
(Table V, Fig. 3). 

When these lesions were compared in terms of per-
centage of staining with galectin-3, +3 staining was
present in 49.1% of malignant lesions and no staining
was seen in 41.7% of benign lesions. Student t test re-
vealed a statistically significant difference (p = 0.001
vs. p = 0.05) (Table VI, Fig. 4). 

Comparison of the lesions with the intensity of stain-
ing with galectin-3 showed +3 staining in 61.4% of
malignant lesions and no staining in 41.7% of benign
lesions. Student t test revealed a statistically significant
difference between malignant and benign lesions 
(p = 0.001 vs. p = 0.05) (Table VII). 

Discussion

Primary thyroid cancers comprise the largest group
among malignancies of the endocrine system. 120,000
new cases are added each year [1]. Thyroid carcinomas

usually present in the 40-60 age group. Environmen-
tal, genetic and hormonal factors have been considered
in the etiology of thyroid carcinomas. Many benign con-
ditions like thyroidal adenomas, multinodular goitre,
thyroiditis, thyroidal cysts, thyroidal malformations and
focal granulomatous diseases occur clinically as solitary
nodules and malignancy is found in 0.1-0.2% of these
conditions [1]. 

As in many other organ lesions, the immunohisto-
chemical method is used for the diagnosis and differ-
ential diagnosis in evaluating thyroid tumors. Studies
performed so far show that immunohistochemical stud-

Table V. Type of staining in malignant and benign lesions with HBME-1

TYPE OF STAINING WITH HBME-1 TOTAL

Membranous Cytoplasmic Mixed
Group Malignant n 38 5 8 51

% 74.5 9.8 15.7 100
Benign n 11 21 0 32

% 34.4 65.6 0 100
Total n 49 26 8 83

% 59.0 31.3 9.6 100

Table IV. Intensity of staining in malignant and benign lesions with HBME-1 (p = 0.001)

INTENSITY OF STAINING WITH HBME-1 TOTAL

0 1 2 3

Group Malignant n 6 2 5 44 57
% 10.5 3.5 8.8 77.2 100

Benign n 16 13 14 5 48
% 33.3 27.1 29.2 10.4 100

Total n 22 15 19 49 105
% 21.0 14.3 18.1 46.7 100

Fig. 3. Membranous (luminal) staining in papillary
carcinoma with HBME-1. Magnification 200×
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ies contribute to guidelines of diagnosis for thyroidal
lesions [3]. 

Cytoskeletal proteins have been identified to pro-
vide valuable markers in cell typing and hence tumor
diagnosis. Cytokeratin 19 is the lowest molecular weight
cytokeratin and is to be found on a diverse range of nor-
mal epithelia and tumors. Among various cytokeratins,
CK-19 has been reported to be useful in the diagno-
sis of papillary carcinoma, where it has shown diffuse
and strong cytoplasmic staining [4-6]. As reported in
studies and many other sources, it is seen that a per-
centage of staining is higher in malignant lesions than
benign lesions [1, 2, 4, 11, 12]. 

The percentage of staining of cytokeratin types in
carcinomas was evaluated in a study performed by Lam
in 153 thyroid carcinoma cases [12]. Strong and dif-
fuse staining was seen with CK-19 in more than 80%
of papillary carcinomas and focal staining was seen in
more than 60% of follicular carcinomas. Immunore-
activity showed variability in medullary carcinoma,
poorly differentiated carcinoma and anaplastic carci-
noma. Although not specific of papillary carcinoma,
strong and diffuse CK-19 immunoreactivity was con-
sidered to be important for the diagnosis, thus sup-
porting our study results.  

When malignant and benign lesions were compared
in terms of intensity of staining with CK-19, we found
+3 staining in 66.7% of malignant lesions and +3 stain-
ing in 41.7% of benign lesions. There was a statistically
significant difference between malignant and benign le-
sions in terms of intensity of staining with CK19. 

In a study performed by Scognamiglio et al. [13] con-
sisting of 127 follicular adenoma and papillary carci-
noma cases, CK-19 was found to have a confirming role
in the differentiation of follicular adenoma from follicular
variant of papillary carcinoma. Borroeta et al. [14] and
Nakamura et al. [15] reported studies supporting this
conclusion.  

Miettinen [16], Fonseca [17] and Sahoo [18] un-
derscored that poorer staining was seen with CK-19
in most follicular carcinomas, although strong stain-
ing was seen in papillary carcinomas and this finding
was important in the differential diagnosis [5]. Many
studies reported that although diffuse staining with 

Table VI. Percentage of staining in malignant and benign lesions with galectin-3 (p = 0.001)

PERCENTAGE OF STAINING WITH GALECTIN-3 TOTAL

0 1 2 3

Group Malignant n 7 12 10 28 57
% 12.3 21.1 17.5 49.1 100

Benign n 20 14 9 5 48
% 41.7 29.2 18.8 10.4 100

Total n 27 26 19 33 105
% 25.7 24.8 18.1 31.4 100

Table VII. Intensity of staining in malignant and benign lesions with galectin-3 (p = 0.001)

INTENSITY OF STAINING WITH GALECTIN-3 TOTAL

0 1 2 3

Group Malignant n 7 6 9 35 57
% 12.3 10.5 15.8 61.4 100.0

Benign n 20 14 6 8 48
% 41.7 29.2 12.5 16.7 100.0

Total n 27 20 15 43 105
% 25.7 19.0 14.3 41.0 100.0

Fig. 4. +3/+3 percentage of staining/intensity of staining
in papillary carcinoma with gal-3. Magnification 100×
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CK-19 was seen in most cases of papillary carcinoma
and follicular variant of papillary carcinoma, variable
staining of other malignant and benign lesions could
provide differential diagnosis. 

When we compared malignant and benign lesions
in terms of percentage of staining with CK-19 in our
study, we found +3 staining in 49.1% of malignant
lesions and +1 staining in 45.8% of benign lesions.
There was a statistically significant difference between
malignant and benign lesions. As reported in studies
and many other sources, it is seen that the percentage
of staining is higher in malignant lesions than benign
lesions [1, 2, 4, 11, 12]. 

The HBME-1 is a monoclonal antibody generated
against an unknown membrane antigen of mesothe-
lial cells. It was also reported to show preferential re-
activity with malignant thyroid tumors as HBME-1 is
a marker of mesothelial cells. The HBME-1 decorates
a significant proportion of malignancies, including pap-
illary carcinomas, both classical and follicular variants,
and follicular carcinoma. In some cases of papillary car-
cinomas, the staining is predominantly luminal. In some
lesions, there is diffuse moderate to strong cytoplasmic
reactivity [13-17].

There was no HBME-1 staining in a study which
included 40 hyperplastic nodules and 35 follicular ade-
nomas with a total of 232 thyroid lesions [7]. The
HBME-1 reactivity was present in all types of follic-
ular epithelial malignant lesions. Fifty-five percent of
follicular epithelial malignancies showing HBME-1 im-
munoreactivity were papillary carcinomas. It was
concluded that HBME-1 immunoreactivity is a reli-
able marker for malignant nodules arising from follicular
epithelium and malignant properties should be sought
in suspicious adenomas or dominant hyperplastic
nodules showing HBME-1 reactivity. When malignant
and benign lesions were compared in terms of per-
centage of staining with HBME-1 in our study, +3
staining was found in 38.6% of malignant lesions and
+1 staining was found in 50% of benign lesions. There
was a statistically significant difference between ma-
lignant and benign lesions.

In a study performed by Prasad et al. [18] consisting
of 85 carcinoma and 21 adenoma cases, all carcinomas
showed different percentage and intensity of staining
and 24% of adenomas showed poor intensity of stain-
ing with HBME-1. It was concluded that HBME-1 was
a very useful marker in malignancies arising from fol-
licular cells and its negativity in benign lesions has
a specificity of 94%. When we compared malignant and
benign lesions in terms of the intensity of staining with
HBME-1 in our study, we found +3 staining in 77.2%
of malignant lesions and no staining was seen in 33.3%
of benign lesions. There was a statistically significant
difference between malignant and benign lesions. 

The HBME-1 was considered to be a marker with
96% specificity in the diagnosis of suspicious papillary

carcinoma. A higher rate of membranous (luminal)
staining was found in malignant lesions in accordance
with studies performed in cases of malignant lesions and
a higher rate of cytoplasmic staining was found in be-
nign lesions [7, 8, 18]. We investigated malignant and
benign lesions in terms of the type of staining with
HBME-1. However, the distribution was not appro-
priate for statistical analysis due to low number.  

Galectin-3 is a member of a growing family of galac-
toside- binding animal lectins, involved in the regu-
lation of cell-cell and cell-matrix interaction, cell
growth, neoplastic transformation, and apoptosis.
Many studies have shown that galectin-3 expression
is of value in discriminating benign and malignant thy-
roid nodules. Galectin-3 is expressed predominantly in
the cytoplasm but also in the nucleus and at the cell
surface of both epithelial and immune cells. Several stud-
ies have demonstrated its utility as a marker of ma-
lignant thyroid tumors [20]. In a study performed by
Saggiorato et al. [9], minimal invasive follicular carci-
noma and follicular adenoma were evaluated histopatho-
logically and strong galectin-3 reactivity was found in
the case previously diagnosed as follicular adenoma.
Thereupon, serial cross-sections were performed and
vascular invasion was seen. Conclusively, cytoplasmic
(+) staining of galectin-3 should always be a warning
and a great number of sampling should be made for
malignancy criteria. When we compared malignant and
benign lesions with percentage of staining with
galectin-3, we found +3 staining in 49.1% of malig-
nant lesions and no staining was seen in 41.7% of be-
nign lesions. There was a statistically significant dif-
ference between malignant and benign lesions in terms
of percentage of staining with galectin-3. In Barroeta’s
et al. study [14], staining with galectin-3 was present
in 70-73% of malignant lesions and 34% of benign le-
sions. In a study performed by Pisani et al. [21], specific 
cytoplasmic staining with galectin-3 was observed in
a suspicious cell population in fine needle aspiration
biopsy of a thyroid nodule. Occult papillary carcino-
ma was found in the operation material of this case and
galectin-3 was concluded as a marker of malignancy.
In another study, cytoplasmic and nuclear staining with
galectin-3 was seen in malignant neoplasms and no
staining with galectin-3 was observed in benign thy-
roid lesions [22]. When we compared malignant and
benign lesions in terms of intensity of staining with
galectin-3, we found +3 staining in 61.4% of malig-
nant lesions and no staining was seen in 41.7% of be-
nign lesions. There was a statistically significant dif-
ference between malignant and benign lesions. 

When we compared malignant and benign lesions
according to percentage of staining and intensity of
staining with CK-19, HBME-1 and galectin-3, we
found a statistically significant difference (p < 0.05).
The percentage and intensity of staining were higher
in malignant lesions. Diffuse and strong staining was
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observed in papillary carcinoma with CK19, HBME-1
and galectin-3. Immunohistochemical markers CK-19,
HBME-1 and galectin-3 were found to be useful for
the diagnosis of papillary carcinoma in thyroid lesions
with cell properties suspicious for the diagnosis of pap-
illary carcinoma with no capsule or vessel invasion. It
was concluded that these markers could be used es-
pecially in the differentiation of the follicular variant
of papillary carcinoma from follicular adenoma and fol-
licular carcinoma, and in the differentiation of follic-
ular adenoma from follicular carcinoma. 
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