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In this study, we compared the diagnostic value of TROP-2 expression in distin-
guishing between benign and malignant thyroid lesions to those of HBME-1, 
CK19 and galectin-3.
We selected 102 cases from our archive including 20 normal thyroid tissues, 23 
follicular nodular diseases, 17 follicular adenomas, 20 follicular variant papillary 
carcinomas and 22 classical variant papillary carcinomas. Tissue microarrays con-
structed from these cases were immunohistochemically analyzed with HBME-1, 
CK19, galectin-3 and TROP-2.
Respectively 73.8%, 83.3%, 69% and 50% of all papillary carcinomas were positive 
with HBME-1, CK19, galectin-3 and TROP-2. CK19 was positive respectively by 
100%, 43.5% and 35.3% in cases of normal thyroid, follicular nodular diseases and 
follicular adenoma, while the other markers were negative. In distinguishing benign 
and malignant lesions, which constitutes this study, HBME-1, CK19, galectin-3 
and TROP-2 were statistically significant (p < 0.001). In distinguishing cases of 
follicular variant papillary carcinoma from follicular nodular diseases and follicular 
adenoma, HBME-1 and galectin-3 were statistically significant (p < 0.001).
Consequently, in this study, we found that all immunohistochemical markers were 
effective in distinguishing benign and malignant thyroid lesions. In determining ma-
lignancy, HBME-1 had the highest diagnostic accuracy, while CK19 was the most 
sensitive marker. The sensitivity increased when the markers were used together.
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Introduction

The thyroid gland malignancy that pathologists 
most frequently enface is papillary carcinoma by 80-
85% frequency [1]. While it is generally easy to di-
agnose cases that show characteristic nuclear details 
for papillary carcinoma, there may be diagnostic con-
flicts even among experienced endocrine pathologists 
regarding cases that have follicular growth patterns 
[2]. Correct pathological diagnosis is necessary to 

minimize emotional stress, over-treatments and re-
lated financial costs brought by the diagnosis of thy-
roid cancer [3]. In order to eliminate disagreements 
among pathologists about well-differentiated lesions 
of thyroid derived from follicular epithelial cells and 
achieve diagnostic standardization, there have been 
many studies made where immunohistochemical and 
molecular markers are studied [4, 5, 6, 7, 8, 9, 10, 11, 
12]. The immunohistochemical markers Hector Bat-
tifora mesothelial cell epitope-1 (HBME-1), galectin 3  
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(Gal-3) and cytokeratin 19 (CK19) accepted to be in-
dicators of malignancy in thyroid lesions have been 
used as products of such studies as panels in most 
pathology laboratories. While some of the diagnostic 
issues are overcome by the usage of these universal 
markers, the search for an ideal biomarker to precisely 
detect malignity is still going on.

The human trophoblast cell surface antigen  
(TROP-2) is a  transmembrane glycoprotein with 
a weight of 35 kDa which is coded by the gene localized 
on the 1p32 chromosome. TROP-2, which is expressed 
on normal levels in various normal tissues especially 
placenta, is related to tumor growth, tumor progres-
sion and the invasiveness of tumor cells [13]. Recently, 
there have been studies reporting that TROP-2 may be 
used in the differential diagnosis of follicular epithelial 
cell derived thyroid lesions [14, 15, 16, 17]. 

The purpose of this study is to determine the di-
agnostic value of TROP-2 expression in differential 
diagnosis of papillary thyroid carcinoma and compare 
it to the expression of the three most frequently used 
antibodies (HBME-1, CK19 and Gal-3). 

Material and methods

Patient selection and construction of tissue 
microarray (TMA) blocks

From the archive of the Department of Patholo-
gy, Recep Tayyip Erdoğan University, Rize, Turkey, 
20 normal thyroid (NT) tissue, 23 benign follicular 
nodular disease (FND), 17 follicular adenoma (FA), 
20 follicular variant papillary carcinoma (FVPTC) 
and 22 classical variant papillary carcinoma (CVPTC) 
cases were selected. The selection was made by two 
pathologists (A.R.M. and H.G.) based on the criteria 
explained below, using a two-headed microscope. The 
well-delineated nodules surrounded by a thin partial 
capsule, with a colloidal appearance, without charac-
teristic nuclear features for papillary carcinoma in the 
thyroidectomy materials belonging to patients who 
were operated due to multinodular goiter were taken 
into the FND [18] (also known as nodular hyperpla-
sia or adenomatous hyperplasia) group. Nodules com-
pletely surrounded by a  thin fibrous capsule, com-
pressing the peripheral thyroid parenchyma, without 
characteristic nuclear features of papillary carcinoma 
and without capsular and/or vascular invasion, were 
included in the FA group. The CVPTC group con-
sisted of cases showing pure papillary growth pattern 
and characteristic nuclear features of papillary carci-
noma. The FVPTC group composed of cases where 
the tumor was completely sampled, without papilla 
formation, composed entirely of follicular structures 
and with characteristic papillary carcinoma nuclear 
features. In FA, the largest tumor diameter was 6.2 
cm, the smallest was 2 cm and the mean diameter was 
3.73 ±1.31 cm. In FVPTC, the largest tumor diam-

eter was 6 cm, the smallest was 1.1 cm and the mean 
diameter was 3.19 ±1.50 cm. In CVPTC, the larg-
est tumor diameter was 6 cm, the smallest was 1.3 
cm and the mean diameter was 2.15 ±0.98 cm. As 
this is a TMA-based study, papillary microcarcinoma 
cases were not included for avoiding loss of materials 
of patients. Additionally, the non-lesional thyroid pa-
renchyma of the cases operated due to multinodular 
goiter and not containing any type of thyroiditis were 
also included in the NT group (Fig. 1). As we did 
not have any cases with follicular carcinoma in our ar-
chive, this group was not included in the study. Slides 
stained with hematoxylin and eosin (HE) of select-
ed cases were reviewed and the best paraffin blocks 
for usage in the study were chosen. Two tissue cores 
representing the lesion were extracted by a dermato-
logical punch biopsy device with 2 mm in diameter 
from the selected paraffin blocks. The obtained cores 
were placed by mapping into the recipient blocks we 
prepared separately for each group. Approval was ob-
tained from the institutional Research Ethics Board.

Immunohistochemistry

From each of the constructed TMA blocks, a total 
of 5 sections with 4µm thickness were taken into pos-
itively charged slides. First slide was stained with HE. 
Other slides were stained on an automated immuno-
histochemistry system (Roche, Ventana, Benchmark, 
XT, USA) using the primary antibodies of Mesotheli-
oma (MS-1494, Mouse, monoclonal, clone HBME-1, 
ready to use, 32 min incubation, Thermo Scientific, 
Fremont, CA, USA) , CK19 (MS-198, Mouse, mono-
clonal, clone A53-B/A2.26, ready to use, 32 min 
incubation, Thermo Scientific, Fremont, CA, USA), 
Gal-3 (MS-1756, Mouse, monoclonal, clone 9C4, 
ready to use, 32 min incubation, Thermo Scientific, 
Fremont, CA, USA), TROP-2 (Rabbit, polyclonal,  
1 : 150 dilution, 15 min incubation, GeneTex). 
Signal was visualized with a  3.3’ diaminobenzidine 
detection kit. All procedures were performed in ac-
cordance with the manufacturer’s instructions. As 
positive controls, pleural tissue, skin, normal duo-
denum and placental tissue were used for HBME-1, 
CK19, Gal-3 and TROP-2, respectively. 

Analysis of immunohistochemical stains

Immunohistochemical stains were analyzed by 
two independent pathologists (A.R.M and H.G.) us-
ing a two-headed microscope. Membranous staining 
for HBME-1, membranous ± cytoplasmic staining 
for CK19, cytoplasmic ± nuclear staining for Gal-3, 
and membranous staining for TROP-2 were accepted 
as true positive staining.

In the immunohistochemical markers in cases, the 
staining intensity was analyzed in four categories as 
negative (0), weak (1), moderate (2) and strong (3), 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Shvartsur+A%2C+Bonavida+B.+Trop2+and+its+overexpression+in+cancers%3A+regulation+and+clinical%2Ftherapeutic+implications.
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Bychkov+A%2C+Sampatanukul+P%2C+Shuangshoti+S+et+al.+TROP-2+immunohistochemistry%3A+a+highly+accurate+method+in+the+differential+diagnosis+of+papillary+thyroid+carcinoma.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu+H%2C+Shi+J%2C+Lin+F.+The+Potential+Diagnostic+Utility+of+TROP-2+in+Thyroid+Neoplasms.
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Mete+O%2C+Asa+SL.+Pitfalls+in+the+diagnosis+of+follicular+epithelial+proliferations+of+the+thyroid.
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and the staining percentage was analyzed in five cat-
egories as <1% (0), 1-25% (1), 26-50% (2), 51-75% 
(3) and 76-100% (4). A total expression score (TES) 
was calculated for each case (Table I). Cases with 
a TES of 1 or higher were accepted as positive. 

Statistical analysis

Statistical Package for social sciences (SPSS) 23.0 
was used to statistically analyze the obtained find-
ings. While analyzing the data in the study, in addi-
tion to descriptive statistical methods (mean, stan-
dard deviation), Mann Whitney U test was used to 
compare quantitative data. χ2 test and Fischer’s Ex-
act test were used in comparing the qualitative data.  
p values less than 0.05 were considered statistically 
significant.

Results

Expression of immunohistochemical markers in 
case groups

All of the cases in NT, FND and FA were negative 
with HBME-1, Gal-3 and TROP-2. On the other 

hand, CK19 was positive for all NT (100%), 10 FND 
(43.5%) and 6 FA (35.3%) cases. While all cases in 
CVPTC had positive immunoreaction with HBME-1  
and Gal-3, CK19 was positive in 95.5% (21/22), 
TROP-2 was positive in 90.9% (20/22). In FVPTC, 

A B

C D

Fig. 1. A) Follicular nodular disease (HE, original magnification 40-200×). B) Follicular adenoma (HE, original magni-
fication 40-200×). C) Follicular variant papillary carcinoma (HE, original magnification 40-200×). D) Classical variant 
papillary carcinoma (HE, original magnification 40-200×)

Table I. Total expression scores of immunohistochemical 
markers in terms of staining intensity and percentage

TES (SI, SP) 

0 (0,0) (1,0) (0,1)

1 (1,1)

2 (1,2) (2,1)

3 (1,3) (3,1)

4 (1,4) (2,2)

5 (2,3) (3,2)

6 (2,4)

7 (3,3)

8 (3,4)
TES – total expression score; SI – staining intensity; SP – staining percentage
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14 cases (70%) were positive with CK19, 9 (45%) 
were positive with HBME-1, and 7 (35) were pos-
itive with Gal-3, while TROP-2 was positive in 
only 1 (5%) case (Figs. 2, 3). Table II shows the 
expression of immunohistochemical markers in case 
groups.

Comparison of TES means of 
immunohistochemical markers

The antibody with the highest mean TES was 
Gal-3 in CVPTC (8.00 ±0.00) and CK19 in FVPTC 
(3.75 ±3.19). TROP-2 had the lowest mean TES in 
both groups (5.14 ±3.06 and 0.20 ±0.89). CK19’s 
mean TES was 4.05 ±1.93 in NT, 0.87 ±1.29 in 
FND and 1.00 ±1.70 in FA. These values were 0 for 
the other three antibodies. Table III shows the mean 
TES values and standard deviations of immunohisto-
chemical markers in case groups.

For all markers, TES means in groups with pap-
illary carcinoma and classic variant papillary carci-
noma were higher than those with benign thyroid 

lesions in FND and FA (p < 0.001). The mean TES 
of the CVPTC group was found significantly higher 
than that of the FVPTC group (p < 0.001). The 
mean TES of HBME-1, Gal-3 and CK19 in the 
FVPTC group was found higher than that of the 
group with FND + FA (p < 0.001 and p = 0.001). 
We did not find a statistically significant difference 
in terms of TROP-2 TES means between benign 
thyroid lesions and the FVPTC group (p = 0.157). 
The p values showing the relationship between 
case groups and immunohistochemical markers are 
shown in Table IV.

The diagnostic value of immunohistochemical 
markers in distinguishing between malignant 
lesions and benign lesions

HBME-1, CK19, Gal-3 and TROP-2 were 
found statistically significant in distinguishing be-
tween benign lesions and papillary carcinomas  
(p < 0.001). If positivity of one antibody is ac-
cepted for diagnosis of papillary carcinoma, the 

A B

C D

Fig. 2. A) Negative TROP2 expression in a case of follicular nodular disease (original magnification 100×). B) Negative 
TROP2 expression in a case of follicular adenoma (original magnification 100×). C) Focal moderate membranous im-
munostaining of TROP2 in a case of follicular variant papillary carcinoma (original magnification 100×). D) Diffuse and 
strong membranous immunostaining of TROP2 in a case of classical variant papillary carcinoma (original magnification 
100×)
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usage of Gal-3, TROP-2 and CK19 together, with 
or without HBME-1 had the highest sensitivity 
(90.5%). However, the specificity of these combi-
nations was 60% due to the positivity of CK19 in 
benign lesions. When CK19 was kept out, speci-
ficity of the combination of other antibodies reach 
100%. In this case, the combination of HBME-1,  

Gal-3 and TROP-2 (78.6-89%) had the highest sen-
sitivity and diagnostic accuracy. In differential diag-
noses between benign lesions (FND + FA) and pap-
illary carcinoma (FVPTC + CVPTC), the sensitivity, 
specificity, positive predictive value (PPV), negative 
predictive value (NPV) and diagnostic accuracy (DA) 
determined for antibodies are shown in Table V.

A B

C D

E F

Fig. 3. A) Apical and membranous HBME-1 positivity in a case of follicular variant papillary carcinoma (original magni-
fication 100×). B) Strong and diffuse membranous HBME-1 positivity in a case of classical variant papillary carcinoma 
(original magnification 100×). C, D) Cytoplasmic and membranous CK19 positivity in cases of FVPTC and CVPTC 
(original magnification 100×). E) Galectin 3 positivity in a case of FVPTC (original magnification 100×). F) Strong 
cytoplasmic and nuclear galectin 3 positivity in a case of CVPTC (original magnification 100×)
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The diagnostic value of immunohistochemical 
markers in distinguishing follicular variant 
papillary carcinoma from benign lesions

While HBME-1 and Gal-3 were statistically signif-
icant in distinguishing benign lesions from FVPTCs  
(p < 0.001), CK19 and TROP-2 were not signifi-
cant in distinguishing these two (p = 0.055 and p = 
0.333). In distinguishing diagnoses of benign lesions 
(FND + FA) from FVPTCs, the sensitivity, specific-
ity, positive predictive value (PPV), negative predic-
tive value (NPV) and diagnostic accuracy (DA) deter-
mined for antibodies are shown in Table VI.

Discussion

In combination of optimal tissue processing and 
slide quality by an experienced pathologist, most 
thyroid lesions, especially CVPTC, may be diagnosed 
without needing an additional ancillary technique. 
However, it is known that there are disagreements 
among even endocrine pathologists analyzing the 
same lesion, in suspicious thyroid nodules [2]. Fac-
tors that affect the variety among observers include 
education of pathologists in different centers and by 
different educators [19]. As far as we observed in con-
sultations made to our department, even distinguish-

Table II. The expression of immunohistochemical markers in case groups

Immunohis-
tochemical 
markers

NT 
n (%)

FND 
n (%)

FA
n (%)

FND + FA
n (%)

FVPTC
n (%)

CVPTC
n (%)

FVPTC + 
CVPTC 

n (%)

HBME-1 + 0 0 0 0 9 (45) 22 (100) 31 (73.8)

– 20 (100) 23 (100) 17 (100) 40 (100) 11 (55) 0 11 (26.2)

CK19 + 20 (100) 10 (43.5) 6 (35.3) 16 (40) 14 (70) 21 (95.5) 35 (83.3)

– 0 13 (56.5) 11 (64.7) 24 (60) 6 (30) 1 (4.5) 7 (16.7)

Gal-3 + 0 0 0 0 7 (35) 22 (100) 29 (69)

– 20 (100) 23 (100) 17 (100) 40 (100) 13 (65) 0 13 (31)

TROP-2 + 0 0 0 0 1 (5) 20 (90.9) 21 (50)

– 20 (100) 23 (100) 17 (100) 40 (100) 19 (95) 2 (9.1) 21 (50)
NT – normal thyroid; FND – follicular nodular disease; FA – follicular adenoma; FVPTC – follicular variant papillary carcinoma; CVPTC – classical variant 
papillary carcinoma

Table III. The mean total expression scores and standard deviations of immunohistochemical markers in groups

Immunohis-
tochemical 
markers

NT FND FA FND + FA FVPTC CVPTC FVPTC + 
CVPTC

HBME-1 0.00 ±0.00 0.00 ±0.00 0.00 ±0.00 0.00 ±0.00 2.70 ±3.31 6.68 ±1.62 4.79 ±3.23

CK19 4.05 ±1.93 0.87 ±1.29 1.00 ±1.70 0.93 ±1.46 3.75 ±3.19 7.36 ±1.89 5.64 ±3.15

Gal-3 0.00 ±0.00 0.00 ±0.00 0.00 ±0.00 0.00 ±0.00 1.30 ±2.16 8.00 ±0.00 4.81 ±3.69

TROP-2 0.00 ±0.00 0.00 ±0.00 0.00 ±0.00 0.00 ±0.00 0.20 ±0.89 5.14 ±3.06 2.79 ±3.38
NT – normal thyroid; FND – follicular nodular disease; FA – follicular adenoma; FVPTC – follicular variant papillary carcinoma; CVPTC – classical variant 
papillary carcinoma

Table IV. P values demonstrating the relationship between groups and the mean TES values of the immunohistochem-
ical markers

Immunohistochemical 
markers

FND + FA /
FVPTC + CVPTC

FND + FA /
FVPTC

FND + FA /
CVPTC

FVPTC/
CVPTC

HBME-1 p < 0.001 p < 0.001 p < 0.001 p < 0.001

CK19 p < 0.001 p = 0.001 p < 0.001 p < 0.001

Gal-3 p < 0.001 p < 0.001 p < 0.001 p < 0.001

TROP-2 p < 0.001 p = 0.157 p < 0.001 p < 0.001
FND – follicular nodular disease; FA – follicular adenoma; FVPTC – follicular variant papillary carcinoma; CVPTC – classical variant papillary carcinoma

https://www.ncbi.nlm.nih.gov/pubmed/?term=Elsheikh+TM%2C+Asa+SL%2C+Chan+JK+et+al.+Interobserver+and+intraobserver+variation+among+experts+in+the+diagnosis+of+thyroid+follicular+lesions+with+borderline+nuclear+features+of+papillary+carcinoma.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirokawa+M%2C+Carney+JA%2C+Goellner+JR+et+al.+Observer+variation+of+encapsulated+follicular+lesions+of+the+thyroid+gland.
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Table V. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and diagnostic accuracy 
(DA) in benign lesions (FND + FA) against papillary carcinoma (FVPTC + CVPTC) for any immunohistochemical 
marker or their combinations

Immunohistochemical markers Sensitivity (%) Specificity (%) PPV (%) NPV (%) DA (%)

HBME-1 73.8 100 100 78.4 87 

CK19 83.3 60 68.6 77.4 72 

Gal-3 69 100 100 75.5 84 

TROP-2 50 100 100 65.6 74 

HBME-1 + CK19 85.7 60 69.2 80 73 

HBME-1 + Gal-3 76.2 100 100 80 89 

CK19 + Gal-3 88.1 60 69.8 82.8 74 

HBME-1 + CK19 + Gal-3 88.1 60 69.8 82.8 74 

TROP-2 + HBME-1 76.2 100 100 80 89 

TROP-2 + CK19 85.7 60 69.2 80 73 

TROP-2 + Gal-3 71.4 100 100 76.9 85 

TROP-2 + HBME-1 + CK19 88.1 60 69.8 82.8 74 

TROP-2 + HBME-1 + Gal-3 78.6 100 100 81.6 89 

TROP-2 + CK19 + Gal-3 90.5 60 70.4 85.7 76 

HBME-1 + CK19 + Gal-3 + 
TROP-2

90.5 60 70.4 85.7 76 

Table VI. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and diagnostic accura-
cy (DA) in benign lesions (FND + FA) against FVPTC for any immunohistochemical marker

Immunohistochemical markers Sensitivity (%) Specificity (%) PPV (%) NPV (%) DA (%)

HBME-1 45 100 100 78.4 81

CK19 70 60 46.7 80 63

Gal-3 35 100 100 75.5 78

TROP-2 5 100 100 67.8 68

ing benign thyroid lesions with papillary growth 
pattern (hyperplastic nodule, hyperfunctioning ad-
enoma, Graves’ disease, etc.) and CVPTCs may be 
hard for inexperienced pathologists. In our study, we 
compared the diagnostic values of HBME-1, CK19 
and Gal-3, which are used frequently in distinguish-
ing papillary carcinoma from benign thyroid lesions, 
and TROP-2, which started to be studied recently.

CK19 is a low molecular weight cytokeratin which 
is expressed in various epithelial tissues and tumors 
[10]. While there are differences among studies in 
terms of the extensiveness and intensity of its expres-
sion in follicular epithelial cell derived lesions of the 
thyroid, it is more diffused and stronger in papillary 
carcinoma [5, 8, 9, 10]. Additionally, it is known to 
be positively stained also in benign nodules and fol-
licular adenoma [7, 8]. In Cheung et al.’s study, 80% 
of CVPTCs, 57% of FVPTCs, and 20% of nodular 

hyperplasia and FAs were positive with CK19 [5]. In 
our study CK19 was positively stained in respectively 
95.5% and 70% of cases with CVPTC and FVPTC, 
while it was positively stained in respectively 100%, 
43.5% and 35.5% of normal thyroid tissue, follicu-
lar nodular disease and follicular adenoma. The mean 
TES was lower in FVPTC than CVPTC. While the 
mean TES was 0.87 and 1.00 in FND and FA re-
spectively, it was significantly lower than those in the 
FVPTC and CVPTC groups. In Dunderovic et al.’s 
literature review, the researchers found the sensitivity 
and specificity of CK19 in distinguishing malignant 
and benign lesions as 80% and 78% respectively. 
These were respectively 74% and 77% in distin-
guishing FVPTC and FA [12]. In our study, these 
ratios were respectively 83.3% and 60% for distin-
guishing FND-FA and PTC, and 70% and 60% for 
distinguishing FND-FA and FVPTC. In agreement 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Mataraci+EA%2C+Ozguven+BY%2C+Kabukcuoglu+F.+Expression+of+cytokeratin+19%2C+HBME-1+and+galectin-3+in+neoplastic+and+nonneoplastic+thyroid+lesions.
https://www.ncbi.nlm.nih.gov/pubmed/11301350
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with the literature [4, 8], we observed that usage of 
CK19 by itself had the highest sensitivity as a mark-
er in distinguishing benign lesions from PTC and 
FVPTC (83.3%, 70%). However, its specificity was 
lower due to its positivity in benign lesions (60%).

Interestingly, we observed a stronger and more ex-
tensive staining with CK19 in normal thyroid tissues 
in comparison to FND and FA cases. This finding 
would not create an issue to easily recognize normal 
thyroid tissue during microscopic examination of the 
thyroidectomy material. However, it may cause mis-
diagnosis in cell block materials collected from normal 
thyroid tissues instead of lesion. For cytological ma-
terial, we think applying diagnostic histopathological 
criteria solidly, and adding other ancillary markers to 
the panel will help overcome this problem.

HBME-1 is a  monoclonal antibody developed 
against the antigen on the microvillous surface of 
human mesothelial cells [20]. There are numerous 
studies reporting its advantages in determining ma-
lignancy in thyroid nodules derived from follicular 
epithelial cells [5, 8, 10, 21]. Moreover, there are 
also studies showing HBME-1 as positive in benign 
thyroid lesions such as chronic lymphocytic thy-
roiditis, benign thyroid nodules and follicular ade-
noma [7, 9, 22]. While Cheung et al. did not find 
positivity with HBME-1 in any of the benign thy-
roid nodules and cases of follicular adenoma, they 
found positivity in 55% of cases with papillary car-
cinoma, 70% in CVPTC, and only 45% in FVPTC 
[5]. In Mataraci et al.’s study, all of the 40 hyper-
plastic thyroid nodules and 35 follicular adenomas 
were negative with HBME-1 [10]. Similarly, in our 
study, we did not observe positivity with HBME-1 
in benign thyroid nodules and follicular adenoma. 
While HBME-1 showed a positive expression in all 
CVPTC cases, this ratio was much lower in FVPTC 
(45%). Despite this low ratio observed for FVPTC, 
the second most sensitive marker in distinguishing 
benign lesions from PTC and FVPTC was HBME-
1. As opposed to the findings of de Matos et al. [9], 
we found that the TES of HBME-1 was also able to 
distinguish between the group CVPTC and FVPTC 
(p < 0.001).

Gal-3, chimera type galectin, is a  beta galacto-
side-binding animal lectin known to be related to 
various mechanisms in tumor development. It has 
a cytoplasmic and nuclear distribution [23]. It is also 
stained in reactive epithelial cells and inflammatory 
cells [22]. There are many studies demonstrating the 
positivity of Gal-3 in malignant lesions of thyroid, 
especially CVPTC [7, 8, 9, 10, 22]. Furthermore, 
positivity with varying frequencies was reported in 
different studies in benign thyroid nodules and le-
sions, follicular adenoma and FVPTC [7, 8, 9, 10, 
12, 22]. In our study, we did not observe staining 
with Gal-3 in NT tissue, and in FND and FA. 69% 

of PTCs had staining with Gal-3. We observed stain-
ing in 100% of cases with CVPTC and 35% of cases 
with FVPTC (p < 0.001). In the study by de Matos 
et al., as in our study, no staining was found in nor-
mal thyroid tissue [9]. Various studies demonstrated 
that Gal-3, in comparison to HBME-1 and CK19, 
has a  higher sensitivity in distinguishing between 
benign and malignant lesions [7, 12]. In our study, 
the sensitivity value of Gal-3 was lower than those of 
HBME-1 and CK19. Its specificity was comparable 
to that of HBME-1 (100%). The mean TES for Gal-3  
was higher in malignant cases than benign cases, 
and in CVPTC cases than FVPTC cases (p < 0.001). 
Mataracı et al., as found in our study, found the Gal-3 
staining percentages and intensity in benign lesions 
much lower than those in malignant lesions [10]. 
Matos et al. observed diffuse staining in FVPTC, focal 
and weak positivity in FA and adenomatous nodules 
with Gal-3 [9]. As in found our study, they reported 
that Gal-3 was useful in distinguishing FVPTC cases 
from benign lesions.

TROP-2, which is a transmembrane glycoprotein 
coded by the Tacstd2 gene, is expressed in various 
normal tissues, while it is over-expressed in larynx, 
lung, colon, breast, pancreas and gall bladder can-
cers [13, 24, 25, 26, 27, 28, 29, 30]. Over-expres-
sion of TROP-2, which is accepted as an oncogene, 
is known as a poor prognostic indicator for various 
types of cancer, and makes TROP-2 a  target mole-
cule in treatment [13]. Furthermore, reduction was 
observed in the invasiveness of tumor cells by usage 
of antibodies developed against TROP-2 in breast 
and colon cancer [31, 32].

Over-expression of TROP-2 in various cancers also 
paved the way to its investigation in thyroid lesions. 
Studies, except one, demonstrated that TROP-2 was 
negative in neoplastic and non-neoplastic benign 
thyroid tissues [15, 16, 17]. Addati et al. reported 
TROP-2 positivity in 4 non-neoplastic thyroid tissues 
and 2 cases of follicular adenoma [14]. In our study, 
we did not detect positivity with TROP-2 in normal 
thyroid tissue, in FND or in FA.

TROP-2 positivity was found by Simms et al. 
in 90% (54/60) in CVPTC and 18.8% (9/48) in 
FVPTC, while it was found by Liu et al. in 94% 
(33/35) in CVPTC and 81% (30/37) in FVPTC [16, 
17]. Bychkov et al., as opposed to what they observed 
in CVPTC, found TROP-2 positivity in less than half 
of the FVPTC cases. Most of these were showing 
focal positivity. A  small number of FVPTC showed 
diffuse staining [15]. In similarity to other studies, 
TROP-2 was positive in 90.9% of our cases with 
CVPTC. Our TROP-2-positive number of FVPTC 
cases was fewer than those in all other studies. We 
now know as a  result of molecular studies that, as 
opposed to CVPTC which contains mutations such as 
BRAF V600E, FA, follicular thyroid carcinoma and 
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encapsulated FVPTC contain RAS and similar mu-
tations [33]. According to some studies, on the oth-
er hand, tumors containing few papillary structures 
and showing dominant follicular growth patterns, 
contain BRAF V600E mutation, and these should 
be accepted as CVPTC [34, 35]. However, recogni-
tion of papillary structures is subjective even among 
experienced endocrine pathologists. In a  study pro-
posing the terminology “Noninvasive follicular thy-
roid neoplasm with papillary-like nuclear features” 
(NIFTP), after review, 17 of the 130 cases diagnosed 
with FVPTC with invasion were excluded from the 
study as they had papillary structures of higher than 
1% [3]. Higher rates of TROP-2 positivity in FVPTC 
shown in other studies may have been caused by not 
having sampled the lesions completely and/or the 
researchers missing the papillary structures in the 
lesion. These cases which have a different molecular 
pathway and should be defined as CVPTC included 
in the FVPTC group may have caused different re-
sults. In our study, although we sampled lesions in 
toto and excluded all cases involving papilla from the 
group, we found focal TROP-2 positivity of moderate 
intensity in 1 (5%) of the cases with FVPTC. The 
TROP-2 over-expression in CVPTC, most of which 
contains BRAF V600E mutation, suggests that this 
molecule known to activate the MAPK (ERK1/2) 
pathway is related to CVPTC carcinogenesis. In or-
der to reveal the relationship between BRAF V600E 
mutation and TROP-2 over-expression, research 
should be collected on crowded series of cases with 
certainty of BRAF-like phenotypes. Another possible 
reason for high percentage of negativity may be the 
tumor heterogeneity observed in TMA studies with 
a lower volume of tissues represented.

In conclusion, microscopic examinations performed 
with conventional staining procedures still protect 
their value. In distinguishing papillary carcinoma from 
benign thyroid nodules including follicular adenoma, 
it may be a necessity to use ancillary techniques, espe-
cially immunohistochemical markers. While our study 
was composed of a small number of cases, it showed 
that; while the negativity of any marker by itself in 
a suspicious thyroid nodule does not exclude malignan-
cy, positivity in any of the HBME-1, Gal-3 or TROP-2 
markers supports the diagnosis of papillary carcinoma. 
It should also be remembered that CK19 may be fo-
cally and weakly stained in benign thyroid nodules. By 
all these reasons, in distinguishing papillary carcino-
ma from benign lesions, we recommend the usage of 
HBME-1, CK19, Gal-3 and TROP-2 as panel.
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