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Abstract

We aimed to determine the immunoreactivity for B-type Raf kinase (BRAF), 
Cytokeratin-19 (CK-19), Hector Battifora mesothelial-1 (HBME-1), and Galectin-3 
(GAL-3) antibodies in single and combination forms to define their potential role on 
diagnosis in encapsulated follicular thyroid tumors creating diagnostic difficulties. 
One hundred thirty five thyroid tumors diagnosed with follicular adenoma (FA, 
n=50), encapsulated minimally invasive follicular carcinoma (MIFC, n=40), and 
encapsulated follicular variant of papillary carcinoma (FVPC, n=45) were evaluated 
for immunohistochemically. For a single antibody, HBME-1 was the most sensitive 
antibody for the diagnosis of FVPC vs FA (93,33%), whereas CK-19 had the lowest 
sensitivity among the 4 markers. HBME-1 + GAL-3 combination has the most sensitivity 
value (67,5%) for diagnosing MIFC vs FA. The combination of CK19+HBME1+GAL3 
and CK19+HBME1+BRAF have the highest sensitivity values (62,5%) for diagnosing 
FK vs FA. The coexpression of the four antibodies showed average sensitivity and high 
specificity results as 60-65% in sensitivity and 80% in spesifity for MIFC vs FA; FVPC 
vs FA and FVPC vs MIFC. For optimum sensitivity and specificity, the combination 
of the four markers was suggested for the diagnosis of MIFC vs FA. In conclusion, 
immunohistochemical evaluation of BRAF, CK-19, HBME-1 and GAL-3 in tyhroid 
tumors would aid the differentiation of malignant follicular lesions from benign 
follicular lesion. Combination of different forms of antibodies in accordance with the 
lesion type to be distinguished may increase the sensitivity of diagnosis, which needs 
to be confirmed with further studies. 
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Introduction
Five percent of the thyroid nodules are malignant, and PC is 

the most common type of malignant thyroid tumor. The follicular 
lesions, on the other hand, presents a heterogeneous group 
of cases with varying malignancy potential. Due to difficulties 
in assessment of malignancy potential with certainty, thyroid 
lesions with follicular pattern are sometimes termed as thyroid 
tumors of uncertain or indeterminate malignant potential 
[1,2]. Follicular patterned thyroid lesions are; adenomatous 
(hyperplastic, adenomatoid) nodules, follicular adenomas, 
follicular carcinomas (minimally invasive, grossly encapsulated, 
angioinvasive and widely invasive), follicular variant of papillary 
thyroid carcinomas, follicular variant of medullary carcinomas 
and “hybrid” tumors. Follicular adenoma is a solitary lesion in an 
otherwise normal gland; it is completely encapsulated and lacks 
any capsular and/or vascular invasion into the tumor capsule 
and surrounding thyroid. The term minimally invasive follicular 
carcinoma for tumors that show capsular invasion only. FVPC is 
the most common subtype of PC [3]. Follicular lesions of thyroid 
show very similarly histopathologic patterns. Therefore, FA, 
MIFC, and FVPC can be easily confused with each other. Since 
prognosis and treatment approaches change according to type 
of follicular lesion, in addition to histopathological evaluation, 
immunohistochemical and molecular markers are suggested to 
be used to confirm the diagnosis [4]. 

BRAF is a serine-threonine kinase signaling molecule, and 
mutations of BRAF leads to potential activation of MAP kinase/ERK 
pathway, which is the main pathway through which the majority 
of genetic alterations exert their oncogenic actions in thyroid 
cancer [5]. Activation of MAP kinase/ERK pathway stimulates 
tumor formation by upregulating cell division and proliferation 
[6]. BRAF mutation is seen in 35-67% of papillary carcinoma (PC) 
cases [7], thus suggested to be used in differential diagnosis of 
PC. However, in the FVPC, BRAF mutation was reported in only 
5-20% of cases [8], and there is limited study on the role of BRAF 
expression in differentiating between follicular lesions of thyroid 
[1,4]. GAL-3 is a beta-galactosyl-binding lectin which is involved 
in regulating cell-cell and cell-matrix interactions. Galectin-3 
expression has been proposed to be a reliable molecular marker 
of FC [9] and PC [10], and suggested be used to differentiate 
benign from malignant thyroid nodules. However, some studies 
reported GAL-3 expression in epithelial cells of normal thyroid 
tissue and questionned its reliability as an immunohistochemical 
marker to distinguish benign from malignant thyroid follicular 
lesions [11,12]. CK-19 is a cytoskeletal protein that was shown 
to be increased in PC, and suggested as a marker in differential 
diagnosis of benign and malignant thyroid nodules [13,14]. HBME-
1, a monoclonal antibody generated against malignant epithelial 
mesothelioma cells. Its expression has also been reported in PC 
and MIFC [15,16]. Differential diagnosis of thyroid lesions with 
follicular pattern with molecular and immunohistochemical 
methods to determine the lesions with malignancy potential 
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is crucial in follow-up and treatment planning. Evaluation of 
immunohistochemical expression of above proteins may aid in 
differential diagnosis of follicular pattern thyroid lesions and 
coexpression of multiple proteins may further increase specificity 
in differential diagnosis. In this study we aimed to determine 
the individual and combined immunoreactivity of BRAF, CK-19, 
HBME-1 and GAL-3 for the tumors by FA, FVPC and MIFC having 
encapsulated follicular pattern which leading to difficulties on 
differential diagnosis and define their potential role in differential 
diagnosis by evaluating sensitivity and spesifity. 

Materials and Methods
The study was performed on 135 thyroid tumors which 

diagnosed with FA (n=50), MIFC (n=40), and FVPC (n=45) in Mersin 
University School of Medicine, Department of Pathology between 
2007 and 2014. The lesions were were defined suspicious for 
malignancy with ultrasonographically before operation. Masson 
Trichrome histochemical satining was performed to assess the 
integrity of the tumor capsule. Immunohistochemistery satining 
was performed with a standard avidin-biotin-immunoperoxidase 
technique on 4 µm thick, formalin-fixed paraffin-embedded 
thyroid tissues to evaluate the expressions of BRAF (Epitomics, 
1647-1, dilution 1/200), HBME-1 (Thermoscientific, HBME-
1, dilution, 1/50), CK-19 (Neomarkers, A53-B/A2.26, dilution 
1/100) and GAL-3 (Novacastra, NCL-GAL3, dilution 1/40). 

We evaluated the cytoplasmic staining of tumor cells with 
BRAF, CK-19, cytoplasmic and nuclear staining with GAL-3 and 
membranous staining with HBME-1, according to Scognamiglio 
et al. [17]. The staining intensity for each antibody was scored 
as follows: 0, negative; 1+, weak; 2+, moderate; and 3+, strong. 
Positive immunostaining was defined as 2+ to 3+ staining 
intensity in more than 10% of the cells. The relations between 
the expressions and staining for BRAF, HBME-1, CK-19, or GAL-
3 in lesion groups were evaluated by four pathologists with the 
microscope of Olympus Bx51.

Statistical analysis

Study data were summarized using descriptive statistics, such 
as frequency and percentage. The relations between lesion types 
and study parameters, between BRAF expression and staining 
percentages for HBME-1, CK-19, or GAL-3 were analyzed with 
chi-square test. For sensitivity and spasifity calculations MedCalc 
program was used. All statistical analyses were per-formed using 
Statistical Package for Social Sciences software (version 11.5, 
SPSS Inc., Chicago, Illinois, USA). Statistical level of significance 
was set to p<0.05. 

Results

Histochemical staining with masson trichrome

The encapsulation of different thickness were observed with 
green color for Masson Trichrome histochemical staining in all 
tumor groups (Figures 1-3). 

BRAF, CK-19, HBME-1, GAL-3 expresssions in FVPC vs 
FA 

Immunohistochemical analysis revealed that BRAF expression 

was positive in 14 subjects (14/50, 28%) in FA, and 32 subjects 
(71.1%) in FVPC groups (Table 1). The staining characteristic was 
mostly cytoplasmic for BRAF in FVPC group. Normal thyroid tissue 
was not stained with BRAF. BRAF expression was higher in FVPC 
cases than FA and there was a significant relation between FVPC 
and BRAF expresssion (p<0.001, Table 1). Most of the subjects 
with BRAF positivity was from FVPC group. The sensitivity and 
spesifity values were 71.11% and 100% between the lesions for 
BRAF. In FVPC, 35 cases (77.8%) showed positive staining for 
CK-19. The staining pattern was cytoplasmic and nearly diffuse 
in this group. A few cells showed weak and patchy staining in 
normal thyroid. However only 4 of 50 (8%) cases showed positive 
staining for CK-19 in FA groups. A patchy and weak staining were 
noticed in FA. These two groups (FVPC vs FA) were compared in 
the respect of CK-19. The sensitivity and spesifity were 77.8% 
and 92% respectively. The difference was statistically significant 
(p<0.001, Table 2). HBME-1 showed a predominantly membranous 
pattern in the lesions (Figure 3). Forty two cases (42/45 (93.3%) 
showed posistive reaction for HBME-1 in FVPC group and 19 of 
50 cases (38%) in FA group. The sensitivity and spesifity were 
93.33% and 62% between the groups. The difference was also 
statistically siginificant (p<0.001, Table 2). Galectin-3 was seen 
in 36 cases ((80%) in FVPC and 23 cases (46%) in FA groups. 
Diffuse cytoplasmic and e few nuclear staining were seen in the 
neoplastic cells. However vascular structures and inflammatory 
cells were stained in normal thyroid. The sensitivity and spesifity 
were 80% and 54% between the groups. The difference was 
statistically significant (p<0.001, Table 2). 

Figure 1:

(1a) Encapsulated minimally invasive folicular carcinoma (MIFC), 
showing capsule invasion (arrow) (H&E, x100). 

(1b) Green staining of the capsule with Masson Trichrome (Masson 
Trichcrome, x100); The immunohistochemical expressions in tumor.

(1c) (++) positive staining of tumor for HBME-1 (HBME-1, x100).

(1d) (++) positive staining of tumor for CK-19 (CK-19, x100). 

(1e) (+) positive staining of tumor for BRAF (BRAF, x100). 

(1f) (+) positive staining of tumor for GAL-3 (GAL-3, x100).

http://dx.doi.org/10.15406/acp.2017.02.00025
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Figure 2:

(2a) Histology of an encapsulated papillary carcinoma follicular variant 
(FVPC) showing nuclear transparency (H&E, ×100) 

(2b) Green staining of the capsule with Masson Trichrome (Masson 
Trichcrome, x100); The immunohistochemical expressions in tumor. 

(2c) (+++) positive staining of tumor for HBME-1 (HBME-1, x100). 

(2d) (+++) positive staining of tumor for CK-19 (CK-19, x100).

(2e) (++) positive staining of tumor for BRAF (BRAF, x100). 

(2f) (++) positive staining of tumor for GAL-3 (GAL-3, x100). 

Figure 3:

(3a) Histology of follicular adenoma (FA) with thick and intact capsule, 
(H&E, ×100).

(3b) Green staining of the capsule with Masson Trichrome (Masson 
Trichcrome, x100); The immunohistochemical expressions in tumor. 

(3c) (+) negative staining of tumor for HBME-1 (HBME-1, x100). 

(3d) (+) negative staining of tumor for CK-19 (CK-19, x100).

(3e) (+) negative staining of tumor for BRAF (BRAF, x100). 

(3f) (+) negative staining of tumor for GAL-3 (GAL-3, x100). 

Table 1: The effect of immunohistochemical markers for determining the lesion groups.

GRUP

FA (50) FVPC (45) MIFC (40)

Count (Row %) Count (Row % ) Count (Row % ) P value

Gender
Female 38 (40,9) 33 (35,5) 22 (23,7)

0,074
Male 12 (28,6) 12 (28,6) 18 (42,9)

CK-19
Positive 4 (7,7) 35 (67,3) 13 (25,0)

P < 0,001
Negative 46 (55,4) 10 (12,0) 27 (32,5)

HBME-1
Positive 19 (19,6) 42 (43,3) 36 (37,1)

P < 0,001
Negative 31 (81,6) 3 (7,9) 4 (10,5)

Galectin 3
Positive 23 (31,1) 36 (48,6) 15 (20,3)

P < 0,001
Negative 27 (44,3) 9 (14,8) 25 (41,0)

BRAF
Positive 14 (22,6) 32 (51,6) 16 (25,8)

P < 0,001
Negative 36 (49,3) 13 (17,8) 24 (32,9)

CK19+HBME1
Positive 19 (24,1) 34 (43,0) 26 (32,9)

0,001
Negative 31 (55,4) 11 (19,6) 14 (25,0)

CK19+GAL3
Positive 23 (31,5) 35 (47,9) 15 (20,5)

P < 0,001
Negative 27 (43,5) 10 (16,1) 25 (40,3)
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CK19+BRAF
Positive 14 (25,9) 32 (51,6) 16 (32,9)

P < 0,001
Negative 36 (49,3) 13 (17,8) 24 (25,0)

HBME1+GAL3
Positive 23 (26,7) 36 (41,9) 27 (31,4)

0,002
Negative 27 (55,1) 9 (18,4) 13 (26,5)

HBME1+BRAF
Positive 14 (18,9) 34 (45,9) 26 (35,1)

P < 0,001
Negative 36 (59,0) 11 (18,0) 14 (23,0)

GAL3+BRAF
Positive 14 (21,2) 36 (54,5) 16 (24,2)

P < 0,001
Negative 36 (52,2) 9 (13,0) 24 (34,8)

CK19+GAL3+HBME1
Positive 19 (24,4) 34 (43,6) 25 (32,1)

0,001
Negative 31 (54,4) 11 (19,3) 15 (26,3)

CK19+HBME1+BRAF
Positive 15 (22,4) 27 (40,3) 25 (37,3)

0,002
Negative 35 (51,5) 18 (26,5) 15 (22,1)

HBME1+GAL3+BRAF
Positive 19 (28,4) 32 (47,8) 16 (23,9)

0,002
Negative 31 (45,6) 13 (19,1) 24 (35,3)

CK19+GAL3+BRAF
Positive 15 (27,3) 27 (49,1) 13 (23,6)

0,005
Negative 35 (43,8) 18 (22,5) 27 (33,8)

CK19+GAL3+HBME1+BRAF
Positive 15(20,5) 32 (43,8) 26 (35,6)

P < 0,001
Negative 35 (56,5) 13 (21,0) 14 (22,6)

The Pearson Chi-Square tests show that all the markers assessed single or coexpressed, have statistically significant effect on diagnosing the lesion 
groups.

Table 2: The effect of immunohistochemical markers for determining the lesion groups.

FA FVPC+MIFC

Count (Row %) Count (Row % ) P value

Gender
Female 38 (40,9) 55 (59,1)

0,171
Male 12 (28,6) 30 (71,4)

CK-19
Positive 4 (7,7) 48 (92,3)

P < 0,001
Negative 46 (55,4) 37 (44,6)

HBME-1
Positive 19 (19,6) 78 (80,4)

P < 0,001
Negative 31 (81,6) 7 (18,4)

Galectin 3
Positive 23 (31,1) 51 (68,9)

0,114
Negative 27 (44,3) 34 (55,7)

BRAF
Positive 14 (22,6) 48 (77,4)

0,001
Negative 36 (49,3) 37 (50,7)

CK19+HBME1
Positive 19 (24,1) 60 (75,9)

P < 0,001
Negative 31 (55,4) 25 (44,6)

CK19+GAL3
Positive 23 (31,5) 50 (68,5)

0,149
Negative 27 (43,5) 35 (56,5)

CK19+BRAF
Positive 14 (25,9) 48 (77,4)

0,001
Negative 36 (49,3) 37 (50,7)

HBME1+GAL3
Positive 23 (26,7) 63 (73,3)

0,001
Negative 27 (55,1) 22 (44,9)
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HBME1+BRAF
Positive 14 (18,9) 34 (45,9)

P < 0,001
Negative 36 (59,0) 11 (18,0)

GAL3+BRAF
Positive 14 (21,2) 52 (78,8)

P < 0,001
Negative 36 (52,2) 33 (47,8)

CK19+GAL3+HBME1
Positive 19 (24,4) 59 (75,6)

P < 0,001
Negative 31 (54,4) 26 (45,6)

CK19+HBME1+BRAF
Positive 15 (22,4) 52 (77,6)

0,002
Negative 35 (51,5) 33 (48,5)

HBME1+GAL3+BRAF
Positive 19 (28,4) 48 (71,6)

0,038
Negative 31 (45,6) 37 (54,4)

CK19+GAL3+BRAF
Positive 15 (27,3) 40 (72,7)

0,049
Negative 35 (43,8) 45 (56,3)

CK19+GAL3+HBME1+BRAF
Positive 15(20,5) 58 (79,5)

P < 0,001
Negative 35 (56,5) 27 (43,5)

The Pearson Chi-Square tests show that all the markers assessed single or coexpressed, have statistically significant effect on diagnosing the malignant 
and benign lesion groups.

BRAF, CK-19, HBME-1, GAL-3 expresssions in FVPC vs 
MIFC 

BRAF expression was positive in 32 cases (71.1%) in FVPC 
and 16 subjects (40%) in MIFC. It was also higher in FVPC than 
MIFC groups. There was a significant relation between FVPC 
and BRAF expresssion (p<0.001, Table 2). BRAF staining was 
heterogenous in MIFC group and was weaker than FVPC. The 
sensitivity was 40%, the spesifity was 71.11% among the lesions. 
According to this data BRAF is more sensitive and spesific in FVPC 
(Table 2). CK-19 were stained 13 cases (32.5%) in MIFC and 35 
cases in FVPC (77.8%). The spesivity was 32.5% and spesifity 
was 77% between the lesions. The difference was significant 
(p<0.001). In this connection the following was seen, 36 cases 
(90%) were positive in MIFC and 42 cases (93.3%) were positive 
in FVPC groups for HBME-1. The differenece was also significant 
(p<0,001). The sensitivity and spesifity were 90% and 93.33% 
respectively. When we evaluate GAL-3 in the same way, it was 
seen this antibody was positive in 36 cases (80%) in FVPC and 23 
cases (46%) in MIFC. The difference was statistically siginifcant 
between the groups (p< 0,001, Tables 1 & 2). 

BRAF, CK-19, HBME-1, GAL-3 expresssions in FA vs MIFC 

BRAF expression was positive in 16 cases (40%) in MIFC and 
14 subjects (28%) in FA. It was also higher in MIFC cases. BRAF 
staining was weak in MIFC. The sensitivity and spesifity were 
40% and 72%, and the difference was significant (p<0.001). CK-
19 were stained 13 cases (32.5%) in MIFC and cases in FA (8%). 
The spesivity was 32.5% and spesifity was 92%. The difference 
was also significant (p<0.001). For HBME-1, 36 cases (90%) and 
19 cases (38%) were stained. The differenece was also significant 
(p < 0,001) and the sensitivity and spesifity were 90% and 
62%. GAL-3 expression was in 15 cases (37,5%) in MIFC and 23 
cases (46%) in FA groups (Table 1). The sensitivity and spesifity 
were 80% and 54%. The difference was statistically significant 
(p<0.001) (Table 2). 

Combinations of BRAF , CK-19, HBME-1, GAL-3 
immunoreactivity in lesion groups (Tables 3 & 4)

Binary Combinations: In MIFC versus FA groups (Group1), 
when binary combinations were made with BRAF and the 
other antibodies with HBME-1, CK-19 or GAL-3 expression, the 
sensitivity values were 65%, 32.5%, 37.5% respectively. For 
the spesifity, the values were same as 72%. In FVPC versus FA 
(Group 2), the sensitivity values were close together as 71.11%, 
60%, 71.11% and for spesifity, the values were the same as 72%. 
When we considered in a set of the same order to the groups 
of FVPC and FC (Group 3), the percentages were 65%, 32.5%, 
37.5% in sensitivity and 71.11%, 60%, 71.11% in spesifity. The 
presentation of the results was same with Group 2 and Group 3 
in terms of spesifity. When we considered the malignant lesions 
(FC and FVPC) and benign lesions (FA) (Group 4) according to the 
same order of the combinations of these antibodies, the values 
were (68.24%, 72%), (47.06%, 72%) and (55.29%, 72%) in 
sensitiviy and spesifity, respectively. In comparing HBME-1 and 
GAL-3 in group 1, group 2, group 3 and group 4, the sensitivity 
values were 67.5%, 80%, 67.5%, 74.12% and spesifity values were 
54% in groups 1,2 and 4, and 80% in group 3. The most sensitiviy 
was in FVPC vs FA. The other combination of HBME-1 with CK-19 
showed the sensitivity values as 65%, 75.56%, 70.27%, 75.59% in 
groups 1,2,3,4 respectively. The sensitivity values were the same 
as 62% in respect of spesifity in groups 1,2,4 and 75.56%, in group 
3. The combination of the GAL-3 and CK-19, the percentages were, 
37.5%, in group 1 and 3, 77.78% in group 2 and 58.82 in group 4. 

Triple combinations: When we combined the triple combinations 
of the antibodies in the groups (group 1,2,3,4) with CK-19, HBME-
1 and GAL-3, the sensitivity and spesifity rates were as; 62.5%, 
75.56%, 62.5%, 69.41% in sensitivity and 62%, 62%, 75.56%, 
62% in spesifity in the group 1, 2, 3, 4, respectively. The most 
sensitivity was shown in FVPC vs FA as 75.56% and same rate 
of spesifity in FVPC vs FC as 75.56%. The rate of sensitivity and 
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spesifity of the combines of CK-19, HBME-1 and BRAF, the results 
were as 62,5%, 60%, 62.5%, 61.18% and 70%, 70%, 60%, 70%. 
The results of the other triple combination of the antibodies for 
HBME-1, GAL-3 and BRAF were 40%, 71.11%, 40%, 56.47% and 

62%, 62%, 71.11%, 62%. The last triple combination was for CK-
19, GAL-3 and BRAF and the results were as 32.5%, 60%, 32.5%, 
47.06% and 70%, 70%, 60%, 70%, respectively. 

Table 3: CK-19, HBME-1, BRAF and GAL-3 expressions with respect to sensitivity and spesifity among lesion types.

Antibody

MIFC 
= 40n 
(%) FVPC = 

45n (%)
FA = 50 
n (%)

MIFC vs FA 
(Group 1)

FVPC vs FA  
(Group 2)

MIFC vs 
FVPC  

(Group 3)

(MIFC+FVPC) vs FA 
 (Group 4)

Sensitivity(%) Specificity 
(%)

Sensitivity 
(%)

Specificity 
(%)

Sensitivity 
(%)

Sensitivity 
(%)

Specificity 
(%)

HBME-1 36 (90) 42 (93,3) 19 (38) 90 62 93,33 62 90 91,76 62

CK-19 13 (32,5) 35 (77,8) 4 (8) 32,5 92 77,78 92 32,5 56,47 92

GAL-3 15 (37,5) 36 (80) 23 (46) 37,5 54 80 54 37,5 60 54

BRAF 16 (40) 32 (71,1) 14 (28) 40 72 71,11 72 71,11 56,47 72

CK19+HBME-1 26 (65) 34 (75,6) 19 (38) 65 62 75,56 62 70,27 75,59 62

CK19+GAL-3 15 (37,5) 35 (77,8) 23 (46) 37,5 54 77,78 54 37,5 58,82 54

CK-19+BRAF 16 (40) 27 (60) 14 (28) 40 72 60 72 40 51 72

HBME-1+GAL3 27 (67,5) 36 (80) 23 (46) 67,5 54 80 54 67,5 74,12 54

HBME-1+BRAF 26 (65) 32 (71,1) 14 (28) 65 72 71,11 72 65 68,24 72

GAL-3+BRAF 16 (40) 32 (71,1) 14 (28) 40 72 71,11 72 40 56,47 72

CK-19+GAL-
3+HBME-1 25 (62,5) 34 (75,6) 19 (38) 62,5 62 75,56 62 62,5 69,41 62

CK-19+HBME-
1+BRAF 25 (62,5) 27 (60) 15 (30) 62,5 70 60 70 62,5 61,18 70

HBME-1+GAL-
3+BRAF 16 (40) 32 (71,1) 19 (38) 40 62 71,11 62 40 56,47 62

CK-19+GAL-
3+BRAF 13 (32,5) 27 (60) 15 (30) 32,5 70 60 70 32,5 47,06 70

CK-19+GAL-
3+HBME-1+BRAF 26 (65) 32 (71) 15 (30) 65 80 60 80 65 68,24 80

Data are given as n (%).

Table 4: Table Abbreviations.

BRAF B-Type Raf Kinase

CK-19 Cytokeratin-19

HBME-1 Hector Battifora Mesothelial-1

GAL-3 Galectin-3

FA Follicular Adenoma

MIFC Encapsulated Minimally Invasive Follicular Carcinoma

FVPC Encapsulated Follicular Variant of Papillary Carcinoma

PC Papillary Carcinoma

Four combinations: However the combining of all antibodies 
for BRAF, CK-19, HBME-1 and GAL-3 showed the sensitivity as 

65%, 60%, 65%, 68.24% and spesifity as 80%, 80%, 60%, 80% in 
groups 1,2,3,4, respectively. 

The specificity and sensitivity of different single and 
combination of antibodies were calculated. For a single antibody, 
HBME-1 was the most sensitive for the diagnosis of FVPC vs FA 
(93,33%) whereas CK-19 had the lowest sensitivity among the 
4 markers. In contrast, CK-19 has the highest specificity values 
(92%) for the diagnosis of all groups. The coexpressions of two 
marker combinations showed acceptable performances for FVPC 
vs FA (sensitivity; 60-80%) and average performances for MIFC vs 
FA (specificity 54-72%). HBME-1 + GAL-3 has the most sensitivity 
value (67,5%) for MIFC vs FA (sensitivity (80%) whereas HBME-
1+BRAF and GAL-3+BRAF coexpressions have the highest 
specificity (72%) for FC vs FA. Considering both sensitivity 
and specificity performances, HBME-1+BRAF combination 
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was suggested for optimum diagnostic performance. The 
coexpressions of three antibody combinations showed average 
sensitivity and specificity performances for comparison of the 
FVPC lesions. The combination of CK-19+GAL-3+HBME-1 and 
CK19+HBME1+BRAF have the highest sensitivity values (62,5%) 
for diagnosing MIFC vs FA. CK-19+GAL-3+HBME-1 has the highest 
sensitivity value (75,56%) for FVPC vs FA. For specificity values, the 
combination of CK-19+HBME-1+BRAF has the higest specificity 
value (70%) for diagnosing MIFC vs FA. The combination of CK-
19+GAL-3+HBME1 has the highest specificity value (75,56%) for 
diagnosing MIFC vs FVPC. The coexpression of the four markers 
showed average sensitivity (60-65%) and high specificity (80) in 
group 1,2,3. For optimum sensitivity and specificity results, the 
single usage of HBME-1 marker was suggested for the diagnosis 
of FVPC vs MIFC (sensitivity: 90%; spesifity: 93,33%); the single 
usage of CK-19 marker was suggested for the diagnosis of FVPC 
vs FA (sensitivity:77,78%; spesifity:92); and the usage of the 
combination of the four markers was suggested for the diagnosis of 
FC vs FA (sensitivity: 65%; spesifity: 80%). Immunohistochemical 
analysis for antibodies was shown in Figures 1-3 for lesion types. 

Discussion
In this study, we evaluated the immunohistochemical value 

of BRAF, HBME-1, CK-19, and GAL-3 and their combinations in 
differential diagnosis of encapsulated follicular patterned thyroid 
tumors. We found that these markers were higher in malignant 
follicular lesions (MIFC and FVPC groups) than FA. The follicular 
lesions presents a heterogeneous group of cases that are neither 
benign nor atypical for a diagnosis of follicular neoplasm or 
suspicious for malignancy. The Bethesda 2007 Thyroid Cytology 
Classification defines these lesions as atypia of undetermined 
significance/follicular lesion of undetermined significance [18]. 
Furthermore, the National Cancer Institute divided follicular 
patterned lesions into two diagnostic categories; atypia of 
undetermined significance/follicular lesion of undetermined 
significance and suspicious for follicular neoplasm/follicular 
neoplasm [19]. The most common problem in thyroid pathology 
is to differentiate the follicular lesions such as FA, FC and FVPC 
[3].

Correct and early diagnosis is necessary to differentiate malign 
thyroid lesions from bening ones for treatment planning [20]. No 
conventional imaging method reliably distinguishes between 
benign and malignant thyroid nodules [34]. However, differential 
diagnosis of thyroid tumors with follicular architecture often 
presents problems. Papillary and follicular patterns sometimes 
can be seen in the same lesion in both benign and malignant 
neoplasms [20]. Despite well-described histopathological 
criteria, the limited agreement between pathologists evaluating 
thyroid material is well-documented [21,22]. Although improved 
diagnostic techniques allow identification of PC more frequently 
than in the past [23], differential diagnosis of thyroid lesions with 
follicular pattern is still difficult not only in cytologic material, but 
also histopathologically [17,24,25]. 

Identification of genetic and molecular pathogenesis 
of malignant thyroid lesions, including activation of some 
oncogenes, such as BRAF, have provided great insights into 
tumor development and differential diagnosis of malign lesions 
[5]. Many studies focused on gene expression profile of thyroid 

tumors and its practical role in early differential diagnosis of 
thyroid lesions [5,26]. Immunohistochemical markers have 
commonly been studied as diagnostic tool for differentiation of 
PC. For example, BRAF mutation is seen commonly in PC cases. 
Park et al. [4] reported BRAF mutation in 65.6% of 278 papillary 
thyroid micro carcinoma patients and in 67.2% of 1150 PC 
patients. In this report, single expressions of BRAF, CK-19 and 
HBME-1 were significantly higher in malignant lesions whereas 
GAL-3 was not. The presence of BRAF mutation in PC is associated 
with poor clinical prognosis and metastasis [7,27,28]. In addition 
to BRAF, protein expression of other genes, such as GAL-3, 
HBME1, CK-19, were found to be upregulated in PC compared to 
normal thyroid tissue [26]. Additionally coexpression of multiple 
proteins was shown to further increase specificity in differential 
diagnosis of carcinomas and adenomas [26]. Nasr et al. [29] also 
suggested that the coexpression of HBME-1 and CK-19 has the 
greater diagnostic utility in the diagnosis of PC than expression 
of HBME-1 or CK-19 alone. Prasad et al. [26] studied the 85 
carcinomas, 21 adenomas, and 102 non-neoplastic thyroid tissues 
by immunohistochemistry, and found that expresssion of GAL-
3, HBME-1, CK-19, fibronectin-1, and CITED1 was significantly 
associated with malignancy. Furthermore, co expression of 
multiple proteins was seen in 95% of carcinomas and only 5% of 
adenomas (p<0.0001).

In contrary to the vast information on diagnostic potential of 
immunohistochemical markers for PC, the role and data of the 
markers to differentiate follicular pattern thyroid lesions are 
limited. In the FVPC, BRAF mutation was reported in only 5-20% 
of cases [8]. Adeniran et al. [1] suggested that BRAF mutation 
testing can be used with high specificity to predict malignancy in 
thyroid follicular lesions of undetermined significance. Similarly, 
we showed that BRAF expression was significantly higher in our 
FVPC tissues. 

In recent studies, BRAF and HBME-1 have been suggested as 
markers for FVPC of thyroid, and the presence of coexpresssion 
of BRAF and HBME-1 may increase the specificity of diagnosis 
[4]. In our study considering both sensitivity and specificity 
performances, HBME1+BRAF marker combination was suggested 
for optimum diagnostic performance. HBME-1 and CITED-1 have 
been used with increasing frequency to differentiate FVPC from 
other follicular lesions of thyroid [30]. However, in the present 
study we found that HBME-1 expresssion show significant 
difference between benign and malignant follicular lesion groups. 
On the other hand, when we analyse the data of all samples, 
HBME-1 expression in combinations as was significantly higher in 
BRAF-positive cases. Thus we speculate that HBME-1 expression 
may show potential for malignance, which can be proven with 
higher samples sizes. In the literature, othere markers such as 
CK-19 and GAL-3 exhibit lower sensitivity and specificity in the 
differential diagnosis of follicular lesions [8]. In our study, while 
CK-19 expression was higher in malign follicular lesions (FC and 
FVPC groups) than FA, with combination only GAL-3 expression 
was limited in difference between these lesion types. 

On the basis of previous reports [31], we hypothetized that 
coexpression of more than one marker would increase diagnostic 
value, and evaluating the relation between the markers can vary 
in different lesion groups. HBME-1 and other markers to propose 
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best combination of markers to be used in differential diagnosis of 
follicular thyroid lesions. Our results showed that only GAL-3 had 
not significantly higher expression for differantiating malignant 
and benign lesion groups. Although Lloyd et al. [8]. Suggested that 
GAL-3 exhibit lower sensitivity and specificity in the differential 
diagnosis of follicular lesions, we suggest that diagnostic 
specificity of GAL-3 may increase when it is combined with CK-
19, BRAF and HBME-1. Further studies are needed to evaluate 
the diagnostic advantages of coexpression of BRAF and GAL-3 in 
follicular lesions. 

The main limitation of the present study is the low number 
of tissue samples in each follicular diagnostic group. Due to 
the limited sample size, the immunohistochemical technical 
variation and evaluation differences of the pathologists could 
limit the correlations between BRAF, CK-19, HBME-1 and GAL-3 
expressions of the follicular patterned thyroid tumors. Definitive 
conclusions of the study findings can be done. Nevertheless, this 
is a pilot study on the diagnostic value of immunohistochemical 
markers in differential diagnosis of follicular lesions of thyroid, 
and can form a basis for further large scale studies [32]. 

Conclusion
In conclusion, immunohistochemical evaluation of these 

markers in tyhroid tissue would aid the differentiation of 
malignant follicular lesions from benign follicular lesions which 
needs to be confirmed with new antibodies or molecular agents 
for further studies.
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