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Abstract

Background: The microscopic distinction between benign and malignant thyroid 
lesions is often diffi cult because in particular follicular lesions share many 
histological features. 

Aim: This study was performed to evaluate the diagnostic value of Galectin-3 
(Gal-3), HBME-1, cytokeratin (CK)-19, CITED-1, Fibronectin (FN)-1, PPAR-
gamma (PPAR ) and cytoplasmic NIS (cNIS) staining in a large panel of thyroid 
neoplasms. Our study differed from earlier ones with regard to the identifi cation 
of optimal semi-quantitative cut-off levels using Receiver Operator Curve (ROC) 
analysis and the use of hierarchical cluster analysis.

Methods: We used tissue arrays consisting of normal thyroid tissue (64), Graves 
disease (10), multinodular goiter (MNG, 14), follicular adenoma (FA, 12), papillary 
thyroid carcinoma (PTC, 53), follicular thyroid carcinoma (FTC, 13) and follicular 
variant of PTC (FVPTC, 11). Antibody staining was scored semi-quantitatively 
and differential expression was analysed in 2x2 tables and with hierarchical cluster 
analysis.

Results:  In general, we found overexpression of FN-1, CITED-1, Gal-3, CK-19, 
HBME-1 and cNIS in malignant thyroid lesions. Gal-3, FN-1and cNIS had the 
highest accuracy in the differential diagnosis of follicular lesions. A panel of Gal-3, 
FN-1 and cNIS, identifi ed by  hierarchical cluster analysis had a 98% accuracy to 
differentiate between FA and malignant thyroid lesions. HBME-1 was found to be 
useful in the differentiation between FA and FVPTC (accuracy 88%). 

Conclusion: A combination of antibodies increases the diagnostic value in the 
differential diagnosis of thyroid neoplasms. The combination of FN-1, Gal-3 
and cNIS had the best accuracy (98%) whereas HBME-1 may be useful in the 
differentiation of FVPTC from FA.
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Introduction

Although thyroid nodules are common, few are malignant and require surgical 
treatment. In particular, the microscopic distinction between follicular adenoma 
(FA), follicular thyroid carcinoma (FTC) and follicular variant papillary thyroid 
carcinoma (FVPTC)) is diffi cult because these follicular lesions share overlapping 
histological features. This is underscored by substantial inter-observer variability in 
the pathological and cytological assessment of thyroid nodules (1;2). As a result, up 
to 85% of patients with suspicious cytology who subsequently undergo surgery have 
benign lesions (3). Therefore, the identifi cation of markers to distinguish benign 
from malignant tumours is important to avoid unnecessary surgery.  In recent years, 
several immunohistochemical markers have been studied to improve the differential 
diagnosis of thyroid lesions. 

The galectins are carbohydrate binding proteins involved in cell adhesion, cell 
growth and cell death. Galectin-3 (Gal-3) has been considered a marker with a high 
diagnostic potential to identify FTC (4-8), but in recent publications Gal-3 staining 
was also reported in benign lesions (9;10). HBME-1 (Hector Battifora mesothelial), 
is a monoclonal antibody developed against an unknown epitope of the microvillous 
surface of mesothelial cells and has been reported to be useful in the diagnosis 
of malignant thyroid tumours (11-15). Cytokeratins are intermediate fi lament 
proteins that are specifi c for epithelial cells.  CK-19 has been found to be strongly 
and diffusely expressed in PTC, whereas it is heterogeneously expressed in FTC 
and absent or focally expressed in FA. However, CK-19 expression has also been 
reported in normal thyroid epithelium, Hashimoto's thyroiditis, and benign thyroid 
tumors (16-21).

Recent studies based on cDNA expression arrays have identifi ed immunohistochemical 
markers for the differentiation between thyroid neoplasms. One study confi rmed 
the differential expression of Gal-3 and also identifi ed the extracellular matrix 
component Fibronectin-1 (FN-1) as a specifi c marker for PTC (22). In another 
study, Gal-3, FN-1 and the nuclear protein CITED-1 (CBP/p300-Interacting
Transactivators with glutamic acid [E] and aspartic acid [D]-rich C-terminal domain)  
were found to be overexpressed in PTC (23).  A combined approach using  a panel 
of HBME-1, Gal-3 and CK-19 was followed by Casey et al (18), de Matos et al (19) 
and Prasad et al (24). In the study of de Matos et al, this combination had limited 
value. In contrast, in the study of Prasad et al (24) this panel had a high sensitivity 
and specifi city for carcinomas. 

In most of the before mentioned studies, fi xed cut-off levels for positive staining 
are used. Therefore, we decided to evaluate the diagnostic value of Gal-3, HBME-
1, CK-19, CITED-1, FN-1, the sodium iodide symporter (NIS) and peroxisome 
proliferator activated receptor gamma (PPAR ) in a large panel of thyroid 
neoplasms. We calculated cut-off levels for positive staining for each antibody using 
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receiver operator curve (ROC) analyses. We not only analyzed the diagnostic value 
of each individual antibody, but also the diagnostic accuracy of panels identifi ed 
by hierarchical cluster analysis. We decided to include NIS and PPAR  because 
intracellular overexpression of NIS has been reported in a considerable percentage of 
malignant thyroid tumors (25). Apart from the pathophysiological implications, this 
expression pattern, if confi rmed, may be helpful in the distinction between benign 
and malignant lesions. In the pathogenesis of thyroid tumors, decreased expression 
of PPAR-  has been reported (26-28). Apart from the pathogenetic signifi cance, 
PPAR  may therefore also be used as a diagnostic marker.

Material and methods

Patients
One hundred and seventy seven histological samples from surgically removed 
thyroid lesions, representing 7 different histological thyroid disorders and adjacent 
normal thyroid tissue were obtained from the pathological archive of the Leiden 
University Medical Center, the Netherlands. We selected normal thyroid tissue (64), 
Graves disease (10), MNG (14), FA (12), PTC (53), FTC (13, minimally invasive 5) 
and FVPTC (11). 

Tissue microarrays
Ten percent formalin-fi xed, paraffi n-embedded blocks routinely prepared from 
surgical specimens of thyroid tumours were selected for this study. Representative 
areas containing tumor or adjacent normal tissues were identifi ed by a pathologist 
(HM). Triplicate tissue cores with a diameter of 0.6 mm were taken from each 
specimen (Beecher Instruments, Silver Springs, MD, USA) and arrayed on a recipient 
paraffi n block, using standard procedures (29). 

Immunohistochemistry
Four μm consecutive tissue sections were cut from each arrayed paraffi n block 
and prepared on pathological slides. The sections were deparaffi nised in xylene 
followed by 0.3% hydrogen peroxide methanol at room temperature for 20 minutes 
for blocking endogenous peroxidase. After rehydration, except for Gal-3, antigen 
retrieval treatment was done for CK-19, HBME-1, FN-1, CITED-1, NIS and 
PPAR-  immunostaining by microwave treatment in 0.01 M citrate buffer at pH 6.0. 
After 2 hours cooling down, endogenous avidin activity blocking was performed for 
NIS immunostaining by incubation with egg-white for 5 minutes followed by biotin 
for 15 minutes. The sections were incubated with primary antibodies (specifi ed in 
Table 1) in PBS with 1% bovine serum albumin overnight at room temperature. The 
negative controls were stained with the primary antibody omitted. Next, sections 
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were incubated for 30 minutes with either the biotinylated rabbit-anti-mouse 
conjugate (Dako, Glostrup, Denmark, 1:200) or swine-anti-rabbit (1:400), followed 
by incubation for 30 minutes with the streptavidin-biotin-peroxidase conjugate 
(Dako, Glostrup, Denmark 1:100). This step was by a 10-minute incubation with 
3,3’-diaminobenzidinetetrachloride substrate in a buffered 0.05 M Tris/HCl (pH 7.6) 
solution containing 0.002% hydrogen peroxide. The sections were counterstained 
with haematoxylin. 

Scoring
A semi-quantitative assessment of immunohistochemical scoring was performed 
according to both the intensity of staining and the percentage of positive cells. 
The criteria are summarized in Table 2. Score results for triplicate samples were 
summarized in one total score. The resulting score ranged from 1 – 6. 

Table 2. Immunohistochemistry staining score levels according to proportion of positive 
cells and staining intensity

Cells with positive staining 
(%)

0 10 30 50 100

Intensity Score

Faint 0 1 2 3 4
Moderate 0 2 3 4 5
Intense 0 3 4 5 6

Statistical analyses
Statistical analyses were performed using SPSS 12.0. Staining scores were summarized 
and expressed as median and ranges and proportion of samples with scores above 
the cut-off level. Analyses of signifi cant differences in staining scores were analyzed 
on a 2x2 base using the Kruskall-Wallis test. Optimal cut-off values for each antibody 
were identifi ed using Receiver Operator Curve (ROC) analysis for each individual 
marker. Diagnostic validity was expressed using Bayesian statistics as sensitivity, 
specifi city and accuracy. 

In addition to individual protein markers, analysis of the diagnostic accuracy of 
panels of antibodies was performed using hierarchal clustering analysis of tissue 
microarray data using Cluster and TreeView (Cluster and TreeView 2.11, Eisen Lab, 
University of California at Berkely, California). A p value of <0.05 was considered 
signifi cant.
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Results

Protein expression in thyroid lesions
Because a distinct intracellular distribution was observed for some antibodies, their 
staining scores were categorized according to these patterns: NIS staining was 
differentially categorized as membranous (mNIS) or cytoplasmic (cNIS). Accordingly, 
FN-1 was also categorized as mFN-1 and cFN-1.  Gal-3 was categorized as cGal-3 
or nuclear Gal-3 (nGal-3). 

The median values, ranges of expression of the proteins and the proportion of 
samples with staining scores above the cut-off levels are given in Table 2. Statistically 
signifi cant differences in protein expression between all categories of thyroid tissues 
were investigated in  2x2 tables, the results of which are given in Table 3. Examples 
of staining patterns are given in Figure 1 (see color image at page 150).

In general, malignant tumors showed overexpression of Gal-3 (predominantly PTC), 
cFN-1 (all carcinomas), CK-19 (mostly PTC), HBME-1 (mostly PTC and FTC) and 
cNIS (mostly PTC and FTC). In contrast, expression of PPAR-  and membranous 
NIS (mNIS) were low or absent in thyroid carcinomas. 

In Graves disease, expression of mNIS was abundant as expected. PPAR-  was also 
higher in adjacent normal tissues and benign thyroid lesions. 

In general the most prominent differences were observed in PTC in comparison with 
benign lesions and adjacent normal thyroid tissues: PTC showed high expression 
levels of cFN-1 (median level 5, 96% of tumors), cGal-3 (median level 5, 92% of 
tumors), cNIS (median level 4, 83% of tumors), HBME-1 (median level 3, 74% of 
tumors), CITED-1 (median level 5, 98% of tumors) and CK-19 (median level 3, 
78% of tumors) and absence of PPAR  and mNIS. 

CK-19, Gal-3 and HBME-1 were differentially expressed between PTC and FTC.  

FN-1, CK-19, Gal-3, HBME-1 and cNIS were differentially expressed between PTC 
and FVPTC (Table 4).

FTC had high expression levels of cFN-1 (median level 5, 86% of tumors), CITED-
1 (median level 5, 86% of tumors) and cNIS (median level 4, 67% of tumors). In 
the comparison between FTC and FA, proteins differentially expressed were cFN-1 
and cNIS (Table 4).  No signifi cant differences were observed in staining patterns 
between minimally invasive FTC and widely invasive FTC. In the comparison 
between FTC and FVPTC, the only differentially expressed protein was HBME-1 
(Table 4). 

FVPTC had a high expression of FN-1 (median level 4, 89% of tumors), CITED-1 
(median level 5, 100% of tumors) and HBME-1 (median level 5, 89% of tumors) 
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(Table 3). FVPTC differed from FA for cFN-1, PPAR- , HBME-1 and CK-19, 
whereas protein expression was different for FN-1, Gal-3, cNIS, HBME-1 and CK-
19 in the comparison between FVPTC and PTC (Table 4). 

Cytoplasmic NIS was mainly observed in PTC (median level 4, 83% of tumors) and 
FTC (median level 4, 67% of tumors) (Table 3). Remarkably, differences in CITED-
1 were not prominent between benign thyroid tissues (median levels 3-4 in normal 
or benign lesions, with 51-89% of tissues positive) and malignant lesions (86-100% 
positive cases) in 2x2 comparisons.

Protein expression in follicular lesions
Because the clinical distinction between follicular lesions proves to be the most 
diffi cult, we focused our analyses on the diagnostic value of proteins found to be 
differentially expressed in follicular lesions (Tables 4 and 5). In 2x2 comparisons 
of the different follicular lesions, we fi rst identifi ed the optimal cut-off levels using 
ROC-analyses, aiming at the highest combination of sensitivity and specifi city 
for each comparison. The cut-off values are given in Table 5. We subsequently 
calculated the percentages of correct diagnoses of both lesions in a 2x2 comparison 
as well as the accuracy, using these cut-off levels. The accuracy (total percentage of 
correct diagnoses) is the best indicator of the diagnostic or discriminating value of 
the antibody. 

The highest accuracies were found in the discrimination between PTC and FVPTC, 
with the highest accuracy for cGal-3 (88%), cFN-1 (81%), CK-19 (78%) and cNIS 
(77%). In the comparison between FA and FTC, moderate accuracies were found 
for FN-1 (accuracy 71%) and cNIS (accuracy 65%). The distinction between FA and 
FVPTC had a high accuracy for HBME-1 (89%), PPAR-  (74%) and FN-1 (74%). 
HBME-1 also gave a good discrimination between FVPTC and FTC (accuracy 
84%).

Clustered expression pattern of Gal-3, FN-1 and cNIS distinguish benign thyroid tumors 
from thyroid carcinomas
To identify optimal combinations of antibodies, we performed an unsupervised 
hierarchical cluster analysis including all tissues and all antibodies. 

The results of this analysis are given in Figure 2. We found that 3 antibodies, 
cGal-3, cNIS and cFN-1 had the highest discriminating power to cluster benign 
and malignant thyroid lesions: all malignant lesions had positive staining for at least 
2 of the 3 antibodies cGal-3, cNIS and cFN-1 (Cluster 1), whereas lesions with 
absent staining for all 3 antibodies were all benign (Cluster 5). All malignancies were 
combined because the subgroups were too small to allow separate cluster analysis. 
Initially, there was only one case of FA in cluster 1. Strikingly, after rechecking whole 
section histological H&E slides, this adenoma was identifi ed harbouring classic focal 
papillary carcinoma and re-categorized. 
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Table 4. Proteins differently expressed between thyroid lesions

Diagnosis Normal MNG Graves FA PTC FTC

MNG nGal-3**      

Graves

cCITED-1* 
cGal-3* 
nGal-3** 
mNIS** 
PPAR *

mNIS** 
PPAR *

    

FA
cFN-1* 
CITED-1** 
mNIS**

mNIS* 
cGal-3*

cGal-3* 
mNIS*
PPAR *

   

PTC

cFN-1**  
mFN-1**  
cCITED-1**  
nCITED-1**  
CK-19**  
cGal-3**  
nGal-3**  
HBME-1**  
mNIS**  
cNIS**  
PPAR ** 

cFN-1** 
mFN-1* 
cCITED1**  
CK-19** 
cGal-3** 
nGal-3** 
HBME-1** 
cNIS**  
mNIS** 
PPAR **

cFN-1**  
mFN-1* 
cCITED-1*  
CK-19** 
cGal-3** 
nGal-3** 
HBME-1** 
mNIS** 
cNIS** 
PPAR **

cFN-1**  
mFN-1*   
CK-19** 
cGal-3** 
nGal-3** 
HBME-1* 
cNIS** 
PPAR **

FTC

cFN-1** 
mFN1* 
cCITED-1**  
nGal-3* 
HBME-1* 
mNIS** 
cNIS** 
PPAR *

cFN-1** 
CITED-1* 
cNIS** 
mNIS* 
PPAR *

cFN-1*  
mNIS** 
cNIS* 
PPAR **

cFN-1*  
cNIS* 

CK-19** 
cGal-3** 
nGal-3** 
HBME-1** 

FVPTC

cFN1 ** 
cGAL-3* 
nGAL-3** 
HBME1 ** 
mNIS*  
CK-19*  
CITED1* 
PPAR *

cFN1** 
cCITED1** 
HBME1**  
cNIS* 
PPAR *

cFN-1** 
cCITED-1**  
HBME-1** 
mNIS** 
PPAR **

cFN1*  
CK-19* 
nGAL3* 
HBME1** 
PPAR *

cFN-1* 
mFN-1*  
CK-19** 
cGal-3*  
nGal-3* 
HBME-1*  
cNIS*

HBME-1* 

MNG: Multinodular Goiter; FA: Follicular Adenoma; PTC: Papillary Thyroid Carcinoma;

FTC: Follicular Thyroid Carcinoma; FVPTC: Follicular Variant PTC

Gal-3: Galectin 3 (c=intracellular, n=nuclear); NIS: sodium iodide symporter (m=membranous); 

FN-1: Fibronectin1; CK-19: cytokeratin 19

* p<0.05           **  p<0.001
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Figure 2. Hierarchical cluster analyses using 7 antibodies in all thyroid tissues. cNIS, FN-1 
and Gal-3 were identifi ed as the best predictors of benign or malignant thyroid lesions. 
Presence of 2 of these antibodies (Cluster 1) gave an almost 100% clustering of malignant 
thyroid lesions, whereas absence of these proteins (Cluster 5) was suggestive of benign 
thyroid lesions. 
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We therefore used the combined staining patterns of these antibodies to discriminate 
between benign and malignant thyroid lesions and FA and malignant thyroid lesions 
(Table 6). We found that positive staining for 2 of the 3 antibodies cFN-1, cGal-3 
and cNIS had a high sensitivity (97-98%) and high specifi city for thyroid carcinoma 
(100%).

Discussion

The present study was performed to evaluate the diagnostic value of Gal-3, HBME-
1, CK-19, CITED-1, FN-1, PPAR-  and NIS staining in a large panel of thyroid 
neoplasms, focussing on the differential diagnosis of follicular thyroid lesions. 

Our study differed from earlier ones with regard to the identifi cation of optimal 
semi-quantitative cut-off levels using ROC analysis and the use of hierarchical 
cluster analysis. 

We initially analyzed differentially expressed antibodies comparing all thyroid tissues. 
In general, we found overexpression of FN-1, CITED-1, Gal-3, CK-19, HBME-1 
and cNIS in thyroid carcinomas, whereas membranous NIS and PPAR  showed 
decreased expression in carcinomas in comparison with benign thyroid tissues. 

The most challenging differential diagnosis is between FA and thyroid carcinoma. 
We found all proteins to be differentially expressed between FA and PTC. The 
differences between FA on the one hand and FTC and FVPTC on the other hand 
were less prominent, but we found a differential expression of PPAR , HBME-1, 
Gal-3, cNIS and FN-1. We could not confi rm the differential expression of CITED-
1 and CK-19 between FA, FVPTC and FTC as reported by Prasad et al (24). 

CK-19 is the most commonly used cytokeratin in investigating thyroid lesions. We 
and others found that CK-19 is relatively specifi c for PTC (16;18;19). However, in 
our analyses CK-19 has limited use in the differential diagnosis of follicular thyroid 
lesions. This has also been reported by Sahoo et al (17). In the study of Prasad et al 
(24), CK-19 had a sensitivity of 64% for thyroid carcinoma. 

Several recent studies have reported that HBME-1 expression is a useful diagnostic 
marker for PTC (23;24). We found HBME-1 expression predominantly in PTC and 
FVPTC and in a limited number of FA with relatively high accuracy.  Therefore, 
HBME-1 may indeed be useful in the differential diagnosis of FVPTC and FA 
(accuracy 88%).

We found CITED-1 expression both in benign and malignant thyroid lesions. 
Although the highest proportion of positive samples was found in PTC (as 
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previously reported (23;24)) and in FVPTC, the considerable proportion of positive 
samples in benign lesions makes CITED-1 in our opinion a less attractive marker 
for differential diagnosis. 

Gal-3 was predominantly expressed in PTC (92%) and to a lesser extent in FTC and 
FVPTC. Other investigators have used Gal-3 in differentiating FTC from FA in 
fi ne-needle aspirates (7), however Gal-3 was also reported in benign thyroid lesions 
(10). We found a reasonable accuracy (88%) in the differential diagnosis between 
FA and FVPTC for Gal-3. We also found Gal-3 to be a useful marker in a panel of 
antibodies.

FN-1 was fi rst reported to be overexpressed in PTC (22;23). In a subsequent study, 
FN-1 appeared to be a valuable marker for the differentiation of FA and thyroid 
carcinomas (24). The percentage of FA (40%) positive for FN-1 in our study was 
higher than reported by Prasad et al (24). We found accuracies of 74% for the 
differentiation between FA and FVPTC and 71% for the differentiation between 
FA and FTC. Cluster analysis also identifi ed FN-1 as a useful marker.

Although some studies report decreased NIS protein expression in thyroid carcinoma 
(30), Dohan et al reported cytoplasmic overexpression of NIS in a large series of 
human thyroid cancers (25). We confi rmed cytoplasmic NIS overexpression in PTC 
(83% of tissues) and FTC (67% of tissues). As we used the same antibody as Dohan 
et al. it may well be that the differences with other studies are related to differences 
in antibody specifi city. Nevertheless, the differential expression of cNIS between 
subtypes of thyroid neoplasms makes it a candidate for differentiating between these 
lesions. The accuracies of 68% (FA vs. FTC) and 77% (PTC vs. FVPTC) however 
are moderate. Cytoplasmic NIS was also identifi ed by cluster analysis as a potential 
useful marker in the discrimination between FA and malignant carcinomas.

PPAR  has found to be downregulated in experimental models of thyroid carcinoma 
(26-28). The importance of the downregulation of PPAR  is also illustrated in the 
PPAR /PAX8 rearrangement (31) which was initially observed in a series of FTC. 
Although the PPAR /PAX8 rearrangement was therefore considered a specifi c 
marker for FTC, later studies also reported the rearrangement in benign thyroid 
lesions (32;33). We found decreased PPAR  nuclear staining in malignant tumors, 
whereas in non-malignant lesions, the percentage of positive cells varied from 50-
100%. Although our results confi rm the decreased expression of PPAR  in thyroid 
carcinoma, the diagnostic accuracies for the differentiation between follicular lesions 
were limited.

As no marker in itself has a superior diagnostic value, a combination of markers may 
be more accurate than any single marker. We performed a cluster analysis including 
all tissues and antibodies. To our knowledge, this has not been done before for im-
munohistochemistry in thyroid lesions. In this study, hierarchical clustering analysis 
on all valid samples confi rmed that thyroid carcinomas, FA and benign lesions could 
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be categorized with high sensitivity, specifi city and accuracy.  Our study shows that a 
diagnostic immunohistochemical panel comprising Gal-3 and FN-1 was 97% sensi-
tive for all thyroid carcinomas, whereas specifi city was 100%. The diagnostic values 
of CK-19, CITED-1 and HBME-1 in our series were not suffi cient to be included in 
the panel, which is in line with the results of de Matos et al (19). However, HBME-1 
was found to be a useful marker for the differentiation between FA and FVPTC. 
Because the number of FVPTC was small, hierarchical clustering did not allow a 
separate analysis of this group of tumors. Prasad et al. also found a limited accuracy 
for HBME-1, CK-19 and CITED-1 (24).

In conclusion, Gal-3, FN-1 and cNIS is a useful diagnostic panel in the differential 
diagnosis of thyroid lesions. The absence of Gal-3, FN-1 and cNIS is highly 
suggestive for a benign lesion. HBME-1 may be useful in the specifi c differentiation 
of FVPTC from FA. 
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