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Combined use of galectin-3 and thyroid peroxidase improves the differential 
diagnosis of thyroid tumors 
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The differential diagnosis of well-differentiated tumors of follicular cell origin remains the most problematic task in 
thyroid pathology. Specific morphologic criteria (capsular and/or vascular invasion, nuclear characteristics) are crucial in 
the diagnosis of these neoplasms. However, the assessment of malignant features is inconclusive in some cases. Moreover, 
oncocytic thyroid tumors remain controversial with a respect to their pathobiology, behavior and management. There-
fore, the useful diagnostic/prognostic thyroid markers are awaited. The aim of our study was to evaluate the expression 
of galectin-3 and thyroid peroxidase (TPO) in benign and malignant thyroid tumors of follicular cell origin. A total of 
186 archival thyroid samples including 38 non-oncocytic follicular adenomas, 53 oncocytic (Hürthle cell) adenomas, 6 
non-oncocytic follicular carcinomas, 23 oncocytic (Hürthle cell) carcinomas, 43 non-oncocytic papillary carcinomas, and 
23 oncocytic papillary carcinomas were analyzed for galectin-3 and TPO expression by immunohistochemistry. Both types 
of papillary carcinomas showed significant upregulation of galectin-3 in comparison with the other tumor types, likewise, 
significant differences in galectin-3 expression were discovered between non-oncocytic and oncocytic variants of studied 
tumors excluding follicular carcinoma. Significant lowering of TPO was revealed in oncocytic adenomas and papillary carci-
nomas. In conclusion, the combined use of galectin-3 and TPO markers could help to improve the differential diagnosis 
of thyroid tumors. Differences in the galectin-3 and TPO expression between some oncocytic and non-oncocytic tumors 
support their separation in the latest WHO classification of thyroid tumors. 
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The differential diagnosis of well-differentiated tumors of 
follicular cell origin remains the most problematic in thyroid 
pathology. Specific morphologic criteria (capsular and/or 
vascular invasion, nuclear characteristics) are crucial for the 
diagnosis of these neoplasms. However, assessment of malig-
nancy features seems to be inconclusive in some cases. Both 
papillary and minimally invasive follicular carcinomas can be 
a challenge with inter-observer diagnostic variability [1]. In 
addition, non-neoplastic thyroid lesions may contain papil-
lary projections and focal nuclear clearing confusing with 
those in papillary carcinomas. In the current WHO classifica-
tion of thyroid cancer, a group of borderline thyroid tumors 
was for the first time introduced. In addition, oncocytic 
variants of various tumors were separated as entities [2]. 
Therefore, various diagnostic/prognostic markers are 

currently studied. Furthermore, useful diagnostic markers 
are needed in routine thyroid fine needle aspiration cytology 
practice to avoid surgery in certain cases [3]. Recently, 
galectin-3 has been proven to be expressed in neoplastic 
thyrocytes, although it is completely negative in normal and 
non-neoplastic thyroid glands. On the other hand, thyroid 
peroxidase (TPO) expression is altered in various thyroid 
diseases, including tumors [4].

Galectins are proteins that interact with glycoconjugates 
to produce changes in cellular activity (cell to cell and cell-
extracellular matrix interactions, cell migration/invasion and 
angiogenesis) thus supporting carcinogenesis [5]. Galectin-3 
(chimera type galectin) seems to be an important player 
in different human diseases, namely in cancers. Galectin 
deregulation (up- or down-) and site of galectin expression 
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(cytoplasmic, nuclear) are associated with specific cancers [6, 
7]. In some tumors, galectins have promising diagnostic and/
or prognostic role or serve as a therapeutic target [7–9].

TPO plays a key role in physiological function of the 
thyroid gland by catalyzing the oxidation of inorganic 
iodide to form the thyroid hormones, thyronine and triio-
dothyroxin. TPO represents an important differentiation 
marker of the thyroid gland. In thyroid cancer, TPO expres-
sion was lower compared to benign conditions and normal 
tissue. Similarly, a decrease in TPO expression observed in 
breast cancer has the potential association with breast cancer 
aggressiveness and the link between breast cancer develop-
ment and thyroid dysfunction [10].

The aim of our study was to evaluate galectin-3 and TPO 
expression in a large collection of benign and malignant, 
oncocytic and non-oncocytic thyroid tumors of follicular 
cell origin to find useful markers in the thyroid differential 
diagnosis with the emphasis on oncocytic tumors.

Patients and methods

Clinicopathologic data. Thyroid neoplasms selected 
for the study were retrieved from surgical and consultation 
files of two authors (M.L., D.K.). A total of 186 tumors were 
classified according to the criteria proposed by WHO and 
divided according to the histological type and dignity into 
six groups: 38 non-oncocytic follicular adenomas (NA); 53 
oncocytic (Hürthle cell) adenomas (OA), 6 non-oncocytic 
follicular carcinomas (FC); 23 oncocytic (Hürthle cell) carci-
nomas (OC), 43 non-oncocytic variant (classical) papillary 
carcinomas (PC), 23 oncocytic variant of papillary carci-
nomas (OPC). All follicular and oncocytic carcinomas 
were minimally invasive. Oncocytic variants of tumors and 
Hürthle cell (oncocytic) tumors were defined by the presence 
of at least 75% thyrocytes with deeply eosinophilic cytoplasm 
on hematoxylin and eosin stained sections in the entire 
tumor. The oncocytic character of some tumor cells was 
verified by immunohistochemistry with the anti-mitochon-
drial antibody.

Inclusion criteria incorporated morphological charac-
teristics of tumors (well-differentiated carcinomas of the 
oncocytic and non-oncocytic feature, all follicular carci-
nomas were minimally invasive, all papillary carcinomas 
were of the classical variant conventional feature), availability 

of representative paraffin blocks for immunohistochemistry 
with both neoplastic and non-neoplastic thyroid and without 
regressive changes in tumors and accessible patient´s clinical 
data. This work was approved by the Local Ethics Committee.

Clinicopathologic characteristics are summarized in 
Table  1. All patients underwent surgery due to a thyroid 
nodule. Preoperatively ultrasound and/or cytology examina-
tion of thyroid gland mass was performed.

Immunohistochemical methods. Paraffin-embedded 
samples were cut into 4 µm sections. Two samples from each 
tumor were immunohistochemically analyzed, one of them 
was tumor on the interface with normal thyroid tissue. The 
tissue sections were deparaffinized twice with 100% xylene 
for 15 min at 37 °C and rehydrated gradually in a 100%, 
95% and 80% ethanol series for 10 min at room tempera-
ture. All immunohistochemical analyses were performed 
by the manual technique using immunoperoxidase method 
with monoclonal primary antibodies against mitochondrial 
antigen (clone 113-1, Biogenex, San Rammon, CA; 1:800), 
galectin-3 (clone 9C4, Novocastra, Newcastle upon Tyne, UK; 
1:100) and TPO (clone TPO 47, Biocytex, Marseille, France; 
1:20). Immunohistochemical reactions were conducted by 
the streptavidin-biotin-peroxidase method using SABC 
(Novostain ABC, Novocastra) and LSAB (Dako, Les Ulis, 
France) kits. The former kit was utilized for galectin-3 
and mitochondrial antigen analysis, the later one for TPO 
immunohistochemistry. Endogenous biotin was eliminated 
by biotin blocking system (Dako, France). All staining steps 
were carried out according to the manufacturer’s instruc-
tions. The reaction was developed with 3,3-diaminobenzi-
dine (DAB, Dako, France). The slides were counterstained 
with Gill hematoxylin. The negative controls were performed 
by omitting the primary antibodies from the protocol. The 
internal positive control for galectin-3 was represented by 
endothelial cells and macrophages, respectively, and for TPO 
by adjacent normal thyroid tissue.

Quantitative analysis. Evaluation of galectin-3 and 
TPO expression was carried out by blind semi-quantitative 
analysis using a light microscope Olympus BX-40 equipped 
with a 40× magnification objective and special eye-piece 
10×10 mm grid. The galectin-3 and TPO positivity was evalu-
ated in tumor cells and in surrounding non-neoplastic tissues 
(Figure 1). The intensity of staining was not taken into consid-
eration. On normal thyroid tissue, TPO revealed diffuse, 

Table 1. Clinicopathological characteristics of the studied groups of tumors.

Type of tumor N
Sex Age (years)

F M Mean Med Range Mean Med Range
Non-oncocytic follicular adenoma (NA) 38 29 9 51.2 51.5 12–76 32.8 27.5 10–80
Oncocytic follicular adenoma (OA) 53 45 8 51.4 52.0 18–88 28.8 25.0 9–70
Non-oncocytic follicular carcinoma (FC) 6 4 2 52.2 60.0 22–73 44.2 40.0 30–70
Oncocytic follicular carcinoma (OC) 23 16 7 56.5 54.0 35–78 40.8 30.0 10–140
Non-oncocytic papillary carcinoma (PC) 43 36 7 45.5 47.0 12–78 23.4 20.0 12–50
Oncocytic papillary carcinoma (OPC) 23 19 4 60.9 61.0 27–85 31.7 27.0 10–70
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finely granular, cytoplasmic and membranous 
positivity with apical predominance. Galectin-3 
was negative in non-neoplastic thyroid tissue. 
Galectin-3 immunoexpression was scored in 
tumor cells, only being detected in cytoplasm 
and nucleus. The percentage of the positive 
neoplastic cells (galectin-3 index, TPO-index) 
was independently evaluated by counting at 
least 1 000 tumor cells per slide in randomly 
selected fields of tumors by two researchers 
(M.L., J.L.).

Statistical analysis. Statistical analysis was 
performed using the S.A.S. package, release 
8.02. Mean, median, standard deviation and 
range were counted. The data were analyzed 
by the Wilcoxon test, the Fisher´s exact test; 
p-values equal or to less than 0.05 were consid-
ered as significant. Sensitivity and specificity, 
positive predictive value (PPV) and negative 
predictive value (NPV), and positive likelihood 
ratio (LR+) and negative likelihood ratio (LR–) 
were calculated with their corresponding 95% 
confidence intervals.

Results

Galectin-3-immunopositive neoplastic  cells 
showed diffuse, slightly granular, brown 
cytoplasmic and to lesser extent nuclear expres-
sion. Positivity of endothelial cells and macro-
phages served as a positive internal control. 
Normal and non-neoplastic (hyperplastic, 
inflammatory) thyroid tissue was negative. 
Galectin-3 indexes were assessed in all cases and 
were stratified to four interval sets: (1) less than 
10% positive thyrocytes, (2) from 11% to 50% 
positive, (3) from 51% to 80% positive, and (4) 
more than 80% positive thyrocytes. All inter-
vals were established in advance. Immunonega-
tivity or low galectin-3 immunoexpression (less 
than 10%, e.g. interval 1) prevails in adenomas 
(NA, OA) and follicular carcinomas (FC, OC), 
whereas more than 80% galectin-3 positive 
follicular cells were found in both variants of 
papillary carcinomas (PC, OPC). Comparison 
of galectin-3 indexes between studied groups of 
tumors was performed by the Wilcoxon test. All 
results are listed in Table 2.

In summary, galectin-3 was found in both 
benign, and malignant thyroid tumors of follic-
ular cell origin, whereas it was completely negative 
in normal and non-neoplastic thyroid tissue. 
Significant differences in galectin-3 expression 
were found between follicular adenomas and 

Figure 1. Immunohistochemical analyses. A) TPO is expressed in follicular cells of 
non-neoplastic thyroid follicles (bottom); papillary thyroid carcinoma is TPO negative 
(at the top) (anti-TPO; ×200). B) TPO positivity in follicular thyroid adenoma (left 
side) as well as in normal thyrocytes (right side) (anti-TPO; ×200). C) Papillary thyroid 
carcinoma showing galectin-3 positivity (right side), whereas normal thyroid follicles 
are galectin-3 negative (left side) (anti-galectin-3; ×200).
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non-oncocytic variants of PC and FC (p=0.0235), and PC 
revealed more decreased TPO expression than FC. Although 
significant differences in TPO expression were features 
between NA and OA (with lower TPO expression in OA), 
surprisingly no differences were found between oncocytic 
and non-oncocytic variants of both types of carcinomas.

Sensitivity, specificity, likelihood ratios (LR+ and LR–), 
PPV and NPV were calculated for the single and combined 
markers. The individual markers, TPO and Gal-3, are the 
most sensitive and specific for papillary carcinoma (80.95 
and 75%, respectively; 100 and 85.82%, respectively) 
(p<0.001, the Fisher´s exact test). The combination of TPO 
and Gal-3 markers improves specificity (>94%) for the 
diagnosis of papillary carcinoma (p<0.001, the Fisher´s exact 
test). LR+ >10 indicates that this test result has a large effect 
on increasing the probability of the presence of thyroid papil-
lary carcinoma (Table 3).

Discussion

Although using the routine hematoxylin and eosin staining 
is the “gold standard” in diagnosis of follicular cell-derived 
thyroid lesions, morphologic overlap between these lesions 
is common to cause a diagnostic dilemma in a few cases. 

papillary carcinomas (oncocytic and non-oncocytic), but not 
between follicular adenomas and follicular carcinomas. Inter-
estingly, galectin-3 was significantly upregulated in papillary 
carcinomas in comparison with the other malignant tumors 
(FC, OC) (p<0.0001). Noteworthy, statistically significant 
differences in galectin-3 expression were discovered between 
non-oncocytic and oncocytic variants of studied tumors 
excluding follicular carcinoma. In addition, both oncocytic 
follicular adenomas and oncocytic papillary carcinomas 
revealed significant galectin-3 upregulation in comparison 
with non-oncocytic ones.

Eighty-six percent of PC and 74% of OPC showed TPO 
index in the interval 1–10%, and 26 cases of PC and 6 
cases of OPC featured complete negativity. Oncocytic and 
non-oncocytic papillary carcinomas, as well as FC and OC, 
had TPO-index above 50%. On the contrary, all follicular 
adenomas except one had TPO-index above 50%, with 
most of them having more than 80%. Oncocytic adenomas 
showed a large range in their TPO indexes from complete 
immunonegativity (1 case) to 100% positivity with regular 
distribution on the whole scale. Comparison of TPO expres-
sion between various tumor types is summarized in Table 2. 
Statistically significant differences were revealed between 
groups of benign and malignant tumors and between 

Table 2. Comparison (p-value) of TPO and galectin-3 expression between studied groups of thyroid tumors.
Wilcoxon test 

(p-value)
OA FC OC PC OPC Compared tumors

0.0075 NS 0.0009 <0.0001 0.0001 NA

GAL3
TPO

OA <0.0001 NS NS <0.0001 <0.0001 OA
FC <0.0001 0.0183 NS 0.0001 0.0008 FC

OC <0.0001 <0.0001 NS <0.0001 <0.0001 OC
PC <0.0001 <0.0001 0.0235 0.0018 0.0149 PC

OPC <0.0001 <0.0001 NS NS NS Wilcoxon test 
(p-value)Compared tumors NA OA FC OC PC

Abbreviations: TPO: thyroperoxidase; GAL3: galectin-3; OA: oncocytic adenoma; FC: non-oncocytic follicular carcinoma; OC: oncocytic follicular carci-
noma; PC: non-oncocytic papillary carcinoma; OPC: oncocytic papillary carcinoma; NS: not significant.

Table 3. Sensitivities and specificities of single/combined immunomarkers galectin-3 and TPO for the diagnosis of different types of thyroid cancer (to 
discriminate between benign and malignant tumors).

Sensitivity (%) Specificity (%) LR+ LR– PPV (%) NPV (%)

Gal3+/TPO– 
PC+OPC

Value 80.95 94.17 13.88 0.20 87.93 90.40
95% CI 69.09–89.75 88.35–97.62 6.70–28.76 0.12–0.34 77.85–93.79 84.96–94.10

FC+OC
Value 10.34 64.29 0.29 1.39 5.17 79.20
95% CI 2.19–27.35 56.18–71.84 0.10–0.86 1.18–1.65 1.80–13.09 76.25–81.87

Gal3+
PC+OPC

Value 100 85.83 7.06 0 78.75 100
95% CI 94.31–100 78.29–91.53 4.54–10.96 70.46–85.20

FC+OC
Value 24.14 52.60 0.51 1.44 8.75 78.64
95% CI 10.30–43.54 44.40–60.69 0.26–0.99 1.12–1.86 4.69–15.73 74.06–82.60

TPO–
PC+OPC

Value 80.95 75.00 3.24 0.25 62.96 88.24
95% CI 69.09–89.75 66.57–82.45 2.33–4.51 0.15–0.43 54.94–70.33 61.69–92.65

FC+OC
Value 62.07 59.09 1.52 0.64 22.22 89.22
95% CI 42.26–79.31 50.89–66.94 1.08–2.14 0.40–1.04 16.87–28.69 83.61–93.07

Gal3+ means >10%; TPO- means ≤10%; Abbreviations: LR+: positive likelihood ratio; LR-: negative likelihood ratio; PPV: positive predictive value; NPV: 
negative likelihood ratio; CI: confidence interval.
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Several thyroid lesions may contain papillary structures with 
nuclear characteristics, which may be confused with those 
in papillary carcinoma (for instance papillary thyroid hyper-
plasia, Hashimoto thyreoiditis, etc.) [11]. Moreover, papil-
lary structures were characteristic morphological feature of 
PC historically, nowadays the nuclear morphology became 
the most overriding diagnostic consideration [12]. In most 
cases of conventional PC are merging with follicular pattern 
and solid growth pattern, notably follicular variant of papil-
lary carcinoma with exclusively follicular pattern is also 
known [2]. In the present study, we focused on the single 
TPO and galectin-3 immunoexpression and their combined 
use in differential diagnosis of various types of follicular cell-
derived thyroid tumors, both benign and malignant, with 
special emphasis on oncocytic tumors. 

Several tumor markers, such as cytokeratin 19 (CK19), 
Hector Battifora Mesothelial Epitope-1 (HBME-1), dipep-
tidyl peptidase IV (DPP IV), Ki-67 (MIB-1), galectin-3 
and TPO were studied in thyroid tumors [8, 13–18]. Most 
studies focused on the expression and the diagnostic value 
of single marker in various thyroid lesions or in limited 
types of thyroid tumors [19]. However, the combination 
of selected markers may improve the diagnosis of thyroid 
tumors, especially thyroid follicular lesions. Some authors 
documented diagnostic results of the antibody panel 
of galectin-3 in the most cases in the combination with 
CK-19, HBME-1 and cyclin D3 [15, 18, 20–22]. Individual 
and combined expression of galectin-3 and TPO and their 
diagnostic and prognostic potential in thyroid carcinomas 
was earlier evaluated only sporadically [23]. The results 
indicated the inverse correlation between the markers as well 
as the inverse correlation with selected prognostic factors 
[14]. Our previous studies concluded the limited use of TPO 
as the thyroid malignancy marker, whereas TPO in combi-
nation with DPP IV has increased its diagnostic potential 
[24, 25]. In the present study, we focused on different types 
of thyroid tumors of follicular cell origin, both benign and 
malignant, with special emphasis on oncocytic tumors.

In this study, we found significant differences in galectin-3 
expression between papillary carcinomas and other benign 
and malignant thyroid tumors on the other site. Galectin-3 
expression is remarkably increased in thyroid papillary 
carcinomas. Galectin-3 is thus useful tumor marker for 
papillary carcinomas and its discrimination from papil-
lary hyperplasia and proliferative follicular lesions. We 
proved no significant differences in galectin-3 expression 
between follicular adenomas and follicular carcinomas in 
our study in agreement with Mataraci et al. [26]. In contrast, 
Abd-El Raouf and Ibrahim found the statistically signifi-
cant difference between FC and FA galectin-3 expression 
[27]. Galectin-3 may also help to distinguish indetermi-
nate or suspicious FNA thyroid samples for surgical triage. 
Galectin-3 may, therefore, serve as a marker for diagnosis 
and prognosis of papillary carcinoma as was shown in the 
meta-analysis by Tang et al. [28].

TPO is a membrane-bound enzyme essential for the 
thyroid hormone synthesis. It is a marker of thyroid differen-
tiation and normal function. It is present in the apical (colloid-
faced) plasma membrane of thyrocytes. TPO gene expression 
is controlled by transcription factors TTF-1 and PAX-8 [29]. 
TPO production is altered in various pathological condi-
tions. Both reduction and lack of TPO expression suggests 
malignancy. Our results indicated significantly higher TPO 
expression in benign tumors in agreement with previously 
published data [30, 31]. Interestingly, both types of malig-
nant tumors featured reduction of TPO expression in our 
study, but papillary carcinoma revealed more decreased TPO 
expression than follicular carcinoma regardless of oncocytic 
or non-oncocytic variant. This fact probably reflects different 
pathobiology in both types of tumors. BRAFV660E mutation 
in PC was proven to be related to lower TPO expression 
regardless of the grade of differentiation [13]. 

One of our goals was to analyze galectin-3 and TPO 
expression in oncocytic thyroid tumors of follicular cell 
origin, e.g. oncocytic variant of papillary carcinomas 
and Hürthle (oncocytic) cell tumors in comparison to 
non-oncocytic tumors. To avoid misinterpretation, the 
influence of endogenous biotin (in oncocytic mitochon-
drion-rich cells) to produce false-positive results was elimi-
nated before the immunohistochemical procedure [32]. 
Some authors have presented galectin-3 as a good signifi-
cant marker for oncocytic follicular carcinoma [33], while 
the others indicated galectin-3 expression also in oncocytic 
adenomas [34]. In this study, significant galectin-3 overex-
pression was revealed in oncocytic variants of follicular 
adenomas and papillary carcinomas. Regarding galectin-3 
expression in follicular carcinomas, differences between 
oncocytic and non-oncocytic variants were marginally not 
significant due to a low number of non-oncocytic tumors in 
our cohort. Significant differences were nevertheless found 
in TPO expression between oncocytic and non-oncocytic 
follicular adenomas. We are not aware of any other study 
comparing TPO and galectin-3 expression between 
oncocytic and non-oncocytic thyroid tumors of follicular 
cell origin. The lower TPO production in OA than in NA 
probably reflects a variability in their differentiation. These 
details of different expression of both markers between 
oncocytic and non-oncocytic variants of thyroid tumors 
supports a longtime lasting opinion that oncocytic tumors 
represent a pathobiologically distinct tumor subtype [35]. In 
agreement, oncocytic tumors are a separate entity in WHO 
New Classification 2017 of thyroid tumors [2].

The results of our study indicated lower sensitivity and 
specificity of both markers in single use for discrimination 
between benign and malignant thyroid lesions as well as 
distinct types of carcinomas. However, the combined use 
of them has an excellent specificity (94.1%), relatively good 
sensitivity (81%) and good likelihood ratios as test param-
eters for diagnosis of papillary carcinoma of oncocytic and 
non-oncocytic variants. Combination of galectin-3 and 
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TPO was previously proven by several authors to be poten-
tial diagnostic/prognostic biomarkers for papillary carci-
noma [14, 36].

In conclusion, to the best of our knowledge, this is the 
first galectin-3 and TPO study performed on comprehen-
sive collection of benign and well-differentiated malignant 
thyroid tumors of follicular cell origin with an emphasis on 
its oncocytic and non-oncocytic variants. The combined use 
of galectin-3 and TPO markers could help to improve differ-
ential diagnosis of thyroid tumors, whereas the use them as 
a single marker remains unsatisfactory with the exception 
for galectin-3 expression in PC. Differences in the galectin-3 
and TPO expression between oncocytic and non-oncocytic 
variants is another argument for a more detailed explana-
tion of differing characteristics, behavior, and treatment of 
oncocytic neoplasms.
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