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ABSTRACT

Galectin-3 is a carbohydrate-binding protein endowed with an affinity
for ÃŸ-galactosides. It has been shown to play an important role in cell-cell
and cell-matrix interactions and in pre-mRNA splicing. Furthermore, it is

involved in the control of cell growth, neoplastic transformation, and
metastasis. Interestingly, high levels of galectin-3 expression have been

recently described in malignant thyroid neoplasias, but not in adenomas
or in normal thyroid tissue. We investigated galectin-3 expression in
human presurgical specimens obtained by fine-needle aspiration biopsy.
We analyzed galectin-3 expression by immunoperoxidase staining in both
paraffin-embedded cytological thyroid sediments (cell blocks) obtained by
Tine-needle aspiration biopsy and their histological counterparts. A total of

64 samples were examined: 17 follicular carcinomas; 18 papillary carci
nomas; and 29 follicular adenomas. All cell blocks and histological sam
ples of papillary carcinomas expressed high levels of galectin-3 at either

the cytoplasmic or nuclear level. Among follicular carcinomas, all histo
logical samples expressed galectin-3, whereas 14 of 17 corresponding cell

blocks were positive in the cytoplasm. No evidence of cytoplasmic galec
tin-3 expression was observed in 26 of 29 follicular adenomas. Hence,
cytoplasmic galectin-3 staining seems to be a reliable, easy, and cheap

marker for presurgical diagnosis of follicular carcinomas and an even
more suitable one for papillary carcinomas.

INTRODUCTION

Nodular thyroid disease is a common disorder whose prevalence on
clinical evaluation varies from 1-7% according to iodine intake (1, 2).

Although cancer is rather infrequent in thyroid nodules, the patient
and physician are always concerned about the possibility of malignant
lesions. The decision to operate is generally made on the basis of
clinical information, ultrasound, scintigraphy, and FNAB.1 Among

them, FNAB is commonly considered the most accurate and cost-

effective method to identify patients requiring surgery (3). However,
misdiagnoses may occur, due to either insufficient or unsuitable
aspirated material or a sampling mistake. Moreover, the main limita
tion of FNAB is the lack of sensitivity in the evaluation of follicular
neoplasms, due to the inability to differentiate benign follicular le
sions from their malignant counterpart. Up to now, no effective
method has been established to identify this group of malignant
tumors in a presurgical phase.

Here, we report the effectiveness of galectin-3 immunohistochem

ical staining as a new marker of thyroid cancer in samples obtained by
FNAB.

Galectin-3 is a member of a growing family of /3-galactoside-
binding animal lectins (Mr 29,000-35,000; Refs. 4 and 5) previously
defined as IgE-binding protein (eBP; Ref. 6), carbohydrate-binding

Received 1/12/98: accepted 5/12/98.
The costs of publication of this article were defrayed in part by the payment of page

charges. This article must therefore be hereby marked advertisement in accordance with
18 U.S.C. Section 1734 solely to indicate this fact.

1 Supported by the Ministero per l'UniversitÃ  e la Ricerca Scientifica e Tecnologica

(Rome. Italy) and by Fondazione La Stampa. Specchio dei Tempi (Turin. Italy).
2 To whom requests for reprints should be addressed, at Department of Clinical and

Biological Sciences, University of Turin. Regione Gon/.ole 10. 10043 Orhassano, Torino,
Italy. Phone: 39-11-9026513; Fax: 39-11-9038655; E-mail: orlandi(s>pasteur.sluigi.

unito.it.
1The abbreviations used are: FNAB. fine-needle aspiration biopsy; TNM. tumor-node-

metastasis; mAb. monoclonal antibody.

protein 35 (CBP35; Ref. 7), Mac-2 (8), CBP30 (9), L29 (10), and L34
(11). Galectin-3 is a polypeptide consisting of an amino-terminal

domain that is rich in proline and glycine, with some similarity to
proteins of the heterogeneous nuclear ribonucleoprotein complexes,
and a COOH-terminal carbohydrate recognition domain (12). Galec
tin-3 is expressed in many tissues and cell types, where it is localized
in the nucleus and/or cytoplasm (13-15), on the cell surface (16, 17),
or in the extracellular environment (16, 18). Galectin-3 has been

suggested to play a role in different physiological and pathological
processes, including pre-mRNA splicing (19), cell-cell and cell-ma

trix adhesion (17, 20), cell growth (21), neoplastic transformation
(22), metastasis (22, 23), and immune response (24, 25). Galectin-3

expression is modulated by oncogenic and viral transformations (26,
27), and it is increased in several human and murine tumor cell lines
(28, 29). Furthermore, galectin-3 expression has been recently de

tected in human thyroid carcinomas, but not in normal tissue or in
benign tumors (30, 31).

Our aim was to verify whether galectin-3 could be a reliable

immunocytochemical marker for presurgical detection of thyroid cancer.

MATERIALS AND METHODS

Patients. Retrospectively, we selected 64 patients who underwent surgery
at San Luigi Hospital, Orbassano (Turin, Italy) between 1989 and 1997 due to
nodular thyroid disease with a histological diagnosis of thyroid carcinoma or
follicular adenoma. FNAB results consisted of 15 malignant lesions. 37 lesions
of uncertain type, and 12 benign lesions. Surgery was performed to confirm or
exclude a malignant lesion. Histological confirmation was obtained in all
selected patients. Patients consisted of 8 males and 56 females, with a median
age of 41.5 years (range. 16-75 years). Written informed consent was obtained

from each subject with the approval of the San Luigi Hospital review board.
Surgical Specimens. After clinical staging and FNAB. fresh neoplastic

thyroid tissue was surgically obtained. A portion of the tumor tissue was
directly embedded in OCT 4583 (Miles Scientific. Naperville. IL) and snap-

frozen for further extemporaneous intraopcrative diagnosis; the remaining
sample was paraffin-embedded for routine histopathological diagnosis and
galectin-3 immunohistochemical staining.

Histopathological Classification. Tissue sections were stained with H&E.
and tumor histotypc and subhistotype (32) were determined. We examined 29
follicular adenomas, 17 follicular carcinomas, and 18 papillary carcinomas.
Follicular carcinomas consisted of eight HÃ¼rthlecarcinomas, three trabecular
carcinomas, three insular carcinomas, and three carcinomas with well-differ

entiated subtypes. Among the papillary carcinomas, we observed three tall cell
poorly differentiated subhistotypes, seven follicular variants, and eight well-

differentiated cancers. Histological features, TNM staging (33), sex, age, and
additional data are summarized in Tables 1 and 2.

FNABs. Before surgery, all patients underwent FNAB. Biopsies were
performed with a 22-gauge X 1.5-inch needle attached to a 30-ml plastic

syringe (34). After aspiration, a small amount of fluid was expelled from the
needle, and some of it was smeared onto a polylysine-coated slide, fixed, and

stained using the Pap method for a sudden indicative cytological diagnosis.
The remaining material was used for cell blocks, in which galectin-3 expres

sion was evaluated using the immunoperoxidase technique.
Cell blocks were obtained by throwing the aspirated samples into an

alcoholic fixative solution (alcohol, 95Â°C)for 2 h at room temperature and
centrifuging for 10 min at 3000 rpm. After an additional 3-h incubation in 95Â°C

alcohol, the sedimented specimens were dehydrated and paraffin-embedded.
Finally, paraffin-embedded sections (5 /xm) were serially cut in a microtome
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Table 1 Clinicopathological features of patients with papillary thyroid carcinomas and galeclin-3 expression in cell block and Â¡issuespecimens

Galectin-3 staining

Case" Age (yr)/sex Histolype Subhistotype TNM' Cell block Tissue

PCIPC2PC3PC4POPChPC7PCSPC9PC10PCI!PC12PC13PC14PC15PC16PCI?PC1845/F41/F46/F62/F48/F73/F46/F30/F36/F31/F57/F56/F32/F39/M70/FIÂ«F30/M28/FDPCDPCPDCDPCDPCPDCDPCDPCDPCPDCDPCDPCDPCDPCDPCDPCDPCDPCFollicularvariantWell
differentiatedTall
cellFollicular
variantFollicular
variantTall
cellFollicular
variantFollicular
variantWell
differentiatedTall
cellWell
differentiatedFollicular
variantWell
differentiatedWell
differentiatedFollicular
variantWell
differentiatedWell
differentiatedWell

differentiatedT2aNoM0

+ + + + ++T,aN0M0
-t-+ + + ++T;bN,bM0

+ + + + ++T^NoMo
+ + + + ++T-,aN0M0
+ + + + ++TÂ¡aNoM,
+ + + + ++T4bN0M0
+ + + + ++T4aNoM(i
+ + + -f"-f"-f"T">aNoM(j
4â€”¿�f-+ + ++T4bNoM0
+ + + + 4-+TiaNdM0
+ + + -t-++TjbNoM,,
+ + -1- + ++T^-jNoMo

+ + + + ++ToaNoM()
+ + + + ++TÂ¡aN0M0
+ + + + ++TiaNoM0
+ + + + ++T^NoMo
+ + + + ++T^NoMo
+ + + + + +

" PC, papillary carcinoma.
' PDC. poorly differentiated carcinoma; DPC, differentiated papillary carcinoma.
' TNM. according to Hermanek and Sobin (33).
d + + + , more than 60% of neoplastic cells with strong positivity in the cytoplasm or in both the cytoplasm and the nucleus.

(Top Sledge, Pabisch, Italy) and transferred onto poly-L-lysine-coated slides
for cytological morphology and immunohistochemical galectin-3 evaluation.

Antibodies. The primary mAb used in this study was a rat mAb (M3/38
clone; IgG2a subclass) that specifically binds murine macrophage cell surface
antigen Mac-2 (Ref. 35; galectin-3; Boehringer Mannheim, Indianapolis, IN).
This antibody was found to cross-react with human galectin-3 (36). For

immunoperoxidase staining. mAb was used at a final immunoglobulin con
centration of 2 /xg/ml. For control purposes, irrelevant antibodies were rou
tinely used.

Indirect Immunoperoxidase Technique. Cell blocks and tissue sections
(5 Â¿tm)were first overlaid on polylysine-coated slides, dewaxed in xylene.

rehydrated in decreasing ethanol concentrations, and incubated for 10 min in
PBS (pH 7.4). Endogenous peroxidase activity was inhibited by immersing the
sections in 3% hydrogen peroxide (H2O2) for 10 min. Samples were briefly
rinsed in PBS and then incubated with 20% serum from the same species as
that for the secondary antibody. Serial sections were overlaid with 50 Â¡JLÃŒof
primary antibody anti-galectin-3, diluted 1:100 in PBS supplemented with 1%
BSA, and incubated at 4Â°Covernight. After a thorough washing in PBS, the

cytological sections were incubated with biotinylated goat antirat IgG (Vector

Laboratories, Inc., Burlingame, CA) for 45 min and processed for peroxidase-

conjugated streptavidin (DAKO, Glostrup, Denmark). The sections were
washed three times in PBS and incubated with 3,3'-diaminobenzidine-tetra-

hydrochloride (DAKO) for 10 rain.
Slides were subsequently rinsed in water, counterstained with Mayer's

hemalum solution, mounted in Entellan (Merck), and examined with a Zeiss
Axioskop photomicroscope (Zeiss, Jena, Germany). Negative controls were
obtained by omitting the primary antibody or by substituting for an unrelated
mAb of the same isotype; positive controls consisted of colonie mucosa.

Evaluation of Cell Block Staining. Galectin-3 immunostaining was eval
uated by two independent observers using an arbitrary scale: (a) -, no

reactivity or some neoplastic cells with nuclear reactivity; (b) +, focal areas

with weak positivity in the cytoplasm or in both the cytoplasm and the nucleus;
(c) + +, 30-60% of neoplastic cells with a middling level of positivity in the

cytoplasm or in both the cytoplasm and the nucleus; and (d) + + +, more than
60% of neoplastic cells with strong positivity in the cytoplasm or in both the
cytoplasm and the nucleus.

Sensitivity, specificity, predictive value, and diagnostic accuracy were as
sessed. Histomorphological diagnosis was the gold standard. Sensitivity was

Table 2 Clinicopathological features of patients with follicular thyroid carcinomas and galectin-3 expression in cell block and tissue specimens

Case" Age (yr)/sex Histotype Subhistotype TNMr

Galectin-3 staining

Cell block Tissue

FC1FC2PC3FC4PCSKCftFC7PCSFC9FC10FC11FC12FC13FC14FC15FC16FC1751/F68/F39/F55/M67/F72/F70/F75/F49/M20/F73/F37/F38/F32Â«=53/F21/F71/FDFCPDCDFCPDCPDCPDCPDCPDCPDCDFCPDCPDCPDCDFCPDCPDCPDCWelldifferentiatedHÃ¼rthle
cellTrabecularHÃ¼rthle

cellInsularTrabecularInsularHÃ¼rthle

cellInsularWell

differentiatedHÃ¼rthle
cellHÃ¼rthle
cellHÃ¼rthle
cellWell
differentiatedTrabecularHÃ¼rthle

cellHÃ¼rthle
cellT2aNoMo

+ + ++X,aNâ€žM0
+ + + + ++TÃ•aNoM0

++T-,aNoM0
+ + + + ++T4aNoM0

++T-,
NoMo+T4aNoM0

+T4aNlbMâ€ž
+ + + + ++T4aNlbM,

++T4aN0M0
++ ++T,

N0M0 + + + + ++T2aN0M0
+ + + + ++T

|aNgM(jI

TaNoM() â€”¿�â€¢¿�+â€¢4u

O()TVoMo
+ + + + + +

" FC. follicular carcinoma.
* DFC, differentiated follicular carcinoma; PDC. poorly differentiated carcinoma.
' TNM. according to Hermanek and Sobin (33).
rf -, no reactivity or some neoplastic cells with nuclear reactivity; +, focal areas with weak positivity in the cytoplasm or in both the cytoplasm and the nucleus; + + , 30-60%

of neoplaslic cells with a middling level of positivity in the cytoplasm or in both the cytoplasm and the nucleus; + ++, more than 60% of neoplastic cells with strong positivity in
the cytoplasm or in both the cytoplasm and the nucleus.
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Fig. 1. Immunohistochemical analysis of galectin-3 immunoreactivity in paraffin-embedded sections (5 [MmÃ¬of thyroid follicular adenoma. A and C, cytological thyroid sediment

(cell block): fi and D, corresponding histological tissue of A and B, respectively. A and B. nuclear staining of sporadic neoplastic cells; no cytoplasmic immunoreactivity. C and D.
nuclear immunoreactivity with immunostaining in Ihe cytoplasm. Streptavidin-biotin immunoperoxidase with Mayer's solution counterstain. Magnification. X400.

defined on the basis of thyroid cancer detection using galectin-3 immuno- lively computed as true positive/time positive + false positive) and true

staining [true positive/(true positive + false negative)]. Specificity was defined negative/I true negative + false negative). Diagnostic accuracy represents a
on the basis of benign thyroid neoplasms detection [true negative/(true nega- combination of sensitivity and specificity [(true positive + true negative)/(true
live + false positive)]. Positive and negative predictive values were respec- positive + false positive + true negative + false negative)].

Fig. 2. Immunohistochemical analysis of galectin-3 immunoreactivity in paraffin-embedded sections (5 Â¿un)of thyroid papillary carcinoma. A. cytological thyroid sediment (cell
block); B, corresponding histological tissue of A. A and B, strong and diffuse cytoplasmic galectin-3 immunostaining and nuclear immunoreactivity. Streptavidin-biotin immunoper
oxidase with Mayer's solution counterstain. Magnification, X400.
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C I)

i:

Fig. 3. Immunohistochemical analysis of ga!ectin-3 immunoreaclivity in paratTm-embedded sections (5 Â¿im)of thyroid follicular carcinoma. A. C, and Â£.cytological thyroid sediment
(cell block); B. D. and F, corresponding histolÃ³gica! tissue of A, C, and E, respectively. A and B. Hurthle cell carcinoma; strong and diffuse cytoplasmic galectin-3 immunostaining
and nuclear immunoreaclivity. C and D, well-differentiated follicular carcinoma; diffuse middling level of cytoplasmic posilivity; intranuclear immunoreactivity in some cells. Â£and
F. insular carcinoma; weak focal cytoplasmic galectin-3 immunoreactivity; no nuclear immunoreactivity. Streptavidin-biotin immunopcroxidase with Mayer's solution counterstain.

Magnification, X400.

RESULTS

Immunohistochemical Expression of Galectin-3 in Thyroid Ad

enomas. Immunohistochemical analysis of adenoma cell blocks with
anti-galectin-3 antibody did not show any cytoplasmic immunoreac
tivity (â€”¿�)in 26 of 29 cases (Fig. \A), whereas nuclear staining was

observed in focal areas or in sporadic neoplastic cells of most ade
noma samples. Three cases showed positive staining in the cytoplasm
and in the nucleus (Fig. 1C). The same pattern of cell block staining
was observed in the histological counterpart (Fig. 1,5 and D). Normal

thyroid and nodular goiter cell blocks were negative for galectin-3

immunostaining (data not shown). Macrophages, histiocytes, and
polymorphonuclear inflammatory cells expressed galectin-3.

Immunohistochemical Expression of Galectin-3 in Thyroid
Carcinomas. Cells of all papillary carcinoma cell blocks showed a
diffuse and strong immunostaining for galectin-3 at both the cytoplas

mic and nuclear level (+ + + ; Fig. 2A; Table 1). The same immuno
reactivity was evident also in tissue samples (Fig. 2B).

Fourteen of 17 follicular carcinoma cell blocks stained positively in
the cytoplasm, whereas 3 samples did not show any immunoreactivity
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Table 3 Galeclin-3 expression in cell block specimens compared willi the
corresponding histological diagnoses

Histology (n = 64)

Galectin-3 (n =64)Positive

(n = 35)"
Negative (n = 29)*Benign

lesionFollicular

adenoma
(n =29)3

26Carcinoma

(n =35)Papillary

Follicular
(n = 18) (n =17)18

14
0 3

" Cytoplasmic galectin-3 immunoreactivity or cytoplasmic and nuclear immunoreac-

tivity.
* No galectin-3 immunoreactivity or some neoplastic cells with nuclear reactivity.

(Table 2). In follicular carcinoma cell blocks, galectin-3 intensity and

distribution (focal/diffuse; cytoplasmic/cytoplasmic and nuclear) var
ied according to the different subhistotypes. Hiirthle cell tumors
showed diffuse and strong immunostaining localized in the cytoplasm
and often in the nucleus ( + + + ; Fig. 3A), although it was of less
intensity than that seen in papillary carcinomas.

Well-differentiated tumors showed an intermediate pattern with a

focal or diffuse middling level of cytoplasmic positivity (+ + ; Fig.
3C). Some cells showed intranuclear immunoreactivity. Insular and
trabecular cancers more frequently had a weak cytoplasmic expres
sion of galectin-3 in focal areas (+ ) without nuclear reactivity (Fig.

3Â£).Some stromal cells (fibroblasts) were positive.
All histological samples of follicular carcinomas expressed galec

tin-3 with the same pattern of galectin-3 staining as shown by their

corresponding cell blocks when positive (Fig. 3, B, D, and F).
Comparison between Cell Block Galectin-3 Evaluation and

Histological Diagnosis. Preoperative galectin-3 staining and final

histological findings of the 64 cases are summarized in Table 3. A
total of 32 of 35 cell blocks positive for galectin-3 were carcinomas

(18 papillary and 14 follicular carcinomas; true positive), whereas 3
were adenomas (false positive) upon definitive histological evalua
tion. A total of 26 of 29 cell blocks negative for galectin-3 were

follicular adenomas (true negative), whereas 3 were follicular carci
nomas upon definitive histological evaluation (false negative). The
sensitivity and specificity of galectin-3 evaluation on cell blocks in

adenomas versus follicular carcinomas, respectively, were 82.35 and
89.65%, whereas sensitivity and specificity in adenomas versus pap
illary carcinomas, respectively, were 100 and 89.65%. Positive and
negative predictive values were respectively assessed as 82.35 and
89.65 in adenomas versus follicular carcinomas and as 85.71 and
100% in adenomas versus papillary carcinomas. The diagnostic ac
curacy of preoperative galectin-3 evaluation in adenomas versus fol

licular carcinomas was 86.95%, whereas the accuracy in adenomas
versus papillary carcinomas was 93.61%.

DISCUSSION

Our data, obtained by evaluating galectin-3 expression in neoplastic

thyroid tissues, show that this protein is selectively expressed in
malignant tumors, whereas no immunostaining is evident in benign
neoplasms. These results are in agreement with other works that
previously demonstrated galectin-3 (31, 32) and galectin-1 (31, 37)

neo expression in thyroid cancers originating from follicular cells;
however, to our knowledge, no report has yet been published on
galectin-3 expression Â¡nthyroid specimens obtained by FNAB. The
ability to analyze this protein by immunohistochemistry in paraffin-

embedded samples has allowed us to retrospectively investigate a
considerable number of cell block specimens obtained by FNAB from
thyroid tumors and to ascertain the usefulness of galectin-3 expression

as a presurgical diagnostic marker of malignancy.
We showed that cytoplasmic galectin-3 expression is evident only

in malignant cells, regardless of nuclear immunostaining; hence,
nuclear positivity alone is not to be considered as a malignant feature.

According to our results, it is possible to identify in cell block
specimens different patterns of galectin-3 expression of more frequent

detection for each thyroid carcinoma subhistotype. Follicular carci
nomas reveal cytoplasmic staining of variable intensity; sometimes
they also reveal nuclear positivity as well. Among them, insular and
trabecular subhistotypes express focal, weak cytoplasmic immuno
staining without nuclear positivity. In other words, poorly differenti
ated follicular subhistotypes express galectin-3 less intensively when
compared with well-differentiated cancers. The real meaning of
weaker cytoplasmic galectin-3 expression and vanishing nuclear lo
calization is still unknown. However, down-regulation of galectin-3 in

more aggressive phenotypes has already been described for human
colon (38), breast (39), and ovarian (40) carcinomas. A significant
decrease in galectin-3 immunostaining as well as the loss of the

nuclear localization was also observed in the neoplastic progression
from normal colonie mucosa to carcinoma (38). Lotz et al. have
suggested mutations in the galectin-3 coding sequence as an explan

atory mechanism for this pattern. Similar mutations could also occur
in thyroid carcinomas, although in the thyroid model, galectin-3
seems to be neo expressed in carcinomas and subsequently down-
regulated in less-differentiated tumors. It is known that thyroid tumor

progression is modulated by a multistage oncogene activation (41) in
which a role for galectin-3 could be hypothesized, although this

problem needs to be clarified by additional studies. On the other hand,
papillary and Hiirthle cell carcinomas showed strong galectin-3 im

munostaining in all cases according to the classifications that identify
these tumors as independent nosographic entities (32). Moreover, this
is in agreement with their peculiar prognosis and clinical outcome (42,
43).

Among follicular carcinomas, we observed three cases without cell
block immunoreactivity, contrasting with the evident immunostaining
in their tissue sample counterparts. These cases were classified as
insular (Table 2; case FC7) and trabecular (Table 2; cases FC6 and
FC15) subhistotypes; they had few neoplastic cells in the cell block
specimens. We can suppose that a sampling mistake occurred in the
FNAB technique, or that a technical error occurred in the fixation
procedure. Considering the typical galectin-3 focal expression in this

kind of tumor, we could also hypothesize that we sampled areas that
did not express the molecule.

Follicular adenomas did not show any cytoplasmic galectin-3 im-

munoreaction in 26 of 29 cases. The remaining three cases showed
nuclear and cytoplasmic positivity in both the cell block and tissue
samples. Histological evaluation of these cases demonstrated typical
features of malignancy, such as an increasing nucleus:cytoplasm ratio,
hypercellularity. and increased mitoses. However, no invasion of the
surrounding tissue, blood vessels, or lymph channels was detected;
hence, they were diagnosed as follicular adenomas. We do not know
whether they are true false positives or simply the consequence of a
lack of histomorphological technique sensitivity. The accordance be
tween cytological and histological galectin-3 positivity seems to sup

port the second hypothesis. We would be inclined to consider them as
true follicular carcinomas in which we were not able to identify
capsular and/or vascular invasion.

The sensitivity and specificity of galectin-3 evaluation in thyroid

nodules are apparently similar to those concerning the cytological
method by FNAB (44). However, we have to consider that a consist
ent number of our cases were follicular adenomas, follicular carcino
mas, and follicular variant papillary carcinomas, for which FNAB
cytology fails to make a presurgical distinction (45).

In a previous report, we showed important changes in the expres
sion of some integrins (o^ÃŸ,and a6ÃŸ4)and E-cadherin in thyroid

3019

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/58/14/3015/2466878/cr0580143015.pdf by guest on 19 M

ay 2023



GALECTIN-3 IN HUMAN THYROID FNABs

carcinomas (46). Studies are needed to evaluate whether the simulta
neous evaluation of these molecules and galectin-3 improves the

cytological assessment of thyroid tumors.
In conclusion, our results demonstrate that galectin-3 is a reliable,

easy, and cheap marker of malignancy in thyroid tumors. Routine use
of this technique can lead to a better diagnostic definition of follicular
tumors and to a better selection of patients who really require surgery.
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