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Sensitivity and Specificity of Galectin-3
and Glypican-3 in Follicular-Patterned
and Other Thyroid Neoplasms
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ABSTRACT

Introduction: Diagnosing follicular-patterned thyroid neoplasm can
be quiet challenging in some cases, where animmunohistochemical
profiling becomes mandatory. Galectin-3 may be a helpful tool
for classical PTC diagnosis, but it cannot be considered as a
diagnostic marker of malignancy. Glypican-3, in contrast, is not
thoroughly studied in thyroid neoplasms.

Aim: Determine the sensitivity and specificity of galectin-3
and glypican-3 in diagnosing thyroid carcinoma and follicular-
patterned thyroid carcinoma.

Materials and Methods: A retrospective study was conducted
on archival blocks diagnosed from pathology department
between 2010 and 2012 including 17 cases of follicularadenoma,
16 cases of Classic Papillary Thyroid Carcinoma (PTC), 6 cases
of Follicular Variant of Papillary Thyroid Carcinoma (FVPTC), 3
cases of follicular carcinoma, 5 cases of medullary carcinoma
and 1 case of Hirthle cell carcinoma. The nearby non neoplastic
(normal) thyroid follicles present in both adenoma and carcinoma
cases were also evaluated.

Study Design: Evaluation of both galectin-3 and glypican-3
expression using standard immunohistochemical techniques.
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Statistical Analysis Used: Descriptive analysis of the variables
and statistical significances were calculated by non-parametric
chi-square test using the Statistical Package for the Social
Sciences version 12.0 (SPSS).

Results: Five (30%) and 4 (24%) out of the 17 studied follicular
adenoma cases, were positively stained by galectin-3 and
glypican-3 respectively, while 30 (97%) and 25 (81%) cases
out of the studied 31 carcinoma cases were positively stained
by galectin-3 and glypican-3 respectively. The sensitivity,
specificity and diagnostic accuracy of galectin-3 vs. glypican-3
in discrimination between thyroid carcinoma and adenoma was
96.8%, 70.6%, and 87.5%vs. 81% 76.5% and 79% respectively.
As for the discrimination between follicular-patterned thyroid
carcinoma and follicular adenoma it was 90%, 71% and 78%
vs. 90% 76.5% and 82%.

Conclusion: Glypican-3 is more specific while galectin-3 is
more sensitive in diagnosing thyroid carcinoma while glypican-3
is more specific than galectin-3 in discriminating follicular-
patterned neoplasm.

Keywords: Immunohistochemistry, Thyroid adenoma, Thyroid carcinoma

INTRODUCTION

Thyroid cancer is the most common endocrine malignancy, and
more than 95% of thyroid carcinomas originate from follicular
epithelial cells [1]. Pathologists can differentiate between benign
and malignant lesions in most of thyroid tumours using only the
histopathologic criteria, thereby, assuring an accurate diagnosis
and classification of thyroid neoplasm.

However, inmost cases, the pathologists are confronted with thyroid
lesions in which the distinction between benign and malignant can
be quite elusive. The decision favouring one or another has clinical
consequences and implies different modalities of treatment.
While evading excessive treatment and psychological discomfort
to the patient is a necessity, yet proper effective management
of patients with potentially aggressive diseases at early curable
stages should be assured [2]. Accordingly, ancillary techniques,
immunohistochemistry and molecular profiling can enhance the
standard morphologic assessment in such challenging cases [3].

Galectin-3 is a protein that binds to-galactosidase residues on
cell surface glycoproteins and has also been identified in the
cytoplasmic and nuclear compartment [4]. In the thyroid, several
reports have shown that galectin-3 is over expressed in malignant
tumours [5,6]. Galectin-3 detection by immunohistochemistry
has been used to improve diagnostic accuracy in preoperative
evaluation of thyroid nodules [7,8]. Galectin-3 may be a helpful
tool for classical PTC, but it cannot be considered a diagnostic
marker of malignancy [9]. Glypican-3, a member of the glypican
family of heparan-sulfate proteoglycans (HSPGs), is bound to
the plasma membrane through a glycosyl phosphatidylinositol

(GPI) anchor [10]. Further studies underlined the important role
of glypican-3 in regulation of cell proliferation and apoptosis
during normal development [11]. Glypican-3 is down-regulated
in several malignant tumours, such as ovarian carcinoma,
cholangiocarcinoma, mesothelioma, and breast cancer, due to
hypermethylation of the glypican-3 promoter [12,13]. Glypican-3,
is not thoroughly studied in the thyroid, few studies like Yamanaka
reported its scarce expression in the normal thyroid gland, but it
is dramatically enhanced in certain types of thyroid cancers as in
follicular carcinoma and in papillary carcinoma [14].

AIM

In the current study, we aimed to evaluate Glypican-3 and
Galectin-3 in thyroid carcinomas and adenomas. The expression
of both markers was first compared between all thyroid carcinoma
and adenoma generally, and then compared between follicular-
patterned thyroid carcinomas and thyroid adenoma.

MATERIALS AND METHODS

In this study, we investigated the differential expression of both
Glypican-3 and Galectin-3 in thyroid neoplasm. This study
was conducted on archival blocks diagnosed from pathology
department between 2010 and 2012 included 17 cases of follicular
adenoma, 16 cases of classic Papillary Thyroid Carcinoma (PTC), 6
cases of Follicular Variant Of Papillary Thyroid Carcinoma (FVPTC),
3 cases of follicular carcinoma, 5 cases of medullary carcinoma
and 1 case of Hurthle cell carcinoma. The nearby non neoplastic
(normal) thyroid follicles present in both adenoma and carcinoma
cases were also evaluated.
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Histopathological evaluation

The sections stained with H&E were examined by two pathologists
under the light microscope for confirmation of the diagnosis of
follicular adenoma and thyroid carcinoma.

Immunohistochemical staining of glypican-3 and
galectin-3

Immunohistochemical staining of both glypican-3 and galectin-3
was performed on cross-sections derived from selected paraffin
blocks. Blocks that were suitable for the study were selected
by two pathologists. Formalin-fixed paraffin-embedded thyroid
tissues were cut at 4um thickness, mounted onto poly-L-lysine
precoated positively charged glass slides. All slides were de-
paraffinized using xylene and then rehydrated in decreasing
concentrations of ethanol. Antigen retrieval using microwave
heating (20 minutes; 10 mmol/citrate buffer, pH 6.0) after inhibition
of endogenous peroxidase activity (hydrogen peroxidase for 15
min) was used. The primary antibodies anti-galectin-3 monoclonal
antibody (Lab Vision Corporation 46360 Fremont Blvd. Fremont,
CA 94538-6406, USA, 0.5ml concentrated, 1:50 dilution) and with
anti glypican-3 antibody (BIOCARE, MEDICAL, LLC, USA, 6 ml
prediluted) were applied to the slides, incubated overnight at room
temperature in a humidity chamber. The slides were then covered
in mouse serum blocking reagent for 15 minutes, followed by
avidin and biotin blocking reagents for 15 minutes each. They were
subsequently counterstained with haematoxylin and mounted for
microscopic evaluation. Hepatocellular carcinoma was used as a
positive control for glypican-3 and small bowel for galectin-3 as
provided by the datasheet of both primary antibodies.

Interpretation of immunohistochemical results

The slides were screened and observed by two pathologist. The
morphology and cytological appearances were recorded. The
evaluation was done by the semiquantitative scoring method as
referenced by Ho et al., [15]. Scoring was done based on the
intensity of the staining characteristics on a scale of 1 to 3: a score
of 1 for focal/weak staining; a score of 2 for moderate staining;
and a score of 3 for strongly positive staining reaction [15]. The
average scoring among the two pathologists was calculated. All
fields in a given specimen were individually scored, the percentage
of fields determined, and the scores added to yield an average
staining intensity score for the entire specimen. Scoring was done
carefully on cells at the central part (C) of the lesion and cells at
the periphery (P), and adjacent to the neighboring normal thyroid
tissue [16].

STATISTICAL ANALYSIS

Descriptive analysis of the variables and statistical significances
were calculated by non-parametric chi-square test using the
Statistical Package for the Social Sciences version 12.0 (SPSS).
Values were expressed in number, percentage. Fischer's-exacts
test was used to evaluate exact probabilities in a contingency table
(usually 2x2) when the expected frequencies were small and X? (chi
square) when the expected frequencies were large. Differences
were considered statistically significant with p< 0.05 and highly
significant when p-value <0.01. Sensitivity: probability that a test
result will be positive when the disease is present (true positive
rate). Specificity: probability that a test result will be negative when
the disease is not present (true negative rate).Positive predictive
value: probability that the disease is present when the test is
positive. Negative predictive value: probability that the disease is
not present when the test is negative. Diagnostic accuracy: true
positive cases + true negative cases/ true positive + true negative
+ false positive +false negative [17].

RESULTS

[Table/Fig-1] shows the cases included in this study, with a total
number of 17 cases of follicular adenoma and 31 case of thyroid
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carcinoma. The carcinoma cases included 16 (52%) cases of
classic papillary thyroid carcinoma, 6 (19%) cases of follicular
variant of papillary thyroid carcinoma, 5 (16%) cases of medullary
carcinoma 3 (10%) cases of follicular carcinoma and 1 (3%) case
of Hurthle cell carcinoma, which are shown microscopically in
[Table/Fig-2].

A positive staining reaction was noted as cytoplasmic brown
granular stain in the thyroid epithelial cells regarding both the
galectin-3 and glypican-3 antibodies. It varied from diffused
extensive deposition to fine granularity. Macrophages and red
blood cells within vascular spaces that also showed cytoplasmic
granular staining were excluded from scoring. Galectin-3 and
glypican-3 were expressed in 97% and 81% of the carcinoma
cases, respectively, while 60% and 76% of the adenoma cases
negatively expressed both galectin-3 (p=0.0006) and glypican-3
(p=0.0002) respectively [Table/Fig-3]. The adjacent normal in
carcinoma and adenoma cases showed complete absence of
positive stain reaction regarding both galectin-3 and glypican-3
antibodies, while areas of papillary hyperplasia showed strongly
diffuse positive staining for both galectin-3 and glypican-3 [Table/
Fig-4].

[Table/Fig-5] shows the expression of both galectin-3 and
glypican-3 regarding the type of studied thyroid carcinoma cases,
for all the cases of classic papillary thyroid carcinoma (16/16),

Studied groups Number of cases

Follicular adenoma 17 cases
Thyroid carcinoma 31 cases
o Classic papillary 16 cases
. FVPT 6 cases
. Follicular carcinoma 3 cases
o Medullary carcinoma 5 cases
. Harthle cell carcinoma 1 case

[Table/Fig-1]: Cases included in the studly.
FVPT: Follicular Variant of Papillary Thyroid carcinoma

n'&-

[Table/Fig-2]: A: Follicular adenoma (H&E, 10x) B: Papillary thyroid carcinoma,
classic type. (H &E, 4x) C: Medullary carcinoma (red arrow) (H&E, 4x) D: Hurthle cell
carcinoma (H&E, 20x).

Adenoma Carcinoma Test of p-value
No. % No. % significance

Galectin-3 Expression p=0.0006"*
Positive 5 30% 30 97% FE

Negative 12 60% 1 3%

Glypican-3 expression p=0.0002**
Positive 4 24% 25 81% FE

Negative 13 76% 6 19%
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[Table/Fig-4]: a) Glypican-3 expression in f

is noticed in the follicular adenoma, (Immunoperoxidase 40x); b) Negative expression
in follicular adenoma (Immunoperoxidase 40x); c) Negative expression in the nearby
normal thyroid tissue (black arrow) (c) (Immunoper oxidase 4x).
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involved the follicular carcinoma (3 cases), the follicular variant of
papillary thyroid carcinoma (6 cases) and Hurthle cell carcinoma
cell carcinoma (1 case). The expression of both galectin-3 and
glypican-3 in follicular-patterned thyroid malignancy (10 cases)
vs. follicular adenoma revealed significant difference P= 0.0044
and P= 0.0013, respectively. The expression in follicular-patterned
thyroid malignancy vs. follicular adenoma was 90% vs.30% for
galectin-3 and 90% vs. 24% for glypican-3 expression [Table/
Fig-8].

A strongly positive staining intensity was noted, preferably in the
peripheral cells adjacent to the neighboring normal thyroid tissue (P)
and a weaker staining intensity in the cells at the central portion (C)
was noted in both galectin-3 (23%) and glypican-3 (16%) stained
thyroid carcinoma. while the vast majority of the galectin-3 (77%)
and glypican-3 (84%) positively expressed carcinoma revealed
an equal distribution between the periphery and the center of the
tumour [Table/Fig-9].

Regarding the intensity of the stain of expression, 70% of the

carcinoma
PTC FVPT FCA |MEDULLARY | HURTHLE
NO (%) | NO (%) | NO (%) NO (%) CELL
CARCINOMA
NO (%)
Galectin-3 Expression
Negative 0 0 1(33%) 0 0
Positive(20) 16 (100%) | 6(100%) | 2 (67%) 5 (100%) 1(100%)
Total 16 (100%) | 6(100%) | 3 (100%) 5 (100%) 1(100%)
Glypican-3 Expression
Negative 4(25%) 0 1(33%) 1(20%) 0
Positive (19) 12 (75%) | 6(100%) | 2 (67%) 4 (80%) 1(100%)
Total 16 (100%) | 6(100%) | 3 (100%) 5 (100%) 1(100%)

[Table/Fig-5]: expression of galectin-3 and glypican-3 according to type of thyroid
carcinoma.

follicular variant of papillary thyroid carcinoma (6/6), medullary
carcinoma (5/5), Hurthle cell carcinoma cell carcinoma (1/1) and
67% (2/3) of follicular carcinoma expressed galectin-3 [Table/
Fig-6]. While glypican-3 expression was recorded in all cases of
follicular variant of papillary thyroid carcinoma (6/6), Hurthle cell
carcinoma cell carcinoma (1/1), 80% (4/5) of medullary carcinoma,
75% (12/16) of papillary thyroid carcinoma and 67% (2/3) of
follicular carcinoma [Table/Fig-7].

The follicular-patterned thyroid malignancy included any thyroid
malignancy arranged in follicular pattern, which in the current study

> of
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expression is noticed in the papillary thyroid carcinoma (Immunoperoxidase 20x); (b)
Follicular carcinoma (red arrow) (Immunoperoxidase 40x); (c) medullary carcinoma (red
arrow); (Immunoperoxidase 4x); and (d) in Hurthle cell carcinoma (Immunoperoxidase
4x).
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[Table/Fig-7]: (a) Gl

expression is noticed in the papillary thyroid carcinoma (Immunoperoxidase 4xand
40x inset); (b) Follicular carcinoma (Immunoperoxidase 40x); (C) Medullary carcinoma

(Immunoperoxidase 40x); and (d) Hurthle cell carcinoma (Immunoperoxidase 4x and
40x inset).

Follicular Follicular- Test of p-value
adenoma patterned significance
No. (17) carcinoma

%(100%) No. (10) % (100%)
Galectin-3 Expression p=0.0044**
Positive 5 30% 9 90% FE
Negative 12 60% 1 10%
Glypican-3 expression p=0.0013**
Positive 4 24% 9 90% FE
Negative 13 76% 1 10%

[Table/Fig-8]: Expression of galectin-3 and glypican-3in follicular-patterned thyroid

carcinoma vs. follicular adenoma.
P: peripheral C: central

Adenoma Carcinoma Test of p-value
significance

Galectin-3 Expression distribution p=0.13
P=c 2 40 23 7% FE
P>c 3 60 7 23%

5 100% 30 100%
Glypican-3 expression Distribution p= 0.55
P=c 3 75 21 84% FE
P>c 1 25 4 16%

4 100% 25 100%

[Table/Fig-9]: Comparison between the distribution of galectin-3 and glypican-3 in

the carcinoma and adenoma groups.
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40% of the adenoma cases revealed strong galectin-3 expressions.
The difference in the intensity of expression of galectin-3 in the
studied groups failed to achieve a statistical significance [Table/
Fig-10].

The sensitivity, specificity, positive predictive value, negative
predictive value and diagnostic accuracy of both galectin-3 and
glypican-3 in discrimination between adenoma and carcinoma,
and in between follicular adenoma and follicular-patterned thyroid
carcinoma cases, are shown in [Table/Fig-11]. In discrimination
between adenoma and all thyroid carcinoma cases, galectin-3
was more sensitive (96.8%) while glypican-3 was more specific
(76.5%). As for the discrimination between adenoma and follicular-
patterned thyroid carcinoma cases, glypican-3 was more specific
(76.5%), while both markers were of the same sensitivity.

Adenoma Carcinoma Test of p-value
significance
Galectin-3 intensity p=0.39
Weak 2 40 5 17% x?=1.89
Moderate 1 20 4 13%
Strong 2 40 21 70%
5 100% 30 100%
Glypican-3 expression Distribution p=0.36
Weak 0 0 4 16% y?=2.04
Moderate 1 25 12 48%
Strong 3 75 9 36%
4 100% 25 100%

[Table/Fig-10]: Comparison between the intensity of galectin-3 and glypican-3

expression in the carcinoma and adenoma groups.

Discrimination between adenoma and all thyroid carcinoma
cases
Sensitivity | Specificity | Positive Negative | Diagnostic
predictive | predictive accuracy
value value
Galectin-3 96.8% 70.6% 85.7% 92.3% 87%
Glypican-3 81% 76.5% 86% 68% 79%
Discrimination between adenoma and follicular-patterned
thyroid carcinoma cases
Sensitivity | Specificity | Positive Negative Diagnostic
predictive | predictive accuracy
value value
Galectin-3 90% 71% 64% 92% 78%
Glypican-3 90% 76.5% 69% 93% 82%

[Table/Fig-11]: Sensitivity, Specificity, Positive predictive value, Negative predictive
value and Diagnostic accuracy of both Galectin-3 and Glypican-3 in Discrimination

between adenoma and all thyroid carcinoma cases and between adenoma and
follicular-patterned thyroid carcinoma cases.

DISCUSSION

Galectin-3 initially was found in some studies to be a good marker
of malignancy, distinguishing PTC and follicular carcinomas from
benign conditions [5,18-20]. However, several additional studies
have shown galectin-3 expression in benign conditions and
follicular adenomas, in addition to staining inflammatory cells
and reactive normal epithelium, dampening the usefulness of this
marker in discriminating benign from malignant [21-24].

As for the glypican-3, its role in hepatocellular carcinoma has
been meticulously studied. Glypican-3 was found to be frequently
expressed in HCCs and, therefore, possibly function as a
diagnostic marker [25-28]. While in the thyroid, although its role
and expression in thyroid neoplasm is not thoroughly studied,
yet according to Yamanaka and colleagues in 2007, glypican-3
is overexpressed in cancer lesions and scarce in the normal and
adenomatous thyroid tissue [14].

Galectin-3 was found to be frequently expressed in thyroid
carcinomas represented as the most well-studied molecular
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candidate for thyroid cancer diagnosis [5,6,29,30] and [9]. In our
series, galectin-3 was expressed in all cases of classic papillary
thyroid carcinoma, follicular variant of papillary thyroid carcinoma,
medullary carcinoma, Hurthle cell carcinoma and 67 % of follicular
carcinoma while it was completely absent in the nearby non
neoplastic thyroid tissue. Our results are in the same range of
percent with previous studies as Fernandez et al., Kovacs et al.,
Fischer and Asa, Prasad et al., Herrmann et al., and Bartolazzi et
al., [5,6,9,23,30,31].

In our study glypican-3 was absent in the nearby non neoplastic
thyroid tissue and was recorded in all cases of follicular variant
of papillary thyroid carcinoma, Hurthle cell carcinoma, 80% of
medullary carcinoma, 75% of papillary thyroid carcinoma and
67% of follicular carcinoma. Yamanaka and colleagues supported
our results, regarding the scarce expression in normal thyroid
tissue and in papillary carcinoma (70%, 48/69 cases) [14], while
a discrepancy was noticed regarding the follicular carcinoma
(100% in yamanaka and colleagues vs. 67% in our series). This
discrepancy could be attributed to the small sample size of
follicular carcinoma in our series.

In our study, galectin-3 was sensitive by 96.8%, specific by 70.6%,
and had a diagnostic accuracy of 87.5% in discrimination between
thyroid carcinoma and adenoma. Bartolazzi and colleagues
underwent a study in 2001 done on 226 specimens of thyroid
nodules (188 benign lesions and 34 carcinomas) which reported
sensitivity, specificity, positive predictive value, and diagnostic
accuracy of galectin-3 immunodetection were 100%, 98%,
92%, and 99%, respectively [31]. In another study of 125 thyroid
aspirates (50 follicular adenomas, 33 follicular carcinomas, and 42
papillary carcinomas) the sensitivity, specificity, positive predictive
value, and diagnostic accuracy of galectin-3 as a single marker
in discriminating benign from malignant lesions were 92%, 94%,
95.8%, and 92.8%, respectively [32].

The small sample size in our study could be the reason for the
lower sensitivity, specificity and diagnostic accuracy of galectin-3.
However, a study done on a small sample size of thyroid neoplasm
(44 follicular adenomas and 35 follicular carcinomas) by Maruta
and colleagues in 2004 stated a lower specificity (52%) than our
results for galectin-3 [8].

Discriminating ~ follicular-patterned malignancy (as follicular
carcinoma, follicular variant of PTC and Hurthle cell carcinoma cell
carcinoma) from follicular adenoma may pose a challenge, for the
diagnostic criteria may not be fulfilled by histopathologic criteria
alone, and an immunohistochemical intervention may be required
to confirm diagnosis. In our study, glypican-3 was more specific
and more accurate diagnostically in comparison to galectin-3 in
discrimination between follicular-patterned thyroid carcinoma and
follicular adenoma. However both were of the same sensitivity
(90%).

Scognamiglio and colleagues compared HBME1, CK19,
galectine-3 and CITED1 in a study done in 2006. They reported
that HBME1 was the most specific, and galectine-3 had the lowest
specificity among the 4 markers. In contrast, CK19 was the most
sensitive for the diagnosis of PTC (papillary thyroid carcinoma)
vs FA (follicular adenoma) and PTCC (papillary thyroid carcinoma
classic form) vs FA. However, when comparing PTCFV (papillary
thyroid carcinoma follicular variant) vs FA, CK19 and GALS showed
equal sensitivity (90%), higher than CITED1 or HBME1 [33].

Galectin-3 is more sensitive than glypican-3 in discriminating
between thyroid carcinoma and adenoma, however glypican-3 was
more specific and more accurate diagnostically than galectin-3.
No previous studies encountered a comparison between
galectin-3 and glypican-3 regarding its sensitivity, specificity and
diagnostic accuracy in discrimination between thyroid carcinoma
and adenoma.
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LIMITATION

Infrequency of the follicular carcinoma cases contributed to the
small sample size of the current study.

Absence of sources of funding to conduct this study or prepare
this manuscript, caused limitation in investigating the biological an
molecular mechanisms in thyroid maliganancy.

CONCLUSION

Glypican-3 can be used in association with galectin-3 as a useful
diagnostic tool for differentiation between follicular-patterned
thyroid malignancy and follicular adenoma. A study on a larger
sample size of thyroid neoplasm comparing between both
galectin-3 and glypican-3, investigating their biological and
molecular mechanisms in thyroid malignancy and specifically in
follicular-patterned malignancy is highly recommended.

ACKNOWLEDGEMENTS

Special thanks to Mr. Khaled Salam for technical assistance in
immunostaining techniques.

REFERENCES

[1] Hundahl SA, Fleming ID, Fremgen AM, et al. A National Cancer Data Basereport
on 53,856 cases of thyroid carcinoma treated in the U.S., 1985-1995. Cancer.
1998;83:2638-48.

[2] Rezk S, Khan A. Role of immunohistochemistry in the diagnosis and progression
of follicular epithelium-derived thyroid carcinoma. App! ImmunohistochemMol
Morphol. 2005;13:256-64.

[3] Saggiorato E, De PR, Volante M, et al. Characterization of thyroid ‘follicular
neoplasms’ in fine-needle aspiration cytological specimens using a panel of
immunehistochemical markers: a proposal for clinical application. Endocr Relat
Cancer. 2005;12:305-17.

[4] Chiu CG, Strugnell SS, Griffith OL, Jones SJM, Gown AM, Walker B, et al.
Diagnostic Utility of Galectin-3 in Thyroid Cancer. The American Journal of
Pathology. 2010;176(5):2067-81.

[5] Fernandez PL, Merino MJ, Gomez M, et al. Galectin-3 and laminin expressionin
neoplastic and non-neoplastic thyroid tissue. J Pathol. 1997;181:80-86.

[6] Kovacs RB, Foldes J, Winkler G, et al. The investigation of galectin-3 indiseases
of the thyroid gland. Eur J Endocrinol. 2003;149:449-53.

[7]1 Gasbarri A, Martegani MP, Del PF, et al. Galectin-3 and CD44v6 isoformsin the
preoperative evaluation of thyroid nodules. J Clin Oncol. 1999;17:3494-502.

[8] Maruta J, Hashimoto H, Yamashita H, et al. Immunostaining of galectin-3 and
CD44v6 using fine-needle aspiration for distinguishing follicular carcinoma from
adenoma. Diagn Cytopathol. 2004;31:392-96.

[9] Fischer S, Asa SL. Application of Immunohistochemistry toThyroid Neoplasms.

Arch Pathol Lab Med. 2008;132:359-72.

Filmus J, Selleck SB. Glypicans: proteoglycans with a surprise. J Clin Invest.

2001;108:497-501.

Gonzalez AD, Kaya M, Shi W, et al. OCI-5/GPCS, a glypican encoded by a gene

that is mutated in the Simpson-Golabi-Behmel overgrowth syndrome, induces

apoptosis in a cell line-specific manner. J Cell Biol. 1998;141:1407-14.

Xiang YY, Ladeda V, Filmus J. Glypican-3 expression is silenced in human breast

cancer. Oncogene. 2001;20:7408-12.

(o]

1l

N2

[13]

[14]

[18]

[16]

[17]

8]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

www.jcdr.net

Lin H, Huber R, Schlessinger D, et al. Frequent silencing of the GPC3 gene in
ovarian cancer cell lines. Cancer Res. 1999;59:807-10.

Yamanaka K, Ito Y, Okuyama N, Noda K, Matsumoto H, Yoshida H, et al.
Immunohistochemical study of glypican 3 in thyroid cancer. Oncology. 2007;73(5-
6):389-94.

Ho SB, Niehans GA, Lyftogt C, et al. Heterogeneity of mucin gene expression in
normal and neoplastic tissues. Cancer Res. 1993;53:641-51.

Htwe TT, Karim N, Wong J, Jahanfar S, Mansur MA. Differential expression of
galectin-3 in advancing thyroid cancer cells: a clue toward understanding tumour
progression and metastasis. Singapore Med J. 2010;51(11):856.

Gardner A, Greiner M. Receiver-operating characteristic curves and likelihood
ratios: improvements over traditional methods for the evaluation and application of
veterinary clinical pathology tests. Veterinary Clinical Pathology. 2006;35:8-17.

Xu XC, el-Naggar AK, Lotan R. Differential expression ofgalectin-1 and
galectin-3 in thyroid tumours: potentialdiagnostic implications. Am J Pathol.
1995;147:815-22.

Orlandi F, Saggiorato E, Pivano G, et al. Galectin-3 is apresurgical marker of
human thyroid carcinoma. Cancer Res. 1998;58:3015-20.

Inohara H, Honjo Y, Yoshii T, et al. Expression of galectin-3in fine-needle aspirates
as a diagnostic marker differentiating benign from malignant thyroid neoplasms.
Cancer. 1999;85:2475-84.

Beesley MF, McLaren KM. Cytokeratin 19 and galectin-3immunohistochemistry in
the differential diagnosis of solitarythyroid nodules. Histopathology. 2002;41:236-
43.

Mehrotra P, Okpokam A, Bouhaidar R, et al. Galectin-3 does not reliably distinguish
benign from malignant thyroidneoplasms. Histopathology. 2004;45:493-500.
Prasad ML, Pellegata NS, Huang YV, et al. Galectin-3, fibronectin-1, CITED-1,
HBME1 and cytokeratin-19immunohistochemistry is useful for the differential
diagnosis of thyroid tumours. Mod Pathol. 2005;18:48-57.

Bartolazzi A, Bussolati G. Galectin-3 does not reliably distinguish benign from
malignant thyroid neoplasms. Histopathology. 2006;48:212-13.

Man XB, Tang L, Zhang BH, et al. Upregulation of glypican-3 expression in
hepatocellular carcinoma but down regulation in cholangiocarcinoma indicates its
differential diagnosis value in primary liver cancers. Liver Int. 2005;25:962-66.
Capurro M, Wanless IR, Sherman M, et al. Glypican-3: a novel serum and
histochemical marker for hepatocellular carcinoma. Gastroenterology.
2003;125:89-97.

Sung YK, Hwang SY, Park MK, et al. Glypican-3 is overexpressed in human
hepatocellular carcinoma. Cancer Sci. 2003;94:259-62.

Zhu ZW, Friess H, Wang L, et al. Enhanced glypican-3 expression differentiates
the majority of hepatocellular carcinomas from benign hepatic disorders. Gut.
2001;48:558-64.

Kawachi K, Matsushita Y, Yonezawa S, et al. Galectin-3 expression in various
thyroid neoplasms and its possible role in metastasis formation. Hum Pathol.
2000;31:428-33.

Herrmann ME, LiVolsi VA, Pasha TL, et al. Immunohistochemical expression
of galectin-3 in benign and malignant thyroid lesions. Arch Pathol Lab Med.
2002;126:710-13.

Bartolazzi A, Gasbarri A, Papotti M, et al. Application of an immunodiagnostic
method for improving preoperative diagnosis of nodular thyroid lesions. Lancet.
2001;357:1644-50.

Sagartz JE, Jhiang SM, Tong Q, et al. Thyroid-stimulating hormone promotes
growth of thyroid carcinomas in transgenic mice with targeted expression of
there t/PTC1 oncogene. Lab Invest. 1997;76:307-18.

Scognamiglio T, Hyjek E, Kao J, Chen YT. Diagnostic Usefulness of HBME1,
Galectin-3, CK19, and CITED1 and Evaluation of Their Expression in Encapsulated
Lesions With Questionable Features of Papillary Thyroid Carcinoma. Am J Clin
Pathol. 2006;126:700-08.

PARTICULARS OF CONTRIBUTORS:

1. Lecturer, Department of Pathology, Faculty of Medicine, Menoufia University, Egypt.
2. Lecturer, Department of Pathology, Faculty of Medicine, Menoufia University, Egypt.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Dalia Rifaat Al-Sharaky

Lecturer, Department of Pathology, Faculty of Medicine, Menoufia University Shibeen El Koom,

32817 Menoufiya Governorate, Egypt.
E-mail: daliah_alsharaky@yahoo.com

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Date of Submission: Dec 16, 2015
Date of Peer Review: Jan 07, 2016
Date of Acceptance: Jan 27, 2016

Date of Publishing: Mar 01, 2016

Journal of Clinical and Diagnostic Research. 2016 Mar, Vol-10(3): EC06-EC10



