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Abstract
To investigate the effect of ultrasound combined with expression of Galectin-3, c-Met, HBME-1 and CK19 in differentiating
malignant from benign thyroid nodules. Forty-six patients with thyroid nodules were studied with ultrasound and immunohis-
tochemical staining of excised thyroid nodules. The data were classified and compared. The immunohistochemical staining
revealed 8 benign and 41 malignant thyroid lesions. In ultrasound risk assessment, the malignancy risk was low in four nodules,
medium in five and high in 37 with lymphatic metastasis in 26. A significant (P < 0.05) association existed in the expression of
Galectin-3 with nodule boundary and lymphatic metastasis, in HBME-1 with nodule micro-calcification and in c-Met with
nodule micro-calcification and lymphatic metastasis. CK19 expression was not significantly (P > 0.05) associated with any of
ultrasound features of nodule. Galectin-3, c-Met, HBME-1 and CK19 were significantly (P < 0.05) different in malignant and
benign thyroid lesions, with a significant (P < 0.01) tendency in all the molecular markers in predicting the malignant from
benign lesions. The ultrasound characteristics could significantly (P < 0.001) predict malignant nodules with a significant
(P < 0.05) prediction tendency. The scores of Galectin-3, c-Met and CK19 significantly (P < 0.05) increased with increase of
ultrasound malignancy risk degree. In malignant and benign lesions differentiated by ultrasound, no significant (P > 0.05)
difference existed in HBME-1 expression, however, with ultrasound malignancy risk increase, the score of HBME-1 expression
increased significantly (P = 0.03). Galectin-3, c-Met, HBME-1 and CK19 have significantly greater expressions in thyroid
malignant than benign lesions and their expression increases with increase of ultrasound malignancy risk. The combination of
both ultrasound and molecular markers can be used to differentiate malignant and benign thyroid lesions.
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Introduction

Thyroid nodules have been increasingly detected over the past
decades, and accurate diagnosis of benign or malignant nature
of these nodules is crucial to decrease patient risk and reduce
the dramatic heal care costs because most of these nodules are
benign or behave indolently [1]. Some sonographic features of

thyroid nodules have been regarded as suggestive of malig-
nancy including intra-nodule flow, absence of a halo, hypo-
echogenicity, solidity and taller-than-wide shape [1]. From
these characteristics, a dedicated thyroid reporting system
has been developed to classify thyroid nodules and stratify
the malignancy [2]. However, this reporting system is not
accurate in evaluating the malignancy of thyroid nodules be-
cause of imperfect sonographic criteria in identifying malig-
nant echo patterns [3]. The use of immunohistochemical
markers have been suggested to aid in the differential diagno-
sis of thyroid nodules, including Galectin-3, c-MET HBME-1
and CK19 [4, 5]. High expression of these molecular markers
can be used to assist malignancy diagnosis of thyroid nodules.
This study was to evaluate the effect of ultrasound combined
with immunohistochemical markers in determining the malig-
nancy of thyroid nodules.
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Materials and Methods

This study was approved by the ethics committee of our hos-
pital with the informed consent obtained from all patients.
Forty-six patients who were suspected of thyroid nodules
and had thyroid sonography and surgery at our hospital be-
tween December 2015 and September 2016 were enrolled,
including 11 male and 35 female patients with an age range
of 21–77 years (mean 47.1 ± 13.1). The thyroid tissue was
obtained from these patients at thyroidectomy. Forty-six solid
nodules were found in these patients and had immunohisto-
chemical staining for evaluation of Galectin-3, c-Met, HBME-
1 and CK19 using the Maxvision one-step method with re-
agents from Maixin Biotechnological Company (Maixin,
Fuzhou, China). The thyroid tissue blocks were fixed with
formalin and embedded with paraffin for immunohistochem-
ical studies. Three pathologists who had no clinical knowl-
edge of the patients reviewed and scored the slides. The pos-
itive staining for Galectin-3, HBME-1 and CK19 was scored
as 0 if the percentage of positive cells was 0–25%, 1 for 26%–
50%, 2 for 51%–75% and 3 for 76%–100%. For c-Met stain-
ing, the score was 0 if no positive cells were observed, 1 for
positive cells <35%, 2 for 35%–75% and 3 for >75% [4].

For sonography scan, the Philips IU22 (Philips, Best, the
Netherlands) and Siemens ACUSON 200 (Siemens Medical
Solutions, Issaquah, WA, USA) color Doppler ultrasound sys-
tems were used for evaluation of the thyroid nodules by two
physicians. The degree of the risk of malignancy was catego-
rized into low, medium and high risk. Lymphatic metastasis
represented high risk. The malignancy indexes of the nodule
ultrasound features were marked hypoechogenicity, aspect ra-
tio > 1 (taller-than-wide shape), unclear or lobulated bound-
ary, irregular shape, echo attenuation behind the nodule,
micro-calcification and central blood flow. The presentation
of two or fewer features stood for low risk of malignancy and
was marked as 0, three to four features for medium risk
marked as 1, and five to seven features for high risk marked
as 2. Suspected nodule lymphatic metastasis was all marked as
2. If disparity existed in the categorization of the risks, a third
physician would be involved for reaching an agreement.

Statistical Analysis

Statistical analysis was performed with the SPSS19.0 soft-
ware package (SPSS Inc., Chicago, IL, USA). Categorical

Fig. 1 A thyroid nodule had neck lymphatic metastasis found in
ultrasound in a female patient aged 25 years. A thyroid cystic solid
nodule (a-c) was demonstrated with a size of about 4.9 × 3.2 × 2.7 cm,
irregular shape, unclear boundary (a and b), central blood flow (c) and

micro-calcification (a, b and d). Suspicious metastatic lymph node was
shown (arrow) with liquefied necrotic area (d). Pathological findings
were thyroid papillary adenocarcinoma accompanied by lymph node
metastasis
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data were presented as percentages, and Chi-square test or
Fisher’s exact test was used for evaluation of risks and dif-
ference of malignant and benign nodules. The significance
was set at P < 0.05.

Results

Forty-six nodules had immunohistochemical staining, and the
range of the maximal diameter of the nodules ranged 0.3 cm–
5.0 cm. There were 8 benign and 41 malignant nodules re-
vealed by immunohistochemical staining. In ultrasound risk
assessment, the degree of malignancy risk was low in four
nodules, medium in five nodules and high in 37 nodules
(Fig. 1). Among the 37 nodules with high risk of malignancy,
26 nodules had lymphatic metastasis.

Galectin-3 and c-Met were mainly stained in the cyto-
plasm, HBME-1 was expressed primarily in the cell mem-
brane and partly in the nuclei, and CK19 was expressed in
the cytoplasm and nuclei (Fig. 2). For Galectin-3 expression,
score 0 was found in one nodule, 1 in seven nodules, 2 in
thirteen and 3 in twenty five (Table 1). For HBME-1, score
0 was found in fourteen nodules, 1 in five, 2 in ten and 3 in
seventeen. For CK19, score 0 was found in none nodules, 1 in
two, 2 in six and 3 in thirty eight. For c-Met, score 0 was found
in four nodules, 1 in fourteen, 2 in eight and 3 in twenty.

The expression of Galectin-3 was significantly (P < 0.05)
associated with the nodule boundary and lymphatic metas-
tasis, HBME-1 expression was significantly (P < 0.05)

related to micro-calcification within the nodules, and c-
Met expression was significantly (P < 0.05) associated with
lymphatic metastasis and micro-calcification within the
nodule. However, CK19 expression was not significantly
(P > 0.05) associated with any of the ultrasound presenta-
tions of the nodules.

Among the 46 thyroid nodules, 17 nodules were greater
than 2 cm and 29 were smaller than 2 cm. The maximal di-
ameter of the nodule (> 2 cm or < 2 cm) was not significantly
(P > 0.05) related to malignancy of the nodules.

The expression of Galectin-3, c-Met, HBME-1 and CK19
was significantly (P < 0.001, P < 0.001, P = 0.01 and P =
0.003, respectively) different in malignant and benign thyroid
lesions, with a significant (P < 0.01) tendency in all the mo-
lecular markers in predicting the malignant from benign le-
sions. The ultrasound presentations could significantly
(P < 0.001) predict the malignancy of the thyroid nodules with
a significant (P < 0.05) prediction tendency.

The expression of Galectin-3, c-Met and CK19 signif-
icantly (P < 0.05) increased with increase of ultrasound
malignancy risk. In malignant and benign lesions differ-
entiated by ultrasound, no significant (P > 0.05) difference
existed in the expression of HBME-1, however, with in-
crease of ultrasound malignancy risk, the expression of
HBME-1 also increased significantly (P = 0.03). The re-
ceiver operating characteristic curve (ROC) results
(Fig. 3) revealed that Galectin-3 had the greatest value
in diagnosing malignant nodules (Table 2). The sensitivity
of combined diagnosis was performed in ultrasound

Fig. 2 Expression of cellular markers in a thyroid nodule in the same
patient with thyroid papillary adenocarcinoma in Fig. 1. a and b. High
magnification view (10 times, a) and (20 times, b) revealed strongly
positive expression (+++) of Galectin-3 in the thyroid papillary adenocar-
cinoma. c and d. High magnification view (10 times) demonstrated

strongly positive expression (+++) of HBME-1 (c) and CK19 (d) in the
thyroid nodule. e and f. High magnification view (10 times) showed
strongly positive expression (+++) of c-Met in the thyroid papillary
adenocarcinoma
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combined with Galectin-3 or c-Met using the cut-off value
of 1.5, and the sensitivity was proved to be the greatest in
ultrasound combined with c-Met (Table 3).

Discussion

In evaluation of thyroid nodules, ultrasound description of
these nodules should include location, shape, size, intra-
nodule echo, component, calcification, halo, edge and intra-
nodule flow [6]. However, not a single sonographic feature
can be used to determine the benign or malignant nature of a
thyroid nodule, and the combination of multiple features can
greatly increase the sensitivity and specificity of diagnosis.

In assessing the malignancy risk of thyroid nodules, a mod-
el had been established but was too complex to be used clin-
ically [7]. The TI-RADS classification system is based on
different ultrasound presentations of type B and color
Doppler ultrasound for determination of malignancy risk [6].
It has been pointed out that addition of the number of two-

dimensional ultrasound malignancy features of the TI-RADS
system can assist in diagnosing a thyroid nodule [2]. We be-
lieved that ultrasound features of height-width ratio > 1, irregu-
lar margin, unclear or lobulated edge, marked hypoechogenicity,
posterior echo attenuation, micro-calculation and central flow
within the nodule are closely associated with increase of malig-
nancy risk [7, 8]. Marked hypoechogenicity indicates the
intranodule echo lower than that of the anterior cervical band
muscle [9]. It has been found that the ultrasound features of
micro-calcification, marked hypoechogenicity and taller-than-
wider shape are crucial to the diagnosis of malignancy of thyroid
nodules [8]. Unclear or lobulated edge is an independent risk
factor with high specificity but low sensitivity. Micro-
calcification indicates fine strong echo foci equal to or less than
1 mm in diameter with or without acoustic shadow [10]. A
definitive sign of comet tail would be considered to be colloidal
deposition. Macro-calcification is defined as the echo foci great-
er than 1 mm, andmacro andmicro calcifications can be used to
differentiate benign from malignant nodules.

The blood flowwithin the thyroid nodules can be classified
into three types based on the Doppler presentations: type I, no
blood flow; II, slight blood flow within the nodule and III,
marked intranodule flow and slight peripheral flow. Central
flow indicates that the blood vessels are mostly located in the
central rather than the peripheral part of a nodule and is closely
associated with malignancy risk increase [11]. Detection of
metastatic lymph nodes by ultrasound is also an important
index of malignancy. The ultrasound presentations of metasta-
tic lymph nodes from thyroid cancer can be enlarged lymph
nodes, abnormal structure of lymph nodes, abnormal blood
flow signal, equal width and height in the lymph nodes,

Fig. 3 Diagnosis of Ultrasound
risk assessment combined with
Galectin-3 or c-Met with the cut-
off value of 1.5

Table 1 Grading for staining of Galectin-3, HBME-1, CK19 and c-Met

Scores Galectin-3 (no.) HBME-1 (no.) CK19 (no.) c-Met (no.)

0 1 14 0 4

1 7 5 2 14

2 13 10 6 8

3 25 17 38 20

Total 46 46 46 46
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hyperechogenicity, liquidation and micro-calcification within
the lymph nodes [12].

Galectin-3 is a member of growing family of ß-galacto-
side-binding animal lectins and involves in regulation of
cell-cell and cell-matrix interaction, neoplastic transformation,
cell growth and apoptosis [13]. It has been basically suggested
as a molecular marker of thyroid malignancy with high sensi-
tivity and specificity, particularly in papillary carcinoma [5,
14, 15]. HBME-1 is a monoclonal antibody against an mem-
brane antigen of mesothelial cells and has preferential reactiv-
ity with malignant thyroid tumors [14–18]. HBME-1 is highly
expressed in differentiated thyroid carcinomas but may be
partially or negatively expressed in undifferentiated thyroid
carcinoma or in benign nodules. Differential expressions of
cytokeratins have been evaluated in various thyroid tumors,
and CK19 is one of these cytokeratins and is useful in diag-
nosis of papillary carcinoma which has diffuse and strong
cytoplasmic staining of CK19 [14, 15, 19–21]. CK19 can be
expressed in some focal areas in normal thyroid tissues but
weakly expressed in some benign lesions. C-Met is the spe-
cific tyrosine-kinase receptor of hepatocyte growth factor
(HGF), and the binding of these two molecules exerts mito-
genic, motogenic, morphogenic and antiapoptotic activities in
various cell types, including follicular thyroid cells [22, 23]. In
thyroid tumors, C-Met and HGF are expressed at very high
levels and frequently in papillary thyroid cancer (75%–100%
of cases) while they are never expressed in follicular and an-
aplastic thyroid cancers but expressed at low levels and infre-
quent ly in benign les ions (20%–30%) [23, 24] .
Immunohistochemistry for Galectin-3, CK19 and HBME-1
has been reported quite accurate in detecting or excluding
malignancy in thyroid nodules [25]. Trimboli et al. [26] stud-
ied the immunohistochemistry of Galectin-3, CK19 and
HBME-1 in determining uncertain thyroid nodules by core
needle biopsy and found that these molecular markers can
increase the accuracy of core needle biopsy in thyroid lesions
with uncertain/non-diagnostic core needle biopsy report.
Distinction between benign and malignant thyroid lesions is
crucial for treatment of thyroid nodules, and the immunohis-
tochemical staining for all the molecular markers of Galectin-
3, HBME-1, CK19, high molecular weight cytokeratin, cyclin
D1 and p27kip1 is significantly associated with differentiated
thyroid carcinoma [5]. The sensitivity for diagnosis of

differentiated thyroid carcinoma was 94.7% with Galectin-3,
91.3%with HBME-1 and 90.3%with CK19. The specificities
of these markers were 95.5%, 69.7 and 83.1%, respectively.
Co-expression of Galectin-3 and CK19 or Galectin-3 and
HBME-1 was present in 93.2% of carcinomas but in none of
the benign nodules. Combined use of HBME-1 and CK19 can
increase the diagnostic accuracy of malignancy and the use of
CK19 and high molecular weight cytokeratin can aid in dif-
ferential diagnosis between thyroid papillary and follicular
carcinomas [5].

In our study, none of the four molecular markers of
Galectin-3, c-Met, CK19 and HBME-1 had direct correlation
with the ultrasound imaging characteristics probably because
the expression of these molecular markers could not affect the
ultrasound imaging. The ultrasoundmalignancy risk increased
with increase of the expression of Galectin-3, c-MET and
CK19. No significant (P > 0.05) difference existed in the ex-
pression of HBME-1 in malignant and benign lesions differ-
entiated by ultrasound, but the HBME-1 expression signifi-
cantly (P < 0.05) increased with the increase of ultrasound
malignancy risk. CK19 had low specificity in differentiating
malignant from benign thyroid lesions. The expression of
Galectin-3 and c-MET combined with ultrasound imaging
could be used to increase the sensitivity of differentiating be-
tween malignant and benign lesions.

Genic mutations including BRAF, RET/PTC, PAX8/
PPARγ and RAS have been frequently associated with differ-
ent types of thyroid malignancies. These mutated genes are
present in up to 70%–80% of thyroid carcinomas and may
display aggressive behavior and serve as diagnosis markers
in evaluating thyroid nodules [27]. BRAF mutation was pres-
ent in most (72%) cytological-malignant thyroid nodules and
more prevalent in conventional papillary thyroid carcinoma
[28]. RAS mutation was detected in 10%–20% of papillary
thyroid carcinomas, especially the follicular variant type, but it
has also been increasingly found in benign thyroid adenomas
[29]. PAX8/PPARγ is a growth inhibitor mutation and is re-
sponsible for cancerous growth, especially follicular carcino-
mas [30], and it has a comparatively higher prevalence in
benign follicular thyroid adenomas, which precludes its use
for a strict diagnosis of cancerous nodule. Such genic muta-
tional analysis can increase the probability of pre-operative
diagnosis of malignancy, especially in thyroid nodules,

Table 2 Ultrasound risk
assessments, Galectin-3 and c-
Met area under the curve
(AUC),95% CI, cut-off value

Variables AUC SD P 95% CI Cut-off value

Lower limit Upper limit

Ultrasound risk assessment 0.944 0.033 0.000 0.878 1.000 1.5

Galectin-3 0.953 0.035 0.000 0.885 1.000 1.5

c-Met 0.904 0.048 0.001 0.810 0.998 1.5

AUC area under the curve, SD standard deviation, CI confidence interval
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however, physicians are not recommended to integrate muta-
tional analysis for risk stratification into routine clinical prac-
tice as not all genic mutation-positive tumors behave
aggressively.

The immunophenotypical assay is for detection of bio-
markers expressed by thyrocytes during normal or altered cell
growth circumstances like cancers. A large number of immu-
nohistochemical biomarkers have been identified including
Galectin-3, c-Met, CD44, HBME-1 and CK19. CK19 has
shown an elevated sensitivity for papillary thyroid carcino-
mas, but it is also expressed in some non-neoplastic cases like
papillary thyroid hyperplasia, Hashimoto’s thyroiditis and be-
nign adenomas [27]. HBME-1 had 100% sensitivity and
96.7% specificity for papillary thyroid carcinomas, and
Galectin-3, which was believed to be expressed only by ma-
lignant cells, demonstrated moderate to severe immunohisto-
chemical staining in 24/30 cases of papillary thyroid carcino-
ma and had the lowest expression in most cases of papillary
hyperplasia (specificity 40% and sensitivity 100%) [27].
Although HBME1, CK19 and Galectin-3 are considered the
diagnostic biomarkers of papillary thyroid carcinoma [15], the
expression of these three markers is reduced in follicular thy-
roid carcinoma [31]. Moreover, the staining intensity of
galectin-3 was weak while the HBME1 expression was occa-
sionally distributed in tall cell thyroid carcinoma. Min et al.
[31] studied the correlation of immunohistochemical bio-
markers and BRAF mutation in histological variants of papil-
lary thyroid carcinomas in the Korean population, and they
found that all cases of tall cell variant of the papillary thyroid
carcinoma harbored the BRAF V600E mutation, whereas the
follicular variant had less BRAF V600E mutation. No defin-
itive correlation existed between genic mutation and positive
expression of immunohistochemical biomarkers in cancerous
thyroid nodules. Although the diagnostic accuracy of individ-
ual markers is not yet definitive, a combination of these
markers with characteristics of ultrasound or genic mutation
can help reaching a correct diagnosis.

In this study, we combined preoperative ultrasound features
with postoperative immunohistochemical parameters so as to
establish a certain correlation of ultrasound features of

malignant thyroid nodules with the immunohistochemical
biomarkers for improving future diagnostic accuracy of ultra-
sound. In the future work, when some thyroid nodules do not
have the typical features of malignancy on sonography,
ultrasound-guided fine needle aspiration cytology can be fur-
ther proposed for detection of the immunohistochemical
markers mentioned above, and in this way, combined sono-
graphic features with expression of immunohistochemical
markers can be used to differentiate malignant from benign
thyroid nodules so that the diagnostic surgery procedures can
be decreased in number.

Some limitations existed in our study including a small
cohort of samples with simple pathological classifications,
which may result in non-significant difference in the expres-
sion of HBME-1 in malignant and benign lesions. Moreover,
novel techniques like ultrasound angiography were not used
in this study for quantitative evaluation of thyroid nodules.

In conclusion, Galectin-3, c-Met, HBME-1 and CK19 have
significantly greater expressions in thyroid malignant than be-
nign lesions and their expression increases with increase of the
ultrasound malignancy risk. The combination of both ultra-
sound and molecular markers can be used to differentiate ma-
lignant and benign thyroid lesions.
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