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Abstract: The purpose of this study is to evaluate the expression and diagnostic availability of p63 and CD56, as
well as Galectin-3 and HBME-1 in papillary thyroid carcinoma diagnosis. A total of 267 cases were studied, including
129 cases of PTC and 80 cases of follicular tumor (FT). Additionally, 40 cases of nodular hyperplasia (NH), and 18
cases of undifferentiated carcinoma (UC) were examined. Tissue microarrays were made using the representative
lesions, and assessed expression of p63, CD56, Galectin-3 and HBME-1. P63 revealed positive in the following or-
der: UC (22%), PTC (15%), FT (1%), NH (0%). P63 was not sensitive (sensitivity: 16%), but specific (specificity: 91%)
and revealed very high positive predictive value (95%) for PTC. CD56 revealed a reverse-ordered tendency to that of
p63, and was neither sensitive (sensitivity: 39%) nor specific (specificity: 59%) for PTC. Galectin-3 and HBME-1 were
relatively sensitive (sensitivity: 88%, 80%) and specific (specificity: 83%, 58%) for PTC. It can be concluded that p63
is a useful marker for PTC in distinguishing from other thyroid lesions, and a cocktail with other markers including
Galectin-3 and HBME-1 can further improve diagnostic accuracy. But CD56 is not thought to be considerably use-
ful. Additionally, p63 and CD56 could be associated with the progression of thyroid carcinoma or a poor prognosis.
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Introduction

One of the most frequent difficulties in thyroid
pathology is differentiating papillary thyroid
carcinoma, including the follicular variant, from
other thyroid tumors or lesions, in spite of great
support from immunohistochemical and molec-
ular techniques [1-20]. The current gold stan-
dard for the diagnosis of papillary thyroid carci-
noma is still morphologic features, but these
are highly subjective, and no single morpholog-
ic feature is pathognomic. In cases exhibiting
the follicular variant of papillary thyroid carci-
noma, the problem is more serious. Although
the follicular variant of papillary thyroid carci-
noma is generally recognized, there is a lack of
morphologic definition. However, accurate diag-
nosis is critical for proper treatment and long
term management. For this reason, Chan [5]
suggests more detailed diagnostic criteria for
the encapsulated follicular variant of papillary
thyroid carcinoma, including 4 major criteria
and 4 minor criteria. In addition, some investi-

gators propose using the term “well-differenti-
ated tumor of uncertain malignant potential”
when a capsular of vascular invasion is absent,
and “well-differentiated thyroid carcinoma, not
otherwise specified” when there is definite cap-
sular or vascular invasion, in cases of encapsu-
lated tumors showing the focal, but not wide-
spread, nuclear features of papillary thyroid
carcinoma [21]. These suggestions have yet to
entirely solve the problems that inter-observer
or intra-observer disagreement.

Many studies have tried to find immunohisto-
chemical and molecular markers helpful in the
diagnosis of various thyroid lesions [4, 7, 8, 10,
13-15, 18]. Although some of these techniques
are useful in confirming a diagnosis of papillary
thyroid carcinoma, others are not reliable
enough to distinguish papillary thyroid carcino-
ma from other lesions. We selected 4 candidate
immunohistochemical markers expected to be
of value in the diagnosis of papillary thyroid car-
cinomas which include the follicular variant.
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p63, a member of the p53 gene family, is locat-
ed on chromosome 3q27-29 and expresses at
least six different isoforms. Three of the p63
isoforms encode proteins which transactivate
on p53 activity and induct cells into apoptosis,
whereas the other three isoforms encode pro-
teins which have inhibitory effects on p53 activ-
ity. It is consistently expressed in basal, squa-
mous, and myoepithelial cells [7, 16, 22, 23].
Only few studies about p63 expression in thy-
roid lesions have been reported so far [7, 16,
22-25].

CD56 is a neural cell adhesion molecule, so its
expression may affect the migration of tumor
cells. CD56 is expressed in NK cells, activated
T cells, large granular lymphocytes, specific
endocrine, and brain tissue normally [7, 8, 26,
27], and can also be expressed in follicular
cells of the normal thyroid gland [7, 8, 28, 29].
Several studies have shown that loss of CD56
expression correlates with poor prognosis and
metastatic potentials in some malignant
tumors [30-35]. In cases of thyroid lesions,
CD56 has been reported to be a very useful
immunohistochemical marker in the diagnosis
of papillary thyroid carcinoma in previous
reported studies [7, 8], yet there have been few
studies about CD56 expression in thyroid
lesions.

Galectin-3 is a member of a family of
B-galactosil-binding lectins, involved in regulat-
ing cell-to-cell and cell-to-matrix interactions,
cell growth, neoplastic transformation, and
apoptosis, and is expressed in normal breast
epithelial cells, inflammatory cells, and various
malignant cells [15, 36]. Many studies have
found that Galectin-3 has value in distinguish-
ing between benign and malignant thyroid
lesions, and it has been suggested as a useful
marker, especially in the diagnosis of papillary
thyroid carcinoma [14, 15, 37, 38].

HBME-1, a monoclonal antibody generated
against a suspension of malignant epithelial
mesothelioma cells, reacts with the microvil-
lous surface protein of mesothelial cells [15,
39]. It has also been suggested to demonstrate
value in distinguishing malignant thyroid tumors
from benign thyroid lesions [6, 14, 15, 37,
39-41].

In the current study, we evaluated the expres-
sion and diagnostic availability of p63 and
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CD56, as well as Galectin-3, and HBME-1 in dis-
tinguishing papillary thyroid carcinomas includ-
ing the follicular variant from other thyroid
lesions.

Materials and methods
Materials

A total of 267 cases exhibiting thyroid gland
lesions and tumors were included in this study.
The well differentiated thyroid tumors included
129 cases of papillary thyroid carcinoma, 80
cases of follicular tumor and 40 cases of nodu-
lar hyperplasia. 18 cases of undifferentiated
carcinoma were also included for comparison.
All patients underwent a lobectomy, a near-
total thyroidectomy or a total thyroidectomy
at Kyungpook National University Hospital
between June 2003 and June 2008. The hema-
toxylin and eosin (H&E) stained slides from
each case were reviewed by 2 pathologists
(J.Y.J. and J.Y.P.), according to its WHO classifi-
cation. The papillary thyroid carcinoma group
included 69 cases of follicular variant papillary
thyroid carcinoma, while 9 cases of follicular
variant papillary thyroid carcinoma were encap-
sulated. In cases of encapsulated follicular vari-
ant papillary thyroid carcinoma, the authors fol-
lowed the criteria proposed by Chan [5]. The
follicular tumor group included 40 cases of fol-
licular adenoma and 40 cases of follicular
carcinoma.

Construction of the tissue microarray

The tissue microarray blocks were prepared
with empty holes measuring 3 mm in diameter.
The most representative areas were marked on
each of the H&E stained slides, and tissue
cores measuring 3 mm in a diameter were sam-
pled from the formalin-fixed, paraffin-embed-
ded tissue blocks. The sampled cores were
arranged in the prepared tissue microarray
blocks. All tissue microarray blocks contained
the tissues of positive control for p63, CD56,
Galectin-3, and HBME-1.

Immunohistochemistry and interpretation

Immunohistochemistry was performed on 4 uM
thick sections from each tissue microarray
block using an automated immunostainer
(Ventana Medical Systems, Inc., AZ, USA,
BenchMark®). Applied primary antibodies were
p63 (Dako, Carpinteria, CA, USA, dilution
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Table 1. Expression of the markers in various thyroid le-

marized in Table 1. p63 revealed posi-

sions tive in this order: undifferentiated car-

p63 (%) CD56 (%) Galectin-3 (%) HBME-1 (%) cinoma (22.2%), papillary thyroid
NH (n=40) 0 (0) 31 (77.5) 3(7.5) 5 (12.5) carcinoma (14.7%), follicular adenoma
FA (n=40) 1(2.5) 27 (675) 12 (30) 13 (32.5) (2.5%), follicular carcinoma (0%), and
FC (n=40) 0(0) 14 (35) 6 (15) 21 (52.5) nodular hyperplasia (0%) (Figuljes 1
PTC(n=129) 19 (14.7) 69 (535) 114(88.4) 107(829)  2nd 2)- The single case of follicular

UC (n=18) 4(22.2) 0 (0) 14 (77.8)

9 (50)

adenoma that was positive for p63

NH, nodular hyperplasia; FA, follicular adenoma; FC, follicular carcinoma;
PTC, papillary thyroid carcinoma; UC, undifferentiated carcinoma.

1:200), CD56 (Novocastra, Newcastle, UK, dilu-
tion 1:100), Galectin-3 (Novacastra, Newcastle,
UK, dilution 1:100), and HBME-1 (Dako,
Carpinteria, CA, USA, dilution 1:100). An iView
DAB Detection kit (Ventana Medical Systems,
Inc., AZ, USA) was used as the secondary anti-
body. Counter-staining was performed using
Hematoxylin (Ventana Medical Systems, Inc.,
AZ, USA), and treated with Bluing Reagent
(Ventana Medical Systems, Inc., AZ, USA).

The immunohistocehmical stained slides were
also evaluated by 2 pathologists (J.Y.J. and
J.Y.P) independently. For p63, cells showing
nuclear staining were considered positive cells.
For CD56, cells showing cytoplasmic mem-
brane staining with or without cytoplasmic
staining were considered positive cells.
Galectin-3 was considered positive when nucle-
ar and/or cytoplasmic staining was demon-
strated. HBME-1 was considered positive when
exhibiting cytoplasmic and cytoplasmic mem-
brane staining with occasional luminal accen-
tuation. The staining in over 5% of the tumor
cells was regarded as positive for all immuno-
histochemical markers.

Statistical analysis

The x? test and Fisher’s exact test were used
for comparing the expressions of the applied
immunohistochemical markers in papillary thy-
roid carcinomas and the other thyroid lesions.
The statistical analysis was performed using
SAS 9.1, and results with the p-value of <0.05
were considered statistically significant. The
sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy of the
markers in diagnoses of papillary thyroid carci-
noma were compared.

Results

The expression of p63, CD56, Galectin-3, and
HBME-1 in 267 cases of thyroid lesions is sum-
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showed focal weak positivity (Figure
1E). The expression of CD56 showed a
nearly reverse-ordered tendency
(Figures 1 and 2). CD56 revealed itself
absent from expression only in cases of undif-
ferentiated carcinoma, and showed decreased
expression rates in malignant thyroid tumors
including papillary thyroid carcinoma (53.5%)
and follicular carcinoma (35%) compared with
benign thyroid tumors or follicular adenoma
(67.5%) (Figure 1). The non-tumorous lesions or
nodular hyperplasia expressed itself even more
frequently (77.5%) than follicular adenoma.
Galectin-3 and HBME-1 revealed the highest
expression in papillary thyroid carcinoma;
88.4% and 82.9%, respectively. Galectin-3 and
HBME-1 showed higher expression in thyroid
tumors than nodular hyperplasia, but no spe-
cific tendency between various lesions.

The expressions of applied immunohistochemi-
cal markers in papillary thyroid carcinoma were
compared to other thyroid lesions (Tables 1
and 2). When comparing papillary thyroid carci-
noma with follicular adenoma, the expression
of both p63 (P<0.0001) and Galectin-3
(P=0.0024) were significantly higher in papil-
lary thyroid carcinoma than in follicular adeno-
ma. When comparing papillary thyroid carcino-
ma with follicular carcinoma, the expression of
p63 (P<0.0001) and HBME-1 (P=0.0161) were
significantly higher in papillary thyroid carcino-
ma than follicular carcinoma. When comparing
papillary thyroid carcinoma with nodular hyper-
plasia, the expression of p63 (P<0.0001) alone
was significantly higher in papillary thyroid car-
cinoma than nodular hyperplasia. Lastly, com-
paring papillary thyroid carcinoma with differ-
entiated thyroid lesions (excepting papillary
thyroid carcinoma), the expression of p63
(P<0.0001) and HBME-1 (P=0.0149) were sig-
nificantly higher in papillary thyroid carcinoma
than the other lesions, including follicular tumor
and nodular hyperplasia. p63 was significantly
higher in papillary thyroid carcinoma than in
any of the other compared groups. CD56 did
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Figure 1. Expression of p63 and CD56 in various thyroid diseases. Nodular hyperplasia (A) is completely negative
for p63 (B), but positive for CD56 (C) in high percentage. Follicular adenoma (D) arranged in trabecular and solid
pattern shows only weak positivity rarely for p63 (E), but positive for CD56 diffusely (F). Follicular carcinoma (G) is
completely negative for p63 (H), but positive for CD56 focally in some cases (l). Papillary thyroid carcinoma (J) is
positive for p63 (K), and positive for CD56 (L) also in some cases. Undifferentiated carcinoma (M) composed of
marked atypical cells with numerous mitoses is positive for p63 (N), but completely negative for CD56 (O).

not significantly differ between either of the two The sensitivity, specificity, positive predictive
groups. value, negative predictive value, and accuracy
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77.5
67.5

Discussion

Few studies of p63 expres-

sion in thyroid lesions have
been reported to date [7, 16,

10
0 2.5 0
0 | .
NH FA

PTC

Figure 2. Differential expression tendencies of p63 and CD56. The more that
tumors or lesions show poor prognosis or a progression of the disease, the
more the expression rate of p63 and the less the expression rate of CD56
are revealed generally. (NH, nodular hyperplasia; FA, follicular adenoma; FC,
follicular carcinoma; PTC, papillary thyroid carcinoma; UC, undifferentiated

carcinoma).

Table 2. The p-values of differential expression of im-
munohistochemical markers between papillary thyroid

carcinoma and the other lesions

W63

— 22-25]. Unger et al. [25] and

Demellawy et al. [7] describe
that p63 is positive in a high
percentage of papillary thy-
0 roid carcinomas, 81.8% and
70%, respectively. Accordingly
they suggested that p63 can
aid in the differentiation of
papillary thyroid carcinoma
from other thyroid tumors or
lesions. Preto et al. [16] found
33.3% of papillary thyroid car-
cinomas and 50% of anaplas-
tic carcinomas were positive
for p63. Kim et al. [22] described that
p63 was detected in 12.5% of papil-
lary thyroid carcinomas, 11.1% of

uc

poorly differentiated carcinomas, and

Mark p-value of p-value of p-value of p-value of

a™erS  bTCvsFA PTCVs FC PTCVsNH  PTCvs FT+NH 71.4% of anaplastic carcinomas, while
P63 <0.0001 <0.0001 <0.0001 <0.0001 normal therid foIIicIes, hyperplastic
CD56 0.7136 0.8188 0.2241 0.8464 thyroid follicles, follicular carcinomas,
Galectin-3 0.0024 0.3356  0.1768 0.0589 and medullary carcinomas were all
HBME-1 0.0612 0.0161 0.3912 0.0149 negative for p63. Therefore, Kim et al.

PTC, papillary thyroid carcinoma; FA, follicular adenoma; FC, follicular

carcinoma; NH, nodular hyperplasia; FT, follicular tumor (FA+FC).

Table 3. Diagnostic value of the markers in diagnosis of

papillary thyroid carcinoma

[22] concluded that p63 is usually
expressed late in the course of thyroid
tumor progression. In the current
study, p63 was expressed from most
frequent to least in undifferentiated
carcinoma (22.2%), papillary thyroid

Markers Sensitivity Specificity PPV NPV Accuracy carcinoma (14.7%), follicular tumor
P63 (+) 14.7%  99.2%  95% 52%  55.4% (1.3%), and nodular hyperplasia (0%).
CD56 (-) 465%  60% 55.6% 51.1% 53% These results suggest that p63 is
Galectin-3 (+) 88.4%  82.5%  84.4% 86.8% 85.5% associated with poor prognosis fac-
HBME-1 (+) 82.9% 67.5% 73.3% 78.6% 75.5% tors in thyroid tumors or thyroid tumor

PPV, positive predictive value; NPV, negative predictive value.

of the markers used in the diagnosis of papil-
lary thyroid carcinoma among differentiated
thyroid lesions including nodular hyperplasia,
follicular tumor, and papillary thyroid carcinoma
are shown in Table 3. p63 was not sensitive,
but specific and revealed very high positive pre-
dictive value for papillary thyroid carcinoma.
CD56 was neither sensitive nor specific for
papillary thyroid carcinoma. Galectin-3 and
HBME-1 were relatively sensitive and specific
for papillary thyroid carcinoma, yet not fully
diagnostic.
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progression. The only exception was
the single case of follicular adenoma
that was positive for p63. As the case
showed only focal (@about 10%) weak positivity,
it might be associated with progression to a
worse state. The expression rate of p63 in pap-
illary thyroid carcinoma was somewhat lower
than other preceding studies, that is, p63 was
not sensitive for papillary thyroid carcinoma.
Nevertheless, p63 is thought to be helpful in
the diagnosis of papillary thyroid carcinoma by
its high specificity (99.2%) and positive predic-
tive value (95%). We further attempted to evalu-
ate the expression of p63 in distinguishing pap-
illary thyroid carcinoma from other thyroid

Int J Clin Exp Pathol 2016;9(7):7402-7410
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tumors or lesions, statistically. Undifferentiated
carcinoma was excluded from this comparison,
because undifferentiated carcinoma can be
easily distinguished from papillary thyroid carci-
noma by means of a routine histology using
hematoxylin and eosin (H&E) staining. It was
found that the expression of p63 was signifi-
cantly more frequent in papillary carcinoma
when compared with follicular adenoma, follic-
ular carcinoma, and nodular hyperplasia
(P<0.0001). Thus, p63 may be useful in distin-
guishing papillary thyroid carcinoma from other
thyroid tumors or lesions.

Recently, Scarpino et al. [42] conducted a study
regarding the expression of CD56 in papillary
thyroid carcinoma using immunohistochemis-
try and polymerase chain reaction (PCR), and
they described that a low or absent expression
of CD56 was noted in papillary thyroid carcino-
ma. Other investigators, Demellawy et al. [7, 8],
reported that CD56 was consistently expressed
in normal, lesional, and neoplastic follicular
cells, except for papillary thyroid carcinomas
including follicular variant. Demmellawy et al.
[7, 8] suggested that CD56 can prove valuable
in distinguishing papillary thyroid carcinoma
from other thyroid tumors or lesions, and that
CD56 is extremely useful in the diagnosis of
papillary thyroid carcinoma, with a sensitivity of
100% and a specificity of 100%. In our study,
CD56 revealed absent expression only in the
cases of undifferentiated carcinoma, and
showed decreased expression rate in malig-
nant thyroid tumors including papillary thyroid
carcinoma (53.5%) and follicular carcinoma
(35%) compared with benign thyroid tumors or
follicular adenoma (67.5%). Non-tumorous
lesions or nodular hyperplasia showed an even
higher expression (77.5%) than follicular adeno-
ma. These results have something in common
with the study of Scarpino et al. [42] in that the
expression of CD56 is low or absent in carcino-
ma including papillary thyroid carcinoma com-
pared with other benign thyroid tumors or
lesions, but differ from studies conducted by
Demellawy et al. [7, 8]. In cases of the follicular
variant of papillary thyroid carcinoma, CD56
was positive 75.4% of the time, which is much
higher than in conventional papillary thyroid
carcinoma (28.3%) and follicular carcinoma
(35%), and even above that of follicular adeno-
ma (67.5%). However, CD56 is not thought to be
highly useful in the diagnosis of papillary thy-
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roid carcinoma with a sensitivity and specificity
of 100%, based on the results that CD56 was
expressed at a considerable rate not only in fol-
licular variant of papillary thyroid carcinoma but
in typical conventional papillary thyroid carci-
noma. Actually, CD56 revealed a sensitivity of
46.5% and a specificity of 60% for papillary thy-
roid carcinoma in the current study, begging
the conclusion that CD56 is neither sensitive
nor specific for papillary thyroid carcinoma.
When comparing the expression of CD56 in
papillary thyroid carcinoma with other thyroid
tumors or lesions, the expression of CD56 in
papillary thyroid carcinoma does not signifi-
cantly differ from the expression of CD56 in fol-
licular adenoma, follicular carcinoma, and nod-
ular hyperplasia. When considering these
results together, CD56 is not considerably use-
ful in the diagnosis of papillary thyroid carcino-
ma. But a meaningful result was found that the
expression of CD56 showed a nearly reverse-
ordered tendency to that of p63 among various
thyroid tumors or lesions. That is, the more that
tumors or lesions show poor prognosis or a pro-
gression of the disease, the less the expression
rate of CD56 was revealed. These results sug-
gest that CD56 might also be associated with
poor prognosis factors in thyroid tumors or thy-
roid tumor progression, similar to p63.

It has been suggested that Galectin-3 and
HBME-1 have value in distinguishing malignant
thyroid tumors from benign thyroid lesions, and
Galectin-3 has been tagged as a useful marker,
especially in the diagnosis of papillary thyroid
carcinoma [6, 14, 15, 36-38, 40, 41]. In the
current study, Gelectin-3 and HBME-1 showed
positive in higher percentages in papillary thy-
roid carcinoma than other thyroid tumors or
lesions, 88.4% and 82.9%, respectively. The
expression rate of Galectin-3 and HBME-1 was
even higher in papillary thyroid carcinoma than
in undifferentiated carcinoma. Benign thyroid
lesions including follicular adenoma and nodu-
lar hyperplasia showed positivity in much lower
percentages when compared with malignant
thyroid tumors - not only in papillary thyroid car-
cinoma, but also follicular carcinoma and undif-
ferentiated carcinoma. These results are in
accord with preceding studies conducted by
other investigators. The attempt was made to
evaluate the availability of Galectin-3 and
HBME-1 in distinguishing papillary thyroid carci-
noma from other thyroid tumors or lesions sta-
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tistically, as well. The expression of Galectin-3
was significantly higher in papillary thyroid car-
cinoma than in follicular adenoma alone. The
expression of HBME-1 was significantly higher
in papillary thyroid carcinoma than in follicular
carcinoma when compared with other thyroid
tumors or lesions separately, and was signifi-
cantly higher in papillary thyroid carcinoma
when compared with the sum of other thyroid
tumors or lesions, excepting undifferentiated
carcinoma. Thus both Galectin-3 and HBME-1
provide value in distinguishing papillary thyroid
carcinoma from other thyroid tumors or lesions.
In the daily practice of diagnosis, HBME-1 is
thought to be more useful in the differential
diagnosis of papillary thyroid carcinoma than
Galectin-3, because the distinction between
papillary thyroid carcinoma and all other thyroid
tumors or lesions is critical for proper treat-
ment and long term management. Galectin-3
and HBME-1 further prove relatively sensitive
and specific for papillary thyroid carcinoma, yet
remain not fully diagnostic. The high sensitivity
and specificity of Galectin-3 and HBME-1 could
improve the value of p63 in the diagnosis of
papillary thyroid carcinoma when using an
immunohistochemical panel consisted of
Galectin-3, HBME-1, and p63.

In conclusion, p63 is a useful immunohisto-
chemical marker in distinguishing papillary thy-
roid carcinoma from other thyroid tumors or
lesions, and in a cocktail with other markers,
including Galectin-3 and HBME-1, can improve
diagnostic accuracy. As p63 is specific for papil-
lary thyroid carcinoma and undifferentiated
carcinoma, it might be associated with poor
prognosis factors or the progression of thyroid
tumors. The sudden absence of CD56 expres-
sion could further be associated with poor
prognosis or disease progression. However,
CD56 cannot be considered useful in the diag-
nosis of papillary thyroid carcinoma.
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