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Aim of the study is to evaluate the expression of CK19, galectin-3, HBME-1,
CD56, claudin-1 and neutrophil gelatinase-associated lipocalin (NGAL) in papil-
lary thyroid carcinoma (PTC), including classic, follicular variant and micro-carci-
noma. Peritumoral benign thyroid tissues were used as a control (C).
Immunohistochemical staining with the EnVision detection system was performed on
59 formalin-fixed, paraffin-embedded thyroid tissues, including 43 PTC and 16 C.
CK19, galectin-3, HBME-1, claudin-1 and NGAL were positive in most PTC,
but were negative or showed focal weak staining in C. CD56 was positive in C, but
absent in PTC. For a single analyzed tumor marker, the sensitivity of the above six
thyroid tumor markers was 100%, 95.3%, 86%, 79.1%, 90.7%, 93%, respective-
ly. The specificity was 56.25%, 100%, 100%, 100%, 100%, 100%, respectively.
For the combination of the six tumor markers, the sensitivity, specificity, positive
predictive value, negative predictive value and the diagnostic accuracy were all
100%, with co-expression of at least four indices.

In the diagnosis of PTC, combined application of the above tumor markers is rec-
ommended. It can be diagnosed as PTC clearly when thyroid lesions are positive for
at least four of the above tumor markers [CD56(-)}1, and can be excluded as PTC
definitely when at least four tumor markers are negative {CD56(+)]1.

Key words: papillary thyroid carcinoma, CK19, galectin-3, HBME-1, CD56,
claudin-1, NGAL.

Introduction

Papillary thyroid carcinoma (PTC) is the most
prevalent form of thyroid cancer comprising approx-
imately 80% of thyroid epithelial malignancies [11.
The diagnostic criteria for PTC have been estab-
lished for more than 50 years {2}, pathologic exam-
ination through routine hematoxylin and eosin (HE)
staining was the ‘gold standard’ diagnosis of PTC
[3}. The diagnosis of typical PTC is easy to achieve
through conventional histological evaluation, but
for follicular variant or papillary thyroid microcar-
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cinoma, especially in cases without obvious invasion,
metastasis or stromal desmoplasia, or unsatisfacto-
ry sections, it is usually a great challenge. Taking
into account that over- or under-diagnosis may have
a great impact on patient management and prog-
nosis, it is necessary to use immunohistochemical
staining with effective tumor markers as an auxiliary
diagnostic tool to discriminate these morphological-
ly overlapping diseases.

With high sensitivity and specificity, positive stain-
ing panel of galectin-3, mesothelial antigen HBME-1
and cytokeratin-19 (CK19) have been proved to be
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the most promising and most frequently used mo-
lecular markers in identifying papillary thyroid can-
cer, including follicular variant {4, 5]. They were first
preferred in many hospitals for their ease of use {4].
CD56, as a neural cell adhesion molecular {6}, was
also proved to be frequently expressed in normal thy-
roid tissues but absent in malignant thyroid tumors,
especially in PTC {3, 7}.

Claudin-1, a novel marker for PTC, is identified as
a tight junction component. It belongs to the claudin
family [8]. Several lines of evidence at the gene {9, 10}
and protein [7, 11} level showed that the expression
of claudin-1 was elevated in PTC, whereas, it was ab-
sent or weak staining on the membrane of normal and
benign thyroid lesions. Another new detector for PTC
is neutrophil gelatinase-associated lipocalin (NGAL),
also known as neu-related lipocalin (NRL), oncogene
24p3, uterocalin and lipocalin 2 (LCN2) {12}. It is
involved in cancero-genesis and cancer progression by
increasing iron uptake from the extracellular space to
inner cells which is essential for neoplastic cell mul-
tiplication [13}]. Barresi e @/. {13, 14} reported that
NGAL expression appeared to be significantly more
frequent in the malignant thyroid tumors than in
benign ones, the later including follicular adenomas,
Hurthle cell adenomas and atypical adenomas. What
is more, no NGAL staining was found in the normal
thyroid gland, nodular colloid goiters or in Hashimo-
to’s thyroiditis. Hence, NGAL and claudin-1 might
constitute an effective auxiliary diagnosis index in the
discrimination of thyroid carcinoma.

Hence, immunohistochemical staining with the
above six thyroid tumor markers was designed to
compare their expression in PTC (including classic,
follicular, and micro variant) with peritumoral be-
nign thyroid tissues (C), and to evaluate their value
in the diagnosis of PTC alone and in combination.

Material and methods

Materials

All materials for this experiment were collected
from the Pathology Department of Tongji Hospital

Table I. Properties of primary antibodies used in the study

affiliated to Tongji Medical College of Huazhong
University of Science and Technology. According to
diagnostic criteria based on the World Health Orga-
nization Histological Classification (2003), 59 speci-
mens of surgical removed, formalin-fixed and paraf-
fin-embedded thyroid lesions during the period of
January 2011 to March 2013 were selected, includ-
ing 43 cases of PTC and 16 peritumoral benign thy-
roid tissues (C). Regarding to the histological sub-
type of PTC, 15 cases were classic variant (PTC-C),
21 follicular variants (PTC-FV) and 7 papillary thy-
roid microcarcinoma (PTMC). Three males and 40 fe-
males were included, ranging from 16 to 63 years old
(mean: 39.58 £11.052 years).

Immunohistochemistry

Immunohistochemical staining with the EnVision
detection system was performed on consecutive sec-
tions (4 wm thick) from each archival tissue block.
Primary antibodies, sources, and dilutions are listed in
Table I. According to the manufacturer’s instructions,
all sections were deparaftinized with xylene, and rehy-
drated through a series of descending graded alcohols.
Antigen retrieval was performed in 1 mM EDTA pH
8.0 (CK19, galectin-3, CD56, claudin-1) or in citrate
buffer pH 6.0 NGAL) in a pressure cooker for 1.5 min-
utes at 120°C. Sections did not undergo the antigen
retrieval program with HBME-1. Endogenous per-
oxidase activity was blocked by using 3% H,O, for
20 min. They were then incubated with primary an-
tibody for 1 hour at room temperature, followed by
a peroxidase-conjugated polymer (Dako REAL En-
Vision/HRP, Rabbit/Mouse (ENV) reagent of the kit
k5007, Denmark) for 30 min. To reveal the immune
staining, the sections were incubated with Dako
REAL DAB+ Chromogen for 5 min (Dako k5007,
Denmark), followed by counterstaining with hema-
toxylin, then dehydration and mounting. Slides were
examined using a BX50 optical microscope (Olym-
pus, Japan) with a SPOT-II digital imaging software
(DIAGNOSTIC Instruments, inc. USA). Normal hu-
man skin was used as a positive control for claudin-1,
human colon tissue for lipocalin 2 (NGAL), gastroin-

ANTIGEN CLONE SOURCE DiLutioN SUPPLIER
Cytokeratin 19 MAB-0056 Mouse mAb Ready-to-use Maixin-BIO China
Galectin-3 MAB-0572 Mouse mAb Ready-to-use Maixin-BIO China
CD56 MAB-0256 Mouse mAb Ready-to-use Maixin-BIO China
HBME-1 GM350504 Mouse mAb Ready-to-use Gene Tech, China
Claudin-1 ZA-0365 Rabbit pAb Ready-to-use ZSGB-BIO, China
Lipocalin 2 (NGAL) ab41105 Rabbit pAb 1:200 Abcam, UK

mAb — monoclonal antibody, pAb — polyclonal antibody
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testinal stromal tumor for HBME-1, and neuroblas-
toma tissue for CD56. A classic PTC known to react
diffusely and strongly with CK19 and galectin-3 was
used as the positive control. PBS was used as a nega-
tive control instead of the primary antibody.

Evaluation of immunohistochemical staining

The results of immunohistochemical staining were
assessed by two pathological professors and a con-
sensus regarding controversial cases was reached at
a multiheaded microscope. The cells were regarded
as positive for these proteins when immunoreactiv-
ity was clearly observed in their nuclei, membrane
and/or cytoplasm. Staining of the follicular colloid in
the absence of staining of the follicular epithelium
was considered nonspecific and negative. We used
a semi-quantitative scoring method for each immu-
nohistochemical marker with the cut-off values based
on data published previously {4, 11, 14-17} and the
clinical experience of the pathologists involved (Nap-
ing Li and Xi Wang). The percentage of positive cells
for each section was counted under 5 high power
fields, and the mean value of each case was scored as
follows: 0, staining in < 10% of the cells; 1, staining
in 10-25% of the cells; 2, staining in 26-50% of the
cells; 3, staining in > 50% of the cells. A score of
0 was considered as negative, and scores of 1 to 3
were considered as positive.

All statistics were analyzed using SPSS version
18.0. Fisher’s exact probability test was used for sig-
nificance analysis (p < 0.05). In addition, the sensi-
tivity, specificity, positive predictive value, negative
predictive value and the diagnostic accuracy for each
index were assessed as follows:

sensitivity = true positive/true positive + false
negative; specificity = true negative/true negative +
false positive; positive predictive value = true posi-
tive/true positive + false positive; negative predictive
value = true negative/true negative + false negative;
the diagnostic accuracy = true positive + true neg-
ative/true positive + false negative + true negative
+ false positive.

Results

Immunolocalization of the above six thyroid
tumor markers in follicular epithelium

As shown in Fig. 1, CK19, galectin-3 and NGAL
mainly expressed in the cytoplasm; at the same time,
Galectin-3 and NGAL also showed occasional nucle-
ar expression (Fig. 1B-D top). Claudin-1 expressed
mainly on the membrane surface, accompanied by
weak cytoplasm positive expression (Fig. 1E). CD56
often showed strong and complete membrane ex-
pression in benign thyroid follicular cells, especially
the benign cells adjacent to tumor regions (Fig. 1F
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lower left side). The expression of HBME-1 is main-
ly on the membrane, which is at the luminal side,
papillary or the lateral membranous surface, with or
without the cytoplasm and the content of glandular
cavity staining positive (Fig. 1G upper right side).

The expression of the above six tumor markers
in PTC and benign thyroid tissues alone and
in combination

CK19 was positive in all cases of PTC, among
which 39 cases (88.37%) showed moderate or strong
and diffuse expression (Fig. 1B top), while in 16 C
tissues only 7 cases were moderate to weakly posi-
tive. Galectin-3 was positive in 41/43 cases of PTC
(95.3%), among which 24 cases showed a weak but
diffuse staining pattern (Fig. 1C top), whereas in 16 C,
galectin-3 was completely negative (Fig. 1C bot-
tom). With high sensitivity (95.3%) and specificity
(100%), galectin-3 was an appropriate indicator to
differentiate PTC from benign thyroid lesions.

Besides CK19 and galectin-3, NGAL also fre-
quently (33/43) showed moderate or strong expres-
sion in PTC tissues (Fig. 1D), only 3 PTC being neg-
ative for NGAL, while all 16 C cases were negative
for NGAL (Fig. 1D inset). In addition, the content of
follicular cavities in C also showed occasional NGAL
protein expression, while in tumors with follicular
structure (such as PTC-FV), it was absent. In a word,
all these features of NGAL may contribute to differ-
entiating malignant thyroid tumors from benign le-
sions. Furthermore, 90.7% of PTC was positive for
claudin-1, among which 74.42% (32/43) was moder-
ate to strongly positive (Fig. 1E). In 16 C, claudin-1
was absent or showed a weak cytoplasm staining pat-
tern which was also considered as negative (Fig. 1E
inset). Hence, claudin-1 was also proved to be a novel
effective auxiliary diagnostic indicator for the evalu-
ation of PTC.

In our research, CD56 often showed moderate to
strong expression in all C tissues (Fig. 1F lower left
side) (specificity 100%), whereas in PTC, 79.1%
(34/43) of cases were completely negative or showed
focal weak staining pattern (Fig. 1F upper right side).
In short, CD56 was a good negative indicator for the
diagnosis of PTC. HBME-1 was diffusely positive in
86% (37/43) of cases of PTC (Fig. 1G upper right
side). In contrast, 16 C tissues were completely nega-
tive for HBME-1 (Fig. 1G lower left side). Hence, one
can see, with high sensitivity and specificity, HBME-1
is also a good marker to differentiate PTC from C.

The expression of CK19, galectin-3, HBME-1,
CD56, claudin-1 and NGAL in PTC and C is shown
in Table II. Fisher’s exact probability test showed that
the differences for the expression of the above six thy-
roid tumor markers between PTC and C were all sta-
tistically significant (all p < 0.001). In addition, no
statistically significant difference for the expression
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of CK19, galectin-3, HBME-1, CD56, claudin-1 and
NGAL were detected among three different subtypes
of PTC (classic, follicular variant and micro-carcino-
ma), which means that the three different subtypes
of PTC basically shared the same immune phenotype
with each other (Table III).

As shown in Table IV, for the combination of the
above 6 tumor markers, the sensitivity, specificity,

positive predictive value, negative predictive val-
ue and diagnostic accuracy were 53.49%, 56.3%,
76.7%, 31% and 54.2%, separately, with six indi-
cators’ co-expression; with at least five indicators’
co-expression, the sensitivity, specificity, positive pre-
dictive value, negative predictive value and the diag-
nostic accuracy were 93.02%, 100%, 100%, 84.2%
and 94.9%, respectively; with at least four indicators’

Table II. The expression of the six thyroid tumor markers in PTC and peritumoral benign thyroid tissues

SPECIES PTC BENIGN THYROID TISSUES FISHER EXACT PROBABILITY
N = 43 (%) N =16 (%) TEST

CK19(+) 43 (100) 7 (43.75) All values of p < 0.01

Galectin-3(+) 41 (95.3) 0 (0)

HBME-1(+) 37 (86) 0 (0)

CD56(+) 9(20.9) 16 (100)

Claudin-1(+) 39 (90.7) 0(0)

NGAL(+) 40 (93) 0 (0)

n — the number of cases, PTC — papillary thyroid carcinoma

Table III. The expression of six thyroid tumor markers among three different subtypes of PTC

SPECIES PTC FISHER EXACT
PTC-C PTC-FV MPTC PROBABILITY TEST
N = 15 (%) N =21 (%) N =7 (%)

CK19(+) 15 (100) 21 (100) 7 (100) All values of
Galectin-3(+) 13 (86.7) 21 (100) 7 (100) p > 0.05
HBME-1(+) 11 (73.3) 20 (95.2) 6(85.7)

CD56(+) 2(13.3) 4(19) 3 (42.9)

Claudin-1(+) 14 (93.3) 18 (85.7) 7 (100)

NGAL(+) 15 (100) 19 (90.5) 6(85.7)

n — the number of cases, PTC — papillary thyroid carcinoma, PTC-C — papillary thyroid carcinoma-classic, PTC-FV — papillary thyroid carcinoma-follicular vari-

ant, MPTC — papillary thyroid micro-carcinoma

Table IV. The significance of the six thyroid tumor markers in the diagnosis of PTC

SPECIES SENSITIVITY ~ SPECIFICITY PP NP Accuracy
% % % % %
CK19 100 56.25 86 100 88.1
Galectin-3 95.3 100 100 88.9 96.6
HBME-1 86 100 100 72.7 89.8
CD56 79.1 100 64 100 84.7
Claudin-1 90.7 100 100 80 93.2
NGAL 93 100 100 84.2 94.9
Co-expression of at least four species 100 100 100 100 100
Co-expression of at least five species 93.02 100 100 84.2 94.9
Co-expression of six tumor markers 53.49 56.3 76.7 31 54.2

PP — positive predictive value, NP — negative predictive value, Accuracy — the diagnostic accuracy
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co-expression, the sensitivity, specificity, positive pre-
dictive value, negative predictive value and the di-
agnosis accuracy were all 100%. In the light of the
results above, we can see that all PTC cases had at
least four of the above tumor markers’ co-expression,
whereas all C tissues were negative for at least four
of the above tumor markers (CD56 was negative in
PTC and positive in C).

Discussion

Although CK19, galectin-3, HBME-1, CD56,
claudin-1 and NGAL have all been shown to have
high sensitivity and specificity in discrimination of
PTC from benign thyroid lesions, the results varied
among studies. In addition, in clinical work-up, how
to best use these tumor markers has not been ad-
dressed fully.

In our research, CK19, the most sensitive mark-
er for PTC, is consistently over-expressed in all PTC
(100%). Focal or scattered CK19 staining may be
found in benign lesions (including follicular adenoma
and nodular goiter), but only diffusely and strongly
CK19 positive staining has diagnostic value for PTC
[5, 18}. In accordance with previous reports {5, 181,
the specificity of CK19 is 56.25% (9/16), which is
the lowest in this experiment. The majority of the
immunoreactivity occurred in areas of degeneration,
indicating the reactive nature of CKI19 positivity
[19]. At the same time, with high negative predictive
value (100%), we can explicitly exclude the diagnosis
of PTC in thyroid lesions without CK19 expression.

Galectin-3 is a B-galactoside-binding animal lectin
which participates in cell-cell and cell-matrix adhe-
sion, cell growth and cell cycle regulation, neoplas-
tic transformation, metastasis, cellular damage rep-
aration and apoptosis {17}. It has been noted to be
expressed in PTC and transformed thyroid cell lines
but not in normal thyroid cells {20, 21}. HBME-1
is a monoclonal antibody developed against the mi-
cro-villous surface of mesothelial cells and subse-
quently applied in the diagnosis of malignant thy-
roid tumors {22}. Galectin-3 and HBME1 have been
demonstrated in follicular carcinomas and less fre-
quently in adenomas. In our research, they had the
highest specificity and positive predictive value (all
were 100%), but several studies have shown galec-
tin-3 expression in benign conditions and FAs, as
well as staining inflammatory cells and reactive nor-
mal epithelium {5}, limiting the usefulness of galec-
tin-3 in discriminating benign disease from PTC. Al-
though HBME-1 was not sensitive enough (86%), it
was specific for PTC. Thyroid lesions with HBME-1
strong diffuse positivity can be defined as PTC clear-
ly. In addition, for galectin-3 and HBME-1 expres-
sion atypical cases, combined application with other
effective tumor markers was necessary.

It is reported that the expression of CD56 is close-
ly related to the differentiation of thyroid epithelium
[23]. Consistent with others’ research [3, 241, we de-
tected moderate or strong expression of CD56 in all C,
while it was negative in 79.1% (34/43) of PTC cas-
es. Lack of CD56 expression in follicular cell-derived
papillary carcinomas was extremely helpful in differ-
entiating PTC {31, particularly the follicular variant
and microcarcinoma from other follicular-derived
neoplasms/lesions. Although it was not sensitive
enough (only 79.1%), the negative predictive value
was 100%. It can be diagnosed as PTC definitely in
thyroid lesions without CD56 expression. It is spec-
ulated that CD56 expression was involved in the ac-
tivation of epithelial mesenchymal transition (EMT)
(which contributed to the development of more
migratory and invasive cancers), and modulation of
genes regulating metastasis as the vascular endotheli-
al growth factor (VEGF) {25, 26}. This could explain
the maintained elevated CD56 expression in some
PTC cases which may acquire later a more aggressive
and metastatic phenotype [7}. However, this also in-
creased the false positive rate, thereby limiting the
usefulness of CD56 in the diagnosis of PTC alone.

Claudin-1 was the first member of the claudin
family to be identified as a tight junction compo-
nent {8}. In the research of Németh ¢t 2/. {11} they
demonstrated a strong expression of claudin-1 pro-
tein in PTC and their regional lymph node metasta-
ses contrasted with weak or no expression in follicular
thyroid cancers, follicular adenomas, and in the per-
itumoral non-malignant thyroid tissue. It confirmed
that high claudin-1 expression was related to papil-
lary morphology, including the follicular variant {11}.
One possible mechanism of claudin-1 over-expression
in the development of PTC is that up-regulation or
abnormal expression of some claudins may facilitate
tumor formation by directly altering the function of
TJ through the MEK-2 activation [27} or affect cell
signalling pathways by binding domains to ZO-1 {28,
291, which interacts with several signalling proteins
related to the neoplastic process, such as Ras substrate
AF-6, G-protein and connexin. In contrast with pre-
vious reports [7, 11}, we occasionally found claudin-1
expression on the cytoplasm of atypical follicular
cells in C. This may be explained by claudin-1 being
a four-time trans-membrane protein {30}, so there
should be claudin-1 staining on the cytoplasm near
the membrane. But if sections were made unsatisfac-
torily or claudin-1 is located on both the membrane
and cytoplasm, it may interfere with our clear analysis
of claudin-1 immune location, thereby affecting the
usefulness of claudin-1 in the diagnosis of PTC.

Neutrophil gelatinase-associated lipocalin, a pro-
tein secreted by human thyroid carcinomas, is induced
by the same factors that promote the development
of cancer {31}. Nuclear factor-xB contributes to thy-
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roid tumor cell survival by controlling iron uptake via
NGAL [32}. In addition, NGAL may induce cancer
progression through the positive modulation of ma-
trix metallo-proteinase-9 (MMP-9) {33}, and increase
the invasiveness of cancer cells by decreasing E-cad-
herin-mediated cell-cell adhesion through an iron-de-
pendent mechanism {34}. In line with research by
Barresi et al. {13, 14}, NGAL expression appeared to
be specific (100%) for thyroid carcinoma and repre-
sented a sensitive method (93%) in PTC in compari-
son to C. In addition, the content of follicular cavities
in C also showed occasional NGAL expression, while
in tumors with follicular structure (such as PTC-FV),
it was negative. In conclusion, all these features of
NGAL can contribute to differentiating malignant
tumors from benign lesions. It was noteworthy that
all immunohistochemical procedures were repeated
several times with an endogenous biotin-free system,
but the contents of benign thyroid follicular cavities
still occasionally showed NGAL protein expression,
which was likely to cause NGAL false positivity in C.
Hence, for NGAL staining in atypical cases, the diag-
nosis of PTC should be cautious, and combined appli-
cation with other specific tumor markers is essential.

Although the above six indicators are useful, they
should be used cautiously as none them were 100%
reliable. In the research of Abd El Atti ez 4/. {71, thy-
roid lesions showed that the claudin-1(+)/CD56(-)
panel can be diagnosed as PTC definitely, whereas
cases with the claudin-1(+)/CD56(+) panel still
cannot be identified as benign or malignant clearly.
Combined application of the above six indicators can
solve this problem. In our research, all PTC had at
least four of the above tumor markers’ co-expression,
whereas benign thyroid tissues were negative for at
least four tumor markers. For the combination of the
six above tumor markers, the sensitivity, specificity,
positive predictive value, negative predictive value
and the diagnostic accuracy were all 100% with at
least four tumor markers’ co-expression.
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