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Original Article
Significance of CK19, TPO, and HBME-1 expression for
diagnosis of papillary thyroid carcinoma
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Abstract: Objectives: To evaluate the expression and significance of CK19, TPO, and HBME-1 in the differential
diagnosis of papillary thyroid carcinoma (PTC) and nonmalignant nodules. Methods: Tissue samples were obtained
from 257 patients with PTC and 149 patients with nonmalignant thyroid specimens, and immunohistochemical
staining for CK-19, TPO, and HBME-1 was performed. Results: The expression of CK-19, TPO, and HBME-1 was
96.3%, 12.0%, and 85.3%, respectively, for the PTC group. For nonmalignant thyroid lesions group, the expression
of these markers was 40.4%, 86.2%, and 37.2%, respectively. Further, the expression of CK-19 and HBME-1 in PTCs
was much higher than that in the benign thyroid lesions (P < 0.05). However, the positive expression of TPO in PTC
specimens was much lower than that in the nonmalignant specimens (P < 0.05). CK-1 had the highest sensitivity
(96.30%) for PTCs. The combination of the positive expression of CK-19 and negative expression of TPO had the
highest sensitivity (98.50%), while that of the positive expression of HBME-1 and negative expression of TPO had
the highest specificity (92.90%). Conclusions: The combination of positive expression of CK-19 or HBME-1 or nega-
tive expression of TPO can improve the specificity of the diagnosis of PTC.
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Introduction Therefore, in this study, we aimed at evaluating
) ) ) ) the diagnostic performances of 3 immunohisto-
Papillary thyroid carcinoma (PTC) is the most chemical markers-CK19, TPO, and HBME-1-for

common malignant thyroid neoplasm and ac-
counts for 80% of all thyroid cancers [1, 2].
Both cytological and histological examinations
of the specimens for pathological diagnosis of
PTC are based on the typical nuclear morphol-
ogy; however, it is often difficult to differentiate
PTC from benign papillary hyperplasia when the
diagnostic nuclear features are insufficient to
make a clear diagnosis. Immunohistochemical
markers such as calcitonin, BRAF, CK19, and
galectin-3 may help distinguish PTCs from non-
malignant thyroid lesions [3-5].

PTC and determining the sensitivity, specificity,
positive predictive value, negative predictive
value, and accuracy of these 3 proteins individ-
ually and in combination with one another to
distinguish PTC from other nonmalignant thy-
roid lesions.

Patients and methods
Patient population

We retrospectively identified patients who had
histologically confirmed papillary thyroid carci-
various protein markers has been used in the noma and were treated between December
diagnosis of PTC in recent years, the use of 2011 and January 2014 at the Department of

combinations of several proteins to increase Breast and Thyroid Surgery, Union Hospital Wu

the accuracy of PTC diagnosis is still controver- Han, China. This study was approved by the eth-
sial [6, 7]. ics committees of the Union Hospital.

Although immunohistochemical staining for
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Table 1. Immunohistochemical scores for the staining with the 3 protein
markers in surgical specimens of thyroid cancer from patients with papillary
thyroid carcinoma and samples from patients with thyroid nodules

terstaining. After de-
hydrating the sec-
tions in descending

Protein staining

alcohol dilutions, th-

Immunohistochemical Positive (%)

ey were sealed and

Statistical .
covered with glass

score significance (P value) coverslips. All slides
Protein markers Group n - + 10 +++ were processed by
Ck-19 PTC 240 9 231 96.3 <0.001 the same patholo-
Benign 146 87 59 40.4 gist.
TPO PTC 234 206 28 12.0 <0.001
Benign 145 20 125 86.2 The sliced sections
HBME-1 PTC 136 20 116 85.3 <0.001 were stained  with
Benign 86 54 32 372 hematoxylin and eo-

Corresponding immunohistochemical score: -, negative; + to +++, weakly positive to strongly
positive. CK-19, cytokeratin-19; TPO, thyroid peroxidase; HBME-1, human bone marrow endo-

thelial cell-1.

Tissue samples and immunohistochemistry
(IHC)

Samples used for this study were obtained
from the patients mentioned above at the
Department of Breast and Thyroid Surgery,
Union Hospital. The tissues were embedded in
paraffin and continuously sliced into 3-4 um
sections. For IHC analysis, tissue sections were
routinely treated as follows: The tissue was
deparaffinized in xylene and rehydrated in de-
scending alcohol dilutions. Subsequently, it
was heated in a boiling 0.01 mol/L citrate buf-
fer (PH 6.0) for 20 min for antigen retrieval.
After cooling it to room temperature, sections
were treated with 3% hydrogen peroxide for 10
min to block endogenous peroxidase and then
blocked with goat serum (1: 10 dilution in 0.1 M
phosphate-buffered saline [PBS; pH 7.4]) for 20
min at room temperature. Thereafter, the sec-
tions were incubated with the following primary
antibodies overnight at 4°C: CK-19 (Product ID:
MAB-0056, clone: A53-B/A2.26), thyroid per-
oxidase (TPO) (Product ID: MAB-0630, clone:
AC25), and HBME-1 (Product ID: MAB-0130,
clone: HBME-1).

PBS-incubated slides were used as a negative
control. The slides were washed 3 times in 0.1
M PBS (pH 7.4) for 3 min and then incubated
with a biotinylated horseradish-peroxidase goat
anti-mouse/rabbit secondary antibody for 20
min at room temperature. Thereafter, the sec-
tions were visualized with 0.05% diaminobenzi-
dine in 0.01 M PBS (pH 7.4) for 5 min at room
temperature. Hematoxylin was used for coun-

4370

sin for histological
examination. Two in-
dependent patholo-
gists reviewed all hi-
stological sections
and evaluated the IHC staining results accord-
ing to the criteria of the World Health Or-
ganization. In case of disagreement, the results
were reanalyzed until a consensus was re-
ached.

Statistical analysis

EpiData software (version 3.1; EpiData Asso-
ciation, Odense, Denmark) was used for entry
of initial clinical and pathological data. Sta-
tistical analyses were performed using SPSS
software (version 13.0; IBM SPSS, Inc., Chi-
cago, IL, USA). Fisher’s exact test was used to
determine the significance of differences be-
tween the PTC group and benign group. P val-
ues < 0.05 were considered statistically si-
gnificant.

Results

Tissue samples were obtained from 257
patients with PTC (56 men and 201 women;
age range, 19-79 years) and 149 patients with
nonmalignant thyroid nodules (34 men and
115 women; age range, 22-80 years). No statis-
tically significant difference was noted in the
sex and age distribution between patients with
PTC and those with benign thyroid nodules.

Immunohistochemical staining for CK-19, TPO,
and HBME-1 was conducted for all specimens
(Table 1; Figure 1). Patients with PTC more fre-
quently expressed positive CK-19 and HBME-1
and negative TPO compared to patients with
benign thyroid nodules (all P < 0.001). When
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Figure 1. Immunoreactivity of CK19, TPO, and HBME-1 in PTCs and nonmalignant thyroid lesions. A-D: HE, CK19,
TPO, and HBME-1 staining in PTCs; a-d: HE, CK19, TPO, and HBME-1 staining in nonmalignant thyroid lesions.

Table 2. Sensitivity, specificity, positive predictive value, nega-
tive predictive value, and accuracy of the 3 protein markers in

the diagnosis of papillary thyroid carcinoma

Regarding the combinations of
these protein markers, we found
that the combination of CK19+

Protein markers Sensitivity specificity PPV

and TPO- had the highest sensitiv-

CK-19+ 96.30%  40.40% 72.60% 86.80%
TPO- 88.00%  86.20% 91.20% 81.70%
HBME+ 85.30% 62.80% 85.10% 73.00%

Accuracy

75.10% ity (98.50%), followed by the com-

87.30% bination of CK19+, TPO-, and HB-
- 0 : + .

76.60% ME-1+ (98.00%). Thus, although

CK-19, cytokeratin-19; TPO, thyroid peroxidase; HBME-1, human bone marrow

endothelial cell-1.

analyzed individually, positive expression of
CK-19 had the highest sensitivity (96.3%) for
PTCs; the sensitivity of negative TPO expres-
sion and positive expression of HBME-1 were
88.0% and 85.3%, respectively, in PTCs.

The performance of positive expression of
CK-19 (CK19+) in the diagnosis for PTC was as
follows: sensitivity, 96.30%; specificity, 40.40%;
positive predictive value (PPV), 72.60%; nega-
tive predictive value (NPV), 86.80%; and accu-
racy, 75.10%. The performance of negative
expression of TPO (TPO-) for the diagnosis of
PTC was as follows: sensitivity, 88.00%; speci-
ficity, 86.20%; PPV, 91.20%; NPV, 81.70%; and
accuracy, 87.30%. Further, the performance for
positive expression of HBME-1 (HBME-1+) for
the diagnosis of PTC was as follows: sensitivity,
85.30%; specificity, 62.80%; PPV, 85.10%;
NPV, 73.00%; and accuracy, 76.60% (Table 2).
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the combined use of the 3 mark-
ers did not further improve the
diagnostic sensitivity, it showed
good diagnostic performance. The
combination of HBME-1+ and TPO- had the
highest specificity (92.90%). Again, the com-
bined use of the 3 markers did not further
improve the diagnostic specificity (89.30%);
however, it did improve the diagnostic accuracy
more than the combination of any 2 proteins
(Table 3).

Discussions

Thyroid cancer is the most common malignant
tumor of the endocrine system, and its inci-
dence has increased dramatically [8-13]. The
most frequent type of thyroid malignancy is
PTC, which comprises 90% of all thyroid can-
cers [14-16]. Thus, it is critical to accurately
diagnose PTC.

Immunohistochemistry techniques facilitate
diagnosis of PTC when it is difficult to distin-
guish using histological criteria. According to
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Table 3. Sensitivity, specificity, positive predictive value, negative predic-
tive value, and accuracy of different combinations of the 3 protein mark-
ers in the diagnosis of papillary thyroid carcinoma

Protein markers combination Sensitivity specificity

CK19 + and TPO- 98.50%  77.90%
CK19 + and HBME-1+ 97.40%  51.00%
HBME-1+ and TPO- 94.30%  92.90%
CK19 +, TPO- and HBME-1+  98.00%  89.30%

from thyroid cancer
tissue [24, 25]. Ne-
gative staining for TPO
was a powerful identi-

CK-19, cytokeratin-19; TPO, thyroid peroxidase; HBME-1, human bone marrow endothelial

cell-1.

the World Health Organization classification,
PTC may be classified into 15 variants based
on histological structure, tumor size, cell shape,
cell type, and extracellular matrix. However,
when there is a paucity of diagnostic nuclear
features, it is often difficult to distinguish PTC
from benign papillary hyperplasia. In this condi-
tion, many molecular alterations in thyroid can-
cer, such as CK19, TPO, and HBME-1, may help
to differentiate malignant from benign thyroid
lesions [5].

CK-19 (keratin 19), a member of the keratin
family, plays an important role in the structural
integrity of epithelial cells. The role of CK-19 in
the diagnosis of thyroid carcinoma is still con-
troversial [3-5, 17-19]. Zhu et al. suggested that
CK-19 was not a specific marker of PTC [18].

In our study, we observed CK-19 expression in
some cases of benign thyroid lesions (59/146),
but CK-19 was a highly sensitive (96.30%)
marker in the diagnosis of PTC. In addition,
when assessing CK-19 as a single protein ma-
rker, there was a significant difference between
PTC specimens and benign thyroid nodules (P <
0.01).

HBME-1 is a component of the microvilli on the
surface of mesothelial cells and has been used
for the diagnosis of tumors that originate from
mesothelial cells [20, 21]. Previous studies
demonstrated that a high rate of HBME-1-
positivity, by immunohistochemistry, was ob-
served in malignant thyroid tissues, and HBME-
1 was a sensitive marker for PTCs [22, 23]. In
our study, when assessing the diagnostic per-
formance of HBME-1 as a single protein marker,
the sensitivity was 85.3%, similar to that in pre-
vious studies.

Griffith et al. had found that TPO was also a
practical marker in terms of diagnostic utility in
distinguishing nonmalignant thyroid nodules
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PPV NPV Accuracy ) : .
93.10% 94.60% 93.40% I':r _‘(’I differentiated
82.60% 89.30% 83.70% yroid - carcinomas

with an established

96.10% 89.70% 93.80% .
% 92.60% 96.10% cut-off value, and in
97.00% 92.60% 96.10% addition, lower TPO
MRNA expression was

associated with a

higher thyroid cancer
stage [6, 26, 27]. Assessing the combination of
TPO and HBME-1 resulted in the best accuracy
for diagnosis of thyroid carcinoma, similar to
our results (93.80%).

Morphological diagnosis methods such as
immunohistochemistry and cytology of fine-
needle aspiration biopsy play an important role
in providing a definitive diagnosis and thera-
peutic guidance. Testing for expression of
CK-19 and HBME-1 -has been shown to improve
the diagnostic accuracy for thyroid malignant
nodules [28-32]. The combination of CK-19,
HBME-1, and TPO may contribute to an accu-
rate diagnosis of thyroid papillary carcinoma by
fine-needle aspiration biopsy.

Our current study demonstrated that the com-
bination of 2 or 3 protein markers, namely
CK-19, HBME-1, and TPO, provided greater
diagnostic accuracy than a single protein mark-
er. Therefore, we suggest that immunohisto-
chemical analysis of 2 or 3 protein markers is
necessary for the diagnosis of PTC, especially
because of the paucity of significant diagnostic
morphological features. This would also help
avoid technical or operational bias. However,
our study still have some limitations such as
data from single center, the number of patients
with benign thyroid nodules is relatively small,
loss more protein markers for evaluation et. At.

In conclusion, we have verified that CK19, TPO,
and HBME-1 may provide significant contribu-
tions in distinguishing PTC from benign thyroid
lesions. The combination of these markers may
improve the diagnostic accuracy of PTCs.
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