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Abstract This study examined the association between hec-
tor battifora mesothelial antigen-1 (HBME-1) expression and
papillary thyroid carcinoma (PTC). A total of 206 patients
were enrolled in the current study including 96 PTC patients
and 110 patients with benign thyroid nodules (BTN).
Immunohistochemistry (Envision) were performed to assess
the expression of HBME-1. Receiver operating characteristic
curve (ROC) curves were applied to evaluate the diagnostic
tumor node metastasis (TNM) value of HBME-1. Specimens
from 96 patients with PTC and 110 patients with BTC were
reviewed. HBME-1 was positively immunostained in PTC
tissue, which was significantly higher than that in BTN tissues
(77.1 vs. 5.77 %, P<0.05). Immunohistochemistry also iden-
tified that HBME-1 expression did not show any statistically
significant differences based on gender, age, tumor size, TNM
stage, and lymph node metastasis (P>0.05). Importantly,
HBME-1 expression was correlated with infiltration levels
and differential levels in PTC (both P<0.05). HBME-1 was
found to have high sensitivity (94.5 %) and specificity
(77.08 %) for PTC diagnosis. Moreover, HBME-1 had a high
specificity (83.33 %) at identifying the differential levels of
PTC, but a low sensitivity (22.92 %). The sensitivity and
specificity of HBME-1 identifying the infiltration levels of
PTC were, respectively, 72.70 and 72.00 %. HBME-1 was

highly expressed in PTC tissues, and HBME-1 can serve as
a potential biomarker in the diagnosis of PTC.
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Introduction

Papillary thyroid carcinoma (PTC) is the most frequent subtype
of thyroid malignancy, accounting for about 85–90 % cases of
all malignant cases [1, 2]. The observed risk factors of this
disease indicate that both environmental components, such as
ionizing radiation, and genetic predisposition are implicated
[3]. Moreover, both family history or dietary iodine deficiency
and inflammation strongly contribute to the development and
progression of PTC [4, 5]. Increasing evidence suggested that
PTC occurs more frequently in women aged approximately
20–55 years [6]. Although surgical resection remains the prime
strategy for PTC treatment, the recurrence of this disease is
unpredictable [7]. In addition, the diagnosis of PTC is usually
straightforward and challenging in specimens with low cellu-
larity [8]. In this respect, the role of clinical biomarkers in the
diagnosis of PTC cannot be underestimated and efforts have
been made to identify diagnostic markers for thyroid cystic
lesions by employing immunohistochemical markers for their
potential in distinguishing PTC from other follicular lesions,
including cytokeratin (CK)19, galectin-3 (GAL3), and hector
battifora mesothelial antigen-1 (HBME-1) [9, 10].

HBME1 is a monoclonal antibody to an unknown micro-
villous surface antigen present on mesothelial cells and other
epithelial cells [11]. HBME-1 is a useful marker of thyroid
malignancy in fine-needle aspiration and tissue specimens,
showing diffuse strong stained in the majority of malignant
thyroid carcinomas [12]. Moreover, recent evidence shows
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that HBME-1 expression is linked with pathogenesis of PTC,
implying that HBME-1 expression may have a significant di-
agnostic value in early diagnosis of PTC [8, 13]. The HBME-1
is one of the most reliable markers in understanding thyroid
pathology, and it is a critical marker of thyroid follicular origin
cancers, with greater affinity to malignant lesions compared to
benign lesions [14]. Importantly, evidence supported that pap-
illary carcinoma tissues presented with positive staining for
HBME-1, while HBME-1 was expressed as negative in benign
lesions [15, 16]. In a previous study, HBME-1 showed strong
positive staining in majority of PTC tissues, while focal stain-
ing was found only in one third of the benign thyroid lesions
[17]. In this regard, it is reasonable to hypothesize that the
expression levels of HBME-1 might strongly influence the
pathogenesis of PTC. Several studies have indicated that there
is a close link between HBME-1 expression and the pathogen-
esis of PTC, suggesting that HBME-1 expression might be
useful in diagnosis andmonitoring of PTC patients [10, 17, 18].

However, few studies investigating the role of HBME-1 in
diagnosing the infiltration degrees and differential levels in
PTC. Therefore, we performed current study using immuno-
histochemical technique to identify whether HBME-1 expres-
sion can differentiate the infiltration degrees and differential
levels in PTC.

Methods and materials

Subjects

A total of 96 PTC patients, pathologically diagnosed within
the period January 2012 to December 2013 at the Department
of Liver and Gallbladder Surgery, First Affiliated Hospital of
Xi’an Jiaotong University were included in this study. The
PTC patients included 23 males and 73 females with a mean
age of 38.6 ± 12.4 years (ranged from 13 to 56 years).
According to differential levels, 96 PTC patients were classi-
fied into well-differentiated PTC (n=46), moderately differ-
entiated PTC (n=34), and poorly differentiated PTC (n=16)
(Yunfei Lai, Quan Zhang, Fujin Chen. The correlation analy-
sis on papillary thyroid carcinoma with different differential
degrees [C]// 2005 International Conference: the 8th Head and
neck neoplasm proceedings). The tumor size for PTC patients
were 0.2~6.2 cmwith mean size of 1.1±0.7 cm. The inclusion
criteria for PTC patients were as followed: (1) complete med-
ical records, (2) pathological diagnosed as PTC, (3) no chronic
diseases or malignant tumors, and (4) primary sites in thyroid.
The exclusion criteria were: (1) uncompleted clinical mate-
rials; (2) any history of radiotherapy, chemotherapy, endocrine
therapy or hormone therapy; and (3) complicated with other
magnificent tumors. During the same period, 110 patients with
benign thyroid nodules (BTN) (27 thyroid adenoma, 63 nod-
ular goiter, and 20 Hashimoto’s thyroiditis) in our hospital

were also enrolled in this study. Patients with BTN comprising
of 26males and 84 females had amean age of 36.3±12.0 years
(ranged from 15 to 60 years). The baseline characters of PTC
patients were comparable to patients with BTN (all P>0.05).
The current study was conducted strictly based on the
Declaration of Helsinki [10] and was approved by the Ethics
Committee of First Affiliated Hospital of Xi’an Jiaotong
University. Written informed consents were obtained from
each of patient prior to the study.

Immunohistochemistry

Surgical specimens were undergone for routine pathological
examination and immunohistochemical staining (Envison
method).The samples were dehydrated in gradient ethanol se-
ries from 70 to 100 %. Samples were cleared in xylene for 1 h.
Then, excess xylenewas removed by paraffin infiltration for 3 h
and embedded in paraffin wax using an embedding machine
(Sakura, Zoeterwoude, Netherlands). Paraffin sections were in-
cubated in an oven at 67 °C for 2 h. After deparaffinization and
hydration in a descending series of alcohol dilutions, the sec-
tions were washed in PBS for 3×3 min and then a microwave
was applied to for antigen retrieval in citrate buffer (pH 6.0).
The samples were rinsed in distilled water twice and followed
by PBS wash for 2×3 min. Paraffin sections were added with
3 % hydrogen peroxide solution (H2O2) and incubated for
10 min to inactivate endogenous peroxidase. Then, the sections
were washed in PBS for 3×3 min and were incubated with
primary antibodies to HBME-1 (rat anti-human antibodies;
used at 1:100 dilution; Long Island Biotech) overnight at
4 °C. Next, the sections were washed in PBS for 3×5 min after
polyclonal goat anti-rat HBME-1 antibody (diluted at 1:50;
Dako, Denmark) were added and incubated for 30 min at room
temperature. Staining was performed using 3, 3′-diaminobenzi-
dine (DAB) and was observed using a microscope. Then, the
sections were washed under running water, followed by hema-
toxylin staining and 0.1 % hydrochloric acid. After washing in
running water and PBS, the sections were subjected to ethanol
dehydration and vitrification by dimethylbenzene and were
then mounted by neutral gum. Reaction with PBS as first anti-
body was regarded as negative control.

A 0–4 scoring system was designed for sections according
to previous descriptions [19]. The number of positive staining
was determined for 5×400 fields. Inside these ×400 high pow-
er fields, the percentage of positive cells was categorized on a
scale of 0=no positive cells; 1=1~25 % positives, 2=
26~50 % positives, 3=51~75 % positives, and 4=76~100 %
positives. The intensity was scored on: 0= absence of staining,
1=weak staining, 2=moderate staining, 3= strong staining.
The final score for the staining was determined by adding
the above two score together, namely 0=negative (−), 2–3=
weak positive (+), 4–5=moderate positive(++), 6–7= strong
positive (+++).The immunohistochemical staining analysis
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was performed by two observers blinded to the classification
of two groups.

Statistical analysis

Statistical analyses were conducted by SPSS19.0 program
(SPSS Inc., Chicago, IL, USA). Chi-square test to evaluate
associations of categorical data presented as percentage.
Continuous data were presented with mean± standard devia-
tion (SD) using t test for comparison. Receiver operating char-
acteristic (ROC) curves were performed to identify the diag-
nostic value of HBME-1 in PTC diagnosis. Rank sum test was
applied to examine the expression levels of HBME-1 between
two groups. Sensitivity = true positive cells/ (true positive
cells+ false negative cells)× 100 %. Specificity= true positive
cells/ (true negative cells + false positive cells) × 100 %. P
values equal or less than 0.05 was used to determine the sta-
tistically significance.

Results

Immunohistochemical findings

The HBME-1 positive staining was mainly expressed at
the cell membrane or the glandular cavity. As shown in

Fig. 1a, HBME-1-positive staining were expressed as
moderate positive or strong positive in PTC while in pa-
tients with BTN, HBME-1-positive staining was mainly
presented with negative or weak positive (Fig. 1b). Of 96
PTC patients, 76 patients (77.1 %) showed positive stain-
ing with HBME-1. Frequencies of positive staining were
lower for HBME-1 in 110 patients with BTN, with
HBME-1 showing positive staining in 6 patients
(5.77 %). Positive immunostaining was observed in a
higher percentage of PTCs than in patients with BTN
for HBME-1 (P< 0.05) (Table 1).

Table 1 Immunohistochemical scores for the staining of HBME-1 in
surgical specimens of thyroid cancer from patients with PTC (n = 96)
compared with samples from patients with BTN (n= 110)

Group Number HBME-1 Positive (%)

− + ++ +++

PTC 96 22 6 18 50 77.10

BTN 110 104 4 1 1 5.77*

Thyroid adenoma 27 25 1 0 1 8.00

Nodular goiter 63 60 2 1 0 5.00

Hashimoto’s thyroiditis 20 19 1 0 0 5.26

PTC papillary thyroid carcinoma, BTN benign thyroid nodule, HBME-1
hector battifora mesothelial antigen-1

*P< 0.05, compared with PTC

Table 2 HBME-1 expression and clinical pathological characteristic of
PTC

Characteristics Number HBME-1 X2 P

Positive
(n)

Positive
(%)

Sex

Male 23 17 73.91 % 0.172 0.678
Female 73 57 78.08 %

Age (years)

<45 54 39 72.22 % 1.651 0. 199
≥45 42 35 83.33 %

Tumor size (cm)

<2 27 21 77.78 % 5.571 0. 062
2~4 35 31 88.57 %

>4 34 22 64.71 %

Lymph node metastasis

Yes 12 11 91.67 % 1.651 0. 199
No 84 63 75.00 %

TNM stage

I + II 34 30 88.24 % 3.706 0.054
III + IV 62 44 70.97 %

Differentiated levels

Poorly differentiated 16 15 94.00 % 7.480 0.024
Moderately differentiated 34 29 85.29 %

Well differentiated 46 30 62.21 %

Infiltration degrees

Within capsular 37 21 56.76 % 11.300 <0.001
Break through the capsule 59 53 89.83 %

PTC papillary thyroid carcinoma, HBME-1 hector battifora mesothelial
antigen-1, TNM stage tumor node metastasis stage

Fig. 1 Immunohistochemical
staining for HBME-1 in PTC and
BTN using Envision method×
100 (a PTC, b BTN). PTC
papillary thyroid carcinoma, BTN
benign thyroid nodule, HBME-1
hector battifora mesothelial
antigen-1
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HBME-1 expression and clinical pathological
characteristics

As presented in Table 2, the clinicopathological features
in patients with PTC and HBME-1 expression were not
significant related to sex, age, tumor size, lymph node
metastasis, and TNM stage (all, P> 0.05). However, infil-
tration degrees and differential levels were found to be
positively associated with HBME-1 expressions (both
P< 0.05). PTC patients with infiltration breakthrough the
capsule had a decreased HBME-1 expression level than
those without capsular infiltration (89.83 vs. 56.76 % ).
Furthermore, poorly differentiated PTC patients presented
with increased HBME-1 expression compared with

moderately or well-differentiated PTC patients (94.00 vs.
85.29 %/62.21 %).

Diagnostic value of HBME-1

HBME-1 diagnosing PTC is highly in sensitivity (94.5 %) but
low in specificity (77.08 %) with the area under the curve
(AUC) of 0.879 (P<0.001). HBME-1 had a high specificity
(83.33 %) at identifying the differentiated levels of PTC, but a
low sensitivity (22.92 %) and AUC was 0.7159 with 95 %
confidence interval (CI) of 0.641–0.791 (P=0.13). The sensi-
tivity and specificity of HBME-1 identifying the infiltration
levels of PTC were, respectively, 72.70 and 72.00 % with

Table 3 Sensitivity, specificity of
HBME-1 to diagnose PTC from
BTN, and to distinguish the
differential levels and infiltration
levels

HBME-1 negative HBME-1 positive Total (n)

BTN 104 6 110 Sensitivity 0.95

PTC 22 74 96 specificity 0.78

Total (n) 126 80

Poorly differentiated 1 15 16 Sensitivity 0.23

Moderately differentiated 5 29 34 specificity 0.83

Well differentiated 16 30 46

Total (n) 22 74

Infiltration within capsular 16 21 37 Sensitivity 0.73

Infiltration breakthrough
capsule

6 53 59 specificity 0.72

Total (n) 22 74

PTC papillary thyroid carcinoma, BTN benign thyroid nodule, HBME-1 hector battifora mesothelial antigen-1
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Fig. 2 The diagnostic value of HBME-1 in PTC (a HEME-1 expression
in diagnosing PTC and benign thyroid nodules, bHEME-1 expression in
identifying the differential levels in PTC, c HEME-1 expression in

identifying the infiltration levels in PTC). PTC papillary thyroid
carcinoma, BTN benign thyroid nodule, HBME-1 hector battifora
mesothelial antigen-1
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AUC of 0.722 (95 % CI, 0.598–0.845) (P=0.02) (Table 3 and
Fig. 2).

Discussion

The result of our study showed a strong link between high
expression levels of HBME-1 and the risk of developing
PTC. Thyroid cancers are the most frequent endocrine tumors
with more than 40 % of the population aged 30~60 years have
benign thyroid nodules [20, 21]. The diagnosis on follicular
thyroid lesions, obtained through fine-needle aspiration and
cytology examination, are difficult, and moreover, histologi-
cal evaluation of resected follicular thyroid lesions could be
challenging and lack biomarkers [22, 23]. Many authors have
also explored immunohistochemistry as a complementary
method to morphological criteria for diagnosis of well-
differentiated thyroid tumors [24, 25]. Our results demonstrat-
ed that PTC patients presented with a high expression levels of
HBME-1 than BTN patients, which was in agreement with
other studies, suggesting HBME-1 is a promising biomarker
in thyroid pathology and is referred to a universal marker of
malignancy due to its high expression in several aggressive
tumors [26, 27]. As a monoclonal antibody against malignant
epithelial mesothelioma cell suspension, anti-HBME-1 reacts
with the micro-villous surface protein of mesothelial cells,
with exhibits mostly membranous staining pattern and some
positive staining in the cytoplasm, and is used in detection of
mesothelium-derived tumors [28, 29].

Our results also demonstrated that the HBME-1 expression
was significant associated with the infiltration levels and dif-
ferential levels of PTC, revealing that HBME-1 may be cor-
related with the progression of this disease. In contrast to our
results, Cui et al. declared that no significant association was
found between the expression of HBME-1 and focal lympho-
cytic infiltration in thyroid nodules [14]. The discrepancy may
be explained by the small sample size that Cui included,
which only enroll a small sample size with 150 cases of be-
nign and malignant thyroid lesions. Furthermore, we
employed the expression of HBME-1 to differentiate distin-
guish PTC from BTN, as well as to distinguish the infiltration
degrees and differential levels of PTC. Our results manifested
that HBME-1 was found to have a high degree of both sensi-
tivity and specificity for PTC. Consistent with our results,
previous studies also identified that HBME-1 expression
was effective in distinguishing BTN from PTC, presenting
with a high sensitivity and specificity [8, 30]. Multiple studies
showed that high expression of HBME-1 can be a reliable
marker alone for PTC or can be used in combination with
other biomarkers such as CK19, Galectin-3, CD56, and p63
[24, 31, 32]. Nga et al. reported that the combination of
HBME-1 and CK-19 in the diagnosis of PTC improved the
sensitivity and specificity both to 100 % [13]. However,

another study also showed that the combination of HBME-1
and CK-19 failed to contribute to the accuracy of PTC diag-
nosis with sensitivity and specificity of, respectively, 62 and
95 % [8]. Moreover, Saleh et al. also reported that the combi-
nation of two or more markers unable to improve the PTC
diagnostic value [29]. Our results also identified that
HBME-1 plays an important role in differentiate the progres-
sion in PTC by presenting with a reliable ROC area. However,
this conclusion still requires further confirmation.

To summarize, we reported that HBME-1 expression dif-
fering between PTC and BTN based on immunohistochemical
technique. We also identified that HBME-1 expression was
implicated with the disease progression and could be consid-
ered as a diagnostic marker of PTC. The role of HBME-1
protein in differentiating the progression of PTC needs further
double investigation and confirmation in a large sample sized
and well-designed study.
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