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Abstract The incidence of thyroid cancer has appeared as an
increasing trend globally, especially in Asian countries. In this
study, the expression of mucin-1 (MUC1) and Thomsen-
Friedenreich antigen, Galβ1-3GalNAcα1-R (CD176) was in-
vestigated by immunohistochemistry in papillary thyroid car-
cinomas (PTCs), which accounts for approximately 80 % of
all thyroid cancer. We found that 78 % of PTC overexpressed
MUC1. Importantly, we observed firstly that CD176 was
expressed in 63 % of PTC, but was faintly or not expressed
in normal thyroid tissues and benign thyroid disease tissues,
indicating that CD176 is also a tumour-associated antigen for
PTCs. Moreover, expression of CD176 was strongly correlat-
ed with MUC1 by immunohistochemical staining in PTCs.
Furthermore, we used the immunochemical method to con-
firm that MUC1 is a common and main carrier of CD176 in
PTCs. Our data demonstrated that MUC1 and CD176 might
be promising biomarkers for thyroid cancer.
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Introduction

The incidence of thyroid carcinomas has doubled over the past
three decades globally and continues to increase [1–4].
Thyroid malignancies are divided into papillary carcinomas
(80 %), follicular carcinomas (10 %), medullary thyroid car-
cinomas (5–10 %), anaplastic carcinomas (1–2 %), primary
thyroid lymphomas (rare) and primary thyroid sarcomas
(rare). This disease usually manifests as a painless, palpable,
solitary thyroid nodule. Patients or clinicians discover most of
these nodules during routine palpation of the neck. Most of
thyroid cancer patients have a good therapeutic effect through
surgical operation compared with other types of cancer.
However, some thyroid cancers have a poor prognosis, be-
cause sometimes, cancer cells have not been completely re-
moved and these patients are insensitive to radiation therapy,
hormone therapy and chemotherapy. Hence, the immunother-
apy with higher specificity and affinity may be helpful for
these patients. Studying differentially expressed molecules
between cancer and normal tissues is crucial to identifying
novel biomarkers for cancer immunotherapy.

Mucin-1 (MUC1) is an established tumour marker
expressed on a variety of epithelial tumours, and has been
used as a serum tumour marker, especially in the diagnosis
of breast cancer patients [5, 6]. Overexpression of MUC1
oncoprotein is frequently observed in cancer and contributes
to confer resistance to genotoxic agents [7]. MUC1 has
attracted increasing attention as a potential target of tumour
immunotherapies [8, 9]. Expression ofMUC1 has been exam-
ined in thyroid carcinomas in several studies [Table 1, 7,
10–20].

MUC1 is a large, highly O-glycosylated transmembrane
glycoprotein. The extra cellular portion consists of a variable
number of 20–120 tandem repeats (TR). Each TR consists of
20 amino acids with five potential O-glycosylation sites. In
normal secretory epithelial cells, MUC1 is expressed as a
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transmembrane glycoprotein that provides protection against
pathogens and shows cell signalling ability [21]. Following
synthesis as a single polypeptide and cleavage in the endo-
plasmic reticulum, MUC1 is expressed on the cell membrane
as a heterodimer [22].An aberrant O-glycosylation in the tu-
mour exposes new peptide epitopes on the MUC1 protein
backbone and tumour-associated carbohydrate antigens
(glycotope) such as the Thomsen-Friedenreich (TF) antigen
[23, 24]. TF is a tumour-associated carbohydrate structure
which is defined as the carbohydrate sequence Galβ1-
3GalNAcα1-R [25], and it was assigned as CD176 during
the Seventh Workshop and Conference on Human
Leucocyte Differentiation [26]. In adult human normal and
benign tissues, CD176 is masked by terminal sialylation
[27], but it is exposed during tumorigenesis as a tumour-
associated antigen [25, 28]. Approximately 70–80 % of carci-
nomas carry CD176 on their cell surface [25]. In addition,
CD176 is expressed in some cancer stem cells [29] and it is
functionally involved in the liver metastasis process of tu-
mours [25, 30], the adhesion of cancer cells to the endotheli-
um [31, 32]. CD176 may be a promising target for cancer
immunotherapy [25, 33, 34]. However, expression of
CD176 has not been investigated in papillary thyroid carcino-
mas (PTCs). Therefore, we studied the expression of CD176
in PTCs by immunohistochemistry. It is known that CD176 is
mainly carried by MUC1 in epithelial tumours (Fig. 1). Thus,
expression of MUC1 was also examined in the study.
Furthermore, a new sandwich solid-phase enzyme-linked im-
munosorbent assay (ELISA) was used to investigate whether
CD176 is carried directly by MUC1 in PTCs.

Materials and Methods

Antibodies

Antibodies applied in this study were anti-MUC1 monoclonal
antibody (mAb) PankoMab (Glycotope, Berlin, Germany),
E-29 (anti-MUC1 mAb, which recognizes the peptide
epitope APDTRP of the MUC1 tandem repeat; Proteintech
Group, Wuhan, China) and CD176 mAb (NM-TF2;
Glycotope).

Tissues

Human samples were taken from a total of 90 resected thy-
roids. They include 60 PTC tissues, 10 normal thyroid tissues
and 20 benign thyroid disease tissues as well. In 25 cases of
PTCs, adjacent non-malignant thyroid tissues were also stud-
ied. All specimens were immediately frozen, transferred to
Kunming Institute of Zoology, and then fixed in 10 % buff-
ered formalin and embedded in paraffin. Paraffin sections
were cut at 4-μm thickness. The pathological diagnosis was
made and the histological types were classified on the basis of
finding in haematoxylin and eosin-stained sections. All PTCs
used in the study are classic PTC.

All samples were fully encoded to protect patient confiden-
tiality and were approved by the local research ethics commit-
tees at all participating sites.

Immunohistochemistry

Paraffin sections, 4-μm thick, were deparaffinised. For
immunoperoxidase staining, the tissue sections were treated
with 3 % H2O2 for 30 min to block endogenous peroxidases,
then washed three times with phosphate-buffered saline (PBS)
and blocked with 2 % bovine serum albumin (BSA).
Afterwards, they were incubated with the primary antibody,
and thereafter treated with peroxidase-labelled goat anti-
mouse immunoglobulin antiserum (Dako, Copenhagen,
Denmark). Negative controls were performed with 2 % BSA
in PBS instead of the mAbs. The MUC1 mAbs and anti-
CD176 mAb were used in breast carcinoma specimens and
KG1 cells (human acute myelogenous leukaemia cell line,
which is positive for CD176 [26]) as positive controls in all
batches, respectively. Colour was developed with the peroxi-
dase substrate 3,3-diaminobenzidine. Counterstaining was
performed with haematoxylin. Cell numbers were counted at
×200 magnification with a microscope.

Sandwich ELISA

The 10 PTC tissues which expressed MUC1 and CD176 by
immunohistochemistry, as well as 5 normal thyroid tissues,
were dissolved to radioimmunoprecipitation assay (RIPA)

Table 1 Expression of MUC1 in thyroid carcinomas in previous
studies

MUC1 Method References

mRNA, protein RT-PCR, IHC [10]

RNA RNA interference [11]

mRNA RT-PCR [12]

mRNA RT-PCR [13]

mRNA RT-PCR [14]

Protein IHC [15]

Protein IHC [16]

Protein IHC [17]

Protein IHC [7]

Protein, mRNA Western blot, RT-PCR, ICC [18]

Protein, mRNA RT-PCR, IHC [19]

Protein, mRNA Southern blot, northern blot, IHC [20]

Fig. 1 The structure of MUC1 and CD176
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containing a mixture of protease inhibitors (#539134;
Calbiochem, Darmstadt, Germany), and homogenized with
oscillation at 4 °C for 30 min. After centrifugation for
30 min at 12,000g, the supernatants were taken. Ninety-six-
well polystyrene microtest plates were coated with the capture
antibody against MUC1 at a concentration of 1 μg⁄mL in
coating buffer at 4 °C for overnight. After blocking the re-
maining protein-binding sites with 5 % BSA, 50 μL of super-
natants of tissue lysates were added to the wells and incubated
at room temperature for 2 h. Then, the plates were incubated
with the anti-CD176 mAb (NM-TF2, IgM) followed by
peroxidase-labelled goat anti-mouse IgM antibody (μ-chain
specific) (SouthernBiotech, Birmingham, AL, USA). The col-
our reaction was developed with o-phenylenediamine
dihydrochloride (OPD)⁄H2O2 solution at room temperature,
and stopped with 2.5 M sulphuric acid. Negative controls
were performed with 2 % BSA in PBS instead of the coating
antibody, the protein extracts or the detecting antibody. The
optical density of each well was determined within 30 min
using a microplate reader (Bio-Rad, Hercules, CA, USA) at
490 nm.

Statistical Analysis

All data were analysed using the SPSS 17.0 software package
(Chicago, IL, USA). The data of the immunochemical stain-
ing were analysed with either the chi-square test or the
Fisher’s exact probability test (two-tailed). The relationship
between the expression ofMUC1 and CD176 was determined

using Spearman analysis method. A p value of <0.05 was
considered statistically significant.

Results

Expressions of MUC1 and CD176 in Different Thyroid
Tissues

We found that 47 cases of PTC (78.3 %) were positive for
MUC1. MUC1 was located on the membrane and cytoplasm
of cancer cells (Fig. 2). The three cases of benign thyroid
disease (benign thyroid adenoma) were also stained by the
MUC1 antibodies. MUC1 was mainly localized at the top
surface of epithelial cells and showed the polarized distribu-
tion in benign thyroid diseases (Fig. 2). MUC1 was not
stained in normal thyroid tissues (Fig. 2). The percentage of
cases positive for MUC1 in PTCs was significantly higher
than in benign thyroid diseases and normal thyroid tissues
(p<0.05, Table 2), but there was no statistically significant
difference between benign thyroid diseases and normal thy-
roid tissues (p>0.05, Table 1).

The expression of CD176 was found in 38 cases of PTC
(63.3 %). CD176 showedmembrane and cytoplasmic staining
in PTCs (Fig. 2). We did not detect CD176 in benign thyroid
diseases and normal thyroid tissues (Fig. 2). The expression
rate of CD176 in PTCs was significantly higher than in benign
thyroid diseases and normal thyroid tissues (p<0.05, Table 2).

Fig. 2 Immunohistochemical staining of MUC1 and CD176 in PTCs, benign thyroid diseases and normal thyroid tissues
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Correlations of MUC1 and CD176 Expressions
with Pathological Parameters in PTCs

No significant correlations were found between the expression
of MUC1 and CD176 as well as patient gender and age, and
tumour size (Table 3). We found that the expression of MUC1
and CD176 was closely related to the lymph node metastasis
(p<0.05, Table 3).

Correlation Between MUC1 and CD176 Expressions
in PTCs

A majority of PTC (63 %, 38/60) expressed MUC1 and
CD176 simultaneously. The 38 cases of PTC that were posi-
tive for CD176 also expressed MUC1. Otherwise, among the
22 PTC tissues with negative staining for CD176, the 9 cases
were positively stained with the MUC1 antibody. In general,

there was a correlation between both antigens with respect to
the intensity of expression (tumours strongly positive for
CD176 were also intensely stained for MUC1 and vice versa).

The correlation between MUC1 and CD176 expressions
was determined using Spearman analysis method. There was
a high correlation between to MUC1 and CD176 expression
in PTCs (γ=0.691, p=0.000, Fig. 3).

Detection of MUC1 as a Carrier Protein of CD176

The potential carrier molecular of CD176 was analysed by a
sandwich ELISA in the 10 cases of PTC.We used polystyrene
microplates coated with anti-MUC1 antibody to capture
MUC1 glycoprotein from tissue lysates. The plates were then
incubated with the anti-CD176mAb as detection antibody. As
shown in Table 4, the capturedMUC1was found to react with
the anti-CD176 mAb in all PTC tissues. These results indicat-
ed that MUC1 is a common and main carrier of CD176 in
PTCs.

Discussion

Thyroid cancer patients have generally good prognoses for
surgical therapy compared with other cancers. However, the
effect of surgical treatment and even radiation therapy, hor-
mone therapy as well as chemotherapy is not good in some
thyroid cancers. Therefore, development of novel immuno-
therapy is valuable for these patients. SinceMUC1 is localized
exclusively at the luminal membrane in normal epithelial
cells, which is inaccessible to antibodies present in the blood
and to active immunocytes, but it is strongly overexpressed in
cancer cells, MUC1 is a potential target for cancer immuno-
therapy. For examples, the immunotherapy based on MUC1
vaccine (TG4010) and a humanized antibody (hPankoMab)
has entered clinical trials [17, 34, 35]. In this study, we ob-
served that 78 % cases of PTC overexpressed MUC1 similar

Table 2 Expression of MUC1 and CD176 in PTCs, adjacent non-
malignant thyroid tissues, benign thyroid disease and normal thyroid
tissues

Tissue types MUC1 Positive (%) CD176 Positive
(%)

+ − + −

PTC tissues 47 13 78.3 38 22 63.3

Adjacent non-malignant
thyroid tissues

6 19 24 4 21 16

Benign thyroid disease 3 17 15 1 19 5

Normal thyroid tissues 1 9 10 0 10 0

Table 3 Relationships betweenMUC1 and CD176 expressions as well
as several pathological parameters of PTCs

Groups MUC1 Positive
(%)

p value CD176 Positive
(%)

p value

− + − +

Gender

Male 3 10 76.9 1.000 5 8 61.5 0.879
Female 10 37 78.7 17 30 63.8

Age

<45 years 6 21 77.8 0.925 11 16 59.3 0.554
≥45 years 7 26 78.8 11 22 66.7

Size

<2 cm 7 28 80 0.711 14 21 60 0.526
≥2 cm 6 19 76 8 17 68

TNM

I + II 11 21 65.6 0.025 16 16 50 0.022
III + IV 2 26 92.9 6 22 78.6

Lymph node metastases

pN0 stage 9 9 50 0.002 13 5 27.8 0.000

pN1 stage 4 38 90.5 9 33 78.6 Fig. 3 Spearman analysis showed that there was a high correlation
between MUC1 and CD176 expression in PTCs (γ=0.691, p=0.000)
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to previous studies [12, 17]. Interestingly, a previous study
demonstrated that MUC1 expression was correlated with the
lymph node metastasis and the presence of the BRAF
(V600E) mutation in PTCs [19]. We also observed that
PTCs with the lymph node metastasis were positive for
MUC1 in a significantly higher percentage than PTCs without
the lymph node metastasis. Importantly, the distribution of
MUC1 in PTCs was found at the apical and basolateral mem-
brane, as well as in the cytoplasm of cancer cells. In general,
the pattern of PTC expressing MUC1 resembled that of other
carcinomas such as breast, colon and lung cancer. This indi-
cated that the immunotherapy and diagnosis based on MUC1
for other carcinomas could also be used for PTCs. This de-
serves further study.

CD176 is determined to be expressed on the surface of
various cancer cells, such as breast carcinomas [25], lung can-
cer [29], colorectal carcinomas [30], hepatocellular carcino-
mas [36], and leukaemia [37]. CD176 is present on the surface
of cancer cells and virtually absent from normal adult human
tissues [27]. Thus, it is reasonable to assume that CD176 is a
suitable target for cancer biotherapy. In the present study, we
used a highly specific mAb to investigate the expression of
CD176 in PTCs. We found firstly that CD176 was expressed
in 63 % of PTC, but was faintly or not expressed in normal
thyroid tissues, adjacent non-malignant thyroid tissues and
benign thyroid disease tissues. Furthermore, CD176 expres-
sion was found to correlate with the TNM stage and the lymph
node metastasis. Our data demonstrated that CD176 is also a
tumour-associated antigen for PTCs. Compared with

expressions of other biomarkers such as HBME-1, galectin-
3 and cytokeratin 19 in PTCs [38], CD176 showed higher
specificity than galectin-3 and cytokeratin 19, but lower spec-
ificity than HBME-1. However, immunotherapy trials of
CD176 vaccines and antibodies have been performed on ex-
perimental animals and patients [25, 28, 34]. These researches
focused on breast carcinomas, ovarian carcinomas, prostate
carcinomas and leukaemia. We think that CD176 vaccines
and antibodies may also be used for PTCs. Considering
63% cases of PTC expressing CD176 and thyroid carcinomas
quickly increasing in the past decades, studying clinical sig-
nificances of CD176 expression in thyroid carcinomas is very
valuable.

CD176 (Galβ1-3GalNAcα1-R) is a ubiquitous core struc-
ture (core-1) found in a cryptic manner in many membrane
glycoproteins, and sialic acid is one of the most important
molecules for the masking of CD176. CD176 is exposed dur-
ing tumorigenesis by an aberrant O-glycosylation due to the
defect of glycotransferases [25]. The exposed CD176 in can-
cer cells was carried by various glycoproteins. A previous
study found that CD176 was mainly carried by MUC1 in
colorectal carcinomas [39]. In the study, the carrier protein
of CD176 in PTCs was studied. Firstly, we observed that the
expression of CD176 was strongly correlated with MUC1 by
immunohistochemical staining in PTCs. Furthermore, we
used the immunochemical method to confirm that MUC1 is
a common and main carrier of CD176 in PTCs. Thus, we put
forward the hypothesis that the up-regulated MUC1 protein in
PTCs could carry more CD176 glycotope, so the expressions
of both MUC1 and CD176 reveal a high correlation.
However, CD176 showed higher specificity and lower sensi-
tivity than MUC1 in PTCs. In clinical application, the over-
expressions of both MUC1 and CD176 in cancer cells may be
beneficial to immunotherapy and diagnosis.

In conclusion, more than 60% PTCs expressedMUC1 and
CD176. MUC1 is a common and main carrier of CD176 in
PTCs. MUC1 and CD176 are promising biomarkers for
PTCs. As a pilot study, our data demonstrated that the clinical
significances ofMUC1 and CD176 on PTCs should be further
studied.
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