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Abstract: The sonic hedgehog (SHH) and STAT3 signaling pathways play important roles during carcinogenesis with
possible interaction. To determine the association of the activation of SHH signaling pathway and STAT3 pathway
in carcinogenesis of human papillary thyroid cancer (PTC), we examined the expression of SHH signaling pathway
molecules including SHH, Patched (PTCH), Smoothened (SMO) and GLI1 (glioma-associated oncogene homolog
1), as well as p-STAT3 (phosphorylation at Tyr705) by immunohistochemistry in 164 cases of PTC. In PTC, 70.12%,
64.02%, 68.90%, 64.02%, and 56.71% and in the adjacent normal thyroid tissues, 18.29%, 18.90%, 26.83%,
14.63%, and 10.98% of the specimens stained positive for SHH, PTCH, SMO, GLI1, and p-STAT3, respectively.
Significant difference were found for the positive rate of SHH, PTCH, SMO, and GLI1 as well as p-STAT3 expression
between PTC and adjacent normal thyroid tissues. There was a high accordance rate between SHH, PTCH, SMO,
and GLI1 expression and all of them positively correlated with larger tumor size, the presence of ETE and LNM, and
higher TNM stage. P-STAT3 expression positively correlated with the presence of ETE and LNM, and higher TNM
stage but not age, gender, tumor size of the PTC patients. Significant positive correlation between p-STAT3 and
SHH, PTCH, SMO and GLI expression was found in PTC. These findings suggest that the SHH and STAT3 signaling
pathways are frequently activated in PTC, interact with each other and may therefore be indicators for prognosis or

potential targets for therapy against PTC.
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Introduction

Papillary thyroid cancer (PTC) is the most com-
mon endocrine malignancy, which has a fast
growing incidence during recent years. PTC is
usually indolent and curable, but it can spread
early to local lymph nodes. In addition, disease
persistence and/or recurrence are common
and associated with increased mortality [1].
Thus, it is essential to explore the molecular
mechanism in early events of carcinogenesis of
PTC and search new targets for cancer thera-
py.

The Sonic Hedgehog (SHH) signaling pathway
controls a myriad of key development process-
es and its malfunction causes many human
disorders, including birth defects and cancer
[2]. The core components of this signaling path-
way are the morphogen SHH and its receptor
patched 1 (PTCH) that inhibits the transmem-
brane protein Smoothened (SMO) [3]. SHH
exerts its biological influence through a con-

served signaling cascade that culminates at the
regulation of the latent transcription factor Ci/
Gli, that is, SHH binding to PTCH inhibits the
repression of SMO, which results in the activa-
tion of the only known transcriptional mediators
of the SHH response, zinc-finger proteins of the
Gli (also known as Cubitus interruptus (Ci) in D.
melanogaster) family [4-6]. Three Gli genes
have been identified in vertebrate - GLI1, GLi2,
and GLI3 [7]. Among them, GLI1 is a strong pos-
itive activator of downstream target genes, and
it is itself a transcriptional target of the SHH sig-
naling pathway. Therefore, GLI1 is considered
to be the only loyal marker of the SHH signaling
pathway activity [8]. Dysregulation of the com-
ponents of the SHH signaling pathway can lead
to the development and progression of several
malignancies, including basal cell carcinomas
(BCCs), medulloblastomas, leukemia, gastroin-
testinal, lung, ovarian, breast and prostate can-
cers [9, 10]. Pathway-blockage of the SHH path-
way resulted in a significant dose-dependent
reduction of tumor cell growth in vitro and in
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vivo. Moreover, combined treatment with cyclo-
pamine, an antagonist that binds SMO, and the
conventional antimetabolite gemcitabine revea-
led a synergistic effect on the reduction of
tumor growth in pancreatic adenocarcinoma
xenografts [11]. A recent study reveals that vis-
modegib is the first Hedgehog pathway inhibitor
to be approved in the USA, where it is indicated
for the treatment of adults with metastatic
basal cell carcinoma (BCC), or with locally
advanced BCC that has recurred following sur-
gery or who are not candidates for surgery, and
who are not candidates for radiation. In an
ongoing, noncomparative, phase |l trial, oral
vismodegib was effective in and had an accept-
able tolerability profile in the treatment of
patients with locally advanced or metastatic
BCC [12]. Therefore, a thorough understanding
of the SHH molecular pathway could prove
beneficial in the early diagnosis of these can-
cers and in the development of therapeutic
drugs aimed at interfering with this signaling.

The signal transducer and activator of tran-
scription STAT3 is a cytoplasmic transcription
factor that gets phosphorylated upon activa-
tion, translocates into the nucleus and activate
target genes. Besides its normal functions, this
protein plays an important role in cellular trans-
formation and tumorigenesis and is constitu-
tively activated in about 70% of solid and hema-
tological cancers [13-16]. Inhibition of the
signal transducer and activator of transcription
3 (STAT3) signaling pathway has been consid-
ered a novel therapeutic strategy to treat
human cancers that harbor aberrantly-active
STAT3 [17]. Constitutive activation of STAT3 in
tumors can result from upstream activated sig-
naling components, including increased cyto-
kines (IL-6 and IL-10) production, activated
receptor (cytokine receptors, VEGFR and EGFR)
and non-receptor tyrosine kinases (including
JAKs, Src and Abl). Several strategies have
been developed to target p-STAT3, including
IL-6 and IL-6R blocking antibodies and JAK
inhibitors [18].

As mentioned above, both the SHH signaling
pathway and STAT3 activation play an impor-
tant role in the development and progression of
cancer. In addition, recent studies have shown
an association between the SHH signaling
pathway and STAT3 activation in chronic
myeloid leukemia and pulmonary adenocarci-
noma [15, 16]. However, the roles of the SHH

1787

signaling pathway and STAT3 activation and
their association in PTC have not yet been well
documented. Thus, the present study was
undertaken to examine the expression of the
SHH signaling pathway molecules and p-STAT3
to elucidate their clinical significance in PTC
and further explore their association.

Materials and methods
Patients and tissue specimens

Thyroid tissue specimens were obtained from
164 Chinese PTC patients, consisting of 43
men (mean 40.2 years; range 7-74) and 121
women (mean 44.6 years; range 14-82). All of
these patients were admitted to our hospital
for a standard thyroidectomy between 2008
and 2011. Patient records were obtained from
the Medical Records Department at our hospi-
tal and also from pathology reports. Their diag-
noses were confirmed by histopathological
examination. None of these patients had a his-
tory of familial thyroid cancer or neck external
irradiation. Clinicopathological data, such as
tumor size, presence of extra thyroidal exten-
sion (ETE), and lymph node metastasis (LNM),
were retrieved from patients’ medical records.
ETE was defined as invasion of adjacent organs
or skeletal muscle outside the isthmus [19].
The cancer stage was defined according to the
7th edition of tumor, node and metastasis sys-
tem classification by the American Joint
Committee on Cancer [20]. The study protocol
was performed according to the declaration of
Helsinki and approved by the Medical Ethics
Committee of China Medical University. Written
and verbal informed consent was obtained
from all participants.

Immunohistochemical staining

Immunohistochemical staining was performed
to analyze the expression of 4 molecules in the
SHH signaling pathway, SHH, PTCH, SMO, and
GLI1, as well as p-STAT3 in the above men-
tioned PTC tissue samples. Paraffin-embedded
tissue sections fixed in formalin were used.
Slides were deparaffinized, rehydrated, and
subjected to antigen retrieval by pressure cook-
ing in 10 mM citrate buffer (pH 6.0) for 8 min.
After blocking endogenous peroxidase activity,
sections were incubated with primary antibod-
ies against SHH (1:100, EP1190Y, Novus
Biologicals, Inc. Littleton, CO, USA), PTCH
(1:200, HO267, Santa Cruz Biotechnology Inc.),
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Figure 1. Immunohistochemical staining of SHH, PTCH, SMO, GLI1, and p-STAT3. The SHH signaling molecules and
p-STAT3 expression was analyzed by IHC staining with their specific antibodies in PTC. Aberrant expression of the
SHH signaling molecules and p-STAT3 was detected in PTC and graded as negative (-), positive (+), strongly positive

(++), and very strongly positive (+++) (400 X).

SMO (1:100, H-300, Santa Cruz Biotechnology
Inc.), GLI1 (1:100, H-300, Santa Cruz Biote-
chnology Inc.), and p-STAT3 (1:50, B-7, Santa
Cruz Biotechnology Inc.) overnight at 4°C. After
washing with PBS, staining was performed by
the Elivision™ plus two-step system (Maixin
Bio, China). Immunoreactivity was visualized
using the chromogen 3,3’-diamino-benzidine
(DAB) (Maixin Bio, China). Slides were then
counterstained with hematoxylin, washed,
dehydrated with alcohol and xylene, and mount-
ed onto coverslips. Appropriate positive and
negative controls were run simultaneously with
the patient specimen.

Review and scoring of stained tissue sections

We used the Kim KH et al. scoring method to
evaluate both the intensity of the IHC staining
and the proportion of the stained epithelial
cells [21]. The staining intensity was classified
as 1, weak; 2, moderate; and 3, strong. The
positive cells were quantified as a percentage
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of the total number of epithelial cells and
assigned to one of five categories (0, < 5%; 1,
5-25%; 2, 26-50%; 3, 51-75%; 4, > 75%). The
percentage of positivity of the tumor cells and
the staining intensities were then multiplied in
order to generate the IHC score. Three investi-
gators (Dong WW, Cui JS and Tian XS) indepen-
dently evaluated the tissue sections and grad-
ed SHH, PTCH, SMO, GLI1, and p-STAT3
expression as 0-3, negative (-); 4~6, positive
(+); 7~9, strongly positive (++); and 10~12, very
strongly positive (+++) in a blinded fashion.
Cases with a discrepancy in scores were dis-
cussed to obtain a consensus.

Statistical analysis

Descriptive statistics were used according to
the distribution of the variables. x? or Fisher’s
exact test was used to determine whether there
were significant differences in the expression
of SHH, PTCH, SMO, GLI1, and p-STAT3 between
PTC and its adjacent normal thyroid tissues;
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Table 1. Expression of the SHH signaling molecules SHH, PTCH, SMO, and GLI1, as well as p-STAT3 in PTC

SHH PTCH SMO GLI1 p-STAT3
- + o+ttt - + o+ - + o+ttt - + o+t 44+ - + o+t
PTC (n = 164) 49 58 41 16 59 54 39 12 51 56 41 16 59 54 42 9 71 57 32 4

adjacent normal tissues (n = 164) 134 27 12 1 133 20 11 0 120 32 10 2 140 17 7 0 146 15 3 0

Table 2. Correlation of the expression of the SHH signaling molecules SHH, PTCH, SMO, and GLI1, as well as p-STAT3 with clinicopathological
features in PTC

SHH PTCH SMO GLI1 p-STAT3
Total - + ++ o+t - + ++ 4+ - + o+t - + ++  +++ - +  ++

Gender

Female 121 34 40 33 14 42 39 31 9 37 39 32 13 41 43 31 6 47 47 26

Male 43 15 18 8 2 17 15 8 3 14 17 9 3 18 12 10 3 24 10 6
Age

<45 87 25 32 21 9 30 28 22 7 27 29 22 9 29 32 24 2 41 26 17 3

> 45 77 24 26 20 7 29 26 17 5 24 27 19 7 30 23 17 7 30 31 15 1
Tumor Size

<2cm 84 31 29 16 8 41 24 14 5 37 25 15 7 38 22 20 4 39 29 14 2

>2cm 80 18 29 25 8 18 30 25 7 14 31 26 9 21 33 21 5 32 28 18 2
ETE

Yes 19 4 7 8 0 2 5 9 3 2 6 8 3 2 11 5 1 4 7 6 2

No 145 45 51 33 16 57 49 30 9 49 50 33 13 57 44 36 8 67 50 26 2
LNM

Yes 98 13 52 24 9 25 36 29 8 16 42 30 10 18 47 29 4 30 41 23 4

No 66 36 6 17 7 34 18 10 4 3% 14 11 6 41 8 12 5 41 16 9 0
TNM Stage

[+11 112 39 32 28 13 48 42 17 5 41 43 23 5 46 33 27 6 57 34 18 3

+1v 52 10 26 13 3 11 12 22 7 10 13 18 11 13 22 14 4 14 23 14 1

ETE, extra thyroidal extension; LNM, lymph node metastasis.
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and whether there were significant differences
in SHH, PTCH, SMO, GLI1, and p-STAT3 expres-
sion among patients of different age and gen-
der, and whether SHH, PTCH, SMO, GLI1, and
p-STAT3 expression correlated with tumor size,
the presence of ETE and LNM, and TNM stage.
The spearman correlation test was used to
assess the association between the expres-
sion of the SHH signaling pathway molecules
and p-STAT. All statistical analyses were con-
ducted by using the statistical program SPSS
17.0 for windows (SPSS, Chicago, IL, USA). A P
value below 0.05 was considered statistically
significant.

Results

Expression of the SHH signaling pathway com-
ponents and p-STAT3 in PTC patients

We conducted IHC staining to analyze the
expression of four molecules in the SHH signal-
ing pathway SHH, PTCH, SMO, and GLI1, as well
as p-STAT3 in PTC patients. The staining for
SHH, PTCH, and SMO was localized predomi-
nantly to the cytoplasm; GLI1 appeared to be
localized to both cytoplasm and nuclei; where-
as p-STAT3 was localized to the nuclei (Figure
1). The positive rate of SHH, PTCH, SMO, and
GLI1, as well as p-STAT3 expression in PTC and
adjacent normal thyroid tissues were 70.12%,
64.02%, 68.90%, 64.02%, 56.71% and
18.29%, 18.90%, 26.83%, 14.63%, 10.98%,
respectively (Table 1). Significant difference
were found for the positive rate of SHH, PTCH,
SMO, and GLI1 as well as p-STAT3 expression
between PTC and adjacent normal thyroid tis-
sues (all P < 0.05).

Concomitant upregulation of the SHH pathway
molecules and its relationship to clinicopatho-
logic parameters in PTC

It has been well established that activation of
the SHH signaling pathway leads to an auto-
crine upregulation of SHH, PTCH, and GLI1 [22].
We found that the accordance rate between
SHH and PTCH expression and between SHH
and SMO expression was 75% and 80% respec-
tively, the accordance rate between PTCH and
SMO expression was 76%. There was an accor-
dance rate of 77%, 72%, 82% between GLI1
and SHH, PTCH, or SMO expression among 164
patients with PTC. We did not find that the
expression of SHH, PTCH, SMO, and GLI1 in
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PTC correlated with patients’ age and gender.
However, all of them positively correlated with
larger tumor size, the presence of ETE and
LNM, and higher TNM stage (all P < 0.05) (Table
2).

Correlation between STAT3 activation and
clinicopathologic parameters in PTC

The expression of activated STAT3 in human
thyroid tumors has been poorly characterized.
We analyzed nuclear p-STAT3 levels by IHC in a
panel of 164 PTC lesions. We found that
p-STAT3 expression positively correlated with
the presence of ETE and LNM, and higher TNM
stage (all P < 0.05) whereas no significant asso-
ciations were found between p-STAT3 expres-
sion and age, gender, tumor size of the PTC
patients (Table 2).

Correlation between STAT3 activation and
aberrant SHH signaling pathway in PTC

The significant positive correlation between
p-STAT3 and SHH, PTCH, SMO and GLI1 expres-
sion was found in PTC (r = 0.428, P < 0.001; r=
0.382, P < 0.001; r = 0.407, P < 0.00%; r =
0.166, P < 0.05, respectively) (Table 2).

Discussion

As a highly conserved developmental signaling
pathway, the SHH signaling pathway is critical
for thyroid development. It indirectly governs
the symmetric bilobation of the thyroid during
late organogenesis and also seems to repress
inappropriate thyroid differentiation in nonthy-
roidal embryonic tissues [23]. It is important to
clarify the role of reactivation of this pathway in
the process of carcinogenesis and progression
in PTC. In this study, we examined the expres-
sion of four components of the SHH signaling
pathway, SHH, PTCH, SMO, and GLI1 in PTC. We
found that these molecules were widely
expressed in PTC and more than 64% of PTC
tissue samples were positive for these four
molecules. The expression of these molecules
was increased in PTC tissues compared with
the adjacent normal thyroid tissues. These
observations suggest that the SHH signaling
pathway is activated in thyroid tumorigenesis.
This notion is in line with several other studies
showing increased expression of the members
of the SHH pathway in malignant tumour, such
as breast cancer, endometrial adenocarcino-
mas, and ovarian carcinomas [9, 21, 24, 25].
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Our findings are also consistent with the results
of the SHH pathway molecules expression
reported in other studies of thyroid malignant
tumors, including PTC, medullary thyroid carci-
noma, and anaplastic thyroid cancer [26-29].
We further found that SHH, PTCH, SMO, and
GLI1 were concomitantly upregulated in PTC
and positively correlated with larger tumor size,
the presence of ETE and LNM, and higher TNM
stage, suggesting the activation of the SHH sig-
naling pathway may be involved in thyroid tumor
progression. The correlation between the
expression of the SHH signaling pathway mole-
cules and the invasive or metastatic potential
of malignant tumors has been well document-
ed [25, 30-34]. However, Xu et al. did not find
any correlation between the status of the
expression of the SHH signaling pathway mole-
cules and any clinicopathologic parameters,
including the age, gender, the status of BRAF
gene mutation, tumor stage, local invasion, and
metastasis in PTC. We propose the different
sample size might be one of the reasons lead-
ing to this inconsistency.

The STAT3 pathway clearly has an important
role in the development and progression of
many different human tumors [35]. We also
detected the STAT3 pathway by the protein
expression of p-STAT3 which can be considered
as the indicator for this pathway. In our current
study, the expression of p-STAT3 was increased
in PTC tissues compared with the adjacent nor-
mal thyroid tissues. Trovatol also reported that
p-STAT3 expression was higher than the follicu-
lar tumors, including normal thyroids, colloid
nodules, follicular hyperplasia, oncocytic ade-
nomas, and follicular adenomas. We also found
p-STAT3 positively correlated with the presence
of ETE and LNM, and higher TNM stage, but not
age, gender, tumor size of the PTC patients. Our
fingdings are consistent with the report by
Zhang et al. that p-STAT3 expression did not
correlate with tumor size, but p-STAT3 was sig-
nificantly upregulated in PTC tumors with meta-
static disease. However, other studies show
that, in the context of thyroid cancer, STAT3 is
paradoxically a negative regulator of tumor
growth [36, 37]. Kim et al. found basal STAT3
activities are negatively correlated with tumor
size in PTC. Couto et al. also observed an
inverse relationship between p-STAT3 expres-
sion with tumor size and the presence of dis-
tant metastases in PTC. These findings suggest
that a better understanding of the mechanisms
and contexts that predict the dual-edged func-
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tion of STAT3 in thyroid tumorigenesis is
necessary.

Constitutive activation of STAT3 could lead to
altered regulation of a number of genes involved
in cell cycle and angiogenesis, such as cyclin
D1, MMP-2, and VEGF and thus may also be
important in neoplastic transformation and
metastatic spread [38-40]. STAT3 could also
enhance the occurrence and development of
tumors through the interaction with other sig-
naling pathways, such as Skp2/p27/p21 path-
way and androgen receptor pathway [41, 42].
As mentioned above, both the STAT3 and SHH
signaling pathway play an important role in the
development and progression of many differ-
ent human tumors and both of them positively
correlated with the presence of ETE and LNM,
and higher TNM stage in PTC in our study. We
then correlated the protein expression of
p-STAT3 and the SHH pathway molecules. We
found the significant positive correlation
between p-STAT3 and SHH, PTCH, SMO and GLI
expression, which suggested the internal rela-
tionship between the two pathways. The inter-
esting interaction between them was first
reported by Sengupta et al. in chronic myeloid
leukemia [16]. The authors propose that para-
crine SHH activates STAT3, which then turns on
the expression of autocrine SHH and Wnt3a in
CML cells, making the cells less dependent on
the BM for these important self-renewal fac-
tors. Then, Yang et al. also found the interaction
in pulmonary adenocarcinoma and speculated
that activation of STAT3 could up-regulate SHH
gene expression directly or indirectly, and
thereby activated SHH signaling resulting in
lung tumor cell ontogeny [15]. However, we
know little about that in PTC before. Thus, we
would further verify the internal relationship
between the two pathways in in vitro experi-
ments and explore its possible molecular
mechanisms in the future study.

In conclusion, our study showed the SHH and
STAT3 signaling pathways are frequently acti-
vated in PTC and confirmed a crosstalk between
these two pathways. The findings may provide
rationale to antagonize the interaction of SHH
with STAT3 signaling pathway in the prevention
and treatment of PTC.
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