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Overexpression of Sonic hedgehog (Shh) is associated with progression of several cancers. The expression of Shh in
non-small cell lung cancer (NSCLC) has been reported with inconsistent results. Lung adenocarcinoma (LAC) and lung
squamous cell carcinoma (LSCC) are two major subtypes of NSCLC, which have different genetic genotypes and clinical
therapeutic options. The expression of Shh in specimen of patients with NSCLC has yet to be comprehensively determined
according to histological subtypes. Shh expression level was determined in 167 NSCLC patients (56 LAC patients and
111 LSCC patients) by immunohistochemical assay (IHC) and disease-free survival and overall survival of patients were
analyzed using the Kaplan-Meier method. Shh protein level in pleural effusion from patients with pneumonia or pleural
empyema, tuberculosis, LAC and LSCC was measured with enzyme-linked immunoassay (ELISA). We found that Shh
expression is increased in tumor tissues from both LAC and LSCC patients compared with the paired adjacent tissues, while
Shh level is negatively correlated with tumor differentiation only in LSCC, LSCC patients containing higher-Shh expression
have a poorer prognosis. Furthermore, Shh level is elevated in pleural effusion from LSCC patients compared with that of
parapneumonic and LAC pleural effusion. Shh expression in tumor tissues or pleural effusion may represent a potential
diagnostic and prognostic marker of LSCC patients, pleural effusion Shh may assist to distinguish between LAC and LSCC.
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Lung cancer, the leading cause of cancer-related mortality
worldwide, is traditionally classified into small cell lung
cancer (SCLC) and non-small cell lung cancer (NSCLC).
NSCLC accounts for about 85% of newly diagnosed lung
cancers. NSCLC is further classified into two principal
subtypes, lung adenocarcinoma (LAC) and lung squamous
cell carcinoma (LSCC) [1]. LAC arises in the distal airway.
LSCC arises in the proximal airway, which is strongly associ-
ated with smoking. LAC and LSCC have different histopath-
ologic characteristics, genetic genotypes and clinical thera-
peutic options [2]. Generally, hematoxylin and eosin (HE)
staining is used to distinguish tissue types of LSCC and LAC.
Immunohistochemical (IHC) staining assists to evaluate
p63, p40 and CK5/6 (cytokeratin 5/6) for LSCC, and TTF1
(thyroid transcription factor 1), NapsinA and CK7 for LAC,
to distinguishing the two tissue types [3].

Three Hedgehog (Hh) homologues have been identi-
fied in mammals, including Sonic hedgehog (Shh), Indian
hedgehog (Thh), and Desert hedgehog (Dhh), which are

involved in embryogenesis, organogenesis and tumorigenesis
[4]. Shh is the most widely characterized Hh homolog and
has been shown to be essential for proper embryonic devel-
opment [5]. Shh gene encodes a 45 kDa precursor protein,
which is autocatalytically cleaved to a 20 kDa N-terminal
fragment (N-Shh) and a 25 kDa C-terminal fragment [6].
The N-Shh is the well-known active Shh component that
is secreted into extracellular space and responsible for all
known Shh biological activity. Extracellular Shh binding to
its membrane receptor PTCHI results in the activation of Hh
signaling [7]. Shh-PTCHI complex actives the seven trans-
membrane protein smoothened (Smo), which in turn actives
the transcription factor Glis and results in transcriptional
activation of target genes [4, 8]. Hh signaling target genes,
including Bcl2, Sox2 and Cyclin D1, all play important roles
in cell proliferation, apoptosis and self-renewal [9, 10].

The tightly regulated Hh signaling is crucial for verte-
brate development [11]. Recently, there have been numerous
studies showing that aberrant activity of Hedgehog (Hh)
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signaling is implicated in a large number of cancers, such
as basal cell carcinoma, medulloblastoma, gastric cancer
and lung cancer [12-16]. They reported that overexpres-
sion of Shh has been associated with cancer, including SCLC
and NSCLC [15, 17-19]. Hh signaling involvement in the
development of SCLC has been well studied, the progres-
sion of SCLC requires Shh, as demonstrated by a mouse
model of SCLC [15]. Expression of Hh signaling compo-
nents including Shh, determined by tissue microarray with
81 samples form 42 NSCLC patients, have no correlation
with clinical outcome [20], while high expression of Shh in
tumor tissues from patients with NSCLC was reported [18].
However, the expression of Shh in specimen of patients with
NSCLC still needs to be determined according to sub-type
of tumor.

At the time of initial diagnosis, ~15% of lung cancer
patients have pleural effusion. In the course of progression of
lung cancer, about 50% of patients develop pleural effusion
[21]. Active Shh is a secreted protein, but the detection of its
presence in pleural effusion and any differences in levels of
Shh between LAC and LSCC remains to be uncovered. Tradi-
tionally, patients with malignant pleural effusion have a poor
prognosis. Shh protein levels in benign pleural effusion and
malignant pleural effusion also need to be evaluated.

In this study, we collected specimens of patients with LAC
or LSCC and determined Shh expression with an IHC assay.
The data showed that Shh is highly expressed in both LAC
and LSCC tumor tissues, but negative correlation of Shh
expression with tumor differentiation only occurred in LSCC.
High Shh expression correlated with poor survival in LSCC
patients. Furthermore, pleural effusion from patients with
parapneumonic, tuberculous, LAC or LSCC was collected
and enzyme-linked immunoassay (ELISA) was carried out
to detect Shh protein level, and the results demonstrated
that Shh level in LSCC pleural effusion is higher than that
in parapneumonic and LAC pleural effusion. Therefore, Shh
may be used as a diagnostic and prognostic marker for LSCC
and assist to distinguish LAC and LSCC.

Patients and methods

Human tissue specimens. Human tissue and the paired
adjacent specimens were obtained by surgical intervention
without prior radiotherapy or chemotherapy. All samples,
with complete clinical data, were collected at The First Affili-
ated Hospital of Nanchang University from June 2011 to
March 2014. The diagnosis of LSCC and LAC is according
to histopathologic characteristic according to HE staining.
Pathologic diagnoses according to the established criteria
of the WHO and the 7 edition TNM staging according to
the criteria of UICC were determined. Detailed clinical and
pathological patients’ information are summarized (Table 1
and 2). The study protocol was approved by the Institutional
Review Board of The First Affiliated Hospital of Nanchang
University.

Western blot. Lysates of tissue specimens were prepared
with RIPA buffer containing protease inhibitor cocktail
and protein concentrations were determined using BCA
protein assay kit (Thermo Scientific). Cell lysate proteins
(100 pg) were separated on SDS-PAGE and transferred to
nitrocellulose membranes, which were immunoblotted with
specific primary antibodies and incubated with horseradish
peroxidase-conjugated secondary antibodies. The primary
antibody Shh was obtained from Santa Cruz and GAPDH
was purchased from Cell Signaling Technology.

Immunohistochemistry (IHC) staining was performed
as described previously [14]. Each specimen was scored for
the intensity of cytoplasmic staining (no staining = 0, weak
staining = 1, moderate staining = 2, strong staining = 3) and
for the extent of stained cells (0% = 0, 1~24% = 1, 25~49%
=2, 50~74% = 3, 75~100% = 4). The immunoreactive score
results from multiplying the intensity score by the extent
score. To distinguish cancer tissues from adjacent normal
epithelium, consecutive sections were stained by hematox-
ylin and eosin (H&E).

Diagnostic criteria for pleural effusion. Parapneumonic
pleural effusion was defined by any pleural effusion from
patients with pneumonia or pleural empyema. Tuberculous
pleural effusion was collected from patients with tuberculosis.
LAC and LSCC pleural effusions were diagnosed according
to the presence of malignant cells in pleural effusion or in
biopsy specimens.

Collection of pleural effusion specimens. Pleural
effusion specimens were collected by thoracentesis and
centrifuged at 2000 x g for 10 min. Pleural fluid supernatants
were stored at —70 °C until tested.

Enzyme-linked immunoassay (ELISA). Pleural effusion
was diluted 5 times and Shh protein level was measured using
a commercially available ELISA kit (Human sonic hedgehog
ELISA kit; Westang Inc., China), according to the manufac-
turer’s instructions. This is a sandwich immunoassay using
HRP-labeled antibody for the detection of Shh. A standard
curve was created using measurements at the following Shh
concentrations: 150, 300, 600, 1200 and 1800 ng/l. The assay
range of this method was 100-2000 ng/1.

Statistical analysis. The difference of Shh expression
in tumor tissue and adjacent tissue of LAC or LSCC was
assessed by Student’s t-test (LAC: two sided a = 0.05, power
= 0.99; LSCC: two sided o = 0.05, power = 1.00). The differ-
ence between four groups of pleural effusion was assessed by
One-way ANOVA. Differences were considered significant if
p<0.05. Power analysis was performed using G* Power 3.1
software and all statistical analyses were carried out with
SPSS v.13.0 software (SPSS Inc.).

Results

Shh is increased in tumor tissues of LAC. Firstly, 8 pairs
adjacent and carcinoma tissues from patients with NSCLC,
randomly enrolled, were subjected to western blot assay and
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the data showed that Shh was increased in NSCLC tumor
tissues (Figure 1A). To detect Shh level in specimens of
patients with LAC, tissues from 56 LAC cases were used to
determine Shh expression with IHC assay. We found that
Shh expression that was detected in cytoplasm was higher in
LAC tumor tissues than that in these paired adjacent tissues
(Figure 1B). Then, the intensity of cytoplasmic staining (no
staining = 0; weak staining = 1, moderate staining = 2, strong
staining = 3) and the extent of stained cells (0% =0, 1~24% =
1,25~49% =2, 50~74% = 3, 75~100% = 4) of each specimen

was scored. The immunoreactive score, a score of 0 to 12, was
a product of intensity score multiplied by extent score, which
was used to estimate the expression of Shh. According to the
statistical data, Shh score in LAC tumor tissue was higher
than that of adjacent tissues (Figures 1C-1D). According
to the above Shh score, we further defined the score of less
than 6 as a low expression, and of equal or more than 6 as
a high expression. However, the expression of Shh in LAC
samples had no correlation with gender, age, smoke, degree
of differentiation, tumor size, lymphatic invasion, or TNM
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Figure 1. Shh high expresses in LAC tumor tissues. A) Shh is highly expressed in tumor tissues of NSCLC determined by western blot assay. A - adjacent
non-tumorous tissue; C - cancer tissue. B) Shh is overexpressed in LAC tissues compared with adjacent tissues as examined by IHC. The representative
images are shown. C) Shh scores in each LAC carcinoma and adjacent tissues were plotted. D) Box plot of Shh expression scores is shown. Statistical

significance was analyzed using the Mann-Whitney U test, n=56.
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stage (Table 1). These results demonstrated that Shh expres-
sion was increased in LAC tumor tissues.

Shh highly expressed in tumor tissues of LSCC. LSCC
comprises about 30% of NSCLC. To determine the level of
Shh in LSCC, we evaluated 111 recruited eligible LSCC cases
and analyzed the expression of Shh by IHC assay. The data
demonstrated that the protein level of Shh was significantly
increased in LSCC tissues compared to the paired adjacent
tissues as detected by IHC analysis (Figure 2A). Shh expres-
sion was scored and analyzed as described above. Shh score
of LSCC tumor tissue was significantly higher than that of
adjacent tissues (Figures 2B-2C). Therefore, these results
indicated that Shh is highly expressed in LSCC tumor tissues.

Shh expression negatively correlates with prognosis
in LSCC. Next, we analyzed the correlation of Shh expres-
sion with the prognosis of LSCC. Shh level was classified as
a low expression and a high expression as above, pathologic
diagnoses according to the established criteria of the WHO

LSCC adjacent tissue
400x

200x

and the 7" edition TNM staging according to the criteria
of UICC were determined. We found that the expression of
Shh in LSCC samples was strongly correlated with both the
degree of differentiation (p=0.045) and tumor size (p=0.015)
(Table 2). The IHC assay also showed that poorly differenti-
ated tumor tissue had higher expression of Shh than that in
moderately or well-differentiated tumor tissue (Figure 3A).
Using Kaplan-Meier method, univariate analysis of tumor
samples for disease-free survival and overall survival
revealed that the group of patients with lower Shh expres-
sion displayed a better prognosis compared with the group of
patients with higher Shh expression (Figures 3B-3C). Taken
together, Shh expression is negatively correlated with differ-
entiation of LSCC tumor and prognosis of LSCC.

Shh protein level is elevated in pleural effusion from
LSCC. Considering that active Shh is a secreted protein,
we tested whether Shh was present in pleural effusion, and
whether Shh protein level was increased in pleural effusion
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Figure 2. Shh overexpresses in tumor tissues of LSCC. A) Shh is overexpressed in LSCC tissues compared with adjacent tissues as evaluated by IHC,
representative images are shown. B-C) Plotting the Shh scores in carcinoma and adjacent tissue of each LSCC (B) and box plots of the scores of Shh
expression (C) are presented. Statistical significance was analyzed using the Mann-Whitney U test, n=111.
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Table 1. Association of Shh expression levels with clinicopathologic char-
acteristics in LAC.

Table 2. Association of Shh expression levels with clinicopathologic
characteristics in LSCC.

Clinicopathologic Shh expression s Clinicopathologic Shh expression
L - x> value p-value L - x> value p-value
Characteristics low (%) high (%) Characteristics Low (%) High (%)
Gender 56 Gender 111
Male 5(8.9%) 29 (51.8%) 1.416 0.234 Male 27 (24.3%) 75(67.6%)  1.025 0.311
Female 1(1.8%) 21(37.5%) Female 1(0.9%) 8 (7.2%)
Age (y) 56 Age (y) 111
<60 3(54%) 25 (4.6%) 0 1 <60 14 (12.6%) 33(29.7%) 0.891  0.345
>60 3(5.4%) 25 (44.6%) >60 14 (12.6%) 50 (45.0%)
Degree of Degree of
Differentiation %6 Differentiation i
0.585 0.444 2.882 0.045
Poor 2(3.6%) 25 (44.6%) Poor 8(7.2%)  3935.1(%)
Moderate and Well 4(7.1%) 25 (44.6%) Moderate and Well 20 (18.0%) 44 (39.6%)
Tumor size 56 Tumor size 111
>3 cm 4(7.1%) 27 (482%)  0.342  0.559 >3 cm 25(22.5%) 54 (48.6%) 5.935  0.015
<3 cm 2(3.6%) 23(41.1%) <3 cm 3(2.7%) 29 (26.1%)
lymphatic invasion 56 lymphatic invasion 111
Yes 4(7.1%) 25 (44.6%) 0.585 0.444 Yes 9(8.1%) 28(252%) 0.024 0.877
No 2(3.6%) 25 (44.6%) No 19 (17.1%) 55 (49.5%)
TNM stage 56 TNM stage 111
I+11 stage 4(7.1%) 45(80.4%) 2.619  0.106 T+11 stage 25(22.5%) 74 (66.7%) 0 0.985
III+IV stage 2 (3.6%) 5(8.9%) III+1V stage 3(2.7%) 9 (8.1%)
Smoke 56 Smoke 111
Yes 2 (3.6%) 4(7.1%) 0.244 0.621 Yes 19 (17.1%) 63 (56.8%) 0.702 0.402
No 22 (39.3%) 28 (50.0%) No 9(8.1%) 20 (18.0%)

from LAC and LSCC patients. Samples were collected from
patients with parapneumonic, tuberculous, LAC or LSCC
pleural effusion, and Shh level was detected by ELISA assay.
We analyzed Shh level according to diagnosed disease type
and the results showed that Shh level in LSCC pleural effusion
was higher than that of parapneumonic and LAC pleural
effusion (Figure 4A). Further, parapneumonic and tubercu-
lous pleural effusion was classified as benign pleural effusion,
LAC and LSCC pleural effusion was defined as malignant
pleural eftfusion, according to the presence of tumor cells
in pleural effusion or in biopsy specimens. There has been
no difference in Shh levels between benign and malignant
pleural effusion (Figure 4B). Therefore, Shh protein level is
elevated in pleural effusion from LSCC patients.

Discussion

Lung cancer remains the leading cause of cancer-related
mortality around the world [22]. According to histological
characteristics, those diagnosed lung cancer were classified
as NSCLC and SCLC. NSCLC were mostly composed of LAC
and LSCC [23]. According to present treatment options, a
folate antimetabolite Pemetrexed is only effective for LAC
treatment [24, 25], an angiogenesis inhibitor Bevacizumab
should be avoided in treating LSCC [26]. As mutations of
epidermal growth factor receptor kinase (EGFR) and gene
rearrangement of anaplastic lymphoma kinase (ALK) only

occur in patients with LAC, EGFR inhibitors and Crizo-
tinib result in a marked advance in LAC treatment and are
mostly ineffective against LSCC [27, 28]. However, treatment
of LSCC is still with conventional platinum-based chemo-
therapy. Although, it was suggested that Shh was associated
with the progression of NSCLC, the expression of Shh in speci-
mens from NSCLC patients needs to be analyzed according
to sub-type tumor. We conducted IHC assay to evaluate Shh
expression in LAC and LSCC tissues and the paired adjacent
normal tissues. The results demonstrated that Shh expression
level was higher in both LAC and LSCC tumor tissues than in
adjacent tissues (Figures 1 and 2). However, Shh expression
is negatively correlated with differentiation of tumor only in
LSCC and LSCC patients with higher level of Shh expression
have a poor prognosis (Figure 3). The different mechanisms
of Shh in development and progression of LAC and LSCC
need to be explored.

Patients with lung cancer frequently have pleural effusion
at the time of initial diagnosis or in the course of disease
progression [29]. Shh protein levels showed no difference
between malignant and benign pleural effusion, while it was
increased in pleural effusion from LSCC patients compared
with that of parapneumonic and LAC pleural effusion
(Figure 4). Pleural effusion of LSCC contains higher Shh
level than in parapneumonic pleural effusion. However, we
found that Shh cannot distinguish tuberculosis and LSCC.
It has been reported that Minocycline has direct potent
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Figure 3. Shh level correlates with poor prognosis in LSCC. A) Shh level increases along with grade progression in LSCC, representative images are
shown. B-C) High level of Shh resulted in poor survival in patients with LSCC. Univariate analysis was employed to analysis disease-free survival and

overall survival of LSCC patients.

effect against drug-resistant tuberculosis through inhibiting
Hh signaling [30], which indicates that Hh signaling may
be associated with tuberculosis. But the precise molecular
mechanism of Hh signaling in the pathogenesis of tuber-
culosis needs to be uncovered. Whether Shh level is also
elevated in serum from LSCC patients has yet to be deter-
mined as the serum from LAC or LSCC patients is unavail-
able for us. Shh level in pleural effusion may be used to
diagnose LSCC, and to distinguish between LAC and LSCC.

Our findings suggest that Shh does not manifest the same
way in LAC and LSCC. Our results indicate that expression of

Shh is increased in tumor tissues from both LAC and LSCC
patients compared with the paired adjacent tissues. While
Shh level is negatively correlated with tumor differentiation
only in LSCC, LSCC patients containing higher expression of
Shh have a poorer prognosis. Furthermore, Shh level is also
elevated in pleural effusion from LSCC patients compared
with that of parapneumonic and LAC pleural effusion. In
a word, Shh expression in tumor tissues or pleural effusion
may represent a useful diagnostic and prognostic marker of
LSCC patients and Shh may play an important role in the
pathogenesis of LSCC.
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Figure 4. Pleural effusion of Shh level is elevated in LSCC patients. A) Levels of Shh in parapneumonic, tuberculous, LAC or LSCC pleural effusion.
*p<0.05. B) Levels of Shh in benign and malignant pleural effusion. n.s. - no significance.
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