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Abstract

Objective: Lung cancer still remains the leading cause of cancer deaths in the world and it lacks validated
biomarkers to predict clinical outcome. The Hedgehog (Hh) pathway is critical for cell growth and differentiation. The
aim of our study was to evaluate the role of the Hh signaling in the prediction of clinical outcome for advanced
NSCLC.

Methods: We determined the expression of Hh-related molecules including Ptch1 and Gli1 (nuclear and
cytoplasmic) by immunohistochemistry in histologic samples (biopsies and surgical specimens) of advanced NSCLC
patients. All the neoplastic area included in the slides was considered and both cytoplasmic and nuclear stainings
were evaluated, according to the positive neoplastic cells. The intensity of the staining was evaluated and scored as
follows: O (absent), 1+ (low), 2+ (medium) and 3+ (high).

Results: We analyzed 35 lung cancer histological samples, 18 adenocarcinomas and 17 squamous cell
carcinomas. Positivity of Gli1-cytoplasmic and Gli1-nuclear expression was expressed in adenocarcinoma at a
significantly higher level and more frequently than compared to squamous cell carcinoma (p<0.05), while Ptch1 did
not differ significantly in the two histotypes. Overall survival was longer in Gli1 and Ptch1 negative tumor samples
compared to the positive group (p=0.02). The 18 patients with adenocarcinoma received erlotinib as second line
therapy and those presenting a lower Gli1 and Ptch1 expression experienced a significant increase in progression
free survival.

Conclusion: At our best knowledge this represents the first study investigating the role of HH in NSCLC patients.
Our results suggest that the Hh pathway might play a major prognostic role in NSCLC with significant differences
between the histotypes.

Keywords: Hedgehog signaling; Ptchl; Gli; Non-small cell lung
cancer; Different hystoype; Prognosis; Predictive factor

[5]. Furthermore, Hh has recently been recognized to be one of the
most important signaling pathways and a therapeutic target [6]. In
view of the critical role of GLI genes in Hh-associated cancers,
Strategies that aim at interfering with GLI function are likely to
represent efficient approaches in future targeted cancer therapy [5].

Introduction

Despite the recent progresses in the diagnosis and treatment, non-

small cell lung cancer (NSCLC) remains the leading cause of death due The Hh signaling cascade is initiated by the Hh ligand binding to

to cancer worldwide [1-3].

Increasing knowledge and recent progresses in molecular biology
lead up to find many biological and molecular markers that may
represent prognostic factors and may impact on the choice of new
therapeutic strategies.

Although not completely established, it is suggested that Hedgehog
(Hh) signaling seems to play an important role for cancer stem cells in
several cancer type [4]. Constitutive activation of the Hh/GLI signaling
cascade has recently been implicated in the growth of a number of
human malignancies ranging from semi-malignant tumors of the skin
to highly aggressive cancers of the brain, lung, pancreas and prostate

the Patched 1 protein (PTCHI), a 12-span transmembrane protein. In
the absence of a Hh ligand, PTCHI catalytically inhibits the activity of
the seven-transmembrane-span receptor-like protein, Smoothened
(SMO), potentially by affecting its localization to the cell surface [7,8].

Hh ligands bind to PTCHI, causing internalization and
degradation, thereby releasing SMO that interacts with the protein
Suppressor of fused (SUFU), which promotes the activation and
nuclear translocation of glioma-associated oncogene homologue 1 and
2 (GLI1 GLI2) and the degradation of GLI3. Activated GLI proteins
stimulate the transcription of Hh pathway target genes, including
GLI1, GLI2 and PTCH1 [9] (Figure 1).
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Figure 1: Hedgehog pathway: h ligands (SHH, DHH or IHH) bind to the PTCH receptors (PTCH1 and PTCH2) and relieve the inhibition of
SMO. SMO then transduces signals through the cytoplasmic SUFU-GLI complex, resulting in the activation and nuclear translocation of the
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Mutation or deregulation of this pathway plays a key role in both
proliferation and differentiation leading to tumorigenesis or tumor
growth acceleration in a wide variety of tissues [10,11].

In particular, Hh signaling pathological activation has been
reported both in small-cell-lung cancer (SCLC) and NSCLC [12-15].
Recently, a subset of NSCLC was found to be constitutively
hyperactive in the Hh/GLI pathway by expressing high level of GLI1
protein [12] which was expressed in most SCLC tumors studied too
[13].

Nevertheless, just one study investigated the potential role of Hh on
the outcome of advanced NSCLC [16].

Several studies are ongoing to evaluate the potential role of Hh
inhibitors as targeted therapies in solid tumors, therefore we
investigated the contribution of Hh pathway to NSCLC progression
and clinical outcome. Furthermore, we also evaluate the outcome in
NSCLC patients treated with erlotinib.

Patients and Methods

Patients selection

This study includes consecutive patients with advanced NSCLC
treated at the Department of Medical Oncology Universita Politecnica
Marche in Italy between January 2009 and December 2011.

Recorded patient characteristics and clinical features included the
following: age, sex, smoking history, Eastern Cooperative Oncology
Group (ECOG) performance status, histological type, clinical and/or
pathological stage of disease (T, N, M) according to the TNM Seventh
Edition (2010), data regarding all the treatments performed by the
patients [17,18].

Response to therapy was assessed according to the RECIST 1.1
(Response Evaluation Criteria In Solid Tumors) [19].

Pathologic analysis

In 35 histological samples of consecutive NSCLC patients the
expression of Hh-related molecules, including Patched (G-19) and
Glil (H-300), was determined by immunohistochemistry.

Immunohistochemical studies were carried out with the Envision
method, consisting of a polymer of dextran to which many molecules
both of secondary antibody and enzymes are linked.

Sections of 3-5 pum thick were deparaffinized and the detection of
antigens has occurred in automated manner with DAKO PT Link
using ENVISION™ FLEX TARGET RETRIEVAL SOLUTION LOW
pH (50X) (DAKO) at a temperature of 98°C.

After 70 minutes of treatment, sections were treated with 3%
hydrogen peroxide and incubated at 4°C overnight with primary
polyclonal antibodies against Patched (G-19) (1:25, Santa Cruz
Biotechnology, Santa Cruz, CA) and Glil (H-300) (1:25, Santa Cruz
Biotechnology, Santa Cruz, CA). The staining was completed using
ENVISION FLEX ™/HRP (DAKO), as detection system; 3,3-
diaminobenzidine-hydrogen peroxide was used as chromogen.
Human liver was used as a positive control for Glil and human testis
was used as a positive control for Patched.

Protein Glil (H-300) expression was evaluated both in the
cytoplasm and in the nucleus of neoplastic cells, while the expression
of Patched (G-19) was evaluated only in the cytoplasm. Protein Glil
(H-300) expression was evaluated both in the cytoplasm and in the
nucleus of neoplastic cells, while the expression of Patched (G-19) was
evaluated only in the cytoplasm. Smo (N-19) and Shh (N-19) (Santa
Cruz Biotechnology) were tested immunoistochemically but we did
not obtain reliable and reproducible results. For this reason we
decided to not include them in our study.

Patients Data

N (%)
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Number of patients 35 Radical surgery
Median age [range], years 71 [40-82] Yes 14/15 (93.3)
Male/Female 29/6 (82.9/17.1) No 1115 (6.7)
Smoking status Adjuvant therapy
Smoker 25 (71,4) Not performed 7/15 (46.7)
No Smoker 8 (22.9) Performed 7/15 (46.7)
Unknown 2(5.7) Unknown 1/15 (6.7)
Performance Status at the onset (ECOG) Ct 5/7 (71.4)
0 20 (57.1) Rt 1/7 (14.3)
1 14 (40) Ct+rt 1/7 (14.3)
2 1(2.9) Radiotherapy
Stage at initial diagnosis Not performed 21/35 (60)
| 2(5.7) Performed 14/35 (40)
IIA 2(5.7) . . - .
Table 1: Clinical and pathological characteristics of patients and
1B 1(2.9) Treatments received. CT= chemotherapy, RT=radiotherapy.
-V 30(85.7) Cytoplasmic and nuclear immunohistochemical staining were
Sites of metastases at the onset separately and semi-quantitatively assessed by considering both the
“percentage of positive tumor cells” (range 0-100%), and the “intensity
Bone 8 of staining” (range: 0-3*). Therefore we calculated a “score of
Lung 8 positivity” by multiplying the value of the percentage of positive tumor
cells for the value of staining intensity.
Adrenal gland 3
Data management and statistical analysis
Lymph nodes 3 8 Y
Primary endpoint of this study was to evaluate the prognostic role
Pleura 3 . .
of Hh pathway. Secondary endpoint was to evaluate the impact on
Brain 2 outcome in those patients who received erlotinib.
Liver 1 Patients who were not reported as having died at the time of the
analysis were censored at the date they were last known to be alive.
Other 0
Progression-free survival (PFS) was defined as the interval between
Death the start of treatment to disease progression or death, while overall
survival (OS) was defined as the interval between histological
Yes 12 (34.3) di . .
iagnosis to death or last follow-up visit.
No 23(65.7) Survival distribution was estimated by the Kaplan—Meyer method.
Histotype Significant differences in probability of surviving between the strata
were evaluated by log-rank test. The association between categorical
Squamous cell carcinoma 17(48.6) variables was estimated by Chi-square test.
Adenocarcinoma 18 (51.4) The Cox multivariate proportional hazard regression model was
S used to evaluate the effects of the prognostic factors on PFS and OS.
urgery
A significant level of 0.05 was chosen to assess the statistical
Not performed 20 (57.1) significance.
Performed 15 (42.9) Statistical analysis was performed with MedCalc package (MedCalc®
Lobectomy 10/15 (66.7) v9.4.2.0).
Segmentectomy 1/15 (6.7) Patients Data N (%)
Pneumonectomy 3/15 (20) Number of patients 35 (100)
Other 1/15 (6.7) Platinum+pemetrexed 18 (51.4)
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Platinum+gemcitabina 17 (48.6) Results
Clinical Benefit isti
nical Benet Sample characteristics
ves 24 (68.6) Median age was 71 years (range 40-82) and male/female ratio was
No 9 (26.5) 29/6 (82.9%/17.1%); 25 (71.4%) patients were smokers or former
smokers. Twenty patients (57.1%) had ECOG 0 performance status,
Unknown 2(5.9) whilst 14 patients (8%) had ECOG 1 performance status and only one
Toxicity (GR3-4) had ECOG = 2. All the patients had_ advapced or metastatic disease.
The most frequent stage at initial diagnosis was locally advanced or
Anemia 0(0) metastatic (60%) and the most frequent sites of metastasis were lung
] and bone (Table 1).
Neutropenia 1(2.9)

: According to the medical history, 14 (40%) patients received
Thrombocytopenia 000 radiotherapy, 15 (42.9%) patients underwent surgery for primary
Response to the first line tumor and among them, 7 (46.7%) received subsequent adjuvant

therapy (Table 1).
Complete response 1(2,9) . . . i
All patients received first line chemotherapy: 24 (68.6%)
Partial response 10(28.6) experienced a clinical benefit and 23 (65.7%) presented objective
partial response or stable disease. One patient presented objective
Stationarity of disease 13 (37.1)
complete response (Table 2).
Progression of disease 11(31.4) Nevertheless, 25 (71.4%) patients received a second line
First line chemotherapy 25 (71.4) chemotherapy due to progressive disease and 6 of them experienced a
clinical benefit, while in 10 patients no evidence of objective partial
Pemetrexed 1(4) response or stable disease was documented (Table 2).
Docetaxel 0(0) During the chemotherapy treatments, less than 1% of patients
reported grade 3-4 toxicity (according to CTC-CTAE v4.0).
Erlotinib 24 (96)
In our series, median OS was 17.9 months (Figure 2). In all the
Other 0(0) patients, median PFS since first line chemotherapy was 7.4 months
Clinical Benefit and median PFS since second line chemotherapy was 4.8 months
(Figure 3).
Yes 6 (24) . . . .
According to PTCH intensity of expression, our study showed a
No 14 (56) significant correlation between overexpression of PTCH and OS (p =
0.047) and PTCH expression significantly increased in grading 1-2 (p
Unknown 5(20) = 0.041). In our study PTCH expression did not result associated with
Toxicity (GR3-4) histotype (p = 0.688).
Anemia 1(0,9) Relationship between PTCH expression and Survival
Neutropenia 1(0,9) 0 1 2 3
Thrombocytopenia 1(0,9) N°.of patients 7 16 11 1
Response to the second line mOS 148.197 179.016 21.377 Not Reached
Complete Response 0(0) N°.of patients 7 16 11 1
Partial Response 5 (20) First line PFS 35.738 77.049 83.934 Not Reached
Stationarity of Disease 5 (20) N°.of patients 4 13 8
Progression of Disease 14 (60) Second Line PFS 64.918 49.508 36.393

Table 2: First and second line chemotherapy characteristics and  Table 3: mOS and PFS since first and second line of therapy in patients

toxicity.

grouped according to PTCH intensity.
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Figure 3: A: Progression-Free Survival (PFS) at the first line of chemotherapy in all patients. B: Progression-Free Survival (PES) at the second

Cytoplasmic and nuclear Glil was most frequently expressed in
adenocarcinoma and to a significantly higher level than in squamous
cell histotype (p = 0.04). There was no correlation between the
expression of cytoplasmic/nuclear Glil and the OS. However our
results showed the evidence of a trend between PFS and expression of
Glil. This trend reached the statistical significance considering PFS to

the second-line therapy with erlotinib in patients with
adenocarcinoma (p = 0.02). Furthermore the expression of GLI1
resulted significantly increased in adenocarcinoma histotype (p =
0.044).

Considering the Glil score, a significant correlation between the
score and a better overall survival was showed (Table 4).

] Carcinog Mutagen
ISSN:2157-2518 JCM, an open access journal

Volume 5 « Issue 3 « 1000175



Citation:

Berardi R, Santinelli A, Onofri A, Biscotti T, Ballatore Z, et al. (2014) Hedgehog (Hh) Signaling is a Predictor of Clinical Outcome for

Advanced Non-Small Cell Lung Cancer (NSCLC). J Carcinog Mutagen 5: 175. d0i:10.4172/2157-2518.1000175

Page 6 of 7

Relationship between GLI1 expression and Survival

1 2 3
No. of patients 20 11 4
mOS 18.04 10.11 05.24
No. of patients 17 7 1
First line PFS 87.705 4.623 2.332

Table 4: mOS and PES since first line chemotherapy in patients
grouped according to the GLI1 intensity of expression. A trend
between PFS and GLI1 expression is evident, but not statistical
significance was reached.

We performed a multivariate analysis including sex, ECOG
performance status, stage of disease at diagnosis and PTCH and Glil
overexpression. Only sex, performance status, stage of disease and
PTCH overexpression resulted independent prognostic factors.

Discussion

Signaling pathways responsible for embryogenesis play a critical
role in the maintenance of stem cells in adult life and cellular
responses to injury, as well as in cancer growth. Dysfunction of the Hh
pathway during adult homeostasis leads to various events resulting in
the development of neoplasia [20].

An important role of Hh pathway in SCLC has been also previously
suggested [12,14] and re-activation of HH pathway in adult lung, in
response to injury, such as tobacco use, has been implicated in lung
carcinogenesis [16,21]

Gialmanidis et al. demonstrated overexpression of Hh-signaling
molecules in NSCLC compared to the adjacent normal lung
parenchyma suggesting an involvement of Hh signaling in the
pathogenesis of NSCLC [16]. Expression of SHH was detected in all
the samples with a high expression of PTCH1 and GLII, thus
suggesting that SHH overexpression may be implicated in the
activation of Hh signaling in NSCLC.

In order to evaluate the role of the Hh pathway in the clinical
outcome of NSCLC patients, we primarily investigated the expression
of PTCH1 and GLI1 by immunohistochemistry.

PTCH1 and GLII are two crucial target genes of the Hh pathway
that seem to have been conserved throughout vertebrate evolution and
their expression pattern reflects Hh-signaling activity [22].

Therefore, expression of both PTCH1 and GLII is considered an
index of activation of the Hh pathway [23,24].

Our results showed that cytoplasmic and nuclear Glil
overexpression was more frequently expressed in adenocarcinoma and
to a significantly higher level than in squamous cell histotype, but
there is no correlation between the expression of cytoplasmic/nuclear
Glil and OS.

According to literature data, this last result cannot be considered
sufficient to preclude the role of Hh in increasing the aggressiveness of
the disease being more invasive, giving lymph node metastases and
implying a role of activated GLI1 in lung adenocarcinoma progression
and metastases [16]. Furthermore, several studies highlighted the likely
role of Hh in increasing the disease aggressiveness. Therefore GLI1

seems to correlate with a more aggressive disease. In addition, in the
present study we also analyzed if GLI1 level might potential predict the
efficacy of a second line treatment with erlotinib and we find a
significant correlation between expression of Glil and PFS to the
second-line therapy with erlotinib in patients affected by
adenocarcinoma which showed a significant increased expression. Our
findings provide a potential interesting starting point for new
therapeutic strategies.

Our results showed no association between PTCH expression and
histotype, nevertheless several studies reported that PTCHI was
overexpressed in NSCLC [13,14] and its expression was significantly
higher in lung squamous carcinoma cells [25]. Overexpression of
PTCH1 seems to be implicated in other squamous neoplasms
[21,26,27] and loss of PTCHI1 function seems to play a significant role
in the oncogenic potential of human squamous carcinoma cell lines
[28].

Besides in other malignancies PTCH1 expression was correlated
with high grade and advanced stage tumors suggesting that HH
signaling may differentially affect tumor biology depending on the
tissue context [29,30].

Furthermore Gialmanidis and colleagues showed that PTCHI1
expression was higher in well differentiated NSCLC tumors and it was
also inversely correlated with pT status in adenocarcinomas, indicating
that increased levels of PTCH1 seem to correlate with parameters of
early disease and favorable prognosis [16]. Our study shown that
increasing score intensity PTCH expression corresponds to a
statistically significant increase of the median survival (p = 0.047) and
PTCH expression significantly increased in grade 1-2 (p = 0.041).
These findings are consistent with evidences of a recent report on
gastric cancer patients with Hh pathway activation showing that
PTCH1 expression was more frequently observed in well or
moderately differentiated and low stage gastric cancer [31]. Based on
these results PTCHI1 seems to be a significant favorable indicator of
better survival in oncology.

On the contrary, our results seemed to indicate a reverse trend in
patients treated with erlotinib in second line: increasing intensity of
PTCH expression correlates a decrease of PFS (p = 0.03). This last
finding is consistent with what Morgillo et al. [32] showed in vitro:
PTCH mRNA levels resulted increased in TKI-resistant cell lines. That
is of relevance because PTCH gene itself is a target gene for Glil
transcriptional activity and its level could be an index of HH activation
signaling in such cells. At the best of our knowledge, at present there
are no other available literature data which could support this possible
relationship, except of the cited Morgillo abstract. Therefore, further
studies are needed to draw profitable conclusions.

Based on these controversial data, it is likely that further studies are
needed to better define the true role of PTCH expression and lung
cancer.

Furthermore, a recent article of Raza et al. investigated the possible
correlation between Hh expression pathway and clinical outcomes in
early-stage NSCLC patients and they did not find any significant
correlation between the HHSP molecules and RFS or OS [15]
concluding that, in early-stage NSCLC, HHSP protein expression does
not offer prognostic value. Meanwhile, many authors suggested that
HHSP can be activated in later stages of diseases in which HHSP
activation has been shown to correlate with lower RFS and bad OS
[33-37].
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Conclusion

To the best of our knowledge this study is the first which

investigated the association between Hh signaling pathway and
prognosis and clinical outcomes in advanced stage of NSCLC. Despite
the limitations given by the small number of samples examined in our
study, we found the important prognostic role of Hh in lung cancer
which is the most widespread cancer disease and yet the first cause of
cancer death in the industrialized Countries.

Hh may represent a key disease pathway in progression therefore

this pathway may hold promise for new therapeutic approaches.
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