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Gli2, Gli3, RT-PCR. and controlled cell proliferation. The expressionSMO, Gli2 and Gli3 signa
transducers had not been reported yet in BCC dkiocal patients
The aim of this study was to investigate the exgims of MO, Gli2 and GIi3 in
BCC biopsies taken from s-exposed skin areas of patients in Sulaimani Pre.
Five BCC skin biopsy specimens were taken from g$he-exposed skin areas
which served as material for the study. RNA exedctrom the samples, cDN
synthesised carried out and specific primers fartheaf the MO, Gli2 and Gli3
genes were designe
Reverse transcription polymerase chain reaction-PCR) analyse<of a series of
samples expressed genes fMO, Gli2 and Gli3 in BCC skin biopsies taken fr¢
patients in Sulaimani Provinc
These findings support the role ctMO, Gli2 and Gli3 as aignding component of
the Shh+eceptor complex. These results establiMO, Gli2 and Gli3 as poter
oncogenes in skin and suggest a pivotal role feséhtranscription factors in tl
development of BCC. This method can be used irdtagnosis of BCC and fther
study of downstream effectors in the Shh pathway head to an effective ar-
cancer therap

Introduction

Basal cell carcinoma is the most common malignandyumans Although rarely metascise, but it is
capable of significant local destruction and digfgment.Skin cancer is accounting for about half of
cancers occur. BCC constitute approximatel% of all nonmelanoma skin cancétg.

The highest rate of BCiD the worlc has been reported in Australia .[Hxposure to uraviolet (UV)
radiation is generally accepted as the major cafisBCC and the risk of this disease is significar
increased by recreational exposure to the sun glwhildhood and adolescer [3]. Physical factors,
including fair complexion, red or blond hair, andhligeye color, influence responsivenes:UV radiation
but are also independent risk fac [4]; exposures to ionizing radiation, arsenic, and orathoxsalet
(psoralen) and UV A radiatioralie also been linked to the developmerBCCI5,q.
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BCC characteristically arises in body aregsosrd to the sun and is most common on the headearkd
(80% of cases) [1]. The ideal classification of BEliuld be able to identify subtypes which coreelaith
clinical behavior and treatment requirements. Unfoately, however, such a classification has yebdo
defined. In the interim, the currently most favoassification is one based predominantly on logiioal
growth pattern. This classification contributesth® useful concept of low- and high-risk histol@gic
subtypes of BCC. The latter are characterized bynareased probability of subclinical extension /and
incomplete excision and/or aggressive local ina&ehavior and/or local recurrence [7].

Shh pathway impairment plays a key role ingathogenesis of BCC. Shh, SMO, and Gli family girct
are necessary for adequate and controlled celifgration. A study showed that the immune-expressib
the Shh and SMO proteins significantly increasethexBCC group, as compared with the normal casitrol
[8l.

Inappropriate activation of the hh signalirgtipvay is found in sporadic and familial cases @B
Secreted Shh protein binds the tumor-suppresseeiprpatched homologue 1 (PTCH1), thereby abrogatin
primarily genes encoding patched homologue 1 (PT)@hdiated suppression of intracellular signaligg b
another transmembrane protein, the G-protein—cdug@eeptor SMO and he downstream targets of SMO
include the GLI family of transcription factors [7]

Shh binds to its receptor patched (PTCH),iteatb the activation and repression of target gevia the
GLI family of zinc-finger transcription factors. Bsgulation of the Shh pathway is associated with BIOE
to up-regulation of Glil and Gli2[9]. Mutations $hh pathway genes, PTCH1 and SMO occur in BCC [10].

The zinc-finger transcription factors such@G® and Gli3 are also specific downstream effectorthe
Shh signaling pathway. Gli2 and Gli3 contain battivation and repression domains. It has been shbain
mutations of the patched (Ptc) gene, a developrheagalator implicated in the signaling pathwag 8hh
and SMO, play an essential pathogenic role in teeeldpment of BCC. Up-regulation of Shh signal
transducers, including Ptc, SMO and Shh-interacgirgein reported in BCC and Glizover expression
may lead to the up-regulation of the Shh signalpaghway, thereby inducing BCC [11].

Glil and Gli2 are members of the GLI family zfic finger transcription factors. During embryonic
development of vertebrates both genes are tratiscrily activated in response to Shh-signalingd are
able to mediate most of the effects caused byatativ of the pathway[12, 13].

Greenet al. 1998 Year has established that activation of Shh/Ptc siggaplays a key role in the
development of BCC. In Drosophila the effects ohSlignaling are mediated by the transcription facto
Cubitus interruptus, which is homologous to the mmehian Gli family of transcription factors.

Sensitive RT-PCR assay was unable to detaet @hnscripts in normal skin but in BCC samplds1G
was expressed suggesting that the Gli-1 transoniptactor plays a key role in BCC development[14].
Knowledge of BCC molecular pathology has been éaelly the recent discovery that deregulation ohtie
signaling pathway, a key player in embryonic paitey, appears to be fundamental to tumor growth [7

Results obtained from mouse models studid¥G§ have revealed that oncogenic hh signaling cae d
BCC-like tumor formation in several different egitial progenitor populations in skin [15, 16].

Mutations in the p53 tumor-suppressor genef@rad in approximately 50% of cases of sporadicCBC
and many of these mutations are->T and CG-TT transitions at dipyrimidine sequences, signature
mutations indicative of exposure to UV- B radiat[@fd].

Inactivation of Ptc alleles results in thenhation of tumors and cysts such as BCC, odontegeni
keratocysts, and medulloblastomas [18]. Althouglst®CC are treated surgically, no effective therapy
exists for locally advanced or metastatic BCC. édgtof vismodegib (GDC-0449), a first-in-class, fima
molecule inhibitor of the hh pathway, showed a 58%ponse rate among patients with advanced BCC [19]
This study was aiming to investigate the expresefddMO, Gli2 and GIi3 in BCC biopsies taken froons
exposed skin areas of patients in Sulaimani Previnc
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Materialsand Methods

The present study was carried out at the Usityeof Sulaimani, Department of Biology & Faculby
medical sciences.
BCC skin biopsies: Five BCC skin biopsies were obtained from sun-sgploareas of patients from
Sulaimani Province who were undergoing electivenwic surgery; and the samples had been used for
molecular biological analysis. The BCC skin biopswere stored immediately in RNA stabilization
solution; RNAlater (Sigma-Aldrich Ltd., USA), kepat 4°C overnight to allow tissue penetration by the
RNAlater, and then stored in freezer (-18° Celswrg)l used for analysis.
RNA extraction and cDNA synthesis: RNA was extracted from BCC skin biopsies using BeMini Kit
(Qiagen, Hilden, Germany).

cDNA was synthesized immediately using theaaunyeloblastosis virus (AMV) reverse transcription
system (Promega, Southampton, UK) and cDNA conatotr was checked by spectrophotometer.
Determination of cDNA Concentration by Spectrophotometer: The cDNA samples were diluted 100
times with TE buffer. The optical density (OD) @fol sample was measured at wave length of (26@&hd
nm) with a spectrophotometer. The DNA concentrati@s calculated using the following equation: DNA
concentration (ug/pul) = (50 pg/ml x OD at A260 jutlon factor)/1000. The dilution factor was 10 (il
of cDNA in 990 ul of high pure water or ddH20). Thireal concentrations of extracted cDNAs were 0.8-0
pa/ul.
Reverse transcription polymerase chain reaction (RT-PCR): Specific forward and reverse primers for
SMO (NM_005631.4), Gli2 (NM_005270.4) and GIi3 (NBD0168.5) were designed from human genome
sequence (www.ensembl.org) using the NCBI primastiiool. RT-PCR was carried out using 50 ng cDNA
in a 50 pl reaction volume containing 1.5 mM MaCI0.32 mM dNTPs, 1X Taq DNA polymerase
buffer, 2 wunits of Tagq DNA polymerase and QB of forward and reverse primers (Smo F:5'-
TGTCATCTGACT-ACGCCC-3' and R: 5-GACATCCAGGCGC-AGCA -3, Gli2 F: 5-
AAAACGTTCAAGGCAC-CGC-3' and R: 5-ATGTGCACCACCAGCAGTA-3' and Gli3 F: 5'-
GTCTATGGGAAGTTC-GGGGA-3' and R: 5'- GCTGAAGGGAGACTGGAAG-3") (Sigma-Genosys
Ltd., USA). A negative control was used in paraligth each PCR reaction in which the cDNA was
replaced with nuclease-free water. Amplificatiaas performed in a thermal cycler (Corbets&arch,
Australia) using the following conditions: denaition at95°C for 5 min; 36 cycles of 1 min denaturation at
95°C, 1 min annealing at 49°C and 1 min extension at 72°C; and a final extension at
72°C for 5 min. The PCR products were analyzedcctliren 1.5% agarose gel in 1X TBE buffer. The DNA
was stained with 0.5 mg/ml Ethidium bromide (EtBiyualized and photographed under a UV
transilluminator.

Statistical analysis
The polymerase chain reaction (RT-PCR) banesevgcored in a binary form as presence or absence
(1/0) of bands for each sample.

Results

RT-PCR analysis demonstrated the expressi@Mid, Gli2 and Gli3 in BCC biopsies taken from sun-
exposed skin areas of patients from Sulaimani RoaviFigures 1, 2, 3). The results indicated thOS
Gli2 and Gli3 may play key role in the pathogenesiBCCs and the method could be used in the digigno
of BCC.

No band appeared in the negative control wie@NA excluded, indicating that no template
contamination occurred during PCR mixture preparatiand the bands in the other lanes were redutted
SMO, Gli2 and Gli3 gene transcript amplification.

Agarose gel electrophoresis of RT-PCR analyis@sved expected product size for SMO (409 bp)lin a
the BCC skin biopsies (n=5) with the primers usaddetecting smoothened, frizzled class receptddps
(Figure 1). No band appeared in the negative cbntro
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Figure 1. SMO genes expressed in BCC skin biopsies (n=5)Mdrker (1kb DNA ladder), lanes1-5: SMO PCR
products of BCCs skin samples (409 bp), lane 6:aieg control. The RT-PCR products were analyzeddmnrose gel
electrophoresis 1.5%.

RT-PCR reactions using specific primers farcdinger transcription factors Gli2 reveals thiitthe
BCC skin biopsies (n=5) expressed expected prametfor Gli2 (833 bp) (Figure 2). No band appedred
the negative control. RT-PCR reactions using spmeqgirimers for another member of zinc-finger
transcription factors GIli3 demonstrated that a#l BCC skin biopsies (n=5) expressed the expectedupt
size for Gli3 (658 bp) (Figure 3). No band appearetthie negative control when cDNA was excluded.

1500 bp

1000 bp
750 bp
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Figure 2. Gli2 gene is expressed in BCC skin biopsies (n#&).Marker (1kb DNA ladder), lanesl1-5: Gli2 PCR
products of BCC skin samples (833 bp), lane 6: Megaontrol. The RT-PCR products were analyzedgagrose gel
electrophoresis 1.5%.
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Figure 3. Gli3 gene is expressed in BCCs skin biopsies (n¥B)Marker (1kb DNA ladder), lanes1-5: GIli3 PCR
products of BCC skin samples (658 bp), lane 6: Megaontrol. The RT-PCR products were analyzedgagrose gel
electrophoresis 1.5%.

Discussion

In this study, specific downstream effectorghie Shh signaling pathway leading to BCC devela,
SMO, Gli2 and GIi3 were identified in BCCs skin pgies taken from sun-exposed skin areas of patients
from Sulaimani Province.

BCC is the most common human malignancy intmbdgopulations in the world and its increasing in
incidence is due to an aging population and sum&x@ habits. BCC is occasionally aggressive watbpd
invasion, destruction of adjacent structures, metwe and, on rare occasions, regional and distant
metastases occur [20]. Therefore, investigating gaae transcripts playing role in the Shh signaling
pathways of BCC may lead to better understandingmofecular mechanisms involved in the BCC
development and can lead to development of a mletleatment for the common cancer, BCC. The
realization that aberrant activation of hh signalis a pathognomonic feature of BCC development has
opened the way for exciting progress toward undacihg BCC biology [21].

Activation of the Shh pathway has been showra ivariety of human cancers, including, basal cell
carcinoma. Downstream effectors of the Shh pathiwejude SMO and glioma-associated oncogene
homolog (GLI) family of zinc finger transcriptioradtors; and both are regarded as important tafgets
cancer therapeutics [22].

In vertebrates, Shh signaling is mediated by, &li2, and GIli3, and the functions of three @toteins
overlap but also are distinct [12, 13]. Mutatiomshedgehog pathway genes, primarily genes encoding
PTCH1 and SMO, occur in BCC [10]. All expressiontioé¢ hh target gene Glil is dependent on both Gli2
and GIi3 [13]. Thus investigating the expressioBbO, Gli2 and Gli3 in BCC was chosen for this stud
Agarose gel electrophoresis of RT-PCR analysis skave expression of SMO in BCC skin biopsies taken
from patients from Sulaimani Province (n=5) (Figdye No band appeared in the negative control when
cDNA excluded, indicating that the bands in the P@Bducts were resulted from SMO gene transcript
amplification and no template contamination ocalwfEhe engagement of SMO in BCCs is supported by
another study in which positive results obtainethwulie orally administered SMO inhibitor GDC-0440a
trial of patients with locally advanced or metast&CC [23].

RT-PCR analysis of BCC skin biopsies takenmfrpatients from Sulaimani Province showed the
expression of Gli2 (833 bp) (n=5) (Figure 2). Istady on BCC biopsies, Gli2 expression was deterthin
using an image analysis system (semiautomatic ifumct8]. Mouse embryos homozygous for Gli2
mutations display diminished expression of Shhetbggnes [24, 25].

Shh signaling pathway is sensitive to inhdbitibby small molecules for the first time noticednfr the
observation of cyclopia in lambs, induced by thetemeal ingestion of corn lilies, followed by the
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demonstration that the active compound, cyclopaimgbits hh signaling and binds to SMO [26-28].
Studies showed that, in addition to hh inhibitionviarious in vitro systems, the oral administratmi
cyclopamine reduced the growth and development@E Bh Ptchl+/— mice exposed to UV irradiation and
its topical application to human BCC can induceesgion [27, 29].

The region-specific localization of Ptcl, SM&Ji2, and Gli3 speculate that placental trophaslase the
hh-responding cells, and Shh acts on these hh-dsmpcells to activate the signaling pathway arate
the differentiation of them [30].

A study demonstrated that in absence of the sinal, the biological activity of Gli2 is suppeed by
the N-terminal domain and the existence of suckgalatory mechanism is consistent with the hypashes
that Gli2 is a primary mediator of Shh signalind][3

In this study, RT-PCR analysis showed the &sgion of Gli3 (658 bp) (n=5) (Figure 3) in the BEKin
biopsies taken from patients from Sulaimani Proginc

Gli3, but not Gli1, is another primary mediatdrShh signaling whereby the N-terminal region mlates
the activator function. Therefore, Gli2 and Glidtgins appear to be primary mediators of Shh siggal
[31]. This further justifies the results obtaineyl this study on local BCC samples. Gli2 and Gli8wty
leads to Glil expression, which positively boost&l Granscription [32]. A study illustrated that i@l
trafficking links hh-dependent activation of SMO time primary cilium to transcriptional activation the
nucleus [33]. BCC induced in mice via over expr@sf Shh in a different study [34]. Therefore, thié
studies mentioned above support the results oltdgethis study which shows that SMO, Gli2 and Gli3
genes play role in the development of BCC throdggdration of Shh signaling pathway.

Conclusion

In conclusion, it can be seen from the presamdy that SMO, Gli2 and Gli3 genes are expregs&LCC
biopsies taken from sun-exposed skin areas ofrgatia Sulaimani Province. These findings sugdest t
SMO, GIli2 and GIli3 are potent oncogenes in skin aade pivotal role in the development of BCC. Thus
this method can be used in the diagnosis of BCC farttier study of molecular mechanisms of BCC
development may lead to an effective anti-cancenaiby.
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