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Abstract

The hedgehog (Hh) signaling pathway regulates many processes of development and tissue
homeostasis. Activation of hedgehog signaling has been reported in about 30% of human cancer
including ovarian cancer. Inhibition of hedgehog signaling has been pursued as an effective strategy
for cancer treatment including an ongoing phase Il clinical trial in ovarian cancer. However, the rate
of hedgehog signaling activation in ovarian cancer was reported differently by different groups. To
predict the successful for future clinical trials of hedgehog signaling inhibitors in ovarian cancer, we
assessed hedgehog pathway activation in 34 ovarian epithelial tumor specimens through analyses of
target gene expression by in-situ hybridization, immunohistochemistry, RT-PCR and real-time PCR.
In contrast to previous reports, we only detected a small proportion of ovarian cancers with
hedgehog target gene expression, suggesting that identification of the tumors with activated
hedgehog signaling activation will facilitate chemotherapy with hedgehog signaling inhibitors.

Findings

Ovarian cancer is the most deadly type of gynecological
cancers. Epithelial ovarian cancer is the major ovarian
malignancy consisting of five histological subtypes:
serous, mucinous, endometrioid, transitional and clear
cell [1,2]. Overall, the 5-year relative survival of ovarian
cancer patients is 46%. If diagnosed at the localized stage,
the 5-year survival rate is 93% [3]. The survival of ovarian
carcinoma patients has not improved significantly for
years due to lack of knowledge for molecular mechanisms
underlying ovarian cancer development. Thus, identifying
novel markers for early diagnosis of ovarian cancer can

significantly reduce the mortality of ovarian cancer and
possibly facilitates targeted cancer therapeutics.

The hedgehog (Hh) signaling pathway regulates many
processes of development and tissue homeostasis [4,5]. In
the absence of the ligand Hh, hedgehog receptor (PTCH 1
or PTCH2) inhibits smoothened (SMO) signaling. When
Hh binds to PTCH1, SMO is able to signal, eventually
resulting in formation of activated transcriptional factor
Gli (Glil and Gli2) molecules and elevated expression of
the target genes (e.g. PTCH1, Glil, HIP etc). Activation of
hedgehog signaling has been reported in about 30% of
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human cancer [6] including ovarian cancer. Inhibition of
hedgehog signaling has been pursued as an effective strat-
egy for cancer treatment including an ongoing clinical
trial in solid tumors [7] such as ovarian cancer. Previous
studies showed different results of hedgehog signaling
activation in ovarian cancer. While one study suggests
activation of hedgehog signaling in virtually all tumors
examined using mainly immunohistochemistry [8],
another study indicated a much low rate of hedgehog sig-
naling activation [9]. It appears that a comprehensive
study on ovarian cancer hedgehog signaling is necessary
in order to predict the feasibility of clinical trials of hedge-
hog signaling inhibitors in ovarian cancer. In this study,
we examined hedgehog pathway activation in 34 ovarian
cancer specimens through analyses of target gene expres-
sion by in-situ hybridization, immunohistochemistry, RT-
PCR and real-time PCR (Additional file 1).

Previous studies indicated that sonic hedgehog expression
is elevated in ovarian cancer [1,8-10]. These and other
studies led to a phase II clinical studies in ovarian cancer
using hedgehog inhibitors. We examined three hedgehog
target genes in these specimens: PTCHI1, Glil, HIP1.
Tumors with expression of two hedgehog target genes are
regarded as hedgehog signaling activated tumors. PTCH1
expression was detected in 9 of 34 (~26%). In in-situ
hybridization analysis, most positive staining of PTCH1
was seen in the cancer tissues (Figure 1 indicated by
arrows) not in the adjacent stroma. The antisense probe of
PTCH1 gave positive (blue) signal but the sense probes
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Expression of PTCHI, GLII and HIPI in ovarian can-
cer. PTCHI, GLII and HIP transcript (blue as positive) was
detected by in situ hybridization in a well-differentiated
serous papillary adenocarcinoma (the left panel), and the
right panel pictures are their controls with respective sense
probes (Bars indicate 50 um).
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did not show staining, indicating the specificity of in-situ
hybridization. Further analysis did not reveal association
between PTCH1 expression and tumor subtypes, stage or
other characteristics (Additional file 2). The result of in-
situ hybridization was confirmed in tumor specimens
with 70% of tissue mass by PCR amplification (Figure 2).
Expression of PTCH1 protein (Figure 3) was further con-
firmed by immunohistochemistry in the specimens with
elevated expression of PTCH1 transcript.

GLI1 and HIP1 expression was detected in 9 of 34 (~26%)
and 7 of 34 (~21%) cancers respectively. Like PTCH1,
most positive staining of GLI1 and HIP1 was shown in
cancer (Fig. 1 indicated by arrows), not in stromal tissues.
Real-time PCR confirmed the results from in-situ hybridi-
zation showed that normal tissues had low or no level of
GLI1 expression whereas tumor tissues had elevated levels
of GLI1 (Figure 2). Like PTCH1, we did not find associa-
tion of Glil expression (or HIP1) with any tumor charac-
teristics. The result of RT-PCR shown in Figure 2 was
consistent with result of in-situ hybridization. Further
analysis indicated that PTCH1 co-expressed with GLI1 (p
=0.0033), but not with HIP1 expression. HIP1 expression
was only detected in 2 specimens which expressed PTCH1
or Glil, indicating that HIP1 is not highly expressed in
ovarian tissues or is silenced in cancers as reported in
other studies [11,12]. Only 7 out of 34 ovarian cancer
specimens (~21%) have elevated expression of two hedge-
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Figure 2

PCR detection of hedgehog signaling in ovarian can-
cer specimens. A. Real-time PCR analysis of GLI| expres-
sion in ovarian cancer was performed as described in
Materials and Methods. Glil transcript was shown here. B.
PCR detection of SHH, PTCHI, GLII, SMO, HIP| and Su(Fu)
transcripts in ovarian cancers. GAPDH is the endogenous
control. Numbers listed indicate specimen number.
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Figure 3

Expression of PTCHI, SHH and SMO protein in
ovarian cancer. PTCHI, SHH and SMO protein (yellow as
positive) was detected by immunohistochemistry in a poorly-
differentiated serous papillary adenocarcinoma (left panel),
and the right panel pictures are controls without primary
antibody (Bars indicate 50 um).

hog target genes (Additional file 2), indicating that hedge-
hog signaling activation is not very common in ovarian
cancer.

To understand the molecular basis of hedgehog signaling
activation in ovarian cancer specimens, we assessed
expression of hedgehog signaling components in ovarian
cancer. Expression of SHH was found in 11 of 34 (~32%)
ovarian cancers (Additional file 2). By in-situ hybridiza-
tion, we found SHH expression mainly in cancer tissues
(Figure 4 indicated by arrows). PCR also showed that nor-
mal tissues had low or no level of SHH expression, while
tumor tissues had elevated RNA level of SHH (Figure 2).
Further analysis revealed that SHH did not co-express
with hedgehog target genes PTCH1, GLI1 or HIP. SHH
expression was not associated with expression of hedge-
hog target genes (Additional file 2), indicating that SHH
expression alone is not responsible for Hh pathway sign-
aling activation in ovarian cancer.

In addition to SHH, we also detected expression of SMO
and Su(Fu) in 17 ovarian cancers. Although we found
SMO expression in 4 (~24%), and Su(Fu) in 4 (~24%)
tumors respectively. Most tumors with elevated expres-
sion of Glil and PTCH1 had no expression of SMO, sug-
gesting that SMO expression was not responsible for
hedgehog signaling activation in ovarian cancer.

The result of in situ hybridization was confirmed by semi-
quantified RT-PCR showing in Figure 2. Expression of

http://www.molecular-cancer.com/content/8/1/112

SHH st
el =
SMO
SU (FU) i)
A T paie
Figure 4

Expression of SHH, SMO and Su(Fu) in ovarian can-
cer. SHH, SMO and Su(Fu) transcript (blue as positive) was
detected by in situ hybridization. The positive stain of SHH,
SMO was shown in a well-differentiated serous papillary ade-
nocarcinoma and the positive stain of Su(Fu) was shown in a
poorly-differentiated serous papillary adenocarcinoma (left
panel), and the right panel pictures are controls of in situ
hybridization with respective sense probe (the bar indicates
50 pm).

SHH and SMO protein (Figure 3) was also detected by
immunohistochemistry in the specimens with expression
of SHH and SMO by in-situ hybridization and RT-PCR. In
summary of our data, we found only a small proportion
of ovarian cancer specimens with elevated hedgehog sign-
aling activation. Our data also showed that elevated SHH
expression is not always associated with Hh target genes
expression. Based on our data, we caution that clinical tri-
als with hedgehog signaling inhibitors in ovarian cancer
may be successful in selected patient population with ele-
vated Hh target genes.

Using several approaches, we showed that the percentage
of hedgehog signaling activation is low in ovarian cancer.
We only found 20% of tumor specimens with detectable
expression of two hedgehog target genes, as indicated in
real-time PCR and in-situ hybridization analyses. Our data
suggest that it is necessary to identify the right population
of ovarian cancer patients in the clinical trials with hedge-
hog signaling inhibitors. In addition, we found that even
in the tumor with elevated expression of hedgehog target
genes Glil and PTCH]1, expression of SHH is not necessar-
ily high, suggesting other mechanisms of hedgehog sign-
aling activation in the cancer. The fact that hedgehog
signaling activation is not associated with any particular
subtypes of ovarian cancer suggests that the morphologi-
cal classification of ovarian cancer may not reflect the

Page 3 of 5

(page number not for citation purposes)



Molecular Cancer 2009, 8:112

molecular pathogenesis of this disease. It will be of inter-
ests to establish an animal model to study hedgehog sign-
aling-mediated carcinogenesis in ovary.

Different results have been reported on hedgehog signal-
ing activation in ovarian cancer [8,9]. There are several
reasons for this discrepancy. First, different standards have
been used to define Hh signaling activation in ovarian
cancer. One group used immunohistochemistry to detect
expression Hh targets PTCH1 and Glil in the tumor spec-
imens [8] whereas we and others assessed the expression
of Hh target genes by several methods: in-situ hybridiza-
tion, real-time PCR and immunohistochemistry.
Although it is possible that our results may under estimate
the frequency of hedgehog signaling, we predict that
screening of Hh signaling activated tumors will signifi-
cantly improve the successful rate of clinical trials using
Hh signaling inhibitors. It is also possible that the
involvement of Hh signaling in human cancers may be
context dependent, occurring in some tissues or cell lines
but not in others. Evidence suggests that Hh signaling may
be involved in maintaining cancer stem cell proliferation
[13,14].

Taken together, our findings suggest that activation of the
Hh pathway is not frequent in ovarian cancer. The fact
that SHH expression is not correlated with Hh target gene
expression suggests that there are other mechanisms
responsible for Hh pathway activation. Our studies pre-
dict that targeted inhibition of the hedgehog pathway may
be only effective in a small percentage of ovarian cancer
patients.

Abbreviations

HIP: hedgehog:interacting protein; Su(Fu): suppressor of
fused; PTCH1: human homologue of patched 1; Shh: sonic
hedgehog; SMO: smoothened.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions

LY carried out the in-situ hybridization and immunohisto-
chemistry, performed the statistical analysis and drafted
the manuscript. SH and YB participated the in-situ hybrid-
ization and immunohistochemistry. JH, XZ and NH per-
formed the real-time PCR analysis of ovarian cancer. JX
and HZ designed and planed the experiment, drafted the
manuscript. All authors read and approved the final man-
uscript.

Authors' Information

Dr JX is a professor at Indiana University Wells Center for
Pediatric Research and IU Simon Cancer Center, with a
focus on hedgehog signaling in human cancer. He was

http://www.molecular-cancer.com/content/8/1/112

involved in the initial linking of hedgehog signaling to
human cancer in 1996 and was the first to report activated
SMO mutations in human cancer. Professor HZ from
Shandong University has expertise in developmental biol-
ogy and interests in linking developmental pathways to
human diseases. In the last few years, these two groups
have reported links of hedgehog signaling to several can-
cer types, including liver, esophageal, colon and gastric
cancers using comprehensive analyses of hedgehog target
gene expression.

Additional material

Additional file 1

Materials and methods.

Click here for file
[http://www.biomedcentral.com/content/supplementary/1476-
4598-8-112-S1.DOC]

Additional file 2

Additional table.

Click here for file
|http://www.biomedcentral.com/content/supplementary/1476-
4598-8-112-S2.XLS]

Acknowledgements

This work was supported by the National Cancer Institute (CA94160 to
JX), Wells Center for Pediatric Foundation (JX), IU Simon Cancer Center
(JX), the National Natural Science Foundation of China (30671072 and
30570967) and the Ministry of Science and Technology of China
(2007CB947100 and 2007CB815800) to ZHW.

References

I. Rosen DG, Yang G, Liu G, Mercado-Uribe |, Chang B, Xiao XS, Zheng
J, Xue FX, Liu J: Ovarian cancer: pathology, biology, and dis-
ease models. Front Biosci 2009, 14:2089-2102.

2. Blagden S, Gabra H: Promising molecular targets in ovarian
cancer. Curr Opin Oncol 2009, 21(5):412-419.

3. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ: Cancer statistics,
2009. CA Cancer | Clin 2009, 59(4):225-249.

4.  Nusslein-Volhard C, Wieschaus E: Mutations affecting segment
number and polarity in Drosophila. Nature 1980,
287(5785):795-801.

5. Jiang J, Hui CC: Hedgehog signaling in development and can-
cer. Dev Cell 2008, 15(6):801-812.

6.  Xie J: Implications of hedgehog signaling antagonists for can-
cer therapy. Acta Biochim Biophys Sin (Shanghai) 2008,
40(7):670-680.

7. Von Hoff DD, LoRusso PM, Rudin CM, Reddy JC, Yauch RL, Tibes R,
Weiss GJ, Borad MJ, Hann CL, Brahmer JR, Mackey HM, Lum BL,
Darhonne WC, Marsters JC Jr, de Sauvage FJ, Low JA: Inhibition of
the hedgehog pathway in advanced basal-cell carcinoma. N
Engl ] Med 2009, 361(12):1164-1172.

8. Liao X, Siu MK, Au CW, Wong ES, Chan HY, Ip PP, Ngan HY, Cheung
AN: Aberrant activation of hedgehog signaling pathway in
ovarian cancers: effect on prognosis, cell invasion and differ-
entiation. Carcinogenesis 2009, 30(1):131-140.

9.  Bhattacharya R, Kwon J, Ali B, Wang E, Patra S, Shridhar V, Mukherjee
P: Role of hedgehog signaling in ovarian cancer. Clin Cancer Res
2008, 14(23):7659-7666.

10.  Yauch RL, Gould SE, Scales S}, Tang T, Tian H, Ahn CP, Marshall D,
Fu L, Januario T, Kallop D, Nannini-Pepe M, Kotkow K, Marsters ]JC,

Page 4 of 5

(page number not for citation purposes)


http://www.biomedcentral.com/content/supplementary/1476-4598-8-112-S1.DOC
http://www.biomedcentral.com/content/supplementary/1476-4598-8-112-S2.XLS
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19273186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19273186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19553815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19553815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19474385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19474385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6776413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6776413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19081070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19081070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18604459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18604459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19726763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19726763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19028702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19028702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19028702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19047091

Molecular Cancer 2009, 8:112

Rubin LL, de Sauvage FJ: A paracrine requirement for hedgehog
signalling in cancer. Nature 2008, 455(7211):406-410.

Taniguchi H, Yamamoto H, Akutsu N, Nosho K, Adachi Y, Imai K, Shi-
nomura Y: Transcriptional silencing of hedgehog-interacting
protein by CpG hypermethylation and chromatic structure
in human gastrointestinal cancer. J  Pathol 2007,
213(2):131-139.

Tada M, Kanai F, Tanaka Y, Tateishi K, Ohta M, Asaoka Y, Seto M,
Muroyama R, Fukai K, Imazeki F, Kawabe T, Yokosuka O, Omata M:
Down-regulation of hedgehog-interacting protein through
genetic and epigenetic alterations in human hepatocellular
carcinoma. Clin Cancer Res 2008, 14(12):3768-3776.

Liu S, Dontu G, Wicha MS: Mammary stem cells, self-renewal
pathways, and carcinogenesis.  Breast Cancer Res 2005,
7(3):86-95.

Rubin LL, de Sauvage FJ: Targeting the Hedgehog pathway in
cancer. Nat Rev Drug Discov 2006, 5(12):1026-1033.

http://www.molecular-cancer.com/content/8/1/112

Publish with Bio Med Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and published immediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 5 of 5

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18754008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18754008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17724792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17724792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17724792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18559595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18559595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18559595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15987436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15987436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17139287
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17139287
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Findings
	Abbreviations
	Competing interests
	Authors' contributions
	Authors' Information
	Additional material
	Acknowledgements
	References

