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29 Summary Merkel cell carcinoma (MCC) is an aggressive neuroendocrine skin cancer that mostly occurs
30 in the elderly. Merkel cell polyomavirus (MCPyV) is detected in approximately 80% of MCCs and is
31 associated with carcinogenesis. Hedgehog signaling pathway plays a role in human embryogenesis and
32 organogenesis. In addition, reactivation of this pathway later in life can cause tumors. Twenty-nine-
33 MCPyV-positive and 21 MCPyV-negative MCCs were immunohistochemically stained with primary anti-
34 bodies for hedgehog signaling (SHH, IHH, PTCH1, SMO, GLI1, GLI2, and GLI3) and evaluated using
35 H-score. Polymerase chain reaction and sequence analysis for SHH andGLI1 exons were also performed.
36 Expression of SHH was higher in MCPyV-positive MCCs than in MCPyV-negative MCCs (P b .001).
37 Higher expression of GLI1, MCPyV infection, male sex, and Japanese ethnicity were associated with better
38 overall survival (P = .034, P = .001, P = .042, and P = .036, respectively). Higher expression of SHH and
39 MCPyV infection were associated with improved MCC-specific survival (P = .037 and P = .002, respec-
40 tively). The mutation analysis of prognosis-related GLI1 and SHH genes in our study revealed a low fre-
41 quency of mutations in the 10 exons examined, except GLI1 exon 5 (18/22 cases), all having the same
42 silent mutation of c.576G N A. Only 2 mutations with amino acid changes were detected in MCPyV-
43 negative MCCs only: 1 missense mutation inGLI1 exon 4 and 1 nonsense mutation in SHH-3B. Expression
44 of SHH and GLI1 may be useful prognostic markers of MCC because increased expression was associated
45 with better prognosis. The high rate of c.576G N A silent mutation in GLI1 exon 5 was a feature of MCC.
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4748 1. Introduction

49 Merkel cell carcinoma (MCC) is a rare and aggressive
50 neuroendocrine skin cancer that mostly occurs in sun-exposed
51 areas of the elderly and immunosuppressed individuals [1,2].
52 Approximately 80% of MCC cases are associated with Merkel
53 cell polyomavirus (MCPyV), and viral DNA is integrated
54 within the tumor genome in a clonal pattern [1,3,4]. MCPyV-
55 encoded large T antigen is expressed by infected cells and
56 inactivates Rb tumor suppressor protein [3,4]. Significant dif-
57 ferences in histological appearance, oncogene expression pat-
58 terns, and prognosis between MCPyV-positive and -negative
59 MCCs suggest different mechanisms of carcinogenesis [2,5].
60 Some studies have shown that patients with MCPyV-positive
61 MCC have a better prognosis than those with MCPyV-
62 negative MCC [2,6,7].
63 The hedgehog (HH) signaling pathway is the main develop-
64 mental pathway involved in human embryogenesis and organo-
65 genesis [8]. In addition, recent studies have demonstrated that
66 aberrant overexpression of HH pathway signals later in life can
67 play a critical role in the development of malignant tumors
68 [8,9]. Binding of HH proteins, like Sonic HH (SHH) or Indian
69 HH (IHH), to their receptor Patched 1 (PTCH1) results in the ac-
70 tivation of Smoothened (SMO) and the subsequent activation of
71 the signaling cascade of GLI proteins. It is thought that PTCH1
72 blocks the function of SMO and the following signaling cascade
73 when HH proteins are not present [10,11]. GLI1 and GLI2 can
74 mediate HH signals and have been implicated in tumorigene-
75 sis. GLI1 is an HH response gene product that exists only as
76 a transcriptional activator and functions via a positive feed-
77 back loop upon pathway activation. GLI2 functions as a
78 transcriptional activator, whereas GLI3 is the primary transcrip-
79 tional repressor [12]. Mutations causing inappropriate reactiva-
80 tion of SHH signaling pathway have been linked to
81 development of basal cell carcinoma (BCC) [13] as well as lung,
82 colon, cervical, and breast cancers [9,10]. The aberrant activa-
83 tion of HH signaling pathway also plays an important role in
84 squamous cell carcinoma (SCC), malignant melanoma (MM)
85 of the skin [9], and malignant hematological neoplasms [14].
86 Frequent and intense overexpression of HH signaling
87 molecules was observed in tissues from 25 patients with
88 MCC analyzed by microarray, and high levels of PTCH and
89 IHH were significantly associated with an increase in overall
90 and recurrence-free survival, respectively [10]. However, there
91 are no data on the MCPyV infection status in these patients. In
92 this study, we investigated and discussed the association of
93 expression of HH signaling molecules with MCPyV infection
94 and prognosis in 50 cases of MCC.

95 2. Materials and methods

96 2.1. Samples

97 This study was approved by the institutional review board
98 of Tottori University Faculty of Medicine. We included 29

99MCPyV-positive samples (13 Japanese and 16 whites in
100the United Kingdom) and 21 MCPyV-negative samples
101(1 Japanese and 20 whites in the United Kingdom) in the
102study. All samples were formalin-fixed and paraffin-embedded
103(FFPE). Clinicopathological characteristics of the patients are
104summarized in Supplementary Table S1.

1052.2. Immunohistochemistry

106Each sample was stained by polymer-based immunohisto-
107chemistry using EnVision + System-HRP Labeled Polymer
108Anti-Rabbit (Dako, Glostrup, Denmark) and Liquid DAB+
109Substrate Chromogen System (Dako). Primary antibodies
110used in this experiment are listed in Table 1 T1. After staining,
111pathologists and researchers who were blinded to the clinical de-
112tails of the patients evaluated the stained tissues. Cytoplasmic
113(SHH, IHH, PTCH1, and SMO) and nuclear (GLI1, GLI2, and
114GLI3) immunostains were evaluated using the H-score [15].
115Tissues used as positive controls were also stained and are
116shown in Table 1. Nonneoplastic skin and subcutaneous
117tissues from MCC samples were used as internal negative
118controls.

1192.3. DNA extraction

120DNA was extracted from each FFPE tissue sample using
121the QIAamp DNA FFPE Tissue Kit following the manufac-
122turer's protocol (Qiagen, Hilden, Germany).

1232.4. Mutation analysis by polymerase chain reaction
124and sequencing

125Polymerase chain reaction (PCR) and sequencing for
126SHH and GLI1 exons were performed because expression
127levels of SHH and GLI1 were significantly associated with

Table 1 t1:1List of antibodies and positive controls used for
immunohistochemistry

t1:2
t1:3Antibodies Host and

type
Sources Q1Dilution

ratio
Positive
controls

t1:4SHH
Rabbit
monoclonal

Abcam 1:100 Kidney

t1:5IHH
Rabbit
polyclonal

Santa Cruz
Biotechnology

1:80 Colon

t1:6PTCH1
Rabbit
polyclonal

Santa Cruz
Biotechnology

1:100
Breast
Cancer

t1:7SMO
Rabbit
polyclonal

Abcam 1:150 Brain

t1:8GLI1
Rabbit
polyclonal

Santa Cruz
Biotechnology

1:40 Testis

t1:9GLI2
Rabbit
polyclonal

GeneTex, Inc 1:250 Testis

t1:10GLI3
Rabbit
polyclonal

Atlas Antibodies 1:50 Testis
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