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The hedgehog (Hh) signaling pathway was �rst discovered as 

a primary regulator of embryonic development.1 Mammalian 

Hh signal transduction involves three Hh homologues: sonic 

(Shh), Indian, and Desert. The Hh signaling cascade is initiated 

as the Hh binds to the twelve transmembrane proteins patched 

1 (Ptch). This internalizes the Ptch and relieves the suppression 

of the smoothened (Smo), which allows for the activation of the 

glioma-associated oncogene (Gli) transcription factor. The Gli 

transcription factor exists in three forms, Gli-1, Gli-2, and Gli-

3.2,3 Although the detailed mechanism of this pathway is yet to 

be understood, a full-length Gli-3 is transported into the nucle-

us in order to activate the Hh target genes.4 Gli-1, one of the 

Hh target genes that functions only as a transactivator, is con-

sidered to be a marker of the Hh pathway activation.4,5 

Recent studies have demonstrated that carcinomas of various 

organs, such as the skin, cerebellum, lungs, stomach, pancreas, 

prostate, uterine cervix, and breasts, harbor the ligand-depen-

dent activation of the Hh signaling pathway.2,6,7 Shh, Ptch, and 

Gli-1 have been reported to be overexpressed in breast carcino-

mas.2 In addition, a positive correlation between the estrogen 

receptor (ER) status and Gli-1 nuclear translocation has been 

reported and further studies indicated that estrogen-induced 

Shh expression activated the Hh pathway and increased cell 

proliferation.2,8

Breast cancer is one of the most heterogeneous types of tumor 

with various histology, phenotype, and clinical behavior. In gen-

eral, systemic therapy recommendations follow the subtype clas-

si�cation, which is determined by hormone receptor status, hu-

man epidermal growth factor receptor 2 (HER2) expression and 

Ki-67 labeling index. 

The purpose of this study was to evaluate Hh signaling pro-

tein expression in breast carcinoma according to immunohisto-

chemical subtypes, correlate the expression with known clinico-

pathologic parameters, and compare the overall survival rates.
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MATERIALS AND METHODS

Clinical samples

A total of 334 patients with primary breast carcinoma under-

went resection at St. Vincent’s Hospital (Suwon, Korea) between 

January 1999 and August 2007. Formalin fixed paraffin em-

bedded (FFPE) tissue and clinical data were collected retrospec-

tively. All of the archival hematoxylin and eosin (H&E) stained 

slides for each patient were reviewed. The nuclear grades and 

histologic grades were evaluated according to the Nottingham 

grading system.9 The tumor stages were evaluated according to 

the 7th edition of the American Joint Committee on Cancer 

(AJCC) criteria. A total of 322 cases were available with patient 

survival data. This study was approved by the Institutional Re-

view Board of The Catholic University of Korea (VC10SISI0093). 

Tissue microarray (TMA) 

TMA blocks were constructed containing 334 invasive carci-

noma specimens from the FFPE tissue. The representative tu-

mor site was chosen on H&E slides, and the site corresponding 

to the con�rmed tumor site in the paraf�n block was marked. 

The selected area was harvested using a 2 mm Quick-Ray tip-

punch (Micro Digital Co., Seoul, Korea) and was transferred to 

a TMA mold. The H&E stained slides of the TMA blocks con-

�rmed whether or not the appropriate tumor site had been se-

lected. 

Immunohistochemistry

Immunohistochemical staining was conducted on 5 μm sec-

tions of the TMA blocks. The paraf�n sections were mounted 

on poly-L-lysin coated glass slides, deparaffinized, and then 

they were rehydrated in a graded series of ethanol, followed by 

microwave antigen retrieval. Endogenous peroxidase activity 

was blocked by treating the slides with 3% H2O2 in methanol 

for 10 minutes at room temperature. The primary antibodies 

were incubated overnight at 4˚C. The following primary anti-

bodies were used: Shh (1:200, EP1190Y, Epitomics, Burlin-

game, CA, USA), Ptch (1:200, ab53715, Abcam, Cambridge, 

MA, USA), Smo (1:100, ab72130, Abcam), Gli-1 (1:50, ab92611, 

Abcam), Gli-2 (1:400, ab7181, Abcam), Gli-3 (1:400, PAB-

10052, Abnova, Taipei, Taiwan), ER (1:300, 6F11, Novocastra, 

Newcastle upon Tyne, UK), progesterone receptor (PR; 1:600, 

16, Novocastra), HER2 (1:1,800, polyclonal, Dako, Glostrup, 

Denmark), and Ki-67 (1:200, MM1, Novocastra). Immunos-

taining was conducted using the rabbit or mouse DAKO Chem-

Mate EnVision system and Peroxidase/DAB kit (Dako). The 

sections were then counterstained with Meyer hematoxylin and 

then dehydrated, cleared, and mounted.

The immunohistochemical staining and the histology were 

examined independently by two pathologists. The cases with 

discrepant scores were discussed in order to obtain a consensus. 

The immunoreactivity was interpreted in the cytoplasm for the 

Shh, Ptch, and Smo, and in the nucleus for the Gli-1, Gli-2, 

and Gli-3. The staining intensity was graded as follows: 0, neg-

ative; 1, weak; 2, moderate; and 3, intense; and the proportion 

was graded according to the percentage of positive cells as fol-

lows: 0, <5%; 1, 5-25%; 2, 26-50%; 3, 51-75%; and 4, >75%. 

The intensity score and proportion score were multiplied in or-

der to generate an immunoreactive score (IS). Negative expres-

sion was de�ned as an IS lower than 4.

Tumor phenotype classi�cation

The breast cancer phenotypes were classi�ed according to the 

2011 St. Gallen consensus.10 The immunohistochemical stain-

ing for the ER and PR was evaluated using the Allred meth-

od.11 An Allred score of 3 or higher was considered positive. 

The immmunohistochemical results for HER2 were de�ned as 

follows: 0, no staining; 1+, weak incomplete membranous stain-

ing in any proportion of tumor cells; 2+, complete membra-

nous staining weak in intensity of >10% of tumor cells; and 

3+, intense complete membrane staining of >30% of the inva-

sive tumor cells. Values of 0 and 1+ were considered negative; 

2+, equivocal; and 3+, positive. The equivocal cases were reas-

signed after silver in situ hybridization. The phenotypes were 

classified as follows; luminal A (LumA) type: ER and/or PR 

positive, HER2 negative, and Ki-67 index<14%; luminal B 

HER2 negative (LumB HER2 neg) type: ER and/or PR posi-

tive, HER2 negative, and Ki-67 index≥15%; luminal B HER2 

positive (LumB HER2 pos) type: ER and/or PR positive, HER2 

positive, and any Ki-67 index; HER2 positive (HER2) type: 

ER, PR negative, and HER2 positive; and triple negative type: 

ER, PR, and HER2 negative.

Statistical analysis

Statistical analyses were performed by using SPSS for Win-

dows ver. 13.0 (SPSS Inc., Chicago, IL, USA). The two-sided p-

values were determined via chi-square tests. The patients’ over-

all survival was analyzed using the Kaplan-Meier method with 

the use of the log-rank test for univariate analysis. A value of 

p<0.05 was considered signi�cant for all of the analyses. 
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RESULTS

Patient characteristics

The mean age of the 334 total patients was 51.3 years (range, 

30 to 82 years). The clinicopathological data of our study popu-

lation are presented in Table 1. Follow-up data were available 

for 322 patients and the median follow-up duration was 75.1 

months (range, 0 to 179 months) after the primary surgery. 

Twenty-one (6.5%) patients had local recurrence, 62 (19.3%) 

patients developed distant metastasis and 31 (9.6%) patients 

died during follow up.

Immunohistochemical results for Shh, Ptch, Smo, Gli-1, Gli-

2, and Gli-3 

The microscopic features of the immunohistochemical stain-

ing for each protein are presented in Fig. 1. Shh, Ptch, and Smo 

were stained in the cytoplasm. Gli-1, Gli-2, and Gli-3 had a 

nuclear staining pattern. Of the 334 breast carcinoma cases, the 

Shh, Ptch, Smo, Gli-1, Gli-2, and Gli-3 were expressed in 164 

(49.1%), 70 (21.0%), 75 (22.5%), 141 (42.2%), 252 (75.4%), 

Table 1. Relationship between hedgehog related protein expression and the clinicopathologic factors of breast cancer

Clinicopathologic

factors

No. of cases 

(%)

No. of positive cases (%)

Shh Ptch Smo Gli-1 Gli-2 Gli-3

Age (yr)

<50

>50

p-value

179 (53.6)

155 (46.4)

87 (48.6)

77 (49.7)

0.845

100 (55.9)

83 (53.5)

0.671

47 (26.3)

28 (18.1)

0.074

77 (43.0)

64 (41.3)

0.750

141 (78.8)

111 (71.6)

0.130

99 (55.3)

92 (59.4)

0.456

Size (cm)

<2

2-5

>5

p-value

129 (38.6)

172 (51.5)

33 (9.9)

60 (46.5)

84 (48.8)

20 (60.6)

0.350

72 (55.8)

91 (52.9)

20 (60.6)

0.687

30 (23.3)

38 (22.1)

7 (21.2)

0.956

57 (44.2)

71 (41.3)

13 (39.4)

0.829

95 (73.6)

129 (75.0)

28 (84.8)

0.403

85 (65.9)

93 (54.1)

13 (39.4)

0.011*

Node metastasis

0

1-3

>4

p-value

179 (53.6)

98 (29.3)

57 (17.1)

84 (46.9)

40 (40.8)

40 (70.2)

0.001*

96 (53.6)

47 (48.0)

40 (70.2)

0.025*

40 (22.3)

18 (18.4)

17 (29.8)

0.257

80 (44.7)

36 (36.7)

25 (43.9)

0.423

136 (76.0)

74 (75.5)

42 (73.7)

0.940

111 (62.0)

36 (36.7)

44 (77.2)

0.000*

Stage

I

II

III

IV

p-value

78 (23.4)

169 (50.6)

81 (24.3)

6 (1.8)

32 (41.0)

78 (46.2)

48 (59.3)

6 (100.0)

0.007*

45 (57.7)

83 (49.1)

49 (60.5)

6 (100.0)

0.037*

18 (23.1)

36 (21.3)

19 (23.5)

2 (33.3)

0.896

36 (46.2)

67 (39.6)

33 (40.7)

5 (83.3)

0.159

57 (73.1)

126 (74.6)

63 (77.8)

6 (100.0)

0.475

54 (69.2)

89 (52.7)

45 (55.6)

3 (50.0)

0.100

Nuclear grade

1

2

3

p-value

39 (11.7)

168 (50.3)

127 (38.0)

20 (51.3)

79 (47.0)

65 (51.2)

0.747

23 (59.0)

90 (53.6)

70 (55.1)

0.826

4 (10.3)

31 (18.5)

40 (31.5)

0.004*

15 (38.5)

68 (40.5)

58 (45.7)

0.590

34 (87.2)

128 (76.2)

90 (70.9)

0.112

18 (46.2)

89 (53.0)

84 (66.1)

0.026*

Histologic grade

1

2

3

p-value

75 (22.5)

136 (40.7)

123 (36.8)

34 (45.3)

64 (47.1)

66 (53.7)

0.433

40 (53.3)

73 (53.7)

70 (56.9)

0.837

9 (12.0)

28 (20.6)

38 (30.9)

0.007*

35 (46.7)

61 (44.9)

45 (36.6)

0.273

61 (81.3)

105 (77.2)

86 (69.9)

0.160

42 (56.0)

81 (59.6)

68 (55.3)

0.764

ER

–

+

p-value

154 (46.1)

180 (53.9)

79 (51.3)

85 (47.2)

0.458

67 (43.5)

116 (64.4)

0.000*

48 (31.2)

27 (15.0)

0.000*

53 (34.4)

88 (48.9)

0.008*

102 (66.2)

150 (83.3)

0.000*

75 (48.7)

116 (64.4)

0.004*

PR

–

+

p-value

184 (55.1)

150 (44.9)

95 (51.6)

69 (46.0)

0.306

97 (52.7)

86 (57.3)

0.399

54 (29.3)

21 (14.0)

0.001*

68 (37.0)

73 (48.7)

0.031*

139 (75.5)

113 (75.3)

0.965

92 (50.0)

99 (66.0)

0.003*

HER2

–

+

p-value

251 (75.1)

83 (24.9)

108 (43.0)

56 (67.5)

0.000*

144 (57.4)

39 (47.0)

0.099

52 (20.7)

23 (27.7)

0.186

107 (42.6)

34 (41.0)

0.790

193 (76.9)

59 (71.1)

0.287

144 (57.4)

47 (56.6)

0.905

Shh, sonic hedgehog; Ptch, patched; Smo, smoothened; Gli, glioma-associated oncogenes; ER, estrogen receptor; PR, progesterone receptor; HER2, hu-

man epidermal growth factor receptor 2.

*Statistically significant (p<0.05).
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and 37 (11.1%) cases, respectively. 

Relationship between the expression of Shh, Ptch, Smo, 

Gli-1, Gli-2, and Gli-3 and the clinicopathological factors

The correlations between the Shh, Ptch, Smo, Gli-1, Gli-2, 

and Gli-3, and the clinicopathological variables are presented in 

Table 1. Lymph node metastasis was correlated with the expres-

sion of Shh (p=0.001) and Ptch (p=0.064). Shh and Gli-3 ex-

pression was signi�cantly correlated with the stage (p=0.007 

and p=0.024, respectively). The nuclear grade was related to 

C

A

D

B

E F

Fig. 1. Immunohistochemical results for sonic hedgehog (Shh), patched (Ptch), smoothened (Smo), glioma-associated oncogene (Gli)-1, Gli-

2, and Gli-3. (A) Shh immunostaining shows a strong cytoplasmic pattern in tumor cells. (B) Ptch is expressed in the cytoplasm of tumor cells. 

(C) Smo shows diffuse strong staining in the cytoplasm of tumor cells. (D) Gli-1 is expressed in the nucleus of tumor cells. (E) Gli-2 is ex-

pressed in a nuclear pattern. (F) Gli-3 is expressed in the nucleus of tumor cells (avidin-biotin-peroxidase complex staining).
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the Smo (p=0.004) and Gli-3 (p=0.000). The histologic grade 

was related to the Ptch (p=0.016), Smo (p=0.007), and Gli-3 

(p=0.000). The ER expression was related to the Ptch (p=0.012), 

Smo (p=0.000), Gli-1 (p=0.008), and Gli-2 (p=0.000). The 

PR expression was related to the Smo (p=0.001) and Gli-1 (p= 

0.031). HER2 showed a significant correlation with the Shh 

(p= 0.000) and Gli-3 (p=0.002).

Relationship between the Hh related protein expression and 

the breast cancer phenotype

The correlation between the Shh, Ptch, Smo, Gli-1, Gli-2, 

and Gli-3, and the breast cancer phenotypes according to the 

2011 St. Gallen consensus are presented in Table 2. Shh, Ptch, 

Smo, Gli-1, and Gli-2 expression varied signi�cantly between 

phenotypes (p=0.000, p=0.001, p=0.004, p=0.039, and p= 

0.031, respectively). Shh expression was observed in 143 (49.3%) 

cases and was higher in the HER2 type (74.1%). Ptch expres-

sion was present in 70 (21.0%) cases, and was higher in the 

LumB HER2 neg type (44.2%). Smo expression was observed 

in 65 (22.4%) cases and was higher in the HER2 type and tri-

ple negative type (31.0% and 30.9%, respectively). Gli-1 ex-

pression was present in 119 (41.0%) cases and was higher in 

the LumB HER2 pos type (64.0%). Gli-2 expression was ob-

served in 215 (74.1%) cases and was higher in the luminal types: 

LumA (85.1%), LumB HER2 neg (81.4%), and LumB HER2 

pos (80.0%). Gli-3 expression did not differ signi�cantly among 

the phenotypes (p=0.282).

Survival analysis

The overall survival rates according to the clinicopathologic 

and immunohistochemical parameters are summarized in Table 

3. The stage (p=0.000) was significantly correlated with the 

patients’ overall survival. Among the Hh related proteins that 

were analyzed, the Gli-2 positive group had a signi�cantly worse 

survival rate than the Gli-2 negative group (p=0.012) (Fig. 2). 

The Shh, Ptch, Smo, Gli-1, and Gli-3 did not show statistical 

signi�cance related to the patients’ prognosis.

DISCUSSION

The Hh signaling pathway, initially discovered in the Dro-

sophila, is known to play a crucial role in controlling cell fate 

and patterning during embryogenesis.12 Disruption of the Hh 

signaling pathway results in congenital brain, facial, and other 

midline defects. Mutational activation of the Hh signaling path-

way is primarily associated with basal cell carcinoma and me-

dulloblastoma.3,4 Ligand-dependent activation has also been re-

ported in various types of malignancies, such as small cell lung 

carcinoma and carcinomas of the stomach, pancreas, prostate, 

uterine cervix, colon and breasts.2,6,7,13-20

Table 2. Relationship between hedgehog related protein expression and breast cancer phenotype

Total

(n=290)a 

LumA

(n=67) 

LumB

HER2 neg 

(n=43) 

LumB

HER2 pos

(n=25) 

HER2

(n=58) 

Triple negative

(n=97) 
p-value

Shh

–

+

147 (50.7)

143 (49.3)

33 (49.3)

34 (50.7)

27 (62.8)

16 (37.2)

12 (48.0)

13 (52.0)

15 (25.9)

43 (74.1)

60 (61.9)

37 (38.1)

0.000*

Ptch

–

+

132 (45.5)

158 (54.5)

21 (31.3)

46 (68.7)

10 (23.3)

33 (76.7)

13 (52.0)

12 (48.0)

31 (53.4)

27 (46.6)

57 (58.8)

40 (41.2)

0.000*

Smo

–

+

225 (77.6)

65 (22.4)

58 (86.6)

9 (13.4)

40 (93.0)

3 (7.0)

20 (80.0)

5 (20.0)

40 (69.0)

18 (31.0)

67 (69.1)

30 (30.9)

0.004*

Gli-1

–

+

171 (59.0)

119 (41.0)

35 (52.2)

32 (47.8)

25 (58.1)

18 (41.9)

9 (36.0)

16 (64.0)

40 (69.0)

18 (31.0)

62 (63.9)

35 (36.1)

0.039*

Gli-2

–

+

75 (25.9)

215 (74.1)

10 (14.9)

57 (85.1)

8 (18.6)

35 (81.4)

5 (20.0)

20 (80.0)

20 (34.5)

38 (65.5)

32 (33.0)

65 (67.0)

0.031*

Gli-3

–

+

122 (42.1)

168 (57.9)

17 (25.4)

50 (74.6)

20 (46.5)

23 (53.5)

6 (24.0)

19 (76.0)

30 (51.7)

28 (48.3)

49 (50.5)

48 (49.5)

 0.003*

Values are presented as number (%).

LumA, luminal A; LumB HER2 neg, luminal B HER2 negative; LumB HER pos, luminal B HER2 positive; Shh, sonic hedgehog; Ptch, patched; Smo, smooth-

ened; Gli, glioma-associated oncogenes.

*Statistically significant (p<0.05). 
aClassification is only available in 290 cases.
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Table 3. Kaplan-Meier analysis of the overall survival rates

Breast carcinoma (n=322)

Total No. of deceased p-value

Age (yr) <50

≥50

170

152

17

19

0.233

Stage I

II

III

IV

73

163

80

6

2

14

16

4

0.000*

Phenotype LumA

LumB HER2 neg

LumB HER2 pos

HER2

Triple negative

67

43

25

58

97

1

8

1

5

9

0.130

Shh –

+

167

155

17

19

0.447

Ptch –

+

147

175

15

21

0.638

Smo –

+

252

70

27

9

0.695

Gli-1 –

+

186

136

25

11

0.354

Gli-2 –

+

79

243

2

34

0.012*

Gli-3 –

+

139

183

21

15

0.469

LumA, luminal A; LumB HER2 neg, luminal B HER2 negative; LumB HER 

pos, luminal B HER2 positive; Shh, sonic hedgehog; Ptch, patched; Smo, 

smoothened; Gli, glioma-associated oncogenes.

*Statistically significant (p<0.05).

Fig. 2. Kaplan-Meier survival analysis in breast carcinoma. Patients 

with glioma-associated oncogene 2 (Gli-2) expression have a poor 

overall survival rate (p=0.012). 
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Kubo et al.2 evaluated the expression of Shh, Ptch, and Gli-1 

by immunohistochemical staining in 52 cases of human breast 

carcinoma. Tumor cells overexpressed the Shh, Ptch and Gli-1 

in 52, 50, and 52 of the 52 total specimens, respectively. In ad-

dition, four human breast carcinoma cell lines showed increased 

expression of Shh, Ptch, and Gli-1. However, according to their 

results, there was not a statistically significant difference be-

tween the T stage, lymph node involvement, and overall tumor 

node metastasis (TNM) stage. Ten Haaf et al.21 determined that 

elevated levels of the Gli-1 protein in human breast cancer were 

correlated with aggressive behavior of the cancer, such as higher 

tumor stages and lymph node status. Our data suggests that 

the overexpression of Hh related proteins are associated with a 

larger tumor size (Gli-3), higher lymph node status (Shh, Ptch, 

and Gli-3), advanced stages (Shh and Ptch), higher nuclear gra-

des (Smo and Gli-3), and higher histological grades (Smo), all 

of which indicate more aggressive tumor behavior. 

There has been limited data on Hh related proteins and the 

actual overall survival in patients with breast carcinomas. Ac-

cording to ten Haaf et al.,21 the high Gli-1 expression groups 

had an unfavorable overall survival rate. O’Toole et al.18 evaluat-

ed Hh overexpression in a group of 279 patients with invasive 

ductal carcinoma of the breast, and reported that the expression 

of the Hh ligand was signi�cantly associated with an increased 

risk of metastasis and breast-cancer speci�c death. There are a 

few studies on Hh related protein expression and the survival of 

malignancies in other organs. Zhang et al.22 reported that Gli-2 

expression was correlated with poor prognosis in patients with 

hepatocellular carcinomas. Ding et al.23 reported that post-oper-

ative liver metasis-free survival was significantly lower with 

high Smo expression in colon cancer. On the other hand, Lee et 

al.24 reported that the Ptch and Gli-2 positive groups had a bet-

ter overall survival rate for gastric adenocarcinomas. However, 

Gli-2 expression showed a worse overall survival rate in breast 

carcinomas in our study, which supported the previously dis-

cussed results that Hh related protein expression is correlated 

with clinicopathologic features resulting in more aggressive be-

havior.

Gli-2, one of three members of the mammalian Gli transcrip-

tion factor family, is primarily known as a transcriptional acti-

vator that mediates the cellular response of Hh signaling.3 Lew-

is25 demonstrated that disruption of Gli-2 in mouse mammary 

gland development led to ductal dysplasias that closely resem-

bled some hyperplasia of human breast. However, there is only 

limited data available regarding Gli-2 and human breast cancer. 

According to Xuan and Lin,26 Gli-2 expression is related to PR 

expression, the Ki-67 proliferating index, node metastasis, and 

the clinical stage. Our study is the �rst to report that Gli-2 ex-

pression had a worse overall survival rate in breast carcinomas. 

This result suggests the possibility that Gli-2 could be used as 

a prognostic marker to select patients for aggressive treatment.
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In 2011, the 12th St. Gallen International Breast Cancer Con-

ference Expert Panel adopted a new approach to the classi�ca-

tion of patients for therapeutic purposes.10 For practical reasons, 

this approach uses immunohistochemical results of ER and PR, 

the HER2 status, and the Ki-67 proliferating index in order to 

identify tumor subtypes. The additional Ki-67 proliferating in-

dex has divided the previously known ‘luminal A’ type (ER and/ 

or PR positive, HER2 negative) into LumA (ER and/or PR 

positive, HER2 negative, and Ki-67 index<14%) and LumB 

HER2 neg type (ER and/or PR positive, HER2 negative, and 

Ki-67 index≥15%). The key to this new classi�cation is to co-

ordinate the subtypes with treatment. The LumB HER2 neg 

type may need systemic chemotherapy due to the high Ki-67 

index. 

According to our results, Shh expression was higher in the 

HER2 type, Ptch expression was higher in the LumB HER2 

neg type, and Gli-1 expression was higher in the LumB HER2 

pos type. These phenotypes all need additional cytotoxic che-

motherapy in addition to endocrine therapy or trastuzumab. 

The Hh pathway could be a therapeutic target for chemothera-

py in these cases. The Smo expression was signi�cantly higher 

in both the HER2 and triple negative types, which also require 

cytotoxic agents for chemotherapy. The steroid alkaloid cyclo-

pamine inhibits the Hh pathway activation via the direct bond-

ing of Smo.27 This effect suggests that cyclopamine derivatives 

could be a possible therapeutic agents for breast carcinomas. 

The Gli-2 expression was higher in the LumA, LumB HER2 

neg, and LumB HER2 pos types. These three types are ER and/

or PR positive types. Xuan and Lin26 reported that Gli-2 ex-

pression was related to PR expression. However, the full rela-

tionship between Gli-2 and hormone receptors has yet to be 

discovered.

In summary, our data showed that the expression of Shh, Ptch, 

Smo, Gli-1, Gli-2, and Gli-3 was signi�cantly correlated with a 

variety of clinicopathological indicators, indicating that Hh 

pathway activation is correlated with more aggressive clinical 

behavior. Most of all, patients with Gli-2 expression had a con-

siderably worse prognosis based on overall survival rates, which 

showed that Gli-2 is a promising prognostic marker. Evalua-

tion of the Hh related proteins may predict a patient’s outcome 

and be useful in selecting patients for aggressive treatment. The 

Hh related protein expression comparison between phenotypes 

suggests that the Hh pathway may be a useful therapeutic tar-

get for chemotherapy in breast carcinomas. 
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