Neoplasma 2021; 68(4): 867-874

867

doi:10.4149/neo_2021_201204N1304

Sonic Hedgehog is a novel prognostic biomarker in patients with oral

squamous cell carcinoma

Piotr CIERPIKOWSKI*, Anna LIS-NAWARA, Julia BAR

Department of Immunopathology and Molecular Biology, Wroclaw Medical University, Wroclaw, Poland

*Correspondence: cierpikowski@gmail.com

Received December 4, 2020 / Accepted March 23, 2021

Recent studies revealed that Sonic Hedgehog (SHH) signaling pathway plays an important role in initiation and tumor
progression in various malignancies, however, its role in oral squamous cell carcinoma (OSCC) remains unclear. The objec-
tive of this study was to investigate the prognostic significance of SHH expression in patients with OSCC in relation to
p53 protein expression and human papillomavirus (HPV) presence. SHH, p53, HPV expression was analyzed in surgical
specimens from 70 patients with primary OSCC by immunohistochemistry (IHC) and correlated with clinicopathological
parameters. The presence of SHH, p53, HPV was found in 51/70 (72.9%), 32/70 (45.7%), 11/70 (15.7%) cases, respec-
tively. No correlation between SHH, p53 overexpression, and HPV presence was found. SHH expression was associated
with tumor stage (p=0.026). P53 immunoreactivity correlated with tumor grade (p=0.040). By Kaplan-Meier analysis, SHH
expression was significantly associated with shorter overall survival (p=0.005). Multivariate cox regression analysis showed
that SHH was an independent prognostic factor for overall survival (HR=2.93; 95% CI=1.40-6.13; p=0.004). Our findings
revealed that the SHH signaling pathway contributes to the poor survival of patients with OSCC and should be considered
as a new prognostic biomarker in patients with OSCC. Inhibition of the SHH pathway may be used as a new potential target

in cancer therapy.
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Oral carcinoma is one of the most common malignancies
worldwide with highly invasive behavior and poor prognosis
[1]. More than 90% of cases that are formed from tissues
of the oral cavity present as oral squamous cell carcinoma
(OSCC) [2]. The most known risk factor for OSCC incidence
is chronic exposure to smoking [3]. However, infection of
oral mucosa by the human papillomavirus (HPV) is also a
proven etiologic factor, especially within younger patients
[3]. Radical surgical resection in combination with radio-
therapy or chemotherapy is an established treatment option
for OSCC [4]. Despite recent advances in medical therapy,
the survival of patients with OSCC has not improved over the
last few decades [4, 5]. The major causes of high mortality are
high tumor invasion, lymph node involvement, poor response
to therapy, and early local recurrence [3, 6, 7]. Growing
evidence suggests that the growth of OSCC might be caused
by carcinoma cells, which possess stemness features [4]. The
prediction of OSCC behavior and clinical outcome using
currently available conventional clinicopathological parame-
ters is not sufficient. Therefore, it is essential to identify effec-
tive biomarkers, which predict the prognosis of patients with

OSCC and may also be a potential target for novel therapies
in the future. Cancer stem-like cells (CSCs) theory provides
a new direction regarding the recurrence mechanism in
tumors [4]. CSCs detected in OSCC might determine biolog-
ical, aggressive growth of OSCCs by self-renewal of CSCs
existed in tumor tissue [4, 8]. Self-renewal of CSCs can be
maintained by several endogenous signaling pathways, such
as Hedgehog, Notch, Wnt, B-cell-specific Moloney murine
leukemia virus integration site 1 (Bmil), Pten, Bmp, and
TGEF-B, which are frequently activated in human cancers [8].

Sonic Hedgehog signaling pathway (SHH), one of the
components belonging to the Hedgehog pathway (HH),
originally plays a fundamental role in proliferation, differen-
tiation, and migration of certain stem cells during embryo-
genesis [9, 10]. However, the SHH pathway plays also an
important role in human carcinoma [11]. Aberrant activa-
tion of the SHH pathway was firstly observed in basal cell
carcinoma, where selective inhibitors (e.g., vismodegib,
sonidegib) are used successfully [12]. Recent studies reported
that SHH overexpression is closely related to tumorigenesis,
metastasis, angiogenesis, and cancer relapse [5, 8, 9, 13].
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However, the role of SHH in OSCC remains still unclear.
Most of the previous studies concerning OSCC focused on
other components of the HH pathway like Gli, Smo, Ptch
[6, 14]. In addition, a positive correlation between SHH
expression and survival of patients with OSCC has not been
reported [7, 10, 15].

P53 protein (p53) is one of the well-known molecules
analyzed in human cancer. P53 plays a critical role in cell cycle
control, DNA damage repair, and apoptosis [16, 17]. TP53
gene alteration leads to loss of suppressive function of p53
protein [18, 19]. P53 overexpression was observed in various
human tumors (e.g., lung, colorectal, gastric, laryngeal, esoph-
ageal, ovarian cancer) including OSCC [16]. It was reported
that the p53 overexpression is correlated with poor prognosis,
although, its association with survival in OSCC is controversial
[18, 19]. It is worthwhile to underline that p53 protein expres-

Table 1. Clinicopathological characteristics of patients with oral squa-
mous cell carcinoma.

Parameter N (%)
Gender

Female 23(32.9)

Male 47 (67.1)
Tumor grade

Gl 26 (37.1)

G2 36 (51.4)

G3 8(11.4)
Tumor location

Tongue 30 (42.9)

Floor of the mouth 18 (25.7)

Other (cheek, gingiva, palate) 22 (31.4)
Tumor stage

pT1 15 (21.4)

pT2 15 (21.4)

pT3 27 (38.6)

pT4 13 (18.6)
Lymph node metastasis

Yes 26 (36.4)

No 44 (63.6)
Clinical stage

I 24 (34.3)

/v 46 (65.7)
Survival status

Alive 22 (31.4)

Dead 48 (68.6)
SHH expression

Positive 51(72.9)

Negative 19 (27.1)
P53 expression

Positive 32 (45.7)

Negative 38 (54.3)
HPV expression

Positive 11 (15.7)

Negative 59 (84.3)

Abbreviations: SHH-Sonic Hedgehog; HPV-human papillomavirus

sion plays a crucial role in mesenchymal stem cells’ differen-
tiation [20]. However, there are data that observed nuclear
accumulation of p53 in carcinoma stem cells [20]. Double
staining in ovarian carcinoma showed that p53 overexpres-
sion was associated with CD133 and Notchl expression [21,
22]. Cases with co-expression of p53 and Notchl or CD133
revealed resistance to cisplatin-based therapy by in vitro study
[21, 22]. These results suggest that p53 protein in correlation
with stem cells’ biomarkers might influence the biological
behavior of this cell subpopulation [21, 22].

Human papillomavirus (HPV) is considered a risk factor
of various human cancers including OSCC [3]. HPV shows
tropism to epithelial cells, where integrates with the host
genome and leads to p53 inactivation and cell proliferation [3,
21, 23] The prevalence of HPV infection in OSCC is contro-
versial and according to the previous reports varies from 0%
to 82.8% [23, 24]. Recent data showed that HPV infection
is identified as a favorable prognostic factor in head and
neck cancers (HNSCC), especially throat and tonsils cancers
[25]. However, it was not proven that HPV-positive OSCC
is associated with a better prognosis [24]. Only individual
data analyzed the correlation between the HH pathway and
HPYV infection in HNSCC [26]. The authors found that some
of the HH pathway proteins, such as Glil, Gli2 may act as
prognostic factors in patients with HPV-negative HNSCC
[26]. Little is known about the relationship between the SHH
signaling pathway activation and p53 expression, HPV infec-
tion, and prognosis of patients with OSCC.

The aim of our study was to investigate the expression and
prognostic value of SHH as a potential biomarker in patients
with OSCC with respect to the other known risk factors of
oral cancer like p53 expression and HPV infection.

Patients and methods

Patients and tissue samples. 70 excisional surgical
specimens were obtained at the Department of Pathomor-
phology and Oncological Cytology of Wroclaw Medical
University from patients diagnosed with OSCC between
2011-2015 (Head of Department: prof. Michal Jelen). All
patients included in this study were treated by surgery
with primary OSCC only from the following sites: tongue,
floor of the mouth, cheek, gingiva, and palate. Patients with
other localization of the tumor, non-OSCC histopathology,
or treated before surgery were excluded. Specimens were
histopathologically graded and tumors were categorized as
well (G1), moderately (G2), or poorly differentiated (G3)
according to the current WHO classification [27]. Patho-
logical tumor stage (pT), lymph node metastasis status,
and clinical staging were established according to the 2009
American Joint Committee on Cancer (AJCC) 7" edition
staging criteria [28]. Specimens were divided into 4 groups
of pT stage (depending on tumor size), 2 groups of lymph
node metastasis status (absent or present), and 2 groups of
the clinical stage (low stage: I/II, high stage: III/IV). Patient
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age ranged from 35 to 82 years (mean: 62.8 years). The mean
follow-up time of overall survival was 49.1 months (25.5-
59.6) for alive patients and 14.3 months (1-43) for deceased
patients. Table 1 shows the complete clinicopathological
features of patients. The present study was accepted by the
Ethics Committee of Wroclaw Medical University with a
protocol number KB-230/2016.

Immunohistochemistry (IHC). Immunohistochemical
staining of analyzed proteins was performed on paraffin-
embedded OSCC tissues from the selected blocks using the
Universal Dako REAL EnVision Detection System, Peroxi-
dase/DAB+, Rabbit/Mouse (Dako, Copenhagen, Denmark)
and specific antibodies: anti-SHH (ab53281; clone EP1190Y;
Abcam, Cambridge, UK), anti-p53 (NCL-p53-DO7; clone
DO-7; Novocastra, Newcastle, UK), and anti-HPV (ab75574;
clone K1H8; Abcam, Cambridge, UK) that recognizes high-
risk HPV subtypes: 6, 11, 16, 18, 31, 33, 42, 51, 52, 56, 58.
All paraffin-embedded OSCC blocks were cut into 4 pm
slides, deparaffinized, and antigen-retrieved in citrate buffer
(pH 6.0) by microwave heating at 800 W for 2x5 minutes for
each antibody. After microwaving, the slides were cooled for
30 minutes. Endogenous peroxidase and nonspecific binding
of used antibodies were blocked with Dako REAL Peroxidase
Blocking Solution (Dako, Copenhagen, Denmark). Tissue
sections were incubated with primary antibodies (anti-SHH,
dilution 1:200; anti-p53, dilution 1:50, anti-HPV, prediluted)
overnight at 4°C. Afterward, tissue slides were washed with
0.1 M Tris-buffer, pH7.4 (TBS) and incubated (30 min at
room temperature) with Dako REAL EnVision/HRP, Rabbit/
Mouse (Dako, Copenhagen, Denmark). After washing with
TBS, the slides were incubated with DAB (3,3’-diaminobenzi-
dine) (Dako, Copenhagen, Denmark) as a chromogen (8 min
at room temperature) and then counterstained with hematox-
ylin. The internal positive controls were performed according
to the manufacturer’s instructions. Negative controls were
prepared using TBS instead of primary antibodies.

Interpretation of IHC reaction. The intensity of SHH,
p53, HPV immunostaining and the percentage of tumor
tissue with positive reaction were evaluated semi-quanti-
tatively in the tissue slides by two independent investiga-
tors with the usage of a double-headed light microscope
Olympus BX-51 (Olympus, Tokyo, Japan). SHH expression
was assessed by determining membranous immunostaining
based on the intensity of immunostaining and the percentage
of positive tumor tissue area. Immunoreactivity of p53 and
HPV was evaluated by counting 1000 tumor cells in 10
randomly selected high-power fields in relation to the total
number of tumor cells. A positive reaction was judged when
immunostaining of SHH, p53, HPV was present in 10% or
more of tumor cells. The intensity of the reaction was scored
as negative, weak, moderate, strong.

Statistical analysis. Associations between SHH, p53,
HPV expression and clinicopathological data were statisti-
cally evaluated by x* test, Mann-Whitney, and Kruskal-Wallis
tests. Correlations between proteins were performed using

Spearmans test. For overall survival analysis, Kaplan-Meier
and log-rank tests were used. Overall survival (OS) in months
was calculated from the day of surgery to the last follow-up
examination or death. Cox-regression analyses were calcu-
lated to identify prognostic factors for OS. For the purpose of
statistical analyses, SHH, p53, HPV expression was divided
into two groups: negative — less than 10% positive tumor
tissue area and positive — 10% or more positive tumor tissue
area. In all cases statistically significant p-values were p<0.05.
Statistical analysis was performed by using STATISTICA
v13.0 (Statsoft, Krakow, Poland).

Results

SHH, p53, and HPV expression in oral squamous cell
carcinoma. SHH expression was observed in 51/70 (72.9%)
cases and ranged from 10-80% (median: 40%) of tumor
tissue (Figure 1A). No positive reaction was observed in
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Figure 1. Inmunohistochemical staining of SHH, p53, and HPV in OSCC
tissues (EnVision technique). A) Intensive, membranous immunostain-
ing of SHH in a high percentage of OSCC tissue. Scale bar, 100 um. B)
Nuclear accumulation of p53 protein in OSCC cells. Scale bar, 50 pum. C)
HPYV presence in oral cancer cells. Scale bar, 100 um.
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Table 2. Association between clinicopathological parameters and protein expression in patients with oral squamous cell carcinoma.

SHH, n (%) P53, n (%) HPYV, n (%)
Parameter A . N . N R
negative  positive  p-value negative positive p-value negative  positive  p-value
Gender
Female 9(39.1) 14 (60.9) 15 (65.2) 8 (34.8) 20(87.0) 3 (13.0)
0.115 0.199 0.668
Male 10(21.3)  37(78.7) 23 (489)  24(51.1) 39(83.0)  8(17.0)
Tumor grade
Gl 6(23.1) 20 (76.9) 16 (61.5) 10 (38.5) 24 (92.3) 2(7.7)
G2 10 (27.8) 26 (72.2) 0.719 21 (58.3) 15 (41.7) 0.040 28 (77.8) 8(22.2) 0.290
G3 3(37.5) 5(62.5) 1(12.5) 7 (87.5) 7 (87.5) 1(12.5)
Tumor site
Tongue 10(33.3) 20 (66.7) 13(433) 17 (56.7) 26(86.7)  4(13.3)
Flour of the mouth 3(16.7)  15(83.3)  0.454 12 (66.7) 6(33.3) 0.251 14(77.8)  4(22.2) 0.679
Other (cheek, gingiva, palate) 6(27.3) 16 (72.7) 13 (59.1) 9 (40.9) 19 (86.4) 3(13.6)
Tumor stage
pT1 8(53.3) 7 (46.7) 7 (46.7) 8(53.3) 14 (93.3) 1(6.7)
T2 2(13.3 13 (86.7 11(73.3 4(26.7 14 (93.3 1(6.7
P ( ) ( ) 0.026 ( ) ( ) 0.275 ( ) 6.7 0.355
pT3 8(29.6)  19(70.4) 15(55.6) 12 (44.4) 21(77.8) 6(22.2)
pT4 1(7.7) 12 (92.3) 5 (38.5) 8 (61.5) 10(76.9)  3(23.1)
Lymph node metastasis
Yes 4(15.4) 22 (84.6) 14 (53.8) 12 (46.2) 20 (76.9) 6(23.1)
0.089 0.955 0.193
No 15 (34.1) 29 (65.9) 24 (54.5) 20 (45.5) 39 (88.6) 5(11.4)
Clinical stage
/11 8(33.3) 16 (66.7) 0.400 15 (62.5) 9(37.5) 0319 22 (91.7) 2(8.3) 0.220
I/IV 11(23.9) 35 (76.1) : 23(50.0) 23 (50.0) ‘ 37(80.4)  9(19.6)

Abbreviations: SHH-Sonic Hedgehog; HPV-human papillomavirus. Notes: x* test; bold values indicate statistical significance (p<0.05)

Table 3. Spearman’s rank correlation between expression levels of SHH,
P53, HPV in oral squamous cell carcinomas.

SHH p53 HPV
r p-value r p-value r p-value
SHH -0.159  0.187 0.118 0.333
p53 -0.159  0.187 0.118 0.330
HPV 0.118 0.333 0.118 0.330

Abbreviations: SHH-Sonic Hedgehog; HPV-human papillomavirus

stromal cells. Taking into account the localization of the
malignant lesion site, the SHH expression was observed in
66.7% (20/30) tongue, 83.3% (15/18) floor of the mouth, and
72.7% (16/22) cheek, gingiva, palate carcinomas.

The p53 overexpression was found in 32/70 (45.7%)
samples. P53 was localized in cell nuclei. Immunoreactivity
of p53 was noted from 10-90% (median: 30%) of tumor tissue
(Figure 1B). Stromal cells did not reveal p53 immunoposi-
tivity. P53 expression was noted in 56.7% (17/30) tongue,
33.3% (6/18) floor of the mouth, and 40.9% (9/22) cheek,
gingiva, palate carcinomas.

HPV infection was detected in 11/70 (15.7%) cases.
The presence of HPV was mainly restricted to the low area
(10-20%) of tumor tissue (median: 10%) and HPV-positive
cells were distributed throughout tumor tissue (Figure 1C).
HPV expression was found in 13.3% (4/30) tongue, 22.2%
(4/18) floor of the mouth, and 13.6% (3/22) cheek, gingiva,
palate carcinomas.

Correlations between SHH, p53, HPV expression, and
clinicopathological parameters. The presence of SHH was
significantly associated with a higher tumor stage (p=0.026).
SHH overexpression was dominant among pT4 tumors
(92.3%). High expression of SHH was correlated with the
presence of lymph node metastasis but did not reach statis-
tical significance (p=0.089). The presence of p53 correlated
with tumor grade (p=0.040) and increased p53 expression
was found more frequently in poorly differentiated carci-
nomas (G3) (Table 2). The Spearman’s rank test did not reveal
any statistically significant correlations between studied
proteins (Table 3).

Survival analysis. The analysis of overall survival was
performed on all cases included in this study. The 3-year
overall survival rate was 37.1% (26/70). Kaplan-Meier survival
curves were plotted according to clinicopathological param-
eters, SHH, p53, and HPV expression. Kaplan-Meier analysis
with log-rank test showed that tumor grade, tumor stage,
lymph node metastasis, and clinical stage were associated
with worse OS (p=0.047; p<0.001; p=0.003; p<0.001, respec-
tively). It was found that the SHH expression significantly
correlated with shorter OS patients with OSCC (p=0.005).
We observed also a correlation between HPV status and
worse OS but this association did not reach statistical signifi-
cance (p=0.055). There was no correlation observed between
survival time of OSCC patients and gender, p53 expression
(Figure 2).
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In univariate analysis, tumor stage, lymph node metas-
tasis, clinical stage and SHH, HPV expression correlated
significantly with worse OS (p<0.001; p=0.002; p<0.001;
p=0.012; p=0.028, respectively). There was no association
observed between OS and gender, tumor grade, p53 expres-
sion (Table 4).

In multivariate analysis, tumor grade, tumor stage, and
SHH expression was noted as significant independent
prognostic factor for survival of OSCC patients (p=0.008;
p<0.001; p=0.004; respectively) (Table 4).

Discussion

In the present study, we estimated SHH, p53, HPV expres-
sion, and the association between these proteins in OSCC
tissue in order to establish their impact on tumor progres-
sion as well as to define its prognostic significance in patients
with OSCC. The majority of published data claims that the
uncontrolled upregulation of the Sonic hedgehog signaling
pathway results in carcinogenesis and tumor growth [9,
13, 26]. Upregulation of SHH was described in some solid
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Figure 2. Kaplan-Meier analysis of overall survival curves for gender (A), tumor grade (B), tumor stage (C), lymph node metastasis (D), clinical stage
(E), SHH expression (F), p53 expression (G), HPV presence (H) in OSCC patients (p-values of the log-rank test).
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Table 4. Univariate and multivariate Cox regression analysis of overall
survival in patients with oral squamous carcinoma.

Univariate Multivariate
Parameter
HR (95% CI) p-value HR (95% CI) p-value

Gender

Female/Male 0.57 (0.30-1.10)  0.096
Tumor grade

G1/G2+G3 1.81(0.98-3.33) 0.058 2.32(1.25-4.34) 0.008
Tumor stage

pT1+pT2/pT3+pT4 4.35(2.27-8.36) <0.001 4.87 (2.49-9.52) <0.001
Lymph node metastasis

Yes/No 2.53(1.42-4.48) 0.002
Clinical stage

I+II/II+IV 1.88 (1.32-2.68) <0.001
SHH expression

Positive/Negative 2.53(1.22-5.23) 0.012 2.93(1.40-6.13) 0.004

P53 expression

Positive/Negative 1.02 (0.58-1.80) 0.942
HPV expression
Positive/Negative 2.21 (1.09-4.49) 0.028

Abbreviations: SHH-Sonic Hedgehog; HPV-human papillomavirus;
HR-hazard ratio; CI-confidence interval. Note: bold values indicate
statistical significance

tumors (e.g., breast, esophageal, lung cancer) suggesting that
SHH may be responsible for the highly invasive biological
behavior of tumor but still a little is known about its role in
OSCC [29, 30, 31]. In our data, SHH expression was observed
in 72.9% of cases, which is consistent with previous studies
[7, 10, 15]. There are data indicating that the SHH overex-
pression in OSCC is associated with tumor development to
more advanced stages [6, 7, 15]. The association between
SHH expression and higher tumor stage was observed also
in the present study. The larger size of the tumor is mainly
connected with more advanced cancer development. High
SHH expression in the advanced tumor stage suggests that
the SHH overexpression might promote tumor growth and
induce cancer invasion [9]. In relation to the previous reports
[7, 32], which revealed a significant positive correlation
between SHH overexpression and lymphatic metastasis of
patients with OSCC, our study showed a slight trend toward
higher SHH expression in OSCC with lymph node metastasis.
Similarly to Yap et al. [13], who pointed the clinical benefit
from SHH overexpression in patients with squamous cell
carcinoma of the vulva (VSCC), we might suggest that high
SHH expression in OSCC tissue can be used as a biomarker
to stratify patients of the risk of lymph node metastasis.
Revealed associations between SHH and tumor stage and
lymph node metastasis indicate that SHH is involved in
tumor progression that was further confirmed in the survival
analysis (Kaplan-Meier and Cox regression analyses).

The prognostic significance of SHH expression was
observed in breast, esophageal, gastric, and lung cancers,
suggesting that the SHH protein could be a valuable
biomarker determining the clinical outcome of patients with
OSCC [29-31, 33]. However, there is still no data confirming

the association between a high SHH expression and a shorter
survival time of patients with OSCC. With regard to the
survival time, our study revealed that the OSCC patients
with a high SHH expression had worse OS than the patients
without SHH expression, by Kaplan-Meier analysis. Also, the
multivariate analysis demonstrated that the SHH protein was
an independent prognostic biomarker for a poor prognosis
in patients with OSCC. A similar observation was reported
by Lim et al. [31], who found a correlation between the SHH
expression and a poor prognosis of the patients with exten-
sive stage small cell lung cancer.

P53 overexpression found in 45.7% of OSCC in our study
might be comparable with a study conducted by Tojyo et al.
[17], who found the p53 overexpression in 63.2% of OSCC.
However, there are reports that showed p53 overexpres-
sion in 34.0% HNSCC and only 16.7% OSCC [14, 34]. The
association between p53 overexpression and tumor grade
found in the present paper was observed by other authors
in HNSCC, but not in OSCC [14, 17, 34]. We might suggest
that the p53 overexpression observed in poorly differentiated
OSCC enhanced the aggressiveness of this subset of tumors
and increase their metastasis [17-19, 35, 36]. The lack of
correlation between p53 overexpression and overall survival
time of patients with OSCC was observed by other authors
[12]. Likewise, in HNSCC [14, 34], our results did not reveal
the prognostic significance of p53 in OSCC.

HPV infection was found in a wide range (0-82.8%) of the
patients with OSCC [23, 24]. The number of HPV-positive
OSCC (15.7%) observed in the present study is in an agree-
ment with the previous data [23, 24]. The trend of a slight
correlation between HPV presence and worse OS revealed in
this paper is comparable to other data, which suggested HPV
infection might generate the aggressive malignancy features
of OSCC [37]. Similar observations were reported by Lee et
al. [38] and Duray et al. [39], who found that HPV-positive
OSCC was associated with a poor prognosis and shorter
survival. No correlation between HPV status and other clini-
copathological parameters of OSCC observed in the present
study is consistent with other studies [3].

The novel aspect of our study was to investigate whether
the OSCC cells expressing SHH have been positive for p53
immunostaining and HPV infection. A lack of correlation
between p53 expression, HPV status, and SHH expression in
this study suggests that these proteins are not essential for the
SHH signaling pathways activation. However, there are data
that found an association between the HH pathway and p53
expression as well as between HPV presence and HH upreg-
ulation [20, 26]. It was found that some of the HH signaling
pathway proteins such as Gli-1 and Gli-2 showed prognostic
significance in patients with HPV-negative HNSCC and low
Gli protein expression in HPV-negative HNSCC patients
define the high-risk patients with worse overall survival and
disease-free survival [26]. SHH expression in VSCC did not
show an association with HPV status [13]. The relationships
between SHH and p53 in tumor cells remain still unclear [14,
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20]. Similarly, to Richtig et al. [14], we do not find any corre-
lation between SHH and p53 protein expression in OSCC.
However, other reports indicated that the mutant form of p53
protein increased the Hedgehog signaling pathway [20].

In conclusion, our findings reveal that the Sonic Hedgehog
signaling pathway is activated in OSCC and contributes to the
poor survival of patients with OSCC. Increased expression
of SHH is an independent negative prognostic biomarker
in OSCC. Additionally, high SHH expression in OSCC with
lymph node metastasis indicates that the SHH expression
might be considered as a factor determining the risk of carci-
noma cells to progression and metastasis. Further studies are
needed to investigate the possibility of the SHH signaling
pathway as a new potential target for oral cancer therapy.
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