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Abstract. Radioresistance is the primary cause for the low 
efficacy of radiotherapy in the treatment of esophageal cancer 
(EC). Increasing evidence has demonstrated that the Sonic 
Hedgehog (Shh) signaling pathway may be involved in the 
pathology of various tumors, including EC. The present study 
aimed to examine the association between radioresistance 
in EC and the Sonic Hedgehog pathway, and to determine 
whether a downstream transcription factor of the Shh pathway, 
glioma‑associated oncogene family zinc finger 1 (Gli1), serves 
a primary role in radioresistance. The radiation-resistant cell 
line Eca109R was established by repeated low dose (cumula-
tive dose 60 Gy) irradiation of the human EC cell line Eca109. 
The level of cell radiosensitivity was determined by colony 
formation assay, and the localization of Gli1 was detected 
using immunofluorescence. Western blotting was used to 
determine the protein expression levels of Gli1, Shh, patched 
1 (Ptch) and smoothened frizzled class receptor (Smo) in the 
two cell lines. Significantly higher levels of Gli1 were identi-
fied in the Eca109R cell line compared with those inEca109 
cells (P<0.05). Additionally, western blotting analysis demon-
strated an increased expression level of the Gli1, Shh, Ptch 
and Smo proteins in Eca109R, compared with Eca109 cells 
(P<0.05). Overexpression of Gli1 in the parental cell line led 
to decreased levels of radiosensitivity and radiosensitivity of 
the radioresistant cell line was restored through knockdown of 
Gli1. The present study demonstrated that Gli1 may be associ-
ated with the development of radioresistance in EC.

Introduction

One of the most common types of cancer affecting the diges-
tive system is esophageal cancer (EC). EC is a malignant 
cancer listed globally as the sixth highest in mortality rate and 
seventh highest in frequency of occurrence (1‑3). Esophageal 
squamous cell cancer (ESCC) is the predominant type of EC, 
as nine out of 10 people living with EC in China are diagnosed 
with this subtype (4). The other subtype is esophageal adeno-
carcinoma (EA) (5,6). The majority of patients are diagnosed 
in an advanced stage of the disease due to indiscernible early 
symptoms and a lack of efficacious screening methods (7,8). 
Extensive research focused on the elucidation of the patho-
physiological mechanisms of EC has been performed (9,10); 
however, the 5‑year survival rate of patients with EC is only 
15 to 25% and the recurrence rate is ~38.14%, which results 
in the continued severity of this disease (11,12). Various treat-
ment options are available for EC, including chemotherapy, 
radiotherapy, surgery and comprehensive therapy (13). The 
optimum treatment plan for patients with advanced EC is a 
combination of surgery and radiotherapy (14,15). However, 
reduced treatment efficacy is a consequence of the development 
of radioresistant tumor cells following radiotherapy, which is 
the major clinical obstacle in the treatment of EC (16). Thus, 
the establishment of efficacious means of improving tumor 
cell radiosensitivity is crucial to successful EC therapy.

At present, an increasing number of studies have reported 
the abnormal activation of the Sonic Hedgehog (Shh) signaling 
pathway in several types of human cancer, including hepatic, 
breast, bladder and pancreatic cancers (17‑20). The majority 
of these studies focused on the association between tumor cell 
radioresistance and the Shh signaling pathway; however, there 
are a few studies on radioresistance in EC and Shh signaling 
pathway. A previous study established the inhibitory effect of 
P162, which is a new peptide with anti‑cancer mechanism, on 
glioma‑associated oncogene family zinc finger 1 (Gli1), which 
resulted in noticeable improvements in the level of radiosensi-
tivity in EC cells (21). The present study aimed to establish the 
association between Shh signaling pathway activation and EC 
cell radiosensitivity.

The current study examined the contribution of Gli1, a 
factor in the Shh signaling pathway, to the radiosensitivity 
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of EC cells. The results of the present study may form the 
foundation for enhancing radiotherapy efficacy as part of the 
treatment regimen for future patients with EC.

Materials and methods

Cell culture. The Eca109 cell line was supplied by Taihe 
Hospital, an affiliate of Hubei medical College (Shiyan, 
China). Cells were maintained in liquid nitrogen and cultured 
in Dulbecco's modified Eagle's medium (Gibco; Thermo 
Fisher Scientific, Inc.) supplemented with fetal bovine serum 
(10%) and penicillin (100 µg/ml) in a humidified atmosphere 
at 37˚C and 5% CO2.

Eca109R cell line establishment. X-ray irradiation of the 
Eca109 parental cell line was performed during the loga-
rithmic growth phase at an absorbance dose rate of 2 Gy/min 
using the Varian 2300 linear accelerator (6mV). On reaching 
90% confluence, the cells were digested with trypsin in 0.25% 
EdTa, reinoculated and treated with repeated irradiation 
(2 Gy) during the logarithmic growth phase. A cumulative 
irradiation dose of 60 Gy was achieved by repeating the 
process 30 times. Subculture of the cells was performed to 
establish stable morphology, resulting in the formation of the 
radiation‑resistant Eca109R cell line. Following continuous 
culturing over two weeks, the cells were separated into two 
batches, one of which was stored in liquid nitrogen, whereas 
the other continued to be subcultured. The Eca109R cell 
line was still resistant to radiation through 50 generations of 
subculturing without irradiation.

Clone formation assay. A single cell suspension of Eca109 
and Eca109R cells was prepared following trypsinization of 
each cell line in the logarithmic growth phase. Cells were 
seeded at a range of concentrations (400, 400, 800, 1,000 
and 1,200 cells/well) in six-well plates and irradiated with 0, 
2, 4, 6 and 8 Gy, with an average dose rate of 200 cGy/min. 
Following a two‑week incubation period, the cells were fixed 
with pure methanol at room temperature for 15 min, stained 
with crystal violet at room temperature for 30 min and exam-
ined under a light microscope. Colony numbers were counted; 
a cell number ≥50 cells was used as a clone. The cell survival 
curve was established using a single hit multi‑target model, 
which allowed the calculation of various parameters, including 
the average lethal dose (D0), the quasi‑threshold dose (Dq), 
the value of curve extension to the Y‑axis intercept (n) and the 
cell survival fraction following irradiation with 2 Gy (SF2). 
These experiments were performed three times.

Immunofluorescence assay. Immunofluorescence was used 
to determine Gli1 protein expression. Following fixation of 
Eca109 and Eca109R cells onto microscope slides with pure 
methanol at room temperature for 15 min, the cells were 
blocked for 10 min with 10% goat serum (ZSBG‑Bio), followed 
by incubation with the primary antibody against Gli1 (1:150; 
cat. no. nBP2‑45872; novus Biologicals) for 1 h at 37˚C. The 
cells were then washed with PBS three times prior to incu-
bation with goat anti‑mouse IgG H&L secondary antibody 
(1:500; cat. no. ab150113; Abcam) for 1.5 hat 37˚C in the dark. 
Following counterstaining with DAPI at room temperature for 

10 min, the cells were examined using fluorescence micros-
copy (eight fields examined) and the experiment was repeated 
three times. Image J 15.0 software (national Institutes of 
Health) was used to measure the expression level of Gli1.

Western blotting analysis. Eca109 and Eca109R cells 
were lysed using RIPA lysis buffer (Beyotime Institute 
of Biotechnology) for 30 min at room temperature. Cells 
were centrifuged at 12,000 x g for 15 min at 4˚C and the 
supernatant was collected. The BCA Protein Quantitative 
Assay kit (Servicebio) was used to determine the protein 
concentration. The samples were denatured by boiling 
prior to separation (35 µg per lane) using 10% SDS‑PAGE 
followed by transfer to nitrocellulose membranes. Skimmed 
milk (5%) was used as a blocking agent for 1.5 h at room 
temperature. next, the membranes were incubated on a 
shaker with the primary antibodies against Gli1 (1:2,000; 
cat. no. nBP2‑45872; novus Biologicals), Shh (1:5,000; 
cat. no. ab53281; Abcam), Smo (1:200; cat. no. GTX60154; 
GeneTex, Inc.), Ptch (1:500; cat. no. GTX83771; GeneTex, 
inc.) and β‑actin (1:5,000; cat. no. GTX629630; GeneTex, 
Inc.), overnight at 4˚C, washed with Tris‑buffered saline 
with 0.05% Tween‑20, and incubated with secondary anti-
bodies (1:4,000; cat. nos. 1031‑05 and 4050‑05; Southern 
Biotech) for 1 h at 37˚C. Bands were detected using enhanced 
chemiluminescence substrate (Bio‑Rad Laboratories, Inc.), 
and grayscale images were analyzed with ImageJ 15.0 soft-
ware (National institutes of Health). This procedure was 
performed three times.

Cell transfection. For Gli1 overexpression, the full‑length Gli1 
sequence was synthesized by cloning the Gli1 gene into the GV146 
vector (Shanghai GeneChem Co., Ltd.) via Xhoi and EcoRi 
sites, and was referred to as pGli1‑IRES‑EGFP. Empty GV146 
vector acted as a negative control (nC) of pGli1‑IRES‑EGFP 
and was referred to as pIRES‑EGFP. For knockdown of Gli1, 
short hairpin RnA (shRnA) directed against Gli1 was ligated 
into the GV102 vector (Shanghai GeneChem Co., Ltd.) and was 
referred to as sh‑Gli1; a non‑targeting sequence was ligated 
into the GV102 vector as the nC of sh‑Gli1, and was referred 
to as sh‑nC. The target sequence was 5'‑CCT CTG TCT ACT 
CAC CAC A‑3' and the nC sequence was 5'‑TTC TCC GAA CGT 
GTC ACG T‑3'. Eca109 and Eca109R cells were seeded in 6‑well 
plates at a density of 6x105 cells/well one day before transfec-
tion. Briefly, 5 µl Lipofectamine® 3000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) and 2.5 µg plasmid were diluted 
into 125 µl Opti‑mEm (Gibco; Thermo Fisher Scientific, Inc.) 
and mixed for 5 min at room temperature. Cells were then 
incubated with this solution, and complete medium was added 
to the final volume of 2 ml. Cell transfection was performed 
for 24 h following the manufacturer's protocols prior to further 
experiments.

Statistical analysis. SPSS software (version 17.0; SPSS, 
inc.) was used for statistical analysis. data are expressed as 
the mean ± standard deviation. Differences among multiple 
groups were analyzed by one‑way AnOVA with Duncan's 
multiple range test; the unpaired Student' t‑test was used for 
comparisons between two groups. P<0.05 was considered to 
indicate a statistically significant difference.
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Results

Differences between the Eca109 parental and Eca109R 
radiation‑resistant cell lines. The Eca109R radiation-resistant 
cell line was established by repeated irradiation of the Eca109 
parental cell line with 2 Gy/time (cumulative 60 Gy, 30 times in 
total). The morphology of the cells was observed using a light 
microscope (Olympus Corporation). At a higher magnification, 
Eca109 cells appeared as spherical or irregular polygons with 
a high degree of nuclear chromosome refractivity, whereas 
Eca109R cells appeared as irregular shuttle shapes with dense 
granular cytoplasm and small nuclei (Fig. 1A).

A colony formation assay was performed to characterize the 
radiosensitivity of Eca109 and Eca109R cells. The cells were 
seeded into six-well plates at different concentrations (400, 
400, 800, 1,000 and 1,200 cells/well) and received irradiation 
at different doses (0, 2, 4, 6 and 8 Gy). Following irradiation, 
the survival fraction of the two cell lines was measured. Cell 
survival curves were generated using the single‑hit multi‑target 
mode (Fig. 1B). The results demonstrated that with the radia-
tion dose increasing, cell survival rate gradually decreased and 
Eca109 cells were more sensitive to radiation than Eca109R 
cells (Fig. 1C). Radiological measurements of Dq, D0 and n 
values were higher in Eca109R cells compared with those in 
Eca109 cells (Table I). Thus, the Eca109R cell line exhibited 

higher resistance to irradiation compared with the Eca109 cell 
line.

Different expression of key factors in Shh signaling pathway 
between the Eca109 parental and Eca109R radiation‑resistant 
cell lines. Gli1 expression and localization were determined 
through immunofluorescence. The results demonstrated that 
although Gli1 was present in the nucleus and cytoplasm of 
Eca109 and Eca109R cells (Fig. 2), and that Gli1 appeared 

Figure 1. Radiosensitivity of Eca109 and Eca109R cells. (A) morphological difference between Eca109 and Eca109R cells. (B) Survival fraction of Eca109 and 
Eca109R cells exposed to different doses of radiation. Data are presented as the mean ± standard deviation. *P<0.05 and **P<0.01 vs. Eca109. (C) Representative 
colony formation images of Eca109 and Eca109R cells exposed to different doses of radiation.

Table I. Radiobiological parameters of Eca109 and Eca109R 
cells.

Group Eca109 Eca109R P‑value

n 1.426±0.395 3.310±0.200 0.032
d0 (Gy) 2.142±0.332 3.092±0.153 0.024
Dq (Gy) 0.944±0.157 3.692±0.101 0.041
SF2 (%) 0.499±0.042 0.937±0.013 0.027

n, value of curve extension to the Y‑axis intercept; D0, average lethal 
dose; Dq, quasi‑threshold dose; SF2, cell survival fraction following 
irradiation with 2 Gy.
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abundant in the nucleus and the cytoplasm of Eca109R cells 
(Fig. 2A) compared with Eca109 cells (Fig. 2B and C).

The expression levels of Gli1, patched 1 (Ptch), smooth-
ened frizzled class receptor (Smo) and Shh were detected by 
western blotting, and the results revealed that the expression 
levels of these proteins were significantly higher in Eca109R, 
compared with Eca109 cells (P<0.05; Fig. 3). Thus, these 
results demonstrated a significant upregulation of the proteins 
in the Shh signaling pathway in radiation‑resistant cells.

Decreased Eca109 cell radiosensitivity following Gli1 
overexpression. The results of plasmid construction were 
confirmed by sequencing and through enzyme digestion using 
both EcoRi and XhoI, generating fragments of 3 and 5 kb in 
length (Fig. 4). This confirmed the correct insertion of the target 
fragment and accurate construction of the pGli1‑IRES‑EGFP 
plasmid. Gli1 overexpression was established by transfecting 
the pGli1-iRES-EGFP plasmid into the Eca109 cell line, while 

the nC (empty plasmid) was transfected as a negative control, 
and the control group contained untransfected Eca109 cells. 
Following 48 h of transfection, the cells were identified using 
fluorescence microscopy. The transfection efficiency reached 
~70% (Fig. 5A). next, the protein expression level of Gli1 was 
detected by western blotting analysis; the results indicated 
significantly higher levels of Gli1 expression in cells trans-
fected with pGli1-iRES-EGFP compared with those in the two 
control groups (both P<0.05; Fig. 5B and C).

Transfection of Eca109 cells with the pGli1-iRES-EGFP-
plasmid established the association between overexpression of 
Gli1 and the radiosensitivity of the cells. The three cell types 
were seeded into 6‑well plates and then irradiated at 0, 2, 4, 6 
and 8 Gy, with a mean dose rate of 200 cGy/min, followed by 
2 weeks of culture. A clone formation assay was performed 
to measure the survival fraction of each experimental group, 
and the single‑hit multi‑target mode was used to establish 
cell survival curves (Fig. 5D). The results demonstrated that 

Figure 2. Gli1 expression in Eca109 and Eca109R cells. (A) Gli1 appeared abundant in the nucleus and the cytoplasm of Eca109R cells. magnification, x40. 
Relative expression level of Gli1 in (B) the nuclei and (C) the cytoplasm of Eca109 and Eca109R cells. Data are presented as the mean ± standard deviation. 
*P<0.05 and **P<0.01 vs. Eca109. Gli1, glioma‑associated oncogene family zinc finger 1.

Figure 3. Protein expression levels of key factors in the Shh signaling pathway in Eca109 and Eca109R cells. Data are presented as the mean ± standard 
deviation. *P<0.05 and **P<0.01 vs. Eca109. Ptch, patched 1; Gli1, glioma‑associated oncogene family zinc finger 1; Smo, smoothened frizzled class receptor; 
Shh, Sonic Hedgehog.
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with the radiation dose increasing, cell survival rate gradu-
ally decreased and pGli1-iRES-EGFP-transfected Eca109 
cells were more resistant to radiation. The two control groups 
exhibited significantly lower D0 and Dq values compared 
with the pGli1‑IRES‑EGFP‑transfected Eca109 cells (P<0.05; 
Table II). The SF2 in pGli1-iRES-EGFP-transfected Eca109 
cells was 0.760±0.033, whereas those in the nC and control 
groups were 0.532±0.062 and 0.350±0.029, respectively 
(Table II). These findings demonstrated a reduction in radia-
tion sensitivity in Eca109 cells following Gli1 overexpression 
(Table II). Therefore, the transfection of Eca109 cells with the 
pGli1‑IRES‑EGFP established an association between overex-
pression of Gli1 and the radiosensitivity of the cells.

Increased Eca109R cell radiosensitivity may be attributed to 
Gli1 knockdown. Reduced Gli1 expression was established 
by transfecting the Gli1‑silencing plasmid into the Eca109R 
cell line. The non‑targeted Gli1 plasmid was transfected into 
the Eca109R cell line to create the nC, and the control group 
contained untransfected Eca109R cells. The transfection 
efficiency of the Gli1‑silencing plasmid in Eca109R cells was 
analyzed using fluorescence microscopy after 48 h. Green 
fluorescence confirmed successful transfection, and the trans-
fection efficiency reached ~70% (Fig. 6A). Gli1 expression 
levels were significantly lower in sh‑Gli1‑transfected Eca109R 
cells compared with the nC and control groups, as determined 
by western blotting (P<0.05; Fig. 6B and C). These results 

indicated the effective generation of a Gli1‑silenced Eca109R 
cell line.

The cells were harvested, seeded into six‑well plates, 
irradiated and cultured over two weeks, followed by 
staining and counting. SF2 was measured, and the single‑hit 
multi‑target model was used to establish cell survival 
curves (Fig. 6D). The results indicated that with the radia-
tion dose increasing, cell survival rate gradually decreased 
and Gli1‑silenced Eca109R cells were more sensitive to 
radiation. The Gli1‑silenced Eca109R cells exhibited signifi-
cantly lower levels of the radiation‑associated biological 
measurements (Dq, D0 and n values) compared with the two 
control groups (P<0.05; Table III). The SF2 in the sh-Gli1 
plasmid‑transfected Eca109R cell line was 0.446±0.010, 
whereas in the nC and the control groups it was 0.867±0.070 
and 0.916±0.128, respectively (Table III). These results indi-
cated that the radiosensitivity of Eca109R Gli1‑silenced cell 
line was significantly enhanced and that the radioresistance 
was weakened.

Discussion

EC frequently occurs as a primary tumor in the upper 
gastrointestinal tract, and its malignant nature is harmful to 
humans (22). a primary form of treatment for EC is radiation 
therapy (15,23). However, reduced radiosensitivity develops 
with gradual increases in the irradiation dose and frequency, 
leading to the development of radiotherapy‑resistant 
tumors (24). The recurrence and metastasis of tumors have 
been widely attributed to radiotherapy resistance (25,26), and 
the options available to individuals suffering from inoperable 
forms of EC are further reduced by the development of radio-
resistance (27,28).

Figure 4. Electrophoretic map of plasmid restriction enzyme digestion. Gli1, 
glioma‑associated oncogene family zinc finger 1.

Table II. Comparison of radiobiological parameters of trans-
fected Eca109 cells.

  negative pGli1‑
Group Control control  IRES‑EGFP P‑value

n 0.736±0.157 1.732±0.810 1.909±0.662 0.113
D0 (Gy) 1.945±1.266 2.084±0.525 3.516±0.722 0.049
Dq (Gy) 0.432±1.186 0.826±0.752 1.984±0.604 0.007
SF2 (%) 0.350±0.029 0.532±0.062 0.760±0.033 0.001

n, value of curve extension to the Y‑axis intercept; D0, average lethal 
dose; Dq, quasi‑threshold dose; SF2, cell survival fraction following 
irradiation with 2 Gy.

Table III. Comparison of radiobiological parameters of trans-
fected Eca109R cells.

  negative
Group Control control  sh‑Gli1 P‑value

n 3.456±0.297 4.087±0.121 2.134±0.221 0.047
D0 (Gy) 3.698±0.331 1.916±0.193 0.902±0.038 0.039
Dq (Gy) 3.057±0.222 2.978±0.227 1.282±0.081 0.021
SF2 (%) 0.916±0.128 0.867±0.070 0.446±0.010 0.034

n, value of curve extension to the Y‑axis intercept; D0, average lethal 
dose; Dq, quasi‑threshold dose; SF2, cell survival fraction following 
irradiation with 2 Gy.
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Figure 5. Gli1 overexpression decreases the sensitivity of Eca109 cells to radiation. (A) Eca109 cells were transfected with nC and pGli1‑IRES‑EGFP 
plasmids. magnification, x10. (B and C) Expression levels of Gli1 protein in Eca109 cells after transfection. (D) Survival curves of control, nC and 
pGli1‑IRES‑EGFP‑transfected Eca109 cells. Data are presented as mean ± standard deviation. *P<0.05 and **P<0.01 vs. negative control.Gli1, glioma‑associ-
ated oncogene family zinc finger 1; nC, negative control.

Figure 6. Silencing of Gli1 increased the sensitivity of Eca109R cells to radiation (x10 magnification). (A) Eca109R cells were transfected with nC and 
Gli1‑silencing plasmids. (B and C) Expression levels of Gli1 protein in Eca109R cells following transfection. (D) Survival curves of control, nC and sh‑Gli1 
Eca109R cells. Data are presented as the mean ± standard deviation. *P<0.05 and **P<0.01 vs. negative control.Gli1, glioma‑associated oncogene family zinc 
finger 1; sh, short hairpin (RnA); nC, negative control.
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To enhance the efficacy radiotherapy, it is crucial to 
research radioresistance mechanisms. Various studies have 
been performed on the mechanisms of radioresistance, 
including DnA damage and repair (29), cell proliferation 
and apoptosis (30), abnormal expression of microRnA and 
lncRNa (31-34) and disruption of the cell cycle (30) and altered 
expression of Shh signaling pathway (35). Xie et al (35) demon-
strated that Raf kinase inhibitory protein reduction enhances 
radioresistance by activating the Shh signaling pathway. The 
present study also tried to explore whether radioresistance was 
associated with Shh signaling pathway activation.

The Sonic Hedgehog signaling pathway consists of Shh 
ligands, the transmembrane proteins Ptch and Smo, and 
the downstream Gli transcription factors (Gli1, Gli2 and 
Gli3) (36). Abnormal activation of the Shh signaling pathway 
is reliably detected through the expression of Gli1 (37,38). An 
earlier study established the activation of the Shh signaling 
pathway during tissue repair and an absence of this signaling 
in normally‑functioning adult tissues and organs (39). 
Furthermore, a previous study suggested an association 
between Shh signaling pathway activation and the develop-
ment of resistance in a range of human cancer types, including 
EC (40).

In normal tissues, Smo protein activity is inhibited by 
Ptch (41). However, when Shh associates with Ptch, the Gli1 
protein enters the nucleus to activate the transcription of the 
downstream target genes (42). Increased Gli1 expression 
levels were demonstrated in EC tissues and adjacent tissues 
compared with normal tissues (43), and Gli1 has been detected 
in the nuclei of a number of tumor‑cell types. A recent study 
by Huang et al (44) demonstrated that Hh signaling pathway 
is activated in Hela‑RR and Siha‑RR, which was also demon-
strated in the present study. Furthermore, the expression of 
Shh, Ptch and Smo has been detected in 34 ESCC cell lines, 
and Gli1 was highly expressed in 31 EC cell lines (45). In addi-
tion, silencing of Gli1 expression was achieved through specific 
inhibitors of Smo, which led to the inhibition of fission, recur-
rence and metastasis in ESCC (45). Gli1 transcription efficacy 
is positively associated with its expression, which can be used 
to efficiently detect abnormal activation of the Shh signaling 
pathway (46). The results of the current study revealed higher 
Gli1 protein expression levels in Eca109R cells, compared 
with Eca109 cells. Furthermore, Gli1 in radiation-resistant 
cells was aggregated around the nucleus, as determined by 
immunofluorescence. These results suggested an association 
between radioresistance in EC and the Shh signaling pathway.

The radiation‑resistant cell line Eca109R was generated 
through low‑level X‑ray irradiation of the human EC cell 
line Eca109. Colony formation assays demonstrated higher 
measurements of the radiation‑related biological parameters 
(D0, Dq and n) in Eca109R, compared with Eca109 cells, 
which indicated increased levels of resistance in the Eca109R 
cell line compared with the parental cells. Furthermore, 
the expression of Gli1, Ptch, Shh and Smo was confirmed 
by western blotting in Eca109 and Eca109R cells; all of the 
tested proteins exhibited significantly higher expression levels 
in Eca109R cells compared with Eca109 cells, and immuno-
fluorescence displayed Gli1 protein aggregation around the 
nucleus. A previous study reported that Shh signaling pathway 
activation is associated with the development of esophageal 

squamous cell carcinoma (ESCC) (47). High expression of 
Shh signaling pathway‑related genes is present in ESCC, and 
patients with high Gli1 expression in ESCC are not sensitive 
to radiation therapy (47), which was the case in the present 
study. A Gli1 overexpression plasmid was constructed and 
subsequently transfected into Eca109 cells, and analyses 
confirmed that Gli1 protein expression was increased. In addi-
tion, the clone formation assay showed that radiosensitivity 
was decreased in Gli1‑overexpressing Eca109 cells compared 
with untransfected cells. Furthermore, the Eca109R cell line 
was transfected with a Gli‑1 silencing plasmid. These cells 
exhibited significantly lower Gli1 expression levels and higher 
levels of radiosensitivity compared with the control groups. A 
previous study reported that Hh signaling pathway can influ-
ence the radiation response in some patient‑derived murine 
xenograft (PDX) model of esophageal adenocarcinoma, and 
that inhibition of this pathway could increase the radiation 
efficacy (48). In conclusion, these findings demonstrated an 
association between Gli1 and radioresistance in EC.

The mechanism underlying radioresistance, which 
contributes to the pathogenicity of EC, is a complex process; 
further research into how the Shh signaling pathway impacts 
radioresistance is required. The present study described 
novel research that may be used as a foundation for future 
studies into the processes regulating Shh signaling pathway 
activation‑induced radioresistance.
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