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Abstract. Esophageal squamous cell carcinoma (ESCC) and 
esophageal adenocarcinoma (EA) are the two most common 
types of esophageal cancer, which is the sixth highest cause 
of cancer‑associated mortality and the eighth most common 
cancer worldwide. Gene associated with retinoid‑interferon 
(IFN)‑induced mortality‑19 (Grim‑19) is reported to be a cell 
death activator that may be used to define mechanisms involved 
in IFN‑β‑ and retinoic acid‑induced cell death and apoptosis 
in a number of tumor cell lines. The present study constructed 
a recombinant adenovirus expressing Grim‑19 (rAd‑Grim‑19) 
and investigated its therapeutic outcomes in ESCC cells and 
tumor‑bearing mice. Grim‑19 expression was detected in 
EC‑109 (ESCC) cells by reverse transcription‑quantitative 
polymerase chain reaction and western blot analysis. Tumor 
cell death and apoptosis induced by rAd‑Grim‑19 in EC‑109 
cells were analyzed by flow cytometry. The inhibitory effects 
of rAd‑Grim‑19 on EC‑109 growth were determined by MTT 
assays. Furthermore, the therapeutic effects of rAd‑Grim‑19 
were investigated in EC‑109‑bearing mice. The results 
demonstrated that Grim‑19 mRNA and protein expression 
was downregulated in EC‑109 esophageal carcinoma cells 
compared with Het‑1A normal esophageal epithelial cells. 
In addition, EC‑109 cells exhibited a significant reduction in 
tumor cell growth in the rAd‑Grim‑19 group compared with 
the control groups. Furthermore, rAd‑Grim‑19 increased 
EC‑109 cell apoptosis compared with the control group. These 
results indicated that rAd‑Grim‑19 may regulate tumor cell 
growth and apoptosis. Additionally, the results demonstrated 
that rAd‑Grim‑19 led to beneficial outcomes and prolonged the 

survival of esophageal tumor‑bearing mice. In conclusion, the 
present study demonstrated that rAd‑Grim‑19 may have poten-
tial as an antitumor agent for esophageal neoplasms and may 
therefore be beneficial for patients with esophageal neoplasms.

Introduction

Esophageal neoplasm is one of most common human cancers 
in Africa, South America, China, Europe and North America, 
and includes esophageal squamous cell carcinoma (ESCC) 
and esophageal adenocarcinoma (EA), small cell undifferenti-
ated carcinoma and sarcoma divided by histological types (1). 
Previous reports have indicated that the globalincidence 
of esophageal neoplasm has increased ~500% over the past 
30 years (2‑4). Statistics indicate that ESCC and EA account for 
95 and 5% of esophageal cancer diagnoses, respectively (5,6). 
As the number of patients diagnosed with esophageal cancer is 
increasing, there is a focus on the development of novel strate-
gies for early esophageal neoplasm diagnosis and treatments 
using novel and efficient anticancer treatments, including 
surgical treatment, radiotherapy, chemical therapy, biological 
therapy and comprehensive therapy for patients (7‑9).

The expression of oncogenic and oncolytic proteinsin 
human tumors has previously been investigated to analyze 
gene expression patterns during cellular transcription and 
translation, in addition to tumor cell growth, migration and 
invasion  (10‑12). Gene associated with retinoid‑interferon 
(IFN)‑induced mortality‑19 (Grim‑19) is reported to be a cell 
death activator that is used to define mechanisms involved in 
IFN‑β‑ and retinoic acid‑induced cell death and apoptosis in 
various tumor cell lines (13). Oncolytic proteins have been 
demonstrated to inhibited tumor cell growth by activating 
specific sets of genes and initiating the apoptotic program of 
cells (14). In a previous study, Grim‑19 upregulation exhibited 
antitumor effects via induction of IFN‑β and retinoic acid in 
human tumor cells (15). Li et al (15) reported that Grim‑19 
upregulation inhibited signal transducer and activator of 
transcription 3 (STAT3) transcriptional activity by constitu-
tive inactivation of the signal transducer, and this regulatory 
pathway contributed to the inhibition of progression and 
metastasis in several different tumor types. In addition, 
Grim‑19 bound to the transcription factor STAT3 and led to 
the ablation of pro‑oncogenes Fas cell surface death receptor 
and Jun proto‑oncogene, and inhibition of the pro‑oncogenic 
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effects of v‑Src independently of STAT3 (16). Furthermore, 
reduced Grim‑19 expression was reported to beassociated 
with high‑risk human papilloma virus infection in cervical 
squamous intraepithelial neoplasia and cancer (17).

Adenovirus vectors are the most widely used vectors and 
adenovirus‑mediated delivery of antitumor genes or polypep-
tides into tumor cells has been described extensively (18,19). 
In addition, gene transfer strategies have presented increased 
clinical potential for clinicians, which may be applied asim-
munotherapy for patients with cancer using oncolytic proteins 
delivered by recombinant adenovirus (rAd) to exert various 
effects, including inhibition of oncogenes and restoration of 
tumor suppressor genes, immunotherapy, anti‑angiogenesis 
and virotherapy (20).

The present study investigated the efficacy of rAd expressing 
Grim‑19 (rAd‑Grim‑19) on esophageal tumor growth and 
investigated the potential for rAd‑Grim‑19 as a therapeutic 
intervention for patients with esophageal cancer. The results of 
the current study indicated that esophageal tumor growth was 
suppressed by rAd‑Grim‑19 and survival was prolonged during 
a 120‑day observation period, indicating that rAd‑Grim‑19 
may be an efficient antitumor agent for patients with esopha-
geal neoplasm.

Materials and methods

Ethics statement. The investigation was conducted according to 
the Guide for the Care and Use of Laboratory Animals (21). All 
experimental protocols and surgery on animals were performed 
in accordance with the First Affiliated Hospital of Soochow 
University on the Ethics of Animal Experiments Defense Research 
(Suzhou, China). All surgical operations and euthanasia were 
performed in a manner that minimized suffering.

Patients. A total of 5 patients with esophageal tumor (2 female 
and 3 male; mean age, 54.2 years old) were admitted to the 
First Affiliated Hospital of Soochow University (Suzhou, 
China) between May 2013 and January 2014. Both human and 
animal experiments were approved by Ethics Committee of 
the First Affiliated Hospital of Soochow University.

Construction of recombinant adenovirus by genetic engi‑
neering. Adeno‑X expression system (cat. no.  632269; 
Takara Biotechnology Co., Ltd., Dalian, China) was 
used for the construction of recombinant adenovirus. 
Human Grim‑19 (the First Affiliated Hospital of Soochow 
University, Suzhou, China) linked with cell‑penetrating 
peptide was extracted as previously described (22) and cloned 
into the pAd‑X expression system plasmid. The recombinant 
adenoviral plasmid expressing Grim‑19 was selected and 
confirmed by polymerase chain reaction (PCR) and sequencing 
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA), and is termed rAd‑Grim‑19. The recombinant adeno-
viruses (5 MOI) were generated by transfecting into 293 
cells (1x106) for 144 h at 37˚C and followed 10th genera-
tion propagation to purify viruses. rAd‑Grim‑19 was purified as 
described in a previous report (23). The titers of rAd‑Grim‑19 
and rAd were determined by TCID50 as plaque‑forming units 
(pfu)/ml. The EC‑109 cells (1x104) divided into three treat-
ment groups: i) The control group (PBS); ii) the rAd group 

(0.25 mg/ml at 37˚C for 24 h); and iii) the rAd‑Grim‑19 group 
(0.25 mg/ml at 37˚C for 24 h).

Cell culture. EC‑109 and Het‑1A cells were purchased from 
American Type Culture Collection (Manassas, VA, USA). All 
cells were cultured in EMEM supplemented with 10% fetal 
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) at 
37˚C, 5% CO2 and reasonable humidity.

MTT assay. EC‑109 cells (1x103) were cultured and then 
inoculated with rAd‑Grim‑19 [0.5 multiplicity of infection 
(MOI)] or rAd‑EGFP 0.5 (MOI) or PBS in 96‑well plates for 
48 h at 37˚C in triplicate for each condition. Following culture, 
20 µl MTT (5 mg/ml) in PBS solution was added to each well, 
the plate was further incubated for 4 h at 37˚C. The medium 
was entirely removed and 100 µl dimethyl sulfoxide was added 
to the wells to solubilize the crystals. The optical density (OD) 
was measured using an ELISA microplate reader (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA) reader at a wave length 
of 450 nm.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was obtained from EC‑109 cells and Het‑1A normal 
esophageal epithelial cells by using an RNA easy Mini kit 
(Qiagen Sciences, Inc., Gaithersburg, MD). The expression 
of Grim‑19 in EC‑109 and Het‑1A cells was measured using a 
RT‑qPCR kit (Qiagen Sciences, Inc.) with β‑actin expression 
as an endogenous control, according to the manufacturer's 
protocol. All the primers (Grim‑19 forward, 5'‑TCG​GGG​
ACT​GTC​GGG​GTA​C‑3' reverse, 5'‑AGG​GTC​CTC​CGG​
TCC​TTC​T‑3'; β‑actin forward, 5'‑CGG​AGT​CAA​CGG​ATT​
TGG​TC‑3', reverse, 5'‑AGC​CTT​CTC​CAT​GGT​CGT​GA‑3') 
were synthesized by Invitrogen (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). cDNA (10  ng) was used for 
qPCR with the SYBR‑Green Master Mix system (Bio‑Rad 
Laboratories, Inc.; 50 ng of genomic DNA, 200 µM dNTP, 
2.5 units of Taq DNA polymerase, and 200 µM primers) 
performed followed by initial denaturation at 94˚C for 
2 min, followed by 45 cycles of 94˚C for 30 sec, annealing 
temperature reduced to 58˚C for 30 sec and 72˚C for 10 min. 
Relative Grim‑19 expression levels were calculated by the 
2‑ΔΔCq method  (24). The results are presented relative to 
β‑actin.

Animal study. A total of 60 male BALB/c (SPF) nude mice 
(6‑week‑old; 26‑35  g body weight) were purchased from 
SLAC Laboratory Animal Co., Ltd. (Shanghai, China). All 
animals were fed under pathogen‑free conditions. All mice 
were housed under controlled temperature (23±1˚C, 50‑60% 
humidity, 0.02‑0.03% CO2) in a 12 h light/dark cycle with free 
access to food and water. A total volume of 200 µl EC‑109 
cells (1x106) were injected into the left flank of male BALB/c 
nude mice. EC‑109‑bearing mice were treated with PBS, rAd 
and rAd‑Grim‑19 when tumor diameters reached 5‑8 mm 
on day 6 after tumor inoculation. Tumor‑bearing mice were 
randomly divided into 3 groups (n=20) and intratumorally 
treated with 2x108 pfurAd or rAd‑Grim‑19, and PBS was used 
as a control. Treatments were performed 10 times at 2 day 
intervals. Tumor diameters were recorded every 2 days and 
tumor volume was calculated by using the following formula: 
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0.52 x smallest diameter2 x largest diameter. Furthermore, a 
120‑day observation was employed to evaluate the long‑term 
efficacy of rAd‑Grim‑19. The mice were euthanized when the 
tumor reached 10 mm. All experimental mice were housed for 
a total of 120 days.

Splenocyte collection and cytotoxic T lymphocyte (CTL) 
responses. Splenocytes were isolated from the spleens of the 
therapeuticmice with esophageal neoplasm on day 30 as previ-
ously described (25). The splenocytes (1x106) were incubated 
with the mitomycin (10 µg/ml; Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany)‑inactivated EC‑109 cells (1x106) for 6 h 
at 37˚C after washing with PBS. Supernatants were obtained 
using centrifugation (2,000 x g) for 10 min at 37˚C. Release of 
IFN‑γ was determined by ELISA (cat. no ab46025; Abcam, 
Cambridge, UK) in the supernatants after culture for 72 h. In 
addition, T cells (1x106) were purified from the splenocytesas 
previously described (26) and cultured with EC‑109 cells for 
4 h at the effector: Target ratios of 6:1, 12:1 and 24:1 (27). 
Specific CTL activity of T cells for tumor cells was performed 
by MTT cytotoxicity assays (28).

Flow cytometry analysis. EC‑109 cells were obtained from the 
American Type Culture Collection (Manassas, VA, USA) and 
cultured in minimum essential medium supplemented with 
10% fetal calf serum. EC‑109 cells (1x106) were treated with 
PBS, rAd and rAd‑Grim‑19 for 72 h at 37˚C. Subsequently, 
apoptosis in suspended cells was analyzed by flow cytometry 
using Annexin V‑FITC and PI (Annexin V‑FITC kit; BD 
Biosciences, Franklin Lakes, NJ, USA). In addition, on day 
30 cells (1x106) from tumors in mice treated with PBS, rAd 
and rAd‑Grim‑19 were prepared for PE‑CD4+ and PI‑CD8+ 
analysis by fluorescence‑activated cell sorting. Tumors were 
removed from euthanized animals and tumor cells were 
isolated by passing through 100 µm nylon mesh filters and then 
cells washed with PBS and resuspended. Tumor cells were 
labeled by CD3 and CD45, followed by PE‑CD4+ (1:2,000, cat 
no. 88‑8999‑40; Thermo Fisher Scientific, Inc.) and PI‑CD8+ 
(1:2,000, cat no. 8804‑6825‑74; Thermo Fisher Scientific, Inc.) 
for 4 h at 4˚C, staining to determine the frequency of CD4 
and CD8 cell subsets in the total infiltrated immune cells. 
Cells were washed with PBST three times and the stained 
cells were analyzed by using a FACScan flow cytometer (BD 
Biosciences) and analyzed using BD FACSDiva™ software 
(version 1.2; BD Biosciences).

Western blot analysis and histological immunostaining. 
EC‑109 and Het‑1A cells were lysed and used to analyzed 
Grim‑19 protein expression, according to a previous study (29). 
For immunostaining, EC‑109 cells (1x106) pre‑treated with 
PBS, rAd or rAd‑Grim‑19 for 24 h, or tumors from esophageal 
carcinoma xenograph mice in PBS, rAd and rAd‑Grim‑19 
groups on day 30 were fixed using 10% for maldehyde for 
15 min at room temperature and embedded in paraffin. Protein 
concentration was measured by a Bicinchoninic acid protein 
assay kit (Thermo Scientific, Pittsburgh PA, USA). Protein 
samples (20  µg/lane) wereseparated by 15% SDS‑PAGE 
and then transferred to polyvinylidene fluoride membrane. 
After 1 h blocking at 37˚C temperature using 10% blocking 
reagent (Roche Applied Science, Penzberg, Germany), 

membrane was incubated with primary antibodies: Grim‑19 
(1:1,000; cat. no. ab134325; Abcam) and β‑actin (1:1,000, cat. 
no. ab8226; Abcam) for 12 h at 4˚C. Following the incubation, 
membrane was washed three times in TBST and incubated 
with horseradish peroxidase‑conjugated goat anti‑rabbit IgG 
mAb (1:1,000; cat. no. PV‑6001; OriGene Technologies, Inc., 
Beijing, China) for 1 h at 37˚C. After three‑time washing in 
TBST, membrane was developed using a chemilumines-
cence assay system (Roche Applied Science) and exposed to 
Kodak exposure films. In addition, tumor samples were cut 
in to tumor sections (4 µm) and antigen retrieval was also 
performed. EC‑109 cells and tumor sections were incubated 
with TUNEL reaction mixture (Sigma‑Aldrich; Merck KGaA) 
at 37˚C for 2 h. Cells were three‑time washing in TBST and 
stained with DAPI (Sigma‑Aldrich; Merck KGaA) at 37˚C for 
2 h. TUNEL assays were conducted using a TUNEL fluores-
cence FITC kit (Roche, Indianapolis, IN, USA) according to 
the manufacturer's instructions. All sections were stained with 
hematoxylin and eosin (H&E) for 2 h at 37˚C. Images were 
captured on MicroChemi 4.2 (Eastwin, Shenzen, China).

Immunohistochemistry. Esophageal tumors from patients 
were fixed with 10% for maldehyde, then embedded in 
paraffin and cut into tumor sections for 2 h at 37˚C. Antigen 
retrieval was performed on the tumor sections using eBiosci-
ence™ IHC Antigen Retrieval Solution (cat. no 00‑4955‑58; 
Invitrogen), and the sections were subsequently incubated 
with rabbit anti‑mouse Grim‑19 (1:1,000, ab134325; Abcam). 
Following antibody incubation, Alexa Fluor 488‑labeled 
secondary antibodies (1:500; Beyotime Institute of 
Biotechnology) for 2 h at 37˚C and the specimens were visual-
ized. A Ventana Benchmark automated Diaminobenzidine 
staining system (Ventana Medical Systems, Inc., Tucson, AZ, 
USA) was used to detect Grim‑19 protein expression.

Statistical analysis. Data are presented as the mean ± standard 
error of the mean of triplicate experiments. All data were 
analyzed using SPSS software (version 19.0; IBM Corp., 
Armonk, NY, USA). Unpaired data were analyzed by Student's 
t‑test. Comparisons between multiple groups were analyzed 
by one‑way analysis of variance followed by Bonferroni post 
hoc tests. The Kaplan‑Meier test was used to estimate survival 
during the 120‑day observation period. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Expression of Grim‑19 and its function in esophageal tumor 
cells. In order to analyze the function of Grim‑19 in tumor 
cells, the present study first investigated Grim‑19 expression in 
esophageal tumor cells. EC‑109 cells were cultured and cells 
were harvested to isolate total RNA. Grim‑19 expression was 
analyzed by RT‑qPCR and western blot analysis. The results in 
Fig. 1A and B demonstrate that Grim‑19 expression was down-
regulated in EC‑109 cells at mRNA and protein levels compared 
with HET‑1A normal esophageal epithelial cells. In addition, the 
function of Grim‑19 was studied in EC‑109 cells. Furthermore, 
the results of MTT assays indicated that Grim‑19 exhibited 
significant inhibitory effects on EC‑109 cell growth (Fig. 1C), 
andthe results in Fig. 1D indicate that Grim‑19 significantly 
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induced apoptosis in EC‑109 cells after 72 h treatment. These 
results indicated that Grim‑19 expression was downregulated in 
EC‑109 cells, and Grim‑19 treatment led to growth inhibitory 
effects and enhanced apoptosis in EC‑109 cells.

Detection and bioactivity of Grim‑19 in rAd‑Grim‑19‑infected 
cells in vitro. In order to investigate the effect of Grim‑19 
over expression, the expression of Grim‑19 proteins in 
rAd‑Grim‑19‑infected EC‑109 cells was observed by fluo-
rescent microscopy following incubation with anti‑Grim‑19 
antibody. The results demonstrated that Grim‑19 protein was 
observed in EC‑109 cells infected with rAd‑Grim‑19, indicating 
that Grim‑19 was efficiently expressed in tumor cells (Fig. 2A). 
The results in Fig. 2B indicate that Grim‑19 was effectively 
expressed and secreted extracellularly in EC‑109 cells infected 
with rAd‑Grim‑19. In addition, the kinetic curve of rAd‑Grim‑19 
was analyzed, which demonstrated that Grim‑19 gene inser-
tion did not affect the recombinant adenovirus (Fig.  2C). 
Furthermore, the results demonstrated that EC‑109 cell growth 
was significantly inhibited by rAd‑Grim‑19 compared with rAd 
and PBS groups (Fig. 2D). These results indicated that Grim‑19 
was efficiently upregulated by rAd‑Grim‑19 and rAd‑Grim‑19 
led to tumor growth inhibitory effects on EC‑109 cells.

In vivo effects of rAd‑Grim‑19 in esophageal tumor‑bearing 
mice. In order to analyze the in vivo effects of rAd‑Grim‑19 on 
tumor growth inhibition, its anticancer effect was determined in 
an esophageal tumor‑bearing mouse model. The results in Fig. 3A 
demonstrate that rAd‑Grim‑19 significantly suppressed tumor 
growth, while xenograft mice treated with rAd‑only exhibited 
reduced inhibitory effects, compared with PBS treatment. The 
results indicate that tumors in the rAd‑Grim‑19‑treated group 
decreased by a volume of 32.18±8.38 mm3 by day 25, which is 

significant difference compared with the rAd and PBS groups 
(P<0.01). During the period of treatment, no side effects were 
observed other than swelling at the injection site. In addition, a 
120‑day long‑term survival observation period was performed 
following treatment with PBS, rAd and rAd‑Grim‑19. The results 
in Fig. 3B demonstrated that rAd‑Grim‑19 (n=20) prolonged 
the survival of mice compared with rAd and PBS groups. In 
addition, CTL responses and IFN‑γ release were determined on 
day 25 after treatments. The results in Fig. 3C and D indicated 
that mice treated with rAd‑Grim‑19 developed a strong CTL 
response for EC‑109 cells and exhibited an increased release 
of IFN‑γ compared with rAd and PBS groups. These results 
demonstrate therapeutic effects of rAd‑Grim‑19 against EC‑109 
in tumor‑bearing animals, as long‑term survival was increased 
in mice treated with rAd‑Grim‑19.

rAd‑Grim‑19 increases immune cell and apoptotic body 
accumulation in EC‑109 tumor‑bearing mice. To further 
investigate the long‑term survival of tumor‑bearing mice, 
immune responses were analyzed and tumor challenge experi-
ments were performed. The results in Fig. 4A demonstrate that 
CD4+ and CD8+ expression levels were increased in tumors 
from rAd‑Grim‑19‑treated mice compared with rAd and PBS 
groups. Tumor challenge experiments were performed after a 
120‑day survival period observation. As indicated in Fig. 4B, 
rAd‑Grim‑19‑treated mice demonstrated an immune memory 
for EC‑109 tumor cells and their survival was prolonged 
compared with rAd‑treated mice. Furthermore, apoptotic 
bodies were analyzed by immunohistochemistry staining 
in tumors from experimental mice following treatment with 
rAd‑Grim‑19, rAD and PBS. The results in Fig. 4C demon-
strated that an increased number of apoptotic bodies on tumors 
were observed in rAd‑Grim‑19‑treated mice compared with 

Figure 1. Grim‑19 expression and its function in EC‑109 cells. (A) Reverse transcription‑quantitative polymerase chain reaction was performed to analyze the 
mRNA expression of Grim‑19 in EC‑109 and Het‑1A cells. (B) Western blot analysis was performed to analyze the protein expression of Grim‑19 in EC‑109 
and Het‑1A cells. (C) MTT assays determined the tumorinhibition growth effects of Grim‑19 on EC‑109 and Het‑1A cells. (D) Fluorescence‑activated cell 
sorting was used to evaluate the apoptosis‑inducing effects of Grim‑19 in EC‑109 and Het‑1A cells. Data are presented as the mean ± standard error of the 
mean. **P<0.01, as indicated. Grim‑19, gene associated with retinoid‑interferon‑induced mortality‑19.
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rAd and PBS groups. In addition, Grim‑19 expression levels in 
tumors on day 25 after treatment were also determined. The 

results demonstrated that rAd‑Grim‑19 promoted Grim‑19 
expression following infection with rAd‑Grim‑19 in tumors 

Figure 3. Therapeutic effects of rAd‑Grim‑19 on EC‑109‑bearing BALB/c nude mice. (A) Tumor growth was inhibited in EC‑109‑bearing BALB/c nude mice 
following treatment with rAd‑Grim‑19. (B) Survival of xenograph mice was prolonged in rAd‑Grim‑19‑treated miceduringa 120‑day observation period. 
(C) Cytotoxic T lymphocyte responses were enhanced by rAd‑Grim‑19 treatment in xenograph mice. (D) Tumor‑specific IFN‑γ release was increased in 
esophageal neoplasm mice treated with rAd‑Grim‑19. Similar results were obtained in three independent experiments. *P<0.05 and **P<0.01, as indicated. rAd, 
recombinant adenovirus; Grim‑19, gene associated with retinoid‑interferon‑induced mortality‑19; IFN, interferon.

Figure 2. Characteristics of rAd‑Grim‑19 and in vitro effects on tumor cells. (A) Immunofluorescence was performed to analyze the expression of Grim‑19 in 
EC‑109 cells by fluorescent microscopy (magnification, x40). (B) Concentration levels of Grim‑19 in supernatants of EC‑109 cells infected with rAd‑Grim‑19 
were detected by ELISA. (C) Kinetics growth curve of rAd‑Grim‑19 was determined through pfu/ml analysis. (D) Inhibitory effects of rAd‑Grim‑19 on 
EC‑109 cell growth were determined by MTT assays. Data are presented as the mean ± standard error of the mean of triplicate experiments.**P<0.01, as 
indicated. rAd, recombinant adenovirus; Grim‑19, gene associated with retinoid‑interferon‑induced mortality‑19; pfu, plaque‑forming units.
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compared with rAd and PBS‑treated tumors (Fig.  4D). In 
conclusion, these results indicate that rAd‑Grim‑19 led to bene-
ficial outcomes for mice with esophageal neoplasms potentially 
through increased immune accumulation and immune memory 
against homologous tumor cells, which may contribute to the 
formation of apoptotic bodies, improve long‑term survival in 
mice and reduce the risk of recurrence.

Discussion

Patients with esophageal neoplasms frequently receive surgery, 
chemotherapy, radiotherapy, immunotherapy and compre-
hensive therapythatin majority of cases results in deaths and 
represents a global health burden (30). Patients with esopha-
geal neoplasms are frequently diagnosed at an advancedstage, 
and combined treatment with 5‑fluorouracil and cisplatin with 
concurrent irradiationisa standard treatment regimen (31,32). 
In addition, statistics have indicated that ESCC and EA 
account for 95 and 5% of esophageal cancer diagnoses, respec-
tively, with ESCC accounting for the highest number of cases, 
and being associated with poor survival outcome and a high 
mortality rate (33). Given the higher morbidity and mortality, 
the identification and development of novel strategies for the 
treatment of esophageal neoplasms are required to improve the 
treatment and eradication of these tumors. In the present study, 
a mouse model of esophageal neoplasms was established to 
analyze the tumor growth and long‑term survival following 
treatments.

Grim‑19 is a protein with a molecular weight of ~16 kDa 
that was isolated as a novel gene product by using a genetic 
technique and was reported to enhance tumor cell apoptosis 
and death induced by IFN/retinoic acid (RA) (34). It is estab-
lished that the Src‑family of tyrosine kinases are important 
regulators of the cell growth, migration and invasion of various 
tumor cell types. Inactivation of Src by mutation caused 

cellular transformation through alterations in transcription and 
cytoskeletal properties (35). Kalakonda et al (36) reported that 
the tumor suppressive protein Grim‑19 inhibited Src‑induced 
oncogenic transformation. In addition, previous studies have 
also investigated the mechanisms of anticancer effects of 
IFN‑β and RA in human tumor cells. Grim‑19 upregulation 
exhibited antitumor effects that occurred via IFN‑β and RA 
in human tumor cells (15,34). In the current study, the results 
demonstrated that Grim‑19 expression was reduced in EC‑109 
tumor cells compared with Het‑1 A normal esophageal epithe-
lial cells, and overexpression of Grim‑19 inhibited EC‑109 
growth and induced tumor cell apoptosis.

Previous studies have demonstrated that recombinant 
adenoviruses based on the Adeno‑X expression system 
resulted in a gene and oncolytic therapy vehicle for certain 
types of human carcinoma (23,37). The recombinant adeno-
virusvehicle is the most widely used gene therapy vector to 
deliver functional protein in preclinical and clinical applica-
tions for the treatment of various human diseases, including 
cancer (38). In the present study, the oncolytic protein Grim‑19 
delivered by recombinant adenovirus was constructed and 
the in vitro and in vivo rAd‑GRIM‑19 inhibitory effects on 
esophageal cancer tumor growth were investigated. The 
results indicated that rAd‑GRIM‑19 significantly suppressed 
tumor growth in EC‑109‑bearing mice. However, there are few 
reports concerning immunotherapy delivered by a recombi-
nant adenovirus.

A previous study reported that dysregulation of Grim‑19 
expression in human renal cell carcinomas and proapoptotic 
inactivity were mediated by signal transducer and activator of 
transcription 3 and JAK signaling pathways, indicating that 
Grim‑19 may be a potential tumor suppressor that may be useful 
for cancer therapy development (39). In addition, Grim‑19 over-
expression in various human tumor cells led to reduced cell 
growth and apoptosis induction via IFN‑β and RA‑activated 

Figure 4. rAd‑Grim‑19 enhanced immune cell accumulation and Grim‑19 expression in vivo. (A) The percentage of CD4+ and CD8+ cells in tumors from 
esophageal neoplasm mice was analyzed by fluorescence‑activated cell sorting. (B) Immune memory was stimulated by rAd‑Grim‑19 in tumor challenge 
experiments. (C) Apoptotic bodies were increased in mouse tumors following rAd‑Grim‑19 treatment (magnification, x40; scale bar, 5 µm). (D) Grim‑19 
expression was increased in rAd‑Grim‑19‑tumors on day 25 after treatment (magnification, x40; scale bar, 5 µm). Similar results were obtained in three 
independent experiments. Blue color indicated Grim‑19 expression.*P<0.05 and **P<0.01, as indicated. rAd, recombinant adenovirus; Grim‑19, gene associated 
with retinoid‑interferon‑induced mortality‑19.
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regulator of cell death (40). The results of the current study 
indicated that esophageal tumor cells exhibited reduced 
Grim‑19 mRNA and protein expression compared with normal 
esophageal epithelial cells. Grim‑19 has been associated with 
reactive oxygen species induced by an IFN/RA pathway and 
has a conserved evolutionary history in eukaryotic cells (41,42).

In addition, the present study also demonstrated that CTL 
responses and IFN‑γ release were significantly enhanced 
following rAd‑GRIM‑19 treatment compared with rAd 
and PBS treatments. The enhanced cytotoxic sensitivity of 
tumor cells induced by rAd‑Grim‑19 treatment was also 
associated with improvements in the long‑term survival 
and immune memory of mice. Furthermore, tumor cells 
from mice treated with rAd‑GRIM‑19 exhibited higher levels of 
CD4+ and CD8+ cella ccumulation, which enhanced immuno-
therapy in esophageal neoplasm mice. Importantly, the volume 
of tumors was significantly reduced in rAd‑GRIM‑19‑treated 
mice compared with rAd and PBS‑treated tumors, indi-
cating that stronger immunotherapy may be stimulated by 
rAd‑GRIM‑19 in vivo. Therefore, therapeutic effects against 
esophageal neoplasm cells in xenograph mice were achieved 
through treatment with rAd‑GRIM‑19. Based on the results 
of the present study, rAd‑GRIM‑19 may have potential as an 
anticancer strategy for future clinical trials for esophageal 
neoplasm and potentially other types of cancer.
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