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1. Introduction
Pancreatic cancer is a deadly malignancy, and over the 

past two decades, there has been a doubling in the annual 
number of diagnosed cases worldwide. Pancreatic ductal 
adenocarcinoma (PDAC) accounts for >90% of all pan-
creatic cancers, and its incidence has markedly increased 
worldwide [1]. Despite developments in the detection 
and management of pancreatic cancer, the survival rate 
of patients has only increased from 5% in the 1990s to 
as high as 9% in the USA and Europe in 2019 [2, 3] of 
patients will live for 5 years after diagnosis. Therefore, it 
is necessary to understand the biological mechanisms that 
contribute to the development and progression of pancrea-
tic tumors [4, 5].

The DNA damage-inducible transcript 3 (DDIT3) gene, 
also known as CCAAT/enhancer binding protein (C/EBP) 
homologous protein and GADD153 [6-10], encodes a ba-
sic leucine zipper transcription factor. This factor belongs 
to the dimer-forming C/EBP family, which is considered 
pathognomonic in the appropriate morphological and cli-
nical context. The expression of DDIT3, also known as a 
key regulator of the cellular stress response, is induced in 
response to endoplasmic reticulum stress [11, 12], DNA 
damage [13], autophagy [14], cellular growth arrest or 

hypoxia [15, 16]. In recent years, it has been demonstrated 
that DDIT3 expression can be used as a clinical diagno-
sis for high-grade myxoid liposarcoma (MLPS) [17, 18], 
myeloid leukemia [19], malignant follicular thyroid carci-
noma (FTC) [20] and gastric cancer [21], and may serve an 
important role in regulating the epidermal differentiation 
during the differentiation program of keratinocytes in the 
skin [22]. However, to the best of our knowledge, infor-
mation regarding the expression and function of DDIT3 in 
PDAC tissues and pancreatic cancer cells is limited. The 
present study aimed to determine whether DDIT3 is high-
ly expressed in pancreatic cancer and to elucidate its rela-
tionship with the proliferation and invasion of pancreatic 
cancer cells.

2. Materials and methods
2.1. Cell culture

The SW1990 and PANC-1 human pancreatic cancer cell 
lines, Pan02 mouse pancreatic cancer cell line, and HPNE 
normal pancreatic ductal epithelial cells were purchased 
from the American Type Culture Collection. DDIT3 gene-
knockdown PANC-1 and Pan02 pancreatic cancer cell 
lines, along with their respective negative control cells, 
were established and stored in our laboratory. All cell lines 
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were cultured in DMEM supplemented with 10% fetal calf 
serum at 37˚C in a 5% CO2 atmosphere.

2.2. Chemical reagents and antibodies
The antibody anti-DDIT3 (cat. no. ab179823; dilution, 

1:1, 000) was purchased from Abcam. Anti-GAPDH (cat. 
no. 5174; dilution, 1:1, 000) and HRP-linked secondary 
antibody (cat. no. 7074; dilution, 1:2, 000) were purchased 
from Cell Signaling Technology, Inc. R-Phycoerythrin-Af-
fini Pure F(ab')2 Fragment Goat Anti-Rabbit IgG (H+L) 
(cat. no. 111-116-144; dilution, 1:2, 000) was purchased 
from Jackson ImmunoResearch Laboratories, Inc. The 
Transwell chamber assay kit was purchased from BD 
Biosciences.

2.3. Bioinformatics data acquisition and analysis
All pancreatic cancer gene expression datasets were 

collected from The Cancer Genome Atlas (TCGA; http://
tcga-data.nci.nih.gov/tcga), and microarray data were ob-
tained from the Gene Expression Omnibus (GEO) data-
base (https://www.ncbi.nlm.nih.gov/geo/).

The differentially expressed DDIT3 mRNA was ana-
lyzed between pancreatic tumor and normal tissues using 
RNA sequencing data. The association between survi-
val and DDIT3 expression was assessed for all patients 
from TCGA. Kaplan-Meier plotter was used to assess the 
association between the survival rate and DDIT3 mRNA 
expression. The hazard ratio (HR) and P-value were cal-
culated to determine the relationship between DDIT3 gene 
expression and the survival rate. The P-value was calcula-
ted after conducting a t-test, and P<0.05 was considered to 
indicate a statistically significant difference.

The pathways related to the DDIT3 gene were also 
identified using the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway database.

2.4. DDIT3 gene knock-down pancreatic cancer cell 
established

One recombinant lentiviral vectors GV248 (hU6-
MCS-Ubiquitin-EGFP-IRES-puromycin) containing 
short hairpin RNAs (shRNA) targeting human DDIT3 
(GeneBank: NM_001195057.1) cDNA and mice DDIT3 
(GeneBank:NM_007837.4) and one negative control re-
combinant lentiviral vectors were produced by Genechem 
(Shanghai, China). The shRNA sequences for PANC-1 cell 
interference were: shRNA-DDIT3: 5’-GAAGGCTTG-
GAGTAGACAA-3’. shRNA-NC: 5’-TTCTCCGA ACG-
TGTCACGT-3’. The shRNA sequences for Pan02 cell 
interference were: shRNA-DDIT3: 5’-GATTCCAGTCA-
GAGTTCTATG-3’. shRNA-NC: 5’-TTCTCCGAACG-
TGTCACGT-3’. After sequencing, the positive lentivirus 
plasmid was transfected into 293T cells in the presence of 
packaging plasmids pRSV-Rev and pMD2.G. The super-
natant of lentivirus was collected 72 h later and purified. 
After being infected with the high titre recombinant lenti-
virus, pancreatic cancer PANC-1 cell and Pan02 cell was 
screened by puromycin, then DDIT3 knock-down gene 
stable cell strain was obtained. The expression of DDIT3 
gene of PANC-1 cell and Pan02 cell at mRNA and protein 
level was detected by real-time PCR and Western blot.
  
2.5. Immunohistochemistry (IHC)

IHC was performed using a rabbit monoclonal antibody 
directed against the C-terminus of DDIT3 on whole tissue 

sections from 40 patients with high-grade PDAC and 40 
normal pancreatic ductal tissues as controls. All paraffin-
embedded samples collected between April 2021 and June 
2022 were preserved at the Affiliated Cancer Hospital of 
Nanjing Medical University. The sample collection proto-
cols were approved by the Ethics Committee of Nanjing 
Medical University (approval no. 2022514). Tissues were 
sectioned (5 μm) onto charged slides. All slides were 
deparaffinized and rehydrated. Endogenous peroxidase 
activity was inactivated with 3% H2O2. Heat-induced epi-
tope retrieval was performed with 0.01 M sodium citrate 
and non-specific binding was blocked using goat serum. 
The monoclonal rabbit anti-human DDIT3 antibody was 
applied at a 1:100 dilution. A universal rabbit negative 
control was used. Slides were then treated with goat an-
ti-rabbit horseradish peroxidase secondary antibody, fol-
lowed by the addition of peroxidase substrate. Slides were 
counterstained with hematoxylin, dehydrated, mounted 
and examined under a microscope. The quantitative crite-
ria were as follows: Strongly positive (+++), cell shading 
>50%; positive (++), cell shading >30% to 50%; weakly 
positive (+), cell shading >5% to 30%; and negative (-), 
<5% or without staining.

2.6. Quantitative real-time PCR assay (qPCR) 
The SW1990, PANC-1 and Pan02 pancreatic cancer 

cell lines, and HPNE normal ductal epithelial cells in the 
logarithmic growth period were collected. Total RNA was 
prepared using Triazolo reagent (Invitrogen; Thermo Fi-
sher Scientific, Inc.), precipitated with isopropyl alcohol 
and washed with 70% ethanol. Single-stranded cDNA was 
prepared from the purified RNA using oligo (dT) primers, 
and then, cDNA was subjected to SYBR Green (Takara 
Bio, Inc.) quantitative PCR. The primers used in the expe-
riment were as follows: DDIT3, 5'-TGACCCTGCTTCTC-
TGGCTT-3' and 5'-TTTCTCCTTCATGCGCTGC-3'; 
and GAPDH, 5'-GAAGGTGAAGGTCGGAGTC-3' 
and 5'-GAAGATGGTGATGGGATTTC-3'. The relative 
expression levels of the target gene were normalized to 
those of the control gene GAPDH. The relative expression 
levels were calculated using the 2-ΔΔCt method [23].

2.7. Flow cytometry
The SW1990, PANC-1 and Pan02 pancreatic cancer 

cell lines, as well as HPNE normal ductal epithelial cells 
in the logarithmic growth period, were collected. For the 
detection of intracellular molecules such as DDIT3, cells 
were fixed with 4% paraformaldehyde and permeabilized 
with 0.1% Triton X-100 before being stained with a DDIT3 
antibody for 1 h. Afterwards, the cells were incubated with 
goat anti-rabbit IgG conjugated with PE for 30 min. Cells 
were analyzed using a BD Biosciences FACS Aria II flow 
cytometer (BD Biosciences).

2.8. Western blotting
The SW1990, PANC-1 and Pan02 pancreatic cancer 

cell lines, as well as HPNE normal ductal epithelial cells in 
the logarithmic growth period, were collected and lysed in 
RIPA buffer supplemented with a 1/50 (vol./vol.) ratio. Di-
lution of a protease inhibitor cocktail (Calbiochem; Merck 
KGaA). The supernatants of the lysed cells were collected. 
The total protein concentration was determined, and equal 
amounts of samples were separated by 10% SDS-PAGE. 
The separated proteins were then electrotransferred to a 
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tically significant difference.

2.12. Statistical analysis. 
Statistical results are presented as the mean ± SD of 

at least three repeated experiments (n=3) unless otherwise 
described. Experimental data were analyzed using an 
unpaired two-tailed Student’s t-test to compare two groups 
and one-way ANOVA followed by Bonferroni post hoc 
test for multiple comparisons. GraphPad Prism 7.0 (Dot-
matics) was used for the analysis. The levels of statistical 
significance were marked as follows: *P<0.05; **P<0.01; 
***P<0.001.

3. Results
3.1.DDIT3 is highly expressed in pancreatic cancer tu-
mors and related to poor prognosis based on the GEO 
and TCGA databases

A total of three gene expression profile datasets were 
retrieved from the GEO database, including 69 pancrea-
tic cancer samples and 61 normal samples in GSE62452, 
118 pancreatic cancer samples and 13 normal samples in 
GSE62165, and 139 pancreatic cancer samples and 105 
normal samples in GSE183795. Furthermore, data for four 
pancreatic cancer samples and their paired normal tissue 
samples were downloaded from TCGA.

The relative DDIT3 expression was significantly 
higher in the pancreatic tumor samples, as determined by 
independent-sample t-tests, in the GSE62452 (Fig. 1A), 
GSE62165 (Fig. 1B) and GSE183795 (Fig. 1C) datasets. 
In the four pancreatic cancer tumors and their paired nor-
mal tissue samples from TCGA, the relative expression of 
DDIT3 was significantly higher in the pancreatic tumor 
samples based on a paired t-test. DDIT3 expression was 
upregulated in pancreatic cancer samples from all four 
databases (Fig. 1D).

Survival analysis revealed that higher expression 
levels of DDIT3 were associated with lower survival in 
176 patients with pancreatic cancer (HR, 1.363; 95% CI, 
0.999-1.86; P<0.0491; Fig. 2A) and a lower 3-year survi-
val period in 156 cases (HR, 1.466; 95% CI, 1.064-2.02; 
P<0.0182; Fig. 2B) in the cohort from TCGA. According 
to this analysis, it can be concluded that high DDIT3 ex-

0.45-μm polyvinylidene difluoride membrane. The mem-
branes were blocked with PBS with Tween-20 containing 
5% non-fat milk for 2 h at room temperature, and incuba-
ted with DDIT3 and GAPDH antibodies overnight at 4˚C. 
Specific bound antibodies were detected using horseradish 
peroxidase-conjugated goat anti-rabbit antibodies and 
then visualized using the ECL detection kit.

2.9. Colony formation assay
Cell proliferation was determined using a colony for-

mation assay. Briefly, PANC-1 cells with DDIT3 gene-
knockdown [short hairpin RNA (shRNA)-DDIT3] and 
negative control cells [shRNA-negative control (NC)] 
were digested with trypsin and resuspended in serum-free 
medium. Subsequently, 2 ml medium containing 10% FBS 
was added to the 6-well plates. The resuspended cells were 
plated into the wells (200 cells per well). The medium was 
replaced every 4 days. After 12 days, the cells were fixed, 
stained with crystal violet and counted.

2.10. Transwell assay
Migration assays were performed using 5.0-µm pore 

Transwell inserts. DDIT3 gene knockdown shRNA-
DDIT3 PANC-1 and negative shRNA-NC PANC-1 cells 
were digested with trypsin and resuspended in serum-free 
medium. The Transwell chamber was added to a 24-well 
plate to create the upper and lower chambers. Next, 800 μl 
medium with 10% FBS was added to the lower chamber, 
and 6x104 cells in 100 μl serum-free conditioned medium 
were added to the upper chamber. After 24 h, the cells in 
the upper chamber were wiped with cotton swabs, and the 
invading cells were fixed and stained with crystal violet 
for counting.

2.11. In situ implantation tumor model
Male C57BL/6 mice (6-8 weeks old) were used for all 

experiments in the present study. All mice were bred and 
housed in specific pathogen-free conditions at a control-
led temperature (22±1˚C) and exposed to a constant 12-h 
light-dark cycle in the animal facilities. The animal expe-
riments were conducted according to the guidelines and 
with the approval of the Committees of Animal Ethics and 
Experimental Safety of Nanjing Medical University.

For the generation of in situ implantation models of 
pancreatic cancer, mice were anesthetized by intraperito-
neal injection of sodium pentobarbital (45 mg/kg) [24], 
and a small incision was made to expose the pancreatic 
tissue. A total of 5x105 shRNA-DDIT3-transfected or shR-
NA-NC-transfected Pan02 cells were suspended in 40 µl 
PBS containing 20% ECM Gel from Engelbreth-Holm-
Swarm murine sarcoma (MilliporeSigma) and injected di-
rectly into the pancreatic gland. Mice were monitored for 
clinical signs, and their body weight was measured daily. 
After 28 days, when the maximum tumor diameter was 
almost 15 mm, mice from each group were euthanized by 
CO2 asphyxiation with a CO2 displacement rate of 60% 
of the container volume per minute. Death was confirmed 
by examination of heartbeat and respiration. The tumors 
were collected for further analysis following the procedure 
described below: Volume = length x width2/2. Weight was 
weighed by a precision balance and size was measured by 
a vernier calipe. Tumor size and weight were recorded. 
The P-value was calculated using the Wilcoxon rank-sum 
exact test, and P<0.05 was considered to indicate a statis-

Fig. 1. Differential expression of DDIT3 mRNA in pancreatic tumor 
samples and adjacent normal pancreatic tissue samples in the bioinfor-
mation database. The mRNA levels of the DDIT3 gene were verified 
using a box plot in (A) GSE62452, (B) GSE62165, (C) GSE183795 
and (D) TCGA database. The independent-sample t-test was used to 
analyze the data in the Gene Expression Omnibus database and a pai-
red t-test was used to analyze the data from TCGA. *P<0.05, **P<0.01 
and ***P<0.001.
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pression was associated with a poor outcome in patients 
with pancreatic cancer. The pathways related to DDIT3 are 
shown in Fig. 2C, and the five most significant pathways 
included protein processing in endoplasmic reticulum, 
MAPK signaling pathway, pathways in cancer, PI3K-Akt 
signaling pathway and necroptosis.

DDIT3 was expressed in the cell cytoplasm with po-
sitive or strong positive expression in PDAC and no or 
weak expression in normal pancreatic ductal tissue. IHC 
was performed using a rabbit antibody targeting the C-
terminus of DDIT3. Cytoplasmic staining in >5% of cells 
was considered positive. Using IHC, positive expression 
of DDIT3 (Fig. 3A) was observed in 38 out of 40 (95%) 
PDAC tissues. Of the controls, 2 out of 40 (5%) cases 
were positive, with no more than 10% cytoplasmic stai-
ning. An additional 95% of control cases displayed <5% 
nuclear staining (Fig. 3B). The differences were statisti-
cally significant.

3.2. DDIT3 is highly expressed in human pancreatic 
cancer cells, whereas it is not found in pancreatic nor-
mal ductal epithelial cells

To investigate the levels of DDIT3 gene and protein ex-
pression in pancreatic cells in vitro, three pancreatic cancer 
cell lines and one normal pancreatic cell line were utilized 

in the present study. As shown in Fig. 4A, the mRNA level 
of DDIT3 in SW1990, PANC-1 and Pan02 pancreatic can-
cer cells was 3.26 (P<0.01), 54.23 (P<0.001) and 15.24 
(P<0.001) times higher than that in HPNE cells, respecti-
vely. Next, the expression levels of DDIT3 in different cell 
lines were examined by western blotting. As shown in Fig. 
4B, DDIT3 expression was increased in all pancreatic can-
cer cell lines. Furthermore, DDIT3 expression in different 
cell lines was examined by flow cytometry. As shown in 
Fig. 5, the percentage of DDIT3-positive cells were 78.4, 
97.2 and 92.4% in SW1990, PANC-1 and Pan02 pancrea-
tic cancer cells, respectively. It was increased in all pan-
creatic cancer cells compared with HPNE cells.

3.3. Silencing of DDIT3 inhibits the proliferation and 
migration of pancreatic cancer cells

In the group of shRNA-DDIT3, the protein relative 
expression level is lower than that in the control shRNA-
NC group (Fig. 6A and B). And DDIT3 mRNA levels was 
0.00075 times and 0.00137 times, lower than those in the 
control shRNA-NC group of PANC-1 and Pan02 cells 
(Fig. 6C and D). This indicated that shRNA vector effec-
tively inhibited the expression of DDIT3 gene in PANC-1 
cell and Pan02 cell.

To confirm the tumor-promoting effect of DDIT3 in 
vitro, its effect was verified in stable lentiviral-mediated 
DDIT3-knockdown PANC-1 cells. The effect of DDIT3 
on proliferation and migration was suppressed following 
transfection with specific shRNA. Compared with that 
of the control group, the colony formation of shRNA-

Fig. 2. Survival analysis for DNA damage-inducible transcript 3 genes 
in The Cancer Genome Atlas database. Survival curves showing (A) 
the 5-year survival rate in 176 patients with pancreatic cancer and (B) 
the 3-year survival in 156 cases. (C) The signaling pathways in which 
DDIT3 is involved in pancreatic cancer in KEGG database. *P<0.05, 
**P<0.01 and ***P<0.001.

Fig. 3. Examples of PDAC showing a high level of DDIT3 cytoplasm 
expression based on immunohistochemistry. (A) High-grade PDAC 
tumor exhibiting a ductal cell with strong DDIT3 cytoplasm expres-
sion (+++) in a background of cells that were negative (magnification, 
x100 and x400). (B) A normal pancreatic tissue area exhibiting com-
pletely negative DDIT3 staining (magnification, x100 and x400).

Fig. 4. Expression levels of DDIT3 in pancreatic cancer and nor-
mal pancreatic ductal epithelial cells. (A) Relative mRNA expres-
sion levels of DDIT3 were examined by quantitative real-time PCR. 
**P<0.01 and ***P<0.001 compared with the HPNE group. (B) Western 
blot analysis was performed to evaluate the protein expression levels 
of DDIT3.
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DDIT3-transfected PANC-1 cells was markedly reduced 
(Fig. 7A and B). On the other hand, the number of migra-
ted cells in the shRNA-DDIT3 PANC-1 group was signi-
ficantly lower than that in the shRNA-NC PANC-1 group. 
This difference was statistically significant (Fig. 7C and 
D). These findings demonstrated that silencing of DDIT3 
could inhibit the proliferation and migration of pancreatic 
cancer cells.

3.4. Silencing of DDIT3 reduces the growth of tumors 
in an implantation tumor model

To further confirm the effect of DDIT3 in vivo, its im-
pact was verified using stable DDIT3-knockdown Pan02 
cells. The in situ implantation animal models were esta-
blished by injecting the same amount of shRNA-DDIT3 
Pan02 cells or shRNA-NC Pan02 cells. After the expe-
riment, the mice were euthanized. As shown in Fig. 8A 
and B, the size of the tumors was significantly reduced in 
mice injected with shRNA-DDIT3 group cells (P<0.05). 
In addition, the tumor weight in the shRNA-DDIT3 group 
was significantly lower than that in the shRNA-NC group 
(P<0.01; Fig. 8C).

4. Discussion
The present study aimed to evaluate DDIT3 expres-

sion in pancreatic cancer and to elucidate its relationship 
with the proliferation and invasion of cancer cells. Lin-
Jarnum et al evaluated a monoclonal antibody targeting 
the N-terminus of DDIT3 in MLPS. The authors revealed 
that 100% of MLPS cases exhibited nuclear positivity for 
DDIT3 based on IHC. The majority of cases exhibited mo-

derate-to-strong diffuse staining in the tumor nuclei, with 
>80% staining, while the remaining cases showed >50% 
staining. This indicated that DDIT3 can be utilized to dif-
ferentiate high-grade MLPS from other round-cell sarco-
mas [16]. Baranov et al initially reported that DDIT3 was 
highly sensitive and specific for MLPS among adipocytic 
and myxoid neoplasms. It was also highly sensitive and 
specific for high-grade MLPS among round-cell sarcomas. 
Strong, diffuse staining was 96% sensitive and 100% spe-
cific [17]. Cerutti et al reported that the DDIT3 protein 
was expressed in 85.2% of malignant FTC and only 9.4% 
of benign follicular thyroid adenoma (FTA) in differentia-
ted thyroid cancers. This high sensitivity of DDIT3 pro-
tein expression can be used to identify FTA and FTC [20]. 
Another finding by Lin et al demonstrated that DDIT3 
promoted the stemness of cancer stem cells by upregula-
ting CEBPb in gastric cancer. This finding suggested that 
DDIT3 may serve an important role in the progression of 
gastric cancer [21]. By analyzing the expression levels 
of DDIT3 in patients with pancreatic cancer, the present 
study revealed that DDIT3 expression was upregulated 
in pancreatic cancer tissues, particularly in PDAC tumor 

Fig. 5. Intracellular expression levels of DDIT3 in pancreatic can-
cer and normal pancreatic ductal epithelial cells examined via flow 
cytometry. The ratio of DDIT3-positive cells was increased in all the 
pancreatic cancer cell lines.

Fig. 6. The protein (A and B) and mRNA (C and D) expression of 
DDIT3 in stable DDIT3 gene knock-down or NC-negative pancreatic 
cancer cells were evaluated by western blotting and real time PCR, 
respectively. There was significant down-regulation in shRNA-
DDIT3 group compared with shRNA-NC group (**P<0.01, n=3).

Fig. 7. Silencing of DDIT3 inhibits the proliferation and migration 
of pancreatic cancer cells. (A) Effect of DDIT3 suppression on proli-
feration following transfection with specific shRNA examined using 
a colony formation assay followed by nuclear staining with crystal 
violet. (B) Numbers of colonies in the shRNA-DDIT3 and shRNA-
NC groups were calculated using Image-J software and shown in a bar 
graph (*P<0.05; n=3). (C) Migration and invasion of shRNA-DDIT3 
and shRNA-NC group PANC-1 cells were evaluated using a Trans-
well assay followed by nuclear staining with crystal violet (scale bar, 
100 µm; magnification, x400). (D) The number of cells able to pass 
through the ECM was calculated using Image-J software and shown 
in a bar graph (*P<0.05; n=3).

Fig. 8. Silencing of DDIT3 reduces the growth of tumors in an im-
plantation tumor model. Silencing of DDIT3 reduces the growth of 
tumors in an implantation tumor model. (A) Tumor size of the mice 
with the indicated treatments for 28 successive days (n=6). (B) Re-
presentative tumor images of shRNA-NC group and shRNA-DDIT3 
group. (C) Tumor weight of the mice with the indicated treatments for 
28 successive days (n=6).
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tissues. Positive expression of DDIT3 was observed in 
38 out of 40 (95%) PDAC tissues. The positive ratio of 
DDIT3 in pancreatic cancer exhibited the same trend as 
the other cancers previously reported. However, unlike the 
MLPS cases, where staining was observed, almost all of 
the DDIT3 protein was expressed in the cell cytoplasm, 
with rare occurrences in the nuclei. This may be due to 
the antibody used in the present study being against the 
C-terminal of DDIT3. On the other hand, unlike other gas-
trointestinal cancer types, PDAC is a relatively uncommon 
cancer, with an incidence rate ranging between 0.5 and 
1.0% per year [25-27]. Due to its lower incidence, only 
40 samples were used in the present study. More samples 
need to be used to detect DDIT3 expression to further ve-
rify this result in the next study.

In the present in vitro experiments, DDIT3 expression 
in various cell lines was further confirmed. DDIT3 was 
highly expressed in pancreatic cancer cells, particularly 
in PANC-1, SW1990 and Pan02 cells, which are PDAC 
cells. Based on these results, we hypothesized that DDIT3 
could be associated with the proliferation and invasiveness 
of the PDAC cells.

In the subsequent experiments, specific shRNAs were 
utilized to inhibit DDIT3 expression. The present data de-
monstrated that the cell strain with silenced DDIT3 exhi-
bited markedly lower cell proliferation and migration acti-
vity compared with the control PDAC cells. In vivo, the 
size and weight of the tumors were markedly reduced in 
mice implanted with DDIT3-knockdown Pan02 cells. All 
of these interventions that interfered with DDIT3 could in-
duce the progression of pancreatic cancer cells. The future 
mechanism related DDIT3 on the formation of pancrea-
tic cancer will be explored from its pathways proved by 
KEGG database.

The present study revealed an association between the 
expression levels of DDIT3 and cell proliferation and mi-
gration. This suggested that DDIT3 could potentially serve 
as a predictive biomarker for detecting pancreatic cancer 
and as a therapeutic target for molecular-based strategies 
in the treatment of pancreatic cancer.

5. Conclusions
DDIT3 showed positive or strong positive expression 

in high-grade pancreatic ductal adenocarcinoma and was 
highly expressed in pancreatic cancer cells and tumors. 
Knocking down the DDIT3 gene reduces proliferation, 
migration, and invasion in the PANC-1 cell line. DDIT3 
represents a novel predictive biomarker for potential treat-
ment in patients with pancreatic ductal adenocarcinoma.
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