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Pancreatic cancer is one of the most common malignancies worldwide. This study is aimed at searching the possible genetic
mutations and the value of novel gene mutation in the DNA damage-inducible transcript 4 (DDIT4) and signaling pathway in
pancreatic cancer. Polymerase chain reaction (PCR) was performed to amplify the DNA sequences of DDIT4 from patients with
pancreatic ductal adenocarcinoma. In addition, we used IHC to detect the expression level of DDIT4 in patients with pancreatic
cancer in different types of gene mutation. Double-labeled immunofluorescence was employed to explore the expression levels
of DDIT4/LC3 and their potential correlation. Our work indicated the two novel stable gene mutations in DDIT4 mRNA 3′
-untranslated region (m.990 U>A and m.1246 C>U). Thirteen samples were found to have mutation in the DDIT4 3′
-untranslated regions (UTR). To further verify the influence of gene mutation on protein expression, we performed
immunohistochemistry on different gene mutation types, and we found a correlation between DDIT4 expression and gene
mutation, which is accompanied by nuclear staining deepening. In order to further discuss the clinical value of DDIT4 gene
mutation, immunofluorescence suggested that the expression of DDIT4 colocated with LC3; thus, we speculated that DDIT4
mutation may be involved in autophagy in pancreatic cancer cell. In this study, we found mutation in the 3′-UTR region of
DDIT4, which may be associated with DDIT4 expression and tumor autophagy in pancreatic cancer tissues.

1. Introduction

Pancreatic cancer ranked the fourth most common cause of
fatalities due to cancer in America. The 5-year relative sur-
vival rate of patients with pancreatic cancer was only 9%
[1]. According to the research of theWorld Health Organiza-
tion (WHO), the observed number of deaths due to pancre-
atic cancer was 82901 in 2014 in Europe [2]. Despite
advances in conventional therapies, little improvement has
been observed in the survival rate over the past 30 years [3].
Many patients with pancreatic ductal adenocarcinoma
(PDAC) are either intrinsically resistant or develop acquired
resistance to radiotherapy [4]. SMAD4 mutation rendered

pancreatic cancer resistance to radiotherapy through promo-
tion of autophagy [5]. However, the underlying role of gene
mutation has not been fully elucidated and the mutation of
autophagy-related gene will be a great treasure.

The somatic and germline genetic mutation contributes
to the occurrence of pancreatic cancer, and the special gene
is a novel target to kill the cancer cell. Wood et al. summa-
rized the 24 sporadic gene mutations including the common
gene mutation (KRAS, CDKN2A, TP53, SMAD4, GNAS,
and RNF43) which is more than 20% prevalence [6]. Gene
mutation involved in the resistance to radiotherapy in
patients with pancreatic cancer [5] and the autophagy is asso-
ciated with the adaptation to harsh microenvironment [7].

Hindawi
Gastroenterology Research and Practice
Volume 2021, Article ID 6674404, 10 pages
https://doi.org/10.1155/2021/6674404

https://orcid.org/0000-0002-9868-3094
https://orcid.org/0000-0002-1964-8718
https://orcid.org/0000-0003-1766-9395
https://orcid.org/0000-0003-1446-5477
https://orcid.org/0000-0001-7420-2498
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/6674404


T
a
bl
e
1:
B
as
ic
cl
in
ic
al
ch
ar
ac
te
ri
st
ic
s
of

pa
ti
en
ts
.

N
o.

G
en
de
r

St
ag
es

Su
rg
ic
al
m
et
ho

d
O
ut
co
m
e

C
he
m
ot
he
ra
py

re
gi
m
en
s

P
at
ho

lo
gy

Im
ag
e
fe
at
ur
es

T
um

or
m
ar
ke
rs

1
Fe
m
al
e

II
B

(p
T
2N

1M
0)

R
ad
ic
al

pa
nc
re
at
ic
od

uo
de
ne
ct
om

y
A
dj
uv
an
t

th
er
ap
y

Ge
m
cit
ab
in
e1

:4
gD

1,
8,
15

q4
w

ð
Þ∗

1
cy
cl
e

M
od

er
at
el
y

di
ff
er
en
ti
at
ed

ad
en
oc
ar
ci
no

m
a

2:5
∗
2:5

∗
2c

m

H
E
R
2(
0)
,

P
53
(7
0%

+
),

M
U
C
6(
-)
,M

U
C
2(
-)
,

M
U
C
1(
+
),
C
D
X
2(
-)
,

M
U
C
5A

(+
),

SA
T
B
2(
-)
,C

K
20
(-
),

C
K
7(
+
),
C
K
19
(+
),

C
D
34
(+
)

2
Fe
m
al
e

IB
(p
T
2N

0M
0)

P
ar
ti
al
pa
nc
re
at
ec
to
m
y

w
it
h
du

od
en
al
re
se
rv
at
io
n

A
dj
uv
an
t

th
er
ap
y

U
nk

no
w
n

So
lid

ps
eu
do

pa
pi
llo
m
a

3:2
∗
3:
0∗

1:8
cm

β
-C

at
en
in
(+
),

vi
m
(+
),
C
K
(-
),

C
D
10
(+
),
sy
n(
-)
,

E
M
A
(-
),
C
E
A
(+
),

C
D
X
2(
-)
,A

FP
(-
),

C
K
(-
),
C
K
8/
18
(-
),

W
T
-1
(-
),
M
U
C
1(
-)
,

M
U
C
5A

(-
)

3
M
al
e

II
A

(T
3N

0M
0)

R
ad
ic
al

pa
nc
re
at
ic
od

uo
de
ne
ct
om

y
Li
ve
r

m
et
as
ta
si
s

Ge
m
cit
ab
in
e0

:8
gD

1,
D8

+
cis

pl
ati
n3

0m
gD

1‐
2,
q3
w

ð
Þ∗

2
cy
cl
es
;
alb

um
in
pa
cli
tax

el
20
0m

gq
2w

ð
Þ∗

2c
yc
le
s

M
od

er
at
el
y

di
ff
er
en
ti
at
ed

ad
en
oc
ar
ci
no

m
a

2:5
∗
2:4

∗
2c

m

P
53
(+
),
H
E
R
2(
1+

),
K
i-
67
(8
0%

+
),

M
U
C
1(
+
),
M
U
C
2(
-

),
M
U
C
5(
-)
,

M
U
C
6(
-)

4
Fe
m
al
e

II
IA

(p
T
4N

0M
0)

P
ar
ti
al
pa
nc
re
at
ec
to
m
y

M
ul
ti
pl
e

ab
do

m
in
al

m
et
as
ta
se
s

(l
ym

ph
no

de
an
d

ab
do

m
in
al

w
al
l)

D
id

no
t
re
ce
iv
e
ch
em

ot
he
ra
py

be
ca
us
e
ge
ne
ra
lc
on

di
ti
on

is
ba
d

M
od

er
at
el
y

di
ff
er
en
ti
at
ed

ad
en
oc
ar
ci
no

m
a

3:
5∗

3∗
2c

m

M
U
C
1(
+
),
M
U
C
2(
-

),
M
U
C
5(
+
),

M
U
C
6(
-)
,C

K
7(
+
),

C
K
20
(+
),
C
D
X
2(
+
),

K
i-
67
(+
60
%
),

P
53
(+
70
%
),

H
E
R
2(
+
)

5
M
al
e

II
IA

(p
T
4N

0M
0)

P
ar
ti
al
pa
nc
re
at
ec
to
m
y

Se
pt
ic

sh
oc
k
an
d

de
at
h

V
ac
an
t

M
od

er
at
el
y

di
ff
er
en
ti
at
ed

ad
en
oc
ar
ci
no

m
a

1:5
∗
1∗

0:7
cm

V
ac
an
t

6
M
al
e

II
I

(p
T
1N

2M
0)

P
ar
ti
al
pa
nc
re
at
ec
to
m
y

w
it
h
du

od
en
al
re
se
rv
at
io
n

Lo
ca
l

re
cu
rr
en
ce

an
d
liv
er

m
et
as
ta
si
s

Ge
m
cit
ab
in
e1

:4
gD

1,
D8

+
ox
ali
pl
ati
n1

50
m
gD

1
ð

Þ∗
1c

yc
le
;

ge
m
cit
ab
in
e1

:4
m
gD

1,
D8

+
teg

afu
r3

#q
m
,2
#q

nD
1‐
D1

4
ð

Þ∗
2

cy
cl
es

M
od

er
at
el
y

di
ff
er
en
ti
at
ed

ad
en
oc
ar
ci
no

m
a

1:5
∗
0:
8∗

0:4
cm

C
K
7(
+
),
M
U
C
5(
+
),

M
U
C
1(
+
),
C
K
20
(-
),

M
U
C
2(
-)
,

C
K
8/
18
(+
),

C
K
19
(+
),
E
M
A
(+
),

C
A
19
9(
+
),
K
i-

67
(+
10
%
)

7
M
al
e

IV
(p
T
2n

1m
1)

R
ad
ic
al

pa
nc
re
at
ic
od

uo
de
ne
ct
om

y
A
dj
uv
an
t

th
er
ap
y

Ca
pe
cit
ab
in
e1

:5
gb

id
D1

‐1
4+

ge
m
cit
ab
in
e1

:4
gD

1,
8,
q3
w

ð
Þ∗

8
cy
cl
es

M
od

er
at
el
y

di
ff
er
en
ti
at
ed

ad
en
oc
ar
ci
no

m
a

5:5
∗
4:
0∗

3:0
cm

M
U
C
1(
+
),
C
K
7(
+
),

M
U
C
5(
+
),
C
K
20
(+
),

SM
A
D
4(
+
),

M
U
C
2(
-)
,

P
53
(+
80
%
),
H
E
R
2(
1

+
),
K
i-
67
(+
40
%
),

C
D
X
2(
+
)

2 Gastroenterology Research and Practice



T
a
bl
e
1:
C
on

ti
nu

ed
.

N
o.

G
en
de
r

St
ag
es

Su
rg
ic
al
m
et
ho

d
O
ut
co
m
e

C
he
m
ot
he
ra
py

re
gi
m
en
s

P
at
ho

lo
gy

Im
ag
e
fe
at
ur
es

T
um

or
m
ar
ke
rs

8
Fe
m
al
e

II
B

(p
T
3N

1M
0)

R
ad
ic
al

pa
nc
re
at
ic
od

uo
de
ne
ct
om

y
A
dj
uv
an
t

th
er
ap
y

Ge
m
cit
ab
in
e1

:6
gD

1,
D8

+
ca
pe
cit
ab
in
e2

gD
2‐
D1

5
ð

Þ∗
6c

yc
le
s

m
FO

LF
IR
IN

OX
∗
4c

yc
le
s

Ge
m
cit
ab
in
e1

:4
g+

alb
um

in
pa
cli
tax

el
20
0m

g
ð

Þ∗
1c

yc
le

P
oo
rl
y

di
ff
er
en
ti
at
ed

ad
en
oc
ar
ci
no

m
a

3∗
3∗

2:5
cm

C
K
20
(+
),
C
K
7(
+
),

M
U
C
5(
+
),

M
U
C
1(
+
),

C
K
81
8(
+
),
C
K
19
(+
),

E
M
A
(+
),
C
A
19
9(
+
),

K
i-
67
(1
0%

),
M
U
C
2(
-)
,D

2-
40
(+
),

C
D
34
(+
)

3Gastroenterology Research and Practice



Combined with our previous RNA high-throughput
sequencing, which showed the significant upexpression of
autophagy-related protein, DDIT4 is a novel protein which
is unknown in the field of genetic mutation.

DNA damage-inducible transcript 4 (DDIT4) was
induced by a variety of stress conditions, including oxidative
stress [8], endoplasmic reticulum stress [2], and hypoxia [6].
DDIT4 inhibited mammalian target of rapamycin complex 1
by stabilizing the tuberous sclerosis complex 2 [9]. DDIT4
was involved in the survival-related autophagy of cancer cell
and affected targeted therapy for lung cancer [10]. DDIT4
was also connected to both autophagy and stemness, which
were involved in temozolomide drug resistance and poor
prognosis of glioblastoma multiforme patients [11]. The high
level of DDIT4/TXNIP prooxidant complex regulated the
ROS and inhibited the activity of ATG4B to control stress-
induced autophagy [12]. So under the selection of harsh
tumor microenvironment, the survival ability of pancreatic
cancer cell with a certain type of gene mutation is an interest-
ing question.

We speculated that DDIT4 gene mutation may be
involved in pancreatic cancer cell adapted to antitumor ther-
apy and harsh microenvironment. Mechanistically, the gene
mutation and expression level of DDIT4 may affect the for-
mation of autophagosomes, which will contribute to the sur-
vival of PDAC.

2. Methods

2.1. Patient Recruitment and Data Collection. Patients with
pancreatic neoplasm from the First Affiliated Hospital of
Fujian Medical University were included between 2018 and
2019. The patients we included were set as the experimental
group and the control group, respectively, according to the
pathological results. The experimental group is the group of
patients with pathologically confirmed PDAC diagnosis.
The control group is the group of patients with pancreatic
neoplasm without PDAC. The inclusion criteria are as fol-

lows. (1) The patients had complete clinical data and
follow-up data. (2) The patients signed informed consent.
Patients with any comorbid or previous malignancies were
excluded from the study. The related information of patients
with pancreatic cancer was collected including age, gender,
TMN stage, surgical method, outcome, chemotherapy regi-
mens, pathological grading, imaging features, and the level
of tumor markers (Table 1). This study was approved by
the Ethics and Research Committee of the First Affiliated
Hospital of Fujian Medical University.

2.2. Genotype Analysis. Pancreatic neoplasm tissue and adja-
cent healthy tissue samples were collected in liquid nitrogen
and stored at -80°C. A TIANamp tissue DNA extraction kit
(Tiangen Biotechnology Co., LTD.) was used to extract and
store DNA from pancreatic cancer tissues and control tis-
sues. The full-length DDIT4 was amplified and underwent
gel electrophoresis following purification. Multiple sequenc-
ing was performed and analyzed by Sangon Biotech Co.,
Ltd. The forward primer of PCR was 5′-GTTCGCACACC
CATTCAA-3′, and the reverse one was 5′-GCATAGGTC
TTAATACTTGAACAT-3′. The condition of PCR was ini-
tial denaturing step, and an ABI PRISM 7700 sequencer (Per-
kinElmer, Inc.) was used for gene sequencing.

2.3. Immunohistochemistry and H&E Staining. Pancreatic
tissues from patients with pancreatic cancer were used for
hematoxylin and eosin staining and immunohistochemistry.
DDIT4 antibodies were obtained from Arigo Biolaboratories
(Hsinchu, Taiwan). Eight-micrometer sections were made in
all paraffin-embedded pancreatic tissue. The slides were
immunolabeled with monoclonal antibodies against DDIT4
(DNA damage-inducible transcript 4). Immunohistochemis-
try was performed using an automated immunohistochemi-
cal stainer according to the manufacturer’s guidelines.
Substitution of the primary antibody with phosphate-
buffered saline was used as a negative control.

Table 2: Relationship between DDIT4 mutation and pancreatic cancer.

N Gender Tissue types Pathologic types mRNA.990 mRNA.1246

1 Female Cancerous Moderately differentiated adenocarcinoma T>A C>T
2 Female Paracancerous — T>A C>T
3 Female Cancerous Solid pseudopapilloma N N

4 Female Paracancerous — N N

5 Male Cancerous Moderately differentiated adenocarcinoma N N

6 Male Paracancerous — N N

7 Female Cancerous Moderately differentiated adenocarcinoma T>A C>T
8 Female Paracancerous — T>A C>T
9 Male Cancerous Moderately differentiated adenocarcinoma N C>T
10 Male Paracancerous — N C>T
11 Male Cancerous Poorly differentiated adenocarcinoma T C

12 Male Paracancerous — T C

13 Male Cancerous Poorly differentiated adenocarcinoma N C>T
14 Male Paracancerous — N C>T
15 Female Cancerous Poorly differentiated adenocarcinoma T N
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2.4. Immunofluorescence. Pancreatic tissues from patients
were fixed with 4% paraformaldehyde, and pathological sec-
tion was made. The sections were permeabilized, and non-
specific binding was blocked. Primary monoclonal
antibodies specific for LC3 and DDIT4 were incubated and
secondary antibodies were applied for 2 hours at room tem-
perature, and the nucleus was stained with DAPI. The
stained samples were photographed with a fluorescence
inverted microscope in half an hour. Our immunofluores-
cence imaging uses the same exposure time.

2.5. Statistics. Statistical differences between groups were
assessed by the nonparametric Mann–Whitney U test for
two groups and Kruskal-Wallis test for more than two
groups. Spearman’s rank correlation coefficient estimated
the degree of association between two variables. Significance
was calculated at P < 0:05 by GraphPad Prism 5 (La Jolla,
CA). Data are presented as mean values with standard devi-
ation (SD) and categorical values as frequency counts and

percentages. P < 0:05 was considered significant. All data
analysis was performed using SPSS statistical software ver-
sion 26.

3. Results

3.1. Two Novel Gene Mutations in DDIT4 mRNA.DDIT4 is a
key molecule in the signal of autophagy, and the autophagy
will prevent the cancer cell for death in the harsh microenvi-
ronment. This study used retrospective case-control study to
explore the correlation analysis between gene mutation sites
in the tissue of pancreatic cancer. We sequenced 15 pancre-
atic tissues to determine the DDIT4 gene mutation in the
enrolled patients (Table 2). The best pairing sequence was
Homo sapiens DNA damage-inducible transcript 4 (DDIT4),
mRNA (LOCUS: NM_019058) in NCBI, which is conformed
to previous experimental design. The gene mutation sites
were located at m.990 U>A and m.1246 C>U, and we found
three gene types at both gene sites (Figures 1(a) and 1(b)).

(a) (b)

�e reverse complementary fragment of the resulting sequence
Homo sapiens DNA damage inducible transcript 4 .seq

Consensus

�e reverse complementary fragment of the resulting sequence
Homo sapiens DNA damage inducible transcript 4 .seq

Consensus

980 990 1000 1010

1230 1240 1250 1260 1270

1

(c)

mRNA 1744

Exon1 Exon2 Exon3

990 1246

CDS

3′5′

(d)

Figure 1: Gene mutation of DDIT4. (a, b) The reverse sequencing map gene of enrolled patients with pancreatic cancer. (c) The result of gene
mutation blast match Homo sapiens DNA damage-inducible transcript 4 (DDIT4), mRNA (LOCUS: NM_019058); the blue one is the
mutation point (m.990 and m.1246). (d) The two mutation sites of DDIT4 mRNA were located at exon 3 and 3′-UTR.
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According to the NCBI data, we found that the two mutation
sites were located at DDIT4 mRNA exon 3 with a portion of
3′-UTR of gene (Figure 1(d)).

3.2. The Relationship between Expression Level and Protein
Localization and the 3′-UTR Mutation Style of DDIT4.
DDIT4 correlated with tumor progression and affected the
prognosis of patients with ovarian carcinoma [13]. In order
to explore the relationship between DDIT4 and the pancre-
atic pathological grades, we performed IHC in pancreatic tis-
sue. Our results indicated that DDIT4 had a higher
expression level in poor differentiated adenocarcinoma com-
pared to other pancreatic cancer pathological styles including
the moderately differentiated adenocarcinoma, highly differ-
entiated adenocarcinoma, and false papilloma of pancreatic
cancer. Under a ×400 field of view, the level of DDIT4 signif-
icantly increased both in the nucleus and cytoplasm. The
underlying mechanism of high DDIT4 expression in poorly

differentiated adenocarcinoma may be related to mutation
(Figure 2(a)). In order to further clarify the correlation
between 3′-UTR mutation and DDIT4 expression level, we
performed IHC in pancreatic tumor tissue including several
combinations of two types of genetic mutations. And then,
we set up four groups (group 1: 990.T;1246.C; group 2:
990.N;1246.N; group 3: 990.N;1246.T; and group 4:
990.T>A;1246.C>T), and our result suggested that group 4
had the highest expression level (Figure 2(b)), followed by
group 2 and group 3, while group 4 had the lowest expression
level. Through the analysis of the results, we believed that the
two DDIT4 3′-UTR gene mutations may be involved in the
protein expression level. Under a ×400 field of view, DDIT4
was mainly located in the cytoplasm while it deepened in
the nucleus.

3.3. The Activation of DDIT4/LC3 Signaling Pathways in
Pancreatic Cancer. Previous literatures suggested that DDIT4

Poorly

200×

Moderately Pseudopapilloma Pseudopapilloma.
adjacent

400×

(a)

990.T;1246.C 990.N;1246.N 990.N;1246.T 990.T>A;1246.C>T

200×

400×

(b)

Figure 2: The level of DDIT4 and gene mutation/pathological grading. (a) Immunohistochemistry revealed upregulation of DDIT4 in poorly
differentiated adenocarcinoma tissue, moderately differentiated adenocarcinoma tissue, and solid pseudopapilloma tissue compared with
adjacent normal tissues. (b) The level of DDIT4 increased in DDIT4 3′-UTR gene mutation (990.T>A;1246.C>T) compared with
pancreatic cancer tissues without gene mutation. The expression level of DDIT4 increased both in the cytoplasm and nucleus.

6 Gastroenterology Research and Practice



was closely related to autophagy in tumor cells [11]. To fur-
ther clarify the correlation between DDIT4 expression level
and autophagy in pancreatic cancer tissues, we performed
immunofluorescence on pancreatic cancer tissues which con-
firmed that the expression level of LC3 and DDIT4 was sig-
nificantly high in pancreatic cancer at the same time
compared to the control (the low expression level of DDIT4).
And we found that the expression of LC3 and DDIT4 was
synchronized (Figure 3).

3.4. The Perspective View of DDIT4 in Pancreatic Cancer.
Based on our experimental results and relevant literature,
we summarized the relationship between DDIT4 3′-UTR
mutation and pancreatic cancer. The DDIT4 gene mutation
in pancreatic cancer cells leads to a base-point mutation in
DDIT4 3′-UTR, and it may affect protein localization which
may be involved in its biological function. The DDIT4/TX-
NIP complex located in the mitochondrion promotes the
expression of ROS, which inhibited the dephosphorylation
ability of ATG4B. And it promotes the increased amount of
LC3 expression and the activation of autophagy. DDIT4 gene
mutations may result in the antitumor resistance through
abnormal protein localization in the pancreatic tumor cells
(Figure 4).

4. Discussion

Our article found two novel gene mutations in the 3′
-untranslated region of DDIT4mRNA in PDAC. At the same
time, we found a correlation between the expression level of
DDIT4 and the type of gene mutation, and DDIT4 was
colocated with LC3 obviously in pancreatic cancer. This
paper showed that the two novel gene mutations in the
3′-untranslated region of DDIT4 mRNA may be a novel
target in pancreatic cancer.

We found two types of stable mutation in the DDIT4
mRNA 3′-UTR, and the most prevalent class of regulatory
elements in the 3′-UTR is microRNA binding sites [14]. A
gene mutation that resulted in a premature polyadenylation
signal in CCND1 shortened its 3′-UTR and increased the
risk of lymphoma [15]. Combined with our results, micro-
RNA may be closely related to DDIT4 function in pancreatic
cancer. Previous literatures revealed that miR-221 contrib-
uted to the hepatocarcinogenesis via the dysregulation of
DDIT4 [16]. At the same time, miR-221 played an important
role in human placental development by precisely regulating
the DDIT4 expression [17]. There were some other miRNA
involved in the expression of DDIT4, such as miR-495 [18],
miR-30c [19], and miR-630 [20]. In summary, DDIT4 has

DAPI

PDAC

PDAC

Control

DDIT4 LC3 Merge

Figure 3: Fluorescence showed the distributions of DDIT4 and LC3 in pancreatic cancer tissue.
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gene mutations in 3′-UTR in pancreatic cancer tissues,
which may be related to the binding site of microRNA and
affected the expression level and localization of DDIT4.

The expression levels of DDIT4 were regulated by a vari-
ety of factors, such as hypoxia [21], ionizing radiation [22],
energy depletion [23], and endoplasmic reticulum stress
[24]. Our results were consistent with previous study about
the relationship between pathological grade and protein level
in ovarian carcinoma [13]. It is possible that the poor differ-
entiated malignancy was associated with higher rate of gene
mutation. Our paper found the correlation between DDIT4
3′-UTR gene mutation and DDIT4. Mutation in genes was
the most important feature in tumor, and accumulation of
genetic mutation will lead to abnormal behavior of cancer
cells [25]. DDIT4 3′-UTR gene mutation may affect protein
localization and protein degradation by affecting the binding
of DDIT4 to microRNA.

The colocalization of DDIT4 and LC3 indicated that
DDIT4 was highly expressed in pancreatic cancer tissues and
its expression is involved in autophagy. DDIT4 signaling was
connected to both autophagy which were involved in temozo-
lomide drug resistance and the poor prognoses of glioblas-

toma multiforme patients [11]. The ATF4-DDIT4-mTORC1
axis will inhibit the cancer therapy by activation of the autoph-
agy signal pathway, and the combinatorial treatment with
SIRT1/2 inhibitors and pharmacological autophagy inhibitors
was an effective therapeutic strategy in lung cancer [10]. Gene
mutation in DDIT4 3′-UTR will affect the autophagy by reg-
ulating the expression level of DDIT4.

The high expression of DDIT4 not only promotes the
increase of autophagy in pancreatic cancer tumor cells but
also may be involved in tumor resistance by inhibiting the
function of immune cells around the tumor [26]. Meanwhile,
the abnormal function of immune cells was involved in
tumor resistance of pancreatic cancer. DDIT4 enhanced vas-
cular inflammation and permeability in endotoxemia mice,
leading to immune cell infiltration, systemic inflammation,
caspase-3 activation, and apoptosis [27]. DDIT4 was related
to the low level of reactive oxygen species of mitochondria
in macrophages induced by IL-10 or hypoxia [28], and it
inhibited the immune function of macrophages. Mast cell-
activated cancer-associated fibroblasts (CAFs) and trans-
forming growth factor-β signaling were involved in pan-
creatic cancer resistance to gemcitabine/nabaxel [29]. A
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Figure 4: Hypothetical image of DDIT4 mRNA mutation in pancreatic cancer.
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therapeutic strategy targeting Wnt enhanced pancreatic
cancer cytotoxicity and restored anticancer immunity in
patients with nodular positive disease [30].

The heterogeneity of cancer is ultimately related to drug
resistance after long-term codevelopment of tumor and
microenvironment, and the mutation of drug-resistant genes
is the inevitable result which benefits the survival of tumor.
The UTR mutation of DDIT4 is involved in autophagy of
pancreatic cancer cells by regulating the expression of
DDIT4, and it may be a potential biomarker for chemother-
apy resistance and poor prognosis. The overexpression of
ADAM28 in pancreatic cancer is closely related to the regu-
lation of gemcitabine resistance, so it is a new prognostic bio-
marker in pancreatic cancer [31]. High expression of miR-
155-5p is directly associated with chemotherapy resistance
and poor prognosis in PDAC patients treated with gemcita-
bine [32]. The mutation of autophagy-related gene DDIT4
and the higher protein expression level are of great signifi-
cance. In the future, we may monitor the mutation level of
DDIT4 in tissues through detecting the mutation level of
DDIT4 in blood samples of pancreatic cancer patients and
then realize effective assessments of chemotherapy resistance
and poor prognosis.

This article has some limitations. The survival time of
patients with pancreatic cancer is very short, and it is difficult
to use cohort study. Therefore, this study used retrospective
case-control study to explore the correlation analysis
between gene mutation sites and tumor self-dependence
and to provide a new target for chemotherapy resistance
and prognosis in the future. This article only captured the
tumor tissue at a point in time and through the comprehen-
sive analysis of the DDIT4 gene mutations in multiple tumor
samples, but the evidence is indirect. In the future, if we are
lucky enough to get the same tumor patients with multiple
points in time of tissue or blood samples, we can directly
observe the gene mutation during the progression of the
tumor.

5. Conclusion

In this study, we found a gene mutation in the 3′-UTR region
of DDIT4, which may be associated with DDIT4 expression
and tumor autophagy in pancreatic cancer tissues, and the
further mechanistic research requires more work.
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