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development via inhibition of GAB1 expression
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Abstract. - OBJECTIVE: Pancreatic carcino-
ma (PC) is a serious malignancy associated with
high morbidity and mortality rates. Previous
studies have identified various microRNAs (miR-
NAs) involved in the development of PC; howev-
er, the role of miR-383 still remains unclear. This
study investigates the role of miR-383 in the ma-
lignant transformation of PC.

MATERIALS AND METHODS: Quantitative
Real Time-Polymerase Chain Reaction (qRT-
PCR) was used to quantify miR-383 and Grb2
associated binding protein 1 (GAB1) RNA lev-
els, and Western blot analysis was performed to
measure protein expression. The ability of miR-
383 to bind and regulate the expression of GAB1
was assessed using a Luciferase reporter assay.
Cell Counting Kit-8 (CCK-8) experiments and
flow cytometry analysis were used to assess cell
proliferation and apoptosis, respectively.

RESULTS: Down-regulation of miR-383 was as-
sociated with adverse clinical results and poor
prognosis in PC patients. Mechanistically, miR-
383 inhibited cell proliferation and promoted
apoptosis of PANC-1 (human pancreatic cancer
cell) cells. Our results show that miR-383 can act
directly on GAB1 to inhibit its expression in PC.
This downregulation of GAB1 limits cell prolifera-
tion and induced apoptosis of PANC-1 cells.

CONCLUSIONS: MiR-383 suppresses tu-
mor development and progression through the
downregulation of GAB1 expression.

Key Words:
Pancreatic carcinoma, MiR-383, Proliferation, Apop-
tosis, GABI.

Introduction

Pancreatic carcinoma (PC) is an incurable ma-
lignant tumor that is difficult to diagnose. In
recent years, the incidence of PC has been ris-
ing'. PC generally develops rapidly and is prone
to metastasis®. It has a 5-year survival rate of
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<1%, making it one of the most deadly malignant
tumors®. If left untreated, PC patients can only
survive about 4 months, whereas patients who
undergo surgery usually survive for approxi-
mately 16 months®. Therefore, early diagnosis
and early treatment are critical for improving
the survival rate of PC patients. MicroRNAs
(miRNAs) are able to affect carcinogenesis by
inducing mRNA instability’. In PC, a group
of miRNAs has been found to play many roles
in tumor development. For example, miR-431
inhibits cell proliferation and induces apoptosis
by targeting CDK14 in PC®. Similarly, miR-216b
has been shown to inhibit tumor progression and
promote apoptosis in PC by modulating KRAS
(Kirsten ras)’. In contrast, miR-224 was found to
promote proliferation and migration of PC cells
by regulating TXNIP®. Another miRNA, miR-
132, is able to promote the development of PC
by mediating the Hedgehog signaling pathway?®.
Previous studies have shown that miR-383 plays
a role in several cancers; however, its role in PC
remains unclear. MiR-383 has been reported to
be downregulated in medulloblastoma!?, and was
found to limit cell proliferation and serve as a
prognostic marker in lung adenocarcinoma''. Ad-
ditionally, downregulation of miR-383 promoted
cell invasion in glioma by targeting IGFIR".
However, downregulation of miR-383 showed an
inhibitory effect through the regulation of CASP2
(Caspase 2) in epithelial ovarian cancer. These
findings demonstrate that miR-383 can have dif-
ferent functions in different tissues. In addition,
miR-383 has been reported to be significantly
reduced in PC tissues and cell lines". Yet, the
role of miR-383 in PC remains unclear and war-
rants further investigation. The Grb2-associated
binder (GAB) scaffolding/adapter protein family
includes three members, Grb2 associated binding
protein 1 (GABI), GAB2, and GAB3", which
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are involved in signal transduction of cytokines
and growth factor receptors'®. GABI is the most
well-known protein in the GAB family, as it is
associated with certain diseases and cancers.
GABI1 was found to be involved in postnatal
angiogenesis after ischemia'” and the dysregu-
lation of GABI has been reported to be a pre-
dictor of clinical outcomes in glioma patients'®.
Functionally, downregulation of GABI inhibited
proliferation and migration of hilar cholangiocar-
cinoma cells”. Recent studies have shown that
GABI may interact genetically and functionally
with miRNAs to exert these effects on cancer
cells. For example, miR-409-3p has been shown
to suppress colorectal cancer metastasis by tar-
geting GABI1%. In addition, downregulation of
miR-29a-3p was found to promote glioma cell
proliferation by up-regulating GABI?'. However,
an interaction between miR-383 and GABI has
not been reported. Therefore, understanding the
mechanism by which a potential miR-383/GABI
pathway regulates PC development can provide
valuable insights into the role of miR-383 in reg-
ulating PC cell proliferation and apoptosis.

Materials and Methods

Collection of Clinical Specimens

The cancerous specimens and matched adja-
cent normal specimens used in this study were
obtained from PC patients at Chengwu County
People’s Hospital from January 2015 to Decem-
ber 2018. Patients with PC did not receive other
treatments, except for surgery. Informed consent
was obtained from each PC patient. Approval
to conduct this study was granted by the Insti-
tutional Ethics Committee at Chengwu County
People’s Hospital.

Cell Transfection and Culture

The normal pancreatic cell line \TERT-HPNE
and the PC cell line PANC-1 (American Type
Culture Collection, ATCC, Manassas, VA) were
seeded in Dulbecco’s modified Eagle’s medi-
um (DMEM; Invitrogen, Carlsbad, CA, USA)
containing 10% fetal bovine serum (FBS; In-
vitrogen, Carlsbad, CA, USA) and incubated at
37°C with 5% CO,. A miR-383-encoding vector
(cat. no., miR1003114-1-2), a pcDNA3.1-GABI
plasmid (GenePharma, Shanghai, China), a miR-
383 mimic (5’-CGA GCT CTG TGT GTG TGT
GTG TGT G-3’), an inhibitor (5>-TTC CGC GGC
CGC TAT GGC CGA CGT CGA CGG GAA
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TGG GGA AAG GGA A-3%), and GABI siRNA
(5-GGC GCC TCC CTT CCC CCT CCC CT-
3’) were used in this study. These reagents were
transferred into PANC-1 cells for 30 min at 37°C,
respectively. Transfections were performed using
Lipofectamine 3000 (Thermo Fisher Scientific,
Waltham, MA, USA). Untreated PANC-1 cells
were used as controls.

Quantitative Real Time-Polymerase Chain
Reaction (gRT-PCR)

Transfected cells were harvested after 48 h in-
cubation. Total RNA was extracted from tissues or
cells using TRIzol reagent (Invitrogen, Carlsbad,
CA, USA) and cDNA was synthesized using the
Rayscript cDNA Synthesis Kit (Generay, Shang-
hai, China). The reverse transcription reaction was
heated at 37°C for 15 min, followed by a 5 s in-
cubation at 85°C. QRT-PCR was performed using
SYBR Green qPCR Master Mix (MedChemEx-
press, MCE, NJ, USA) according to the manufac-
turer’s instructions. The following thermocycling
conditions were used for amplification: 10 min at
95°C, followed by 40 cycles of 15 s at 95°C, then
30 s at 60°C. MiR-383 expression was normalized
to U6 small nuclear RNA expression, while GABI
was normalized to glyceraldehyde phosphate de-
hydrogenase (GAPDH). Relative expression was
calculated using the 2424 method. The primers
used are listed in Table I.

Western Blot Analysis

Transfected cells were lysed in radioimmuno-
precipitation assay buffer (RIPA; Thermo Fish-
er Scientific, Inc., Waltham, MA, USA). Equal
amounts of protein from each sample were run
on a 10% sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis (SDS-PAGE) gel and
then transferred to a polyvinylidene difluoride
(PVDF) membrane (Beyotime Institute of Bio-
technology, Haimen, China). Membranes were
blocked in 5% skim milk for 2 h at room tem-
perature, followed by overnight incubation in
primary antibody at 4°C. The following primary
antibodies were used: anti-GABI (1:1000; Ab-
cam, Cambridge, MA, USA), anti-Bax (1:800
Abcam, Cambridge, MA, USA), anti-Bcel-2 (1:800
Abcam, Cambridge, MA, USA), and anti-GAP-
DH (1:500; Abcam, Cambridge, MA, USA).
After washing, the membranes were incubated
with goat anti-rabbit secondary antibody (HRP,
1:1000; Abcam, Cambridge, MA, USA) for 1
h at room temperature. Proteins were detected
using an enhanced chemiluminescence (ECL)
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Table I. Primer sequences for qRT-PCR.

reverse

Primer Sequence

miR-383 forward 5’-GGG AGA TCA GAA GGT GAT TGT GGC T-3’
reverse 5’-CAG TGC GTG TCG TGG AGT-3’

[8[) forward 5’-CTC GCT TCG GCA GCA CA-3’
reverse 5’-AAC GCT TCA CGA ATT TGC GT-3’

GABI forward 5-TGG CAG CTC TTT ACA AGC ACC-3’

reverse 5’-TCA TGA GCA ACA GGT AGT CTT GA-3’

GAPDH forward 5' AAGGTCGGAGTCACCGGATT 3'

5' GCCATCACGCCACAGTTTC 3'

U6: small nuclear RNA, snRNA; GAPDH: glyceraldehyde-3-phosphate dehydrogenase

protein detection kit (Thermo Fisher Scientific,
Inc., Waltham, MA, USA).

Luciferase Reporter Assay

A wild-type or mutant version of the GABI
3-UTR was inserted into the PmirGLO lucif-
erase vector (RiboBio, Guangzhou, China). The
luciferase vector and miR-383 mimics were then
transfected into PANC-1 cells for 48 h. Lucifer-
ase activity was assessed using a Dual-Lucifer-
ase reporter assay kit (Promega, Madison, WI,
USA). The sequences of the wild-type and mutant
GABI1 3’UTR are as follows: wild-type GABI:
5’-UGA UGU GCU AAU ACA CUG AUC AG-
3’; mutant GABI: 5>-UGA UGU GCU AAU ACA
GAC UAG A-3’.

Cell Counting Kit-8 Assay (CCK-8)

The prepared PANC-1 cells were cultured in
96-well plates at a density of 2x10* cells/well for
24 h at 37 °C, 5% CO,. After 24, 48, 72, or 96
h of incubation, 20 pL of CCK-8 solution [5 mg/
ml in phosphate-buffered saline (PBS); Dojindo
Laboratories, Kumamoto, Japan] was added to
each well and the cells were incubated for an
additional 4 h. After this incubation, the sample
absorbance at 450 nm was measured using a
spectrophotometer (Molecular Devices, Shang-
hai, China).

Flow Cytometric Analysis

Flow cytometry was used to detect apoptosis
in PC cells. Transfected PANC-1 cells were main-
tained in 6-well plates at a concentration of 2x10°
cell/well. After 48 h, PANC-1 cells were harvest-
ed using EDTA (Ethylene Diamine Tetraacetic
Acid)-free trypsin (Sigma-Aldrich, St. Louis,
MO, USA). Then, the collected PANC-1 cells
were washed in cold PBS (Invitrogen, Carlsbad,
CA, USA) and the PBS was discarded after pel-

leting the cells. The PANC-1 cells were stained
with Annexin V-FITC (Annexin V-FITC Apop-
tosis Detection Kit; Biovision, K101, San Diego,
CA, USA) for 15 mins, followed by the addition
of Binding Buffer to a final concentration of 1x.
Propidium lodide (PI; Sigma-Aldrich, St. Louis,
MO, USA) was then added to the mixture. Apop-
tosis was analyzed using a flow cytometer (BD
Biosciences, Franklin Lakes, NJ, USA), and PI
and Annexin V-FITC signals were graphed ac-
cording to the manufacturer’s instructions.

Statistical Analysis

GraphPad Prism 6 (Version X; La Jolla, CA,
USA) and Statistical Product and Service Solu-
tions (SPSS) 20.0 (SPSS Inc., Chicago, IL, USA)
were used for data analysis. The variance be-
tween the two groups was evaluated by Student’s
t-test, while one-way ANOVA (Analysis of Vari-
ance) was used to measure variation between
three or more groups. Tukey’s test was used for
post-hoc analysis following ANOVA. Compar-
ison of categorical variables was assessed by
x-test or Fisher’s exact test. Survival differences
were analyzed by Kaplan-Meier analysis using a
log-rank test. A p-value < 0.05 was defined as a
significant difference.

Results

Expression of MiR-383 is Decreased in PC

To assess the expression level of miR-383 in
PC, we measured its expression in PC specimens
and cell lines. As shown in Figure 1A, miR-383
expression was lower in PC samples compared to
adjacent normal samples (p < 0.01). Furthermore,
the expression of miR-383 was also downregulat-
ed in PANC-I cells compared to hTERT-HPNE
cells (p < 0.01, Figure 1B). Based on the expres-



Q.-L. Su, H.-J. Zhao, C.-F. Song, S. Zhao, Z.-S. Tian, J.-J. Zhou

sion of miR-383, PC patients were divided into
two groups, a high miR-383 expression group and
a low expression group, with the cut-off being
0.72. As shown in Figure 1C, PC patients with
low levels of miR-383 had shorter overall survival
(p < 0.001), suggesting that miR-383 could play
an inhibitory role in PC progression. In addition,
altered expression of miR-383 in PC patients was
associated with the invasion of cancerous cells in-
to adjacent organs, classification in the advanced
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Figure 1. MiR-383 expression is downregulated in PC. A,
MiR-383 expression in PC tissues and adjacent normal tis-
sues. B, MRNA levels of miR-383 in PANC-1 and hTERT-
HPNE cells. C, Low miR-383 expression was associated
with poor prognosis in PC patients. ~ p < 0.01.
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pTNM category, and poor cell differentiation (p
< 0.05, Table II). Overall, our results indicate that
decreased miR-383 levels are associated with the
progression of PC.

MiR-383 Exhibits Tumor-Suppressive
Effects on PC Development

To investigate the biological function of miR-
383 in PC tumorigenesis, miR-383 mimics and
inhibitors were employed to perform both gain-
of-function and loss-of-function experiments. As
shown in Figure 2A, the expression level of miR-
383 in PANC-1 cells increased in the presence
of its mimics and was reduced by the addition
of its inhibitor (p < 0.01). Overexpression of
miR-383 dramatically inhibited cell proliferation
compared to control cells (p < 0.01, Figure 2B).
Conversely, PANC-1 cells exhibited enhanced
proliferative capacity when miR-383 levels were
reduced by its inhibitor (p < 0.05, Figure 2B).
Unexpectedly, miR-383 mimics were also found
to induce PANC-1 cell death (p < 0.01), which
could be blocked by the addition of the miR-383
inhibitor (p < 0.05, Figure 2C). Moreover, the
expression of Bax and Bcl-2 in PANC-1 cells was
analyzed at both high and low levels of miR-383.
As shown in Figure 2D, miR-383 mimics lowered
the level of the survival gene Bcl-2 and promoted
expression of the apoptosis gene Bax (p < 0.05
and 0.01, respectively). Conversely, the miR-383
inhibitor elicited the opposite effect on the ex-
pression of Bax and Bcl-2 (Figure 2D). To further
confirm the tumor-suppressive effect of miR-383
in vivo, PANC-1 cells expressing the miR-383
mimic or PANC-1 cells without the mimic were
subcutaneously injected into nude mice, and tu-
mor growth was measured. As shown in Figure
2E, upregulation of miR-383 significantly sup-
pressed tumor growth compared to the control.
Together, our data suggest that miR-383 inhibits
the development of PC by inhibiting cell prolifer-
ation and promoting cell death, which would be
why PC patients with decreased levels of miR-383
have a poor prognosis.

MiR-383 Suppresses GAB1 Expression in PC

To further investigate the mechanism by which
miR-383 regulates PC development, the TargetS-
can database was used to predict direct targets of
miR-383. As shown in Figure 3A, a miRNA-383
binding site was found in the 3’-UTR of GABI.
Additionally, miR-383 mimics were found to se-
lectively inhibit luciferase activity of wild-type
GABI in PANC-1 cells, but not GAB1 with a
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Table Il. Relationship between miR-383 expression and their clinic-pathological characteristics of pancreatic carcinoma patients.

miR-383
Characteristics Cases High Low p-value
Age (years) 0.72
>60 31 6 25
<60 40 12 28
Gender 0.03
Male 43 10 33
Female 28 8 20
Tumor diameter (cm) 0.13
<4 32 10 22
>4 39 8 31
Adjacent organs invasion 0.01*
Absent 51 16 35
Present 20 2 18
pINM category 0.03*
I-1T 48 12 36
I 23 6 17
Differentiation 0.002*
Well/Moderately 52 15 37
Poor 19 3 16
Vessel invasion 0.72
No 38 11 27
Yes 33 7 26

Statistical analyses were performed by the y*-test. *p < 0.05 was considered significant.

mutant 3’'UTR (p < 0.01, Figure 3B). GABI ex-
pression was analyzed in PANC-1 cells transfect-
ed with either miR-383 mimics or its inhibitor.
Our results showed that miR-383 mimics reduced
GABI expression, while the miR-383 inhibitor
increased GABI expression (p < 0.01, Figure 3C).
Furthermore, GABI1 was found to be upregulated
in PC tissues compared to adjacent normal sam-
ples (p < 0.01, Figure 3D) and miR-383 levels
appeared to be negatively correlated with GAB1
expression in PC tissues (p < 0.01, R’=0.6824,
Figure 3E). These findings suggest that miR-383
normally functions to limit GABI1 expression.
When miR-383 is downregulated in PC, the ex-
pression of GABI could increase and exacerbate
malignant transformation.

GAB1 Stimulates Tumor Growth in PC

To explore the role of GABI in PC develop-
ment, we transfected PANC-1 cells with GABI
siRNA and observed its effects on cell prolifer-
ation and death. As shown in Figure 3F, expres-
sion of GABI in PANC-1 cells was significantly
reduced by siRNA (p < 0.01). Results from the
CCK-8 assay showed that knockdown of GABI
had a significant inhibitory effect on PANC-1 cell
proliferation (p < 0.01, Figure 3G). Consistent

with the activating effects of miR-383 on cell
death, GABI silencing increased the level of cell
death observed compared to the control cells (p
< 0.01, Figure 3H). Furthermore, knockdown of
GABI suppressed Bax expression and promoted
Bcl-2 expression in PANC-I1 cells (p < 0.01, Fig-
ure 3I). Based on these results, we suggest that
GABI triggers carcinogenic activity in PC.

MiR-383 Represses GAB1 Expression to
Promote Tumor Suppression

To determine whether miR-383 functions to
inhibit PC by limiting GABI1 expression, we
co-transfected miR-383 mimics and a GABI
vector into PANC-1 cells. As shown in Figure
4A, transfection of the GABI1 vector attenuated
miR-383-mediated suppression of GABI. More-
over, overexpression of GABI also impaired the
inhibitory effect of miR-383 on PANC-1 cell
proliferation (Figure 4B). Similarly, the increase
in apoptosis induced by miR-383 was abolished
by upregulation of GAB1 (Figure 4C). In addi-
tion, ectopic expression of GABI counteracted
the changes in expression of Bcl-2 and Bax in
PANC-1 cells (Figure 4D). In conclusion, our
results demonstrate that miR-383 inhibits the de-
velopment of PC in a GABI-dependent manner.
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Figure 4. The interaction between GABI and miR-383 was identified in PC. A, GABI expression in PANC-1 cells trans-
fected with the GABI vector and miR-383 mimics. B, C, Cell proliferation and apoptosis were altered in the presence of the
GABI vector and miR-383 mimics. D, Expression of Bax and Bcl-2 in PANC-1 cells expressing the GAB1 vector and miR-383

mimics. * p < 0.01.

Discussion

Although there have been advances in the treat-
ment of PC in the past few years, PC patients still
continue to experience a low survival rate. There-
fore, there is an urgent need to discover new mo-
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lecular markers to monitor the development of PC.
The expression of miRNAs is stable and can be
closely associated with clinical outcomes, provid-
ing significant advantages over other biomarkers.
In this study, we found that miR-383 is downreg-
ulated in PC tissues and cell lines. Furthermore,
low miR-383 expression is associated with more
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severe clinical symptoms and poor prognosis in
PC patients. MiR-383 is able to limit cell prolifera-
tion and promote apoptosis when overexpressed in
PC cells, suggesting why it is so detrimental when
its levels are reduced in PC patients. Finally, miR-
383 regulates the development of PC by directly
targeting GABI to reduce its expression.

Consistent with our results, downregulation
of miR-383 was also observed in focal cerebral
ischemia and lung cancer”. In addition, low
miR-383 expression has been reported to be asso-
ciated with poor clinical outcomes and prognosis
in patients with non-small-cell lung carcinoma
(NSCLC)®. In this study, we show that the dys-
regulation of miR-383 in PC patients is associated
with increased cancer metastasis, more advanced
pINM classification, and decreased cell differ-
entiation. Furthermore, low miR-383 expression
predicted poor prognosis in PC patients. Gu et
al** reported that miR-383 repressed cell surviv-
al and promoted apoptosis in NSCLC. This is
in agreement with the results presented in this
study, where we also demonstrate that miR-383
limits cell proliferation and increases cell death in
a PC cell line. Additionally, previous studies®-®
have shown that miR-383 can alter tumor patho-
genesis by regulating downstream target genes,
such as PARP2 and LDHA. In our research, we
explored the downstream targets of miR-383 and
found that miR-383 can directly regulate GABI
to suppress its expression. When miR-383 levels
are low in PC patients, this miR-383-mediated
repression of GABI is affected.

Researchers!®?” have reported a function for
GABI in regulating cell growth and differen-
tiation, including work on the role of GABI
in regulating mitogenicity and morphogenesis
in multipotent myeloid cells. Moreover, GABI
has been found to be involved in tumorigenesis
of human cancers, as a previous work showed
that GABI was upregulated in melanoma® and
colorectal cancer”, and that downregulation of
GABI inhibited cell migration and proliferation"
in hilar cholangiocarcinoma. In agreement with
this, our work here shows that GABI is also
upregulated in PC. Furthermore, knockdown of
GABI suppresses cell proliferation and induces
apoptosis in PC, which is consistent with the re-
searches in other tumors. Additionally, GABI has
been found to act as a target of many miRNAs
in human cancers, including miR-150 and miR-
409%%3° Here, we found that GABI is a direct tar-
get of miR-383 and that increased levels of GABI
abrogate the inhibitory effect of miR-383 in PC.

Taken together, our results suggest that miR-383
inhibits cell proliferation and induces apoptosis
in PC by reducing GABI expression.

Conclusions

The above data demonstrate that downregu-
lation of miR-383 in PC is associated with poor
clinical outcomes and prognosis. Furthermore,
upregulation of miR-383 restricts cell prolifera-
tion and limits tumor growth by targeting GABI.
MiR-383 has potential as a possible therapeutic
strategy for the treatment of PC.
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