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1 | INTRODUCTION

Abstract

Background: Pancreatic cancer (PC) has a very poor prognosis and comparatively
short survival. Eukaryotic translation initiation factor 5A (EIF5A) promotes cancer
metastasis. Here, we exploited the biological role of EIF5A in PC chemoresistance.
Methods: Expression of EIF5A was analysed in PC cells and tissues by real-time PCR,
Western blotting, immunohistochemistry and immunofluorescent. EIF5A expression
was specifically suppressed by transfection, and subsequently the alterations of
growth behaviour and resistance to anticancer treatment were tested in an ortho-
topic tumour model.

Results: The results showed EIF5A was increased in human PC tissues and PC cells.
We found EIF5A knockdown reduced the PC proliferation ability in vivo and in vitro.
In addition, sonic hedgehog (sHH) signalling pathway may be a downstream of EIF5A
in PC cells. Inhibition of EIF5A and sHH signalling pathway could suppress PC cells
proliferation and tumour growth. Importantly, EIF5A played an important role in
gemcitabine sensitivity for PC.

Conclusion: Taken together, our results revealed that EIF5A regulated the prolifera-
tion of PC through the sHH signalling pathway and decreased the Gem sensitivity in
PC, which provided a novel therapeutic strategy for PC patients.
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the essential and irreplaceable treatment option available for each

PC patient is chemotherapy. Presently, although gemcitabine (Gem)

Pancreatic cancer (PC), one of the most lethal and aggressive cancers,
has a very poor prognosis and comparatively short survival.%? Most
PC patients are diagnosed at advanced tumour stages partly ascribed
to the tumour rapid progression.3 Although resection is a unique
method for complete cure of PC, it is unusable in most patients due

to poor prognosis, late diagnosis and early metastasis.* Therefore,

is the most effective chemotherapeutic treatment against PC, unfor-
tunately, Gem was not fully effective on each PC patient because of
the resistance to chemotherapy.>® Therefore, additional treatment
options for advanced PC patients are urgently needed.

Eukaryotic translation initiation factor 5A (EIF5A), an 18-kDa
protein, is involved in translation elongation and mRNA transport,
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and is important for cell proliferation. Vertebrates carry two genes
that encode two highly homologous EIF5A isoforms, EIF5A1 and
EIF5A2.7 To be emphasized, EIF5A2, which implied to be a new on-
cogene in many types of human cancer as some reports shown,?
was focused on in our present study. Previous work showed that
EIF5A is up-regulated in human PC tissues, and inhibition of EIF5A
could decrease the PC growth.” In addition, overexpression of EIF5A
promotes PC cells metastasis.'® The above findings had important
implications for the role of EIF5A in PC.

The sonic hedgehog (sHH) signalling pathway plays an import-
ant role in pancreas development and differentiation.'* sHH, via
binding to Patched (PTCH), allows smoothened (SMO) to activate
downstream factors such as Gli-1 and then regulates target gene ex-
pression. Presently, the sHH signalling pathway contributes to can-
cer cell proliferation, differentiation, metastasis and chemotherapy
resistance.'?3 In the preliminary work, we occasionally found EIF5A
could regulate the expressions of sHH and Gli-1.

Gem, which is a successful compound, frequently is used in PC
treatment. Although this drug is effective, its cytotoxic effects and
drug resistance limit its application.}**> Such limitation highlights
the necessity for exploiting novel treatment strategies which may
help overcome drug resistance and enhance tumour cell response to
anticancer drugs. In a recent study, the sHH signalling pathway was
partly involved in the resistance of PC cells to Gem.*? Hence, the
objective of this study was to exploit the relationship and molecular
mechanisms between EIF5A expression and the activation of sHH
signalling pathway in PC. Moreover, we attempted to investigate the

biological role of EIF5A in PC chemoresistance in vivo and in vitro.

2 | MATERIALS AND METHODS

2.1 | Tissue samples

With the approval and support of the Xi'an Jiaotong University eth-
ics committee, the PC samples from patients (n = 30) with the patho-
logical diagnosis were collected at First Affiliated Hospital of Xi'an
Jiaotong University. The normal pancreas tissues were obtained
from the donor for liver transplantation. All patients were informed
and consent was obtained for the research. The nude mice, provided
by animal experiment centre of Xi'an Jiaotong University, were used
to construct the animal model. All experimental protocols were ap-
proved by the Ethical Committee of the First Affiliated Hospital of

Xi'an Jiaotong University, Xi'an, China.

2.2 | Cell culture and reagents

The human PC cell lines Panc-1 and BxPc-3 were obtained from
the American Type Culture Collection (ATCC, Manassas, VA, USA)
and cultured in DMEM supplemented with 10% foetal bovine
serum (FBS) and 1% antibiotic/antimycotic (Life Technologies,
Carlsbad, CA, USA). The cells were maintained at 37°C in a humidi-
fied 5% CO, atmosphere. Antibodies against sHH (ab53281), SMO
(ab5694), PTCH (ab53715), Gli-1 (ab49314), GAPDH (ab8245)

and EIF5A (ab32443) were purchased from Abcam (Cambridge,
MA, USA). Recombinant sHH was obtained from R&D Systems
(Minneapolis, MN, USA).

2.3 | Immunohistochemistry

Pancreas samples from patients or nude mice were collected and la-
belled by antibodies against EIF5A. Each antibody was diluted at a
concentration of 1:1000 in 0.1 mol/L phosphate-buffered saline (PBS)
containing 4% normal serum and 0.3% Triton-X 100 (Sigma). After rins-
ing with 0.1 mol/L PBS, sections were reacted with biotinylated goat
anti-rabbit 1gG (Vector Laboratories, Burlingame, CA, USA) at a dilution
of 1:200in 0.1 mol/L PBS for 2 hours at room temperature. After wash-
ing with 0.1 mol/L PBS, they were immersed in a solution of avidin and
biotin-peroxidase complex (Vector Laboratories) at a dilution of 1:100in
0.1 mol/L PBS for 90 minutes at room temperature. The sections were
then immersed in PBS containing 0.1% diaminobenzidine dihydrochlo-
ride (Sigma). Antibody-binding sites were visualized by adding 0.004%
hydrogen peroxide. Sections were examined and photographed with a

light microscope equipped with digital camera.

2.4 | Immunofluorescence staining

EIF5A localization in PC cells was examined by immunofluorescence.
The prepared cells were washed three times with PBS and then fixed
with 100 mL 4% paraformaldehyde in PBS. The cells were permea-
bilized in blocking buffer (0.1% Triton-X 100 or 0.1%-0.5% saponin,
10% NGS, 100 mmol/L PBS, pH 7.4) for 1 hour at room tempera-
ture and then incubated with primary antibody to HO-1 overnight
at 4°C. The following day, the cells were washed and incubated with
FITC-conjugated goat antimouse 1gG (green fluorescence; 1:500, an-
timouse, #115165003; Jackson ImmunoResearch, West Grove, PA,
USA\) for 1 hour at room temperature. The cell nucleus was stained
with DAPI (#0100-20; SouthernBiotech, Birmingham, AL, USA) for
10 minutes. After washing with PBS three times, cells were blocked
for 5 minutes. As a negative control, the primary antibody was sub-
stituted with antibody diluent.

2.5 | Transfection

Tumour cells were transfected with EIF5A siRNA. Cells were seeded
into small dishes and transfected with 100 nmol/L ShRNA using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer's instructions. The cells were used for further
experiments 24 hours after transfection. Negative control siRNA

(Ambion Inc) was used as a negative control.

2.6 | Western blotting and real-time PCR

Western blotting and real-time PCR were performed as described
previously. Briefly, protein was extracted from the cells using lysis
buffer [50 mmol/L Tris (pH 7.5), 150 mmol/L NaCl, 1% NP-40, 0.5%
sodium deoxycholate, 1 mmol/L EDTA and 0.1% SDS] containing a
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protease inhibitor cocktail (Sigma-Aldrich, St. Louis, MO, USA), and
protein concentrations were measured by DC Protein Assay (Bio-
Rad Laboratories Inc, Hercules, CA, USA). Following separation on
7.5% SDS-polyacrylamide gels, the proteins (20 pL) were transferred
onto nitrocellulose membranes (Millipore, Billerica, MA, USA), which
were then incubated with the primary antibodies (1:1000) at 4°C
overnight. After washing three times with TBST, the membranes
were incubated with horseradish peroxidase-conjugated secondary
antibodies. Quantitative analysis was performed with Image-Pro
Plus 6.0 software (Media Cybernetics, Inc, Rockville, MD, USA). The
relative protein expression levels were normalized to GAPDH. All
experiments were repeated independently three times.

For real-time PCR, Total RNA was extracted from the cells
using TRIlzol reagent (Invitrogen), and cDNA was synthesized
using a Prime Script RT reagent kit (Takara, Dalian, China). The
real-time PCR experiments were conducted on an iQ5 Multicolor
Real-Time PCR Detection System (Bio-Rad Laboratories Inc) using
SYBRGreen Real-time PCR Master Mix (Takara). Amplification
was carried out as follows: denaturation at 94°C for 3 minutes,
35 cycles of 94°C for 30 seconds, 58°C for 30 seconds and 72°C
for 35 seconds. The expression of the target gene was calculated
using the 27249 method.

2.7 | MTT assay

Cell proliferation rate was measured by MTT assays. Briefly, the
cells were seeded in 96-well plates at a density of 1 x 10* cells per
well and incubated overnight in medium containing 10% FBS. The
DMSO concentration was adjusted to 0.4%. The cells incubated
in serum-free medium were used as the control group. Following
incubation for 24, 48 and 72 hours at 37°C, 20 uL of MTT solu-
tion (5 mg/mL in PBS) was added to each well, and the cells were
incubated for an additional 4 hours at 37°C. Subsequently, 100 pL
DMSO was added to each well at 37°C. The optical density
(OD) value was determined using a spectrophotometer (Bio-Rad
Laboratories Inc) at 490 nm. The proliferation rate was defined as
OD (cell plate)/OD (blank plate).

2.8 | Orthotopic implantation experiments

Prepared PC cells were injected into the pancreases of nude mice ex-
posed by midline laparotomy (4-6 sites; 20 pL total volume at a total
concentration of 1 x 106/pL). After 4 weeks, the tumour model was
highly successful (85%), and drug treatment could be tested. Then,
the nude mice were subsequently killed at the indicated time-points

to assess the weight of primary tumours.

2.9 | Drug treatments

In vitro, recombinant sHH was applied to PC cells at 5 mg/mL.
Cyclopamine (Cyc), a sHH pathway inhibitor, was diluted to 18 pg/
mL and incubated with cells. The neutralizing antibody of sHH
(anti-sHH, ab171018) was applied to PC cells at 30 ug/mL. Gem was

purchased from Sigma-Aldrich and applied according to the PC cell
EC50 (100 pg/mL). All of above were used to cells for 24 hours be-
fore being processed. In vivo, recombinant sHH, Cyc and Gem were
applied to nude mice at 25, 45 and 125 mg/kg respectively, by intra-
peritoneal injection.

2.10 | Statistics

The analyses of the results were carried out using the SPSS statis-
tical software package (version 13.0). The significance of the data
was determined using a Student's t test. A value of P < 0.05 was
considered to indicate a statistically significant difference. Data are
representative of at least three independent experiments and are

reported as means * SD.

3 | RESULTS

3.1 | EIF5A was increased in human PC tissues and
PC cells

To determine whether EIF5A plays a role in the progression of PC,
the expression of EIF5A proteins in normal and PC tissues was im-
munohistochemically stained with antibody of EIF5A (Figure 1A
and B). The results revealed that compared with weak expression
of EIF5A in normal pancreatic tissues, PC tissues had overexpres-
sion of EIF5A (Figure 1C) (P < 0.05). In contrast, we found that the
protein expression of EIF5A was identified by the immunofluores-
cence staining in the Panc-1 and BxPc-3 cell lines (Figure 1D-1). The
pancreatic stellate cells were used as a negative control in the re-
search (Figure 1J-L). These cell experiment results were confirmed
in matched pancreatic tissues from PC patients. Thus, the findings
suggest that the function of EIF5A may potentially serve to regulate

the progression of PC.

3.2 | Knockdown of EIF5A in PC cells
suppressed the PC proliferation ability

To determine whether EIF5A plays an important role in the PC cells
proliferation ability, the Panc-land BxPc-3 cells were prepared
for transfection with or without stable EIF5A knockdown using
ShRNA. The transfection efficiencies were proved by real-time PCR
(Figure 2A and C) and Western blotting analysis (Figure 2B and D).
Thus, the new transfected PC cells, with approximately 90% de-
crease in EIF5A protein levels, were marked as Si-EIF5A, in order to
carry out the subsequent research.

The cell proliferation was measured by MTT assays at 24, 48
and 72 hours following with or without transfection. We found
that the proliferation ability was significantly reduced upon
EIF5A knockdown compared to control group (Figure 2E and F)
(P < 0.05). In addition, the reduced proliferation ability kept the
consistent results at 24, 48 and 72 hours. Partially, these findings
suggested the importance of EIF5A and it played a role in PC cells
proliferation ability.
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FIGURE 1 Staining of EIF5A in human PC tissue sections and PC cells. A, Immunohistochemistry staining of EIF5A in human normal
pancreatic tissue sections (n = 5). B, Immunohistochemistry staining of EIF5A in human PC tissue sections (n = 30). C, Graphs showing
quantitative analyses of EIF5A levels in PC patient samples. D-I, Immunofluorescence staining of EIF5A in the Panc-1 and BxPc-3 cell lines.
J-L, Immunofluorescence staining of EIF5A in pancreatic stellate cells. *P < 0.05, compared with the control (normal pancreatic tissue), as

determined by the Student's t test

3.3 | PC cells with Si-EIF5A expression showed
decreasing tumour growth in in situ tumour model

To confirm the cell proliferative potential caused by EIF5A in
vitro experiment, we designed an in situ tumour model in nude
mice (Figure 3A). Panc-1 cells, with or without transfection, were

injected into the pancreases of nude mice. After 4 weeks, we

measured the tumour size by assessing the weight of primary tu-
mours in mice.

We sought to verify the expression of EIF5A in tumours through
immunohistochemically stained using EIF5A antibody. The results
showed weak expression of EIF5A in the group of Panc-1 cells
with Si-EIF5A in tumour model (Figure 3B). In contrast, the nor-

mal Panc-1 cells had overexpression of EIF5A protein (Figure 3C).
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Obviously, there was significant difference in EIF5A levels between
the two groups (Figure 3D) (P < 0.05). The Panc-1 cell group formed
significantly larger tumour size in vivo compared with Panc-1 cells
with Si-EIF5A (Figure 3E) (P < 0.05). Taken together, these findings
demonstrated that down-regulation of EIF5A prevented prolifera-

tion ability in PC progress.

3.4 | EIF5A regulated sHH signalling pathway in
PC cells

To determine whether sHH signalling pathway is the downstream
effector of EIF5A in PC cell proliferation, firstly, we investigated
whether the EIF5A knockdown can decrease the protein expression
of sHH signalling factors in different PC cell lines (Figure 4A and B).
As shown in Figure 4, Western blotting was used to quantify pro-
tein levels, and the EIF5A knockdown obviously reduced the expres-
sions of sHH and Gli-1 in Panc-1 and BxPc-3 cells (Figure 4C and D)
(P < 0.05), but we did not observe differential expression of SMO
and PTCH in any group (data not shown) (P > 0.05). Obviously, these
results showed that EIF5A activated the sHH signalling pathway
in PC cells. But whether the activation of sHH signalling pathway

depends on sHH factor, another experiment was designed, which
used recombinant sHH or neutralizing antibody to treat the PC cells
with Si-EIF5A. Then, the protein expression of Gli-1 was measured
by Western blotting. The results showed that Gli-1 remained low ex-
pression in PC cells containing Si-EIF5A (Figure 4E and F) (P < 0.05).
Altogether, these data indicated that sHH signalling pathway may
be a downstream of EIF5A but the sHH factor, independent of sHH

canonical stimulation.

3.5 | Inhibition of EIF5A
expression and sHH signalling pathway suppressed
PC cells proliferation and tumour growth

Our above work showed that EIF5A regulated Gli-1 protein expres-
sion in PC cells. To determine the effect of EIF5A and sHH signalling
pathway for PC cells proliferation, the Panc-1 and BxPc-3 cells with
Si-EIF5A were treated with recombinant sHH, or Cyc which is a sHH
signalling pathway inhibitor. As shown in Figure 5A and B, the results
revealed that treatment with sHH significantly increased cells prolif-
eration, but the Si-EIF5A combined using Cyc could most obviously
decrease the proliferative ability in comparison with control or the
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FIGURE 3 Knockdown of EIF5A shows increasing tumour growth in situ tumour model in vivo. A, Prepared Panc-1 cells were injected
into the pancreases of nude mice exposed by midline laparotomy. After 4 wk, the tumour model was successful. Immunohistochemical
staining showed the expression of EIF5A in tumour model with normal Panc-1 cells (B), or Panc-1 cells with Si-EIF5A (C). D, Graphs showed
quantitative analyses of EIF5A levels in tumour model samples. E, Tumour size in mice was determined by tumour weight. *P < 0.05 as

determined by the Student's t test. (n = 8 for each group.)

other intervention groups (P < 0.05). Additionally, the cancer cells
with Si-EIF5A combined using recombinant sHH could inhibit the
proliferation significantly (P < 0.05). Hence, these results demon-
strated that EIF5A and sHH signalling pathway may be co-involved
in PC cells proliferation.

To determine the effect of EIF5A and sHH signalling on PC
tumour growth in vivo, we assessed orthotopic tumour forma-
tion of Panc-1 cells with Si-EIF5A. After 4 weeks, the cells were
treated with recombinant sHH, or Cyc, then, the average tumour
mass of different cell groups was measured (Figure 5C). A sim-
ilar result was also observed in tumour size, compared with PC
cells proliferation. The sHH group showed a strongly increasing
tumour growth, but the group of Si-EIF5A and Cyc displayed
the most obviously adverse effect on tumour size (Figure 5D)
(P < 0.05). Collectively, these results demonstrated that EIF5A
and sHH signalling pathway was sufficient and necessary for tu-
mour growth in PC.

3.6 | The expression of EIF5A and activation of sHH
signalling pathway were regulated by Gem in PC cells
in vitro

To validate whether the EIF5A protein expression and sHH signalling
changes is detected by Gem, we treated the PC cells with an EC50
dose of Gem for 24 hours. The quantification data from real-time
PCR revealed that Gem significantly increased the mRNA expres-
sion of EIF5A compared with control group in Panc-1 and BxPc-3
cells (Figure 6A) (P < 0.05). Additionally, we examined the expres-
sion of sHH signalling factors in the PC cells treated with Gem.
Similarly, Gem increased the expression of Gli-1 compared with
control (Figure 6B) (P < 0.05). However, Gem up-regulated sHH ex-
pression, but did not reach statistical significance (data not shown)
(P > 0.05). Then, we investigated whether Gem regulate the EIF5A
and sHH signalling expression in protein level. Western blotting was

used to quantify protein levels, and the results showed that Gem
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significantly enhanced EIF5A and Gli-1 protein expression in Panc-1
and BxPc-3 cells (Figure 6C) (P < 0.05). Therefore, these data from
mRNA and protein analyses indicate that EIF5A may be involved in

the sensitivity of Gem in PC cells.

3.7 | Targeting EIF5A increased Gem sensitivity in
PC in vitro and in vivo

In our previous work, we found that Gem leaded the up-regulation
of EIF5A expression in PC cells. So, we hypothesized that EIF5A
could affect the sensitivity of Gem. Then, we examined PC cell
proliferation ability when Panc-1 and BxPc-3 cells, with or without
the Si-EIF5A, were treated with different concentrations of Gem
for 24 hours. As shown in Figure 7A and B, the results of the dose-
dependent experiments of Gem treatment were shown. We found
that the PC cells transfected with the Si-EIF5A exhibited an obvi-
ously decreased proliferative ability compared with control group

Si-EIF5A  + +
sHH - +

or neutralizing antibody to treat the PC
cells with Si-EIF5A. The Western blotting

+ results showed the low expression level

= of Gli-1 for Panc-1 cells (E) and for BxPc-3
cells (F). *P < 0.05 as determined by the

+ Student's t test

(P < 0.05). This phenomenon supported that EIF5A contributed to
Gem sensitivity in PC cells. Furthermore, we confirmed the correla-
tion between EIF5A and Gem sensitivity through orthotopic tumour
formation of Panc-1 cells in vivo (Figure 7C). Indeed, the Panc-1 cells
treated only with Gem showed a larger tumour size compared with
Si-EIF5A group (Figure 7D) (P < 0.05). These findings indicated that
EIF5A played an important role in Gem sensitivity for PC and sug-
gested that combination therapies involving Gem and EIF5A might
benefit PC patients.

4 | DISCUSSION

Pancreatic cancer remains one of the most aggressive malignancies,
because of its poor prognosis, late diagnosis and rapid dissemina-
tion, with less than 7% survival at 5 years.1 Most PC patients are de-

tected at an advanced stage due to the difficulty of early diagnosis.
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FIGURE 5 Inhibition of EIF5A and sHH signalling pathway decreases PC cells proliferation and tumour growth. A, The MTT results

showed that the Panc-1 cells treatment with Si-EIF5A combined using Cyc obviously decreased the proliferative ability. (Mean+SD

3.640 + 0.240 for control, 2.590 + 0.19 for Si-EIF5A+sHH group, 4.860 + 0.350 for sHH group, 3.825 + 0.425 for Cyc group.) B, The MTT
results showed that the BxPc-3 cells treatment with Si-EIF5A combined using Cyc obviously decreased the proliferative ability compared
with other groups (Mean+SD 4.532 + 0.280 for control, 3.147 + 0.49 for Si-EIF5A+sHH group, 5.192 + 0.250 for sHH group, 4.019 + 0.492
for Cyc group.) sHH could significantly increase cells proliferation. *P < 0.05, compared with control, *P < 0.05, compared with the Cyc
group. C, Tumour size in mice was measured by the tumour weight, and the sHH group showed a strongly increasing tumour growth, but
the group of Si-EIF5A and Cyc obviously decreases the tumour growth. D, Graphs showed that Si-EIF5A and sHH signalling could affect
the tumour weight. *P < 0.05, compared with the control, #p < 0.05, compared with the sHH group, 5p < 0.05, compared with the group of

Si-EIF5A and Cyc

A number of proliferative promoters induce PC rapid progression.16
Because tumour growth is based on augmented cell growth and pro-
longed cell survival, the treatment options for growth inhibitory ad-
juvant to traditional therapy, such as surgical resection, radiotherapy
and chemotherapy, are urgently requisite. Currently, chemotherapy
is not effective for every PC patient at all stage of treatment.}”*¢
Although Gem is the most effective chemotherapeutic treatment
against PC, its efficiency keeps in a lower rate.1??°

It was known that EIF5A was involved in transcription, mRNA
turnover and nucleocytoplasmic transport in cells. Usually, it has two
EIF5A isoforms, EIF5A1 and EIF5A2. EIF5A1 is the major isoform
which is abundantly expressed in most cells.® EIF5A2 is expressed
in few normal tissues but is overexpressed in tumour cells and even
considered a candidate oncogene.21 Based on above, EIF5A2 is cho-
sen as our research focus in the study instead of EIF5A1. Important
recent work has shown that EIF5A2 was high expression in PC and

regulated the mechanisms of pathogenesis and metastasis.'¢?

Therefore, in this work, the relationship and mechanism of EIF5A2
impacting with PC proliferation were discussed. Here, the results
provided evidence that EIF5A was a major regulator controlling pro-
liferation and chemosensitivity.23

Sonic hedgehog is abnormally expressed in PC tissue and cells and
associated with pathogenesis and progression. sHH is one of the three
members family of hedgehog proteins, which includes other two pro-
teins named as Indian Hedgehog and Desert Hedgehog. Binding of
hedgehog proteins to the transmembrane receptor Patched activates
SMO, leading to nuclear translocation of Gli transcription factors and
expression of downstream target genes.z“*25 A report showed that
sHH signalling pathway could promote the pancreatic desmoplasia
in PC cells.?® As reported previously, sHH regulated pancreatic fibro-
sis and cancer cell proliferation and differentiation.?”?® We recently
identified that sHH signalling pathway played a role in PC progress as
a regulator to chemosensitivity.12 Hence, inhibition of sHH signalling

may be an attractive clinical target for therapeutic intervention.
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FIGURE 6 EIF5A protein expression and sHH signalling are changed by Gem in PC cells. The quantification data from real-time PCR
revealed that Gem significantly increased the mRNA expression of EIF5A (A) and Gli-1 (B) compared with control group in Panc-1 and BxPc-3
cells. C, The Western blotting showed that Gem significantly enhanced EIF5A and Gli-1 protein expression in both cells. *P < 0.05, compared

with control (without Gem group)

The data presented here demonstrated an important role for

817 in vitro and in vivo, and the

EIF5A in regulating PC proliferation
inhibition of EIF5A enhanced the responsiveness of colorectal can-
cer to Gem.'® Also, sHH signalling pathway was involved in the reg-
ulating process.

We reported that high expression of EIF5A protein was ob-
served in PC. The immunohistochemical analyses demonstrated the
up-regulation of EIF5A in PC tissues compared with normal pancre-
atic tissues. The immunofluorescence staining showed that EIF5A
was identified in PC cells. Our found had the consistent aspect with
that EIF5A protein was amplified in many neoplastic patient tis-
sues.*®2730 The results suggested that EIF5A was involved in PC and
may be a critical contributor to PC progression. Understanding the
expression of EIF5A in PC is the study foundation for next research.

Then, the Panc-1 and BxPc-3 cells were transfected for stable
knockdown EIF5A using shRNA. MTT results showed that the pro-
liferation ability was significantly reduced upon EIF5A knockdown
compared to control group. In fact, the reduced proliferation ability

kept similar result at every time-point. Thus, these findings suggested

that EIF5A played a role in PC cells proliferation ability, which was
consistent with the idea that EIF5A contributes to tumour growth in
other cancers.?® Of cause, the MTT assays are not sufficiently con-
vincing for promoting cell proliferation caused by EIF5A. Thus, we
made further experiment in vivo to check the above results.

In this work, in order to investigate the tumour growth caused by
EIF5A, we built the orthotopic transplantation tumour model in nude
mice with PC cells, instead of the subcutaneously implanted tumour
model. Mainly because the PC cells were injected into the pancreas
of nude mice being more like the tumour microenvironment.®* The
immunohistochemical analyses showed only weak expression of
EIF5A in the group with Si-EIF5A in tumour models compared with
Panc-1 cells group. So, the necessary step proved the success of the
orthotopic model with different expression of EIF5A in tissue level.
These findings suggested that the Panc-1 cell group formed signifi-
cantly larger tumour size compared with Panc-1 cells with Si-EIF5A,
which had the similar results with one in vitro.

Our previous work showed sHH signalling pathway was involved
in the PC growth. Here we demonstrated that EIF5A induced the
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Inhibiting EIF5A increases Gem sensitivity. Proliferation ability of Panc-1 (A) and BxPc-3 cells (B) showed that the cell

proliferation was dose-dependent on the concentration of Gem, and the PC cells with Si-EIF5A exhibited an obviously decreased
proliferative ability compared with control group. C, Panc-1 cells treated only with Gem showed a larger tumour size compared with Si-EIF5A
group. D, Graphs showed knockdown of EIF5A with Si-EIF5A obviously decreased the tumour growth. *P < 0.05 as determined by the

Student's t test (n = 8 for each group.)

activation of the sHH signalling pathway. The EIF5A knockdown
obviously reduced the expressions of sHH and Gli-1 in PC cells. To
decide whether the activation of sHH signalling pathway depends
on sHH factor, we used recombinant sHH or neutralizing antibody
to treat PC cells with Si-EIF5A. The results showed low expression of
Gli-1 in Si-EIF5A group. Altogether, these data indicated sHH factor
was unnecessary in activation caused by EIF5A. Possibly the bypass
activation or other transcriptional activation ways could be involved.
The internal mechanism will be solved in further study.

In following experiments, the growth results showed that sHH
significantly increased cells proliferation, and the Si-EIF5A obviously
decreased the proliferative ability. Together, these results demon-
strated that EIFS5A and sHH signalling pathway may be involved in
and were necessary for tumour growth in PC, which is consistent
with our pre-primary work.

Gem is frequently used in PC treatment. However, it is only mar-
ginally effective because of the less sensibility.%? In this study, Gem
significantly increased the expression of EIF5A and Gli-1 in PC cells.
The Si-EIF5A exhibited an obviously decreased proliferative abil-
ity when PC cells were treated with Gem. In vivo, the Panc-1 cells

treated only with Gem showed a larger tumour size compared with
Si-EIF5A group. These findings indicated that EIF5A played an im-
portant role in Gem sensitivity for PC. Therefore, these data imply
that combination therapies involving Gem and EIF5A might be a
promising strategy for PC.

In summary, our results revealed that EIF5A regulates the prolif-
eration in PC through the SHH signalling pathway. Modulating the
expression level of EIF5A could enhance the Gem sensitivity in PC.
Importantly, the target spot to EIF5A and SHH signalling pathway
could benefit PC patients in future.

ACKNOWLEDGEMENTS

This study was supported by the Natural Science Foundation of
China (grant no. 81502074).

CONFLICTS OF INTEREST

The authors declare that there are no conflicts of interest related to

this work.



2688
2% | WiLEY

WANG ET AL.

ORCID

Liang Han https://orcid.org/0000-0002-3268-5214

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J
Clin. 2018;68:7-30.

The LO. Pancreatic cancer: cause for optimism? Lancet Oncol.
2016;17:845.

Kamisawa T, Wood LD, Itoi T, Takaori K. Pancreatic cancer. Lancet.
2016;388:73-85.

Tempero MA, Malafa MP, Al-Hawary M, et al. Pancreatic adenocar-
cinoma, version 2.2017, NCCN clinical practice guidelines in oncol-
ogy. J Natl Compr Cancer Netw. 2017;15:1028-1061.

de Geus SW, Eskander MF, Bliss LA, et al. Neoadjuvant ther-
apy versus upfront surgery for resected pancreatic adenocarci-
noma: a nationwide propensity score matched analysis. Surgery.
2017;161:592-601.

. Oettle H, Lehmann T. Gemcitabine-resistant pancreatic cancer: a

second-line option. Lancet. 2016;387:507-508.

Dever TE, Gutierrez E, Shin BS. The hypusine-containing translation
factor elF5A. Crit Rev Biochem Mol Biol. 2014;49:413-425.
Mathews MB, Hershey JW. The translation factor elF5A and human
cancer. Biochem Biophys Acta. 2015;1849:836-844.

Strnadel J, Choi S, Fujimura K, et al. elF5A-PEAK1 signaling reg-
ulates YAP1/TAZ protein expression and pancreatic cancer cell
growth. Can Res. 2017;77:1997-2007.

Fujimura K, Choi S, Wyse M, Strnadel J, Wright T, Klemke R.
Eukaryotic translation initiation factor 5A (EIF5A) regulates
pancreatic cancer metastasis by modulating RhoA and rho-as-
sociated kinase (ROCK) protein expression levels. J Biol Chem.
2015;290:29907-29919.

Lee RT, Zhao Z, Ingham PW. Hedgehog signalling. Development.
2016;143:367-372.

Han L, Jiang J, Ma Q, Wu Z, Wang Z. The inhibition of heme oxygen-
ase-1 enhances the chemosensitivity and suppresses the prolifera-
tion of pancreatic cancer cells through the SHH signaling pathway.
Int J Oncol. 2018;52:2101-2109.

Li X, Wang Z, Ma Q, et al. Sonic hedgehog paracrine signaling ac-
tivates stromal cells to promote perineural invasion in pancreatic
cancer. Clin Cancer Res. 2014;20:4326-4338.

Dorjee P, Long ZW. A mixed treatment comparison of toxicity of
gemcitabine combined with different targeted drugs in the treat-
ment of advanced or metastatic pancreatic cancer. Cancer Biol Ther.
2018;19:497-506.

de Sousa CL, Monteiro G. Gemcitabine: metabolism and molecular
mechanisms of action, sensitivity and chemoresistance in pancre-
atic cancer. Eur J Pharmacol. 2014;741:8-16.

Biancur DE, Kimmelman AC. The plasticity of pancreatic cancer me-
tabolism in tumor progression and therapeutic resistance. Biochem
Biophys Acta. 2018;1870:67-75.

Ghosn M, Kourie HR, El Karak F, Hanna C, Antoun J, Nasr D.
Optimum chemotherapy in the management of metastatic pancre-
atic cancer. World J Gastroenterol. 2014;20:2352-2357.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Neoptolemos JP, Kleeff J, Michl P, Costello E, Greenhalf W, Palmer
DH. Therapeutic developments in pancreatic cancer: current and fu-
ture perspectives. Nat Rev Gastroenterol Hepatol. 2018;15:333-348.
Nesbitt H, Sheng Y, Kamila S, et al. Gemcitabine loaded microbub-
bles for targeted chemo-sonodynamic therapy of pancreatic can-
cer. J Controlled Release. 2018;279:8-16.

Amrutkar M, Gladhaug IP. Pancreatic cancer chemoresistance to
gemcitabine. Cancers. 2017;9:E157.

Wang FW, Guan XY, Xie D. Roles of eukaryotic initiation factor 5A2
in human cancer. Int J Biol Sci. 2013;9:1013-1020.

Fujimura K, Wright T, Strnadel J, et al. A hypusine-elF5A-PEAK1
switch regulates the pathogenesis of pancreatic cancer. Can Res.
2014;74:6671-6681.

Bao Y, Lu Y, Wang X, et al. Eukaryotic translation initiation fac-
tor 5A2 (elF5A2) regulates chemoresistance in colorectal can-
cer through epithelial mesenchymal transition. Cancer Cell Int.
2015;15:109.

Choudhry Z, Rikani AA, Choudhry AM, et al. Sonic hedgehog signal-
ling pathway: a complex network. Ann Neurosci. 2014;21:28-31.
Rimkus TK, Carpenter RL, Qasem S, Chan M, Lo HW. Targeting the
sonic hedgehog signaling pathway: review of smoothened and GLI
inhibitors. Cancers. 2016;8:E22.

Bailey JM, Swanson BJ, Hamada T, et al. Sonic hedgehog pro-
motes desmoplasia in pancreatic cancer. Clin Cancer Res.
2008;14:5995-6004.

Rosow DE, Liss AS, Strobel O, et al. Sonic Hedgehog in pancreatic
cancer: from bench to bedside, then back to the bench. Surgery.
2012;152:519-32.

Bailey JM, Mohr AM, Hollingsworth MA. Sonic hedgehog paracrine
signaling regulates metastasis and lymphangiogenesis in pancreatic
cancer. Oncogene. 2009;28:3513-3525.

Memin E, Hoque M, Jain MR, et al. Blocking elF5A modification in
cervical cancer cells alters the expression of cancer-related genes
and suppresses cell proliferation. Can Res. 2014;74:552-562.

Tunca B, Tezcan G, Cecener G, et al. Overexpression of CK20,
MAP3K8 and EIF5A correlates with poor prognosis in early-
onset colorectal cancer patients. J Cancer Res Clin Oncol.
2013;139:691-702.

Loi M, Di Paolo D, Becherini P, et al. The use of the orthotopic
model to validate antivascular therapies for cancer. Int J Dev Biol.
2011;55:547-555.

Affram K, Udofot O, Agyare E. Cytotoxicity of gemcitabine-loaded
thermosensitive liposomes in pancreatic cancer cell lines. Integr
Cancer Sci Ther. 2015;2:133-142.

How to cite this article: Wang Z, Jiang J, Qin T, Xiao Y, Han L.
EIF5A regulates proliferation and chemoresistance in
pancreatic cancer through the sHH signalling pathway. J Cell
Mol Med. 2019;23:2678-2688. https://doi.org/10.1111/
jcmm.14167



https://orcid.org/0000-0002-3268-5214
https://orcid.org/0000-0002-3268-5214
https://doi.org/10.1111/jcmm.14167
https://doi.org/10.1111/jcmm.14167

