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Anaplastic thyroid carcinoma (ATC) is resistant to standard therapies and has no effective treatment. Eukaryotic
translation initiation factor SA2 (EIF5A2) has shown to be upregulated in many malignant tumors and pro-
posed to be a critical gene involved in tumor metastasis. In this study, we aimed to investigate the expression
status of EIFSA2 in human ATC tissues and to study the role and mechanisms of EIF5A2 in ATC tumorigenesis
in vitro and in vivo. Expression of EIFSA2 protein was analyzed in paraffin-embedded human ATC tissues
and adjacent nontumorous tissues (ANCT) (n = 24) by immunochemistry. Expressions of EIFSA2 mRNA and
protein were analyzed in fresh-matched ATC and ANCT (n = 23) and ATC cell lines by real-time polymerase
chain reaction (PCR) and Western blotting. The effect of targeting EIFSA2 with short hairpin RNA (shRNA)
or EIF5A2 overexpression on the ATC tumorigenesis and TGF-B/Smad2/3 signals in vitro and in vivo was
investigated. Expression of EIF5SA2 was significantly upregulated in ATC tissues and cell lines compared
with ANCT and normal follicular epithelial cell line. Functional studies found that targeting EIFSA2 induced
SW1736 cell death in vitro and in vivo, followed by significantly downregulated phosphorylation of Smad?2/3
(p-Smad2/3) in SW1736 cells at the protein level. Ectopic expression of EIFSA2 could promote 8505C cell
growth in vitro and in vivo, followed by significantly upregulated p-Smad3 at the protein level. Recombinant
human TGF-B1 (hTGF-B1) treatment decreased the antiproliferative activity of the EIFSA2 downexpressing
8505C cells through reversing pSmad2/3. Using the specific inhibitor SB431542 to block TGF-f3 pathway or
Smad3 siRNA to knock down Smad3 increased the antiproliferative activity of the EIFSA2-overexpressing
8505C cells through inhibiting pSmad2/3. Our findings indicated that EIFSA2 controled cell growth in ATC
cells, and EIF5A/TGF-B/Smad2/3 signal may be a potential therapeutic target for ATC treatment.

Key words: Anaplastic thyroid carcinoma (ATC); Eukaryotic translation initiation factor SA2 (EIF5A2);
Transforming growth factor-p (TGF-£)

INTRODUCTION

Anaplastic thyroid carcinoma (ATC) is one of the most
aggressive human malignancies. Currently, no effective
therapies exist'. Thus, we need an understanding of the
carcinogenesis to develop new modes of treatment for
this carcinoma to improve the quality of life of patients
with ATC.

Eukaryotic translation initiation factor SA (EIF5A),
a conserved lysine to hypusine, is strictly indispensable
for the survival of eukaryotic cells®. There are two EIF5A
isoforms in humans: EIFSA1 and EIF5SA2. The former
is expressed in most cells and tissues, and the latter is
expressed rarely in most normal tissues, and high levels
of expression only in parts of the brain and testis*>. Both
isoforms have a high degree of amino acid homology,
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which in humans is 84% identical and are 94% similar®.
Accumulating evidence has been implicated that both
isoforms are related to cell proliferation, apoptosis, can-
cer progression, and poor clinical prognosis’.

EIF5A2 has been reported to be overexpressed in
gallbladder cancer’, upper urinary tract urothelial carci-
noma'l, gastric cancer'?, prostate cancer'?, nasopharyngeal
carcinoma', and cervical cancer’®>. EIF5A2 upregula-
tion in cancer tissues is associated with poor prognosis
in these patients. In addition, overexpression of EIF5A2
could promote cancer cell invasion and growth, and vice
versa'®!’, suggesting EIF5A2 might be a potential can-
didate target for diagnosis and therapeutics of cancers.
To date, however, the function of EIF5A2 in ATC and its
underlying molecular mechanisms are still unclear.

Transforming growth factor-p (TGF-3) emerges as one
of the key regulators of tumor development and progression.
TGF-P signaling pathway is deregulated in many diseases,
including cancer. In healthy cells and early stage cancer cells,
this pathway has tumor suppressor functions, including cell
cycle arrest and apoptosis'®. However, its activation in late
stage cancer can promote metastasis and chemoresistance
by inducing epithelial-mesenchymal transition (EMT)"*%,
There is strong evidence that TGF-f signaling contributes to
proliferation, growth, differentiation, and apoptosis of many
kind of cells?-%. TGF-B1 also regulated apoptosis, prolif-
eration, invasion, and migration in thyroid cancer cells in
vitro and in vivo via different mechanisms®%.

In patients with bladder cancer (BC), EIF5A2 overex-
pression was related with metastatic potential. Furthermore,
EIF5A2 elevated TGF-B1 expression through STAT3 to
induce EMT and promote aggressiveness in BC cells in
vitro and in vivo®. In A549 cells in vitro, the expression
of eIF5A-2 was upregulated following TGF-B1-induced
EMT phenotype changes, which correlated with enhanced
tumor invasion and metastatic capabilities. Furthermore,
targeting EIFSA-2 could reverse the process of EMT phe-
notype change, resulting in weakening of both invasive
and metastatic capabilities in the A549 cell line®'. In non-
small cell lung cancer (NSCLC) cells in vitro, targeting
EIF5A-2 with GC7 (a novel EIF5A-2 inhibitor) or with
siRNA interference to EIF5A-2 induced cell apoptosis and
enhanced cisplatin cytotoxicity in NSCLC cells*.

In the present study, we first investigated the expression
of EIF5A2 in human ATC and human ATC cell lines. We
then investigated the role of EIF5A2 downregulation and
upregulation on ATC cells in vitro and in vivo. We finally
investigated its underlying molecular mechanisms.

MATERIALS AND METHODS
Tissue Samples

Paraffin-embedded ATC and adjacent nontumor-
ous tissues (ANCT) (n = 24) or fresh-matched ATC and
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ANCT (n = 23) were collected from the Department of
Thyroid Surgery and Pathology, the Affiliated Hospital
of Qingdao University. All surgical specimens were
obtained after patients signed informed consent. The study
was approved by the ethical committee of the Affiliated
Hospital of Qingdao University.

Cell Culture and Agents

The human ATC cell lines 8505C, SW1736, KAT1S,
and Cal-62 and primary human thyroid follicular epi-
thelial cell Nthy-ori 3-1 were used in the present study;
the information of the cells was published previoiusly*.
The following antibodies were used: EIF5A2 rabbit
mAb, TGF-B1, phospho-Smad2 (Ser465/467), phospho-
Smad3 (Ser423/425) rabbit mAb, rabbit SMAD-3 anti-
body, GAPDH (14C10) rabbit mAb, and secondary
antibody (anti-rabbit IgG or anti-mouse IgG) (Santa Cruz
Biotechnology, Shanghai, China). All the antibodies were
purchased from Cell Signaling Technology (Shanghai,
China). Human TGF-1 (WTGF-B1) (#8915) was obtained
from Cell Signaling Technology, and specific TGF- path-
way inhibitor SB431542 (#14775; 10 uM) was obtained
from TOCRIS Biosciences (Shanghai, China).

Short Hairpin RNA (shRNA) Transfection or Plasmid
Construction and Establishment of Stable Cells Lines

To construct shRNAs targeting human EIF5A2, an
shRNA sequence targeting EIF5A2 (EIF5A2 shRNA)
was cloned into the pGV248-lentivirus vector (Shanghai
GenePharma Co. Ltd., Shanghai, China). This vector
expresses green fluorescent protein (GFP) under the con-
trol of the CMV promoter to allow monitoring of trans-
fection efficiency. The control shRNA (CN shRNA) was
used as control. Three different sShRNAs were designed
targeting different EIFSA2 mRNAs, as well as one non-
sense sequence. All subcloned sequences were veri-
fied by DNA sequencing. The correct constructs were
named as EIF5A2 shRNA1, EIF5A2 shRNA2, EIF5A2
shRNA3, and scrambled shRNA, respectively. To get the
stably transfected cell clones, EIF5A2 shRNA1, EIFSA2
shRNA2, EIF5A2 shRNA3, and scrambled shRNA
were transfected into the ATC cells with Lipofectamine
2000 reagent (Invitrogen; Thermo Fisher Scientific Inc.,
Carlsbad, CA, USA) and selected with 200 mg/ml G418
for 2-3 weeks. GFP expression was checked in stable
clones by flow cytometry.

For EIF5A2 overexpression construct, the human
EIF5A2 cDNA was purchased from PROSPEC (Shanghai,
China) and cloned into pCDNA3. 1+ using EcoRI and Notl
sites for the construction of pcDNA3.1-EIF5A2 plasmid.
We transfected ATC cells using the Lipofectamine 2000
reagent in a serum containing medium according to the
manufacturer’s guidelines. Transfection of the empty
pcDNA3.1 vector served as the control. The resultant
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clones were subjected to a sequencing analysis. Stably
transfected clones were selected with 400 mg/ml G418
for 2-3 weeks (Cellgro, Guangzhou, China).

SiRNA Transfection

The stable pcDNA3.1-EIF5A2-transfected 8505C cells
(3 x 10* cells/ml) were plated in six-well plates. Twenty-
four hours later, 50 nmol/L of validated Smad3 specific
and scrambled siRNAs (Santa Cruz Biotechnology) were
mixed with the use of Lipofectamine 2000 Transfection
Reagent (Invitrogen) according to the manufacturer’s
instructions. Cells were collected 72 h later to assess the
downregulation of each target.

Cell Survival, Colony Formation, and Apoptosis Assay

The effect of EIF5A2 expression on ATC cell viabil-
ity by WST-1 assays was determined by incubating ATC
cells [cells were plated into 96-well-plates (4 x 10° cells/
well)] transfected with EIFSA2 shRNA2 or pcDNA3.1-
EIF5A2 or its controls in medium containing 2% FBS for
2-72 h. All data were normalized to respective controls.

The effect of EIFSA2 overexpression on ATC cell growth
was also observered by colony formation assay. Briefly,
ATC cells (EIF5A2 shRNA2 or pcDNA3.1-EIF5A2 or its
control-transfected cells) (200 cells/well) were seeded in
a six-well plate and cultured for 2 weeks in medium con-
taining 10% FBS. After removing the medium, cells were
washed with PBS, fixed with pure methanol, and stained
in crystal violet. Colony-forming unit of more than 50 cells
was counted using the inverted microscope.

The effect of targeting EIF5A2 expression with
EIF5A2 shRNA2 on ATC cell apoptosis was determined
by performing annexin V/propidium iodide staining (BD
BioScience Inc., San Jose, CA, USA), followed by flow
cytometric analysis. Apoptotic cell was evaluated by
counting the number of cells that stained positive for
annexin V-fluorescein isothiocyanate (FITC) and positive
for propidium iodide (PI).

The SW1736 cells were treated with hTGF-1 (5 ng/ml)
for 6 h, and then transfected with EIFSA shRNA2 or
control shRNA for 48 h; cell viability and cell apoptosis
were detected as described above. The stable pcDNA3.1-
EIF5A2-transfected 8505C cells were transfected with
Smad3 siRNA or control siRNA for 72 h or treated with
or without SB431542 (10 uM) 2l or 1% DMSO 2 ul for
48 h; cell viability and cell apoptosis were detected as
described above.

Western Blot Assay

Cells and tissues were harvested and solubilized in
radioimmunoprecipitation assay (RIPA) buffer, and the
whole-cell lysates were prepared. Standard Western blot-
ting was carried out using whole-cell protein lysates.
The cell lysates resolved on SDS-polyacrylamide gel
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electrophoresis (SDS-PAGE) gels and transferred to
polyvinylidene difluoride (PVDF) membranes. Primary
antibodies were incubated overnight at 4°C. The antibod-
ies used in the analysis were anti-eI[FSA2, anti-pSmad?2,
anti-pSmad3, anti-Smad2, anti-Smad3, and anti-GAPDH.
The proteins were detected using horseradish peroxidase
(HRP)-labeled secondary antibodies and visualized using
the Amersham ECL System and detection system ana-
lyzed (ChemiDoc Touch, Bio-Rad, Hercules, CA, USA).

Reverse Transcription Polymerase Chain Reaction
(RT-PCR) for EIF5A

Total RNA was isolated from ATC cells and the frozen
ATC tissues using RNeasy Protect Kit (Life Technologies,
Shanghai, China) and transcribed into cDNA using
Superscript I Reverse Transcriptase (Invitrogen) accord-
ing to the manufacturer’s instruction. The primer pairs
for RT-PCR were EIF5A2: 5'-CCCTGCTGACAGAAA
CTGGT-3" and 5-TTGCACACATGACAGACACC-3’;
GAPDH: 5-AATCCCATCACCATCTTCCAGGAG-3’
and 5-GCATTGCTGATGATCTTGAGGCTG-3’". RT-PCR
was performed using an Applied Biosystems 7000
sequence detection system (Applied Biosystems, Foster
City, CA, USA). Data were analyzed by the AA cycle
threshold method.

Xenograft Model

The stable EIF5A shRNA2- or CN shRNA-trans-
fected SW1736 cells or the stable pcDNA3.1-EIF5A2-
or pcDNA3.1-transfected 8505C cells (1 x 10°) were
injected into the right flank of nude mice subcutaneously.
Tumor xenografts were analyzed twice weekly. The tumor
volume was calculated using tumor volume (mm?®) =
/6 X a x b*. The animals were observed for 28 days after
the last injection. After 28 days, tumor xenografts were
harvested and analyzed. Immunohistochemical analysis
for EIF5A2, p-Smad3, cleaved caspase 3, and Ki-67 was
detected in the tumor tissues. All the in vivo experiments
were approved by the Animal Care Committee of the
Affiliated Hospital of Qingdao University.

Immunohistochemistry

Human ATC tissues were obtained from the
Department of Pathology, the Affiliated Hospital of
Qingdao University. Paraffin-embedded biopsy material
sections were stained for EIFSA using anti-EIF5A anti-
body following the manufacturer’s instruction; <25 %
EIF5A2 cytoplasmic staining was negative EIF5A2
expression, and 225% EIF5A2 cytoplasmic staining was
positive EIF5A2 expression®.

Xenograft tumors were excised, fixed, and paraffin
embedded. Paraffin-embedded biopsy material sections were
stained for EIF5A2, p-Smad3, cleaved caspase 3, and Ki-67
according to the recommendations of the manufacturer.
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Statistical Analysis

Results were expressed as mean + standard deviation
(SD). The data analysis was performed using the SPSS
statistical software package (SPSS 22; Chicago, IL,
USA). The unpaired Student’s t-test was performed to
analyze the statistical significance between two groups.
More than two independent groups were compared using
analysis of variance (ANOVA), and statistically signifi-
cant difference was defined as a value of p < 0.05. All
experiments were performed in triplicate, unless other-
wise stated.

RESULTS

Expression of EIF5A2 mRNA and Protein in ATC Cell
Lines and Human ATC Tissues

Expression of EIF5SA2 protein was analyzed in paraf-
fin-embedded 24 cases of human ATC tissues and ANCT
by immunochemistry. The results showed that positive
diffuse cytoplasmic staining of EIF5A2 was 68.3 + 9.4%
(median: 62.5%) (15 of 24) in ATC tissue specimens,
which was higher than that in the ANCT tissues [20.4 +
4.3% (median: 16.7%) (4 of 24)] (p = 0.013) (Fig. 1A).
EIF5A2 mRNA and protein were detected by RT-PCR
and Western blot in fresh ATC tissues (n = 23) and fresh-
matched ANCT (n = 23). The relative EIF5A2 mRNA
and protein were significantly upregulated in fresh ATC
samples (0.94 + 0.23 and 0.87 + 0.19) compared with
ANCT (0.24 £ 0.09 and 0.17 = 0.07) (p < 0.01), respec-
tively (Fig. 1B and C). EIFSA mRNA and protein were
also detected by RT-PCR and Western blot in 8505C,
SW1736, KAT18, Cal-62, and Nthy-ori 3-1 cells. EIFSA2
mRNA and protein were highly expressed in ATC cells
compared with Nthy-ori 3-1 cells (Fig. 1D and E).

Targeting EIF5A2 mRNA and Protein Expression
in ATC Cells In Vitro

As shown in Figure 1D and E, SW1736 and Cal-62
cells expressed much EIFSA2 mRNA and protein, so we
transfected three sets of EIFSA2-specific sShRNA (EIF5A2
shRNA1, EIF5A2 shRNA2, and EIF5A2 shRNA3) or
control shRNA in lentiviruses into the SW1736 and Cal-62
cells for 72 h. The results showed that EIFSA2 shRNA2
transfection resulted in 90% silencing of EIF5SA2 in
SW1736 cells and resulted in 60% silencing of EIF5A2
in Cal-62 cells as shown by RT-PCR (Fig. 2A). Control
shRNA transfection did not affect EIFSA2 expression in
both of the cells. Western blot analysis has the same results
as that by RT-PCR assay (Fig. 2B). So we used the SW1736
cell line and EIF5A2 shRNA?2 for further investigation.

Expression of Endogenous EIF5A2 in ATC Cells In Vitro

As shown in Figure 1D and E, 8505C and KAT18
cells expressed less EIFSA2 mRNA and protein. So
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we transfected pcDNA3.1-EIF5A2 or pcDNA3.1 into
8505C and KAT18 cells for 72 h. The results showed that
pcDNA3.1-EIF5A2 resulted in a 3.2-fold protein increase
in 8505C cells and a 2.9-fold protein increase in KAT18
cells by Western blot analysis (Fig. 2C). pcDNA3.1 trans-
fection did not affect EIFSA2 expression in both of the
cells. We then used 8505C cells for further investigation.

Targeting EIF5A2 Inhibited Cell Growth and Induced
Cell Apoptosis In Vitro

Following EIF5SA2 downregulation in SW1736 for
24-72 h, we measured the viability in SW1736 cells.
Compared to control shRNA, EIF5A2 shRNA?2 transfec-
tion showed significantly decreased cell viability in the
SW1736 (Fig. 3A), which was proved using a colony
formation assay. Targeting EIFSA2 by EIF5SA2 shRNA2
transfection reduced colony formation rate of SW1736
cells to 60% compared to the control shRNA-transfected
SW1736 cells (Fig. 3B). However, compared to the con-
trols, overexpression of EIFSA2 increased cell viability
(Fig. 3C) and colony formation ability in the 8505C cells
(Fig. 3D). We next detected the role of EIF5A2 down-
regulation on cell apoptosis in SW1736 cells in vitro.
As shown in Figure 3E, targeting EIFSA2 significantly
induced cell apoptosis in SW1736 cells compared to the
controls (p < 0.01).

EIF5A2 Regulates TGF-f3 Signaling Pathway in ATC
Cells In Vitro

We detected the TGF- signaling expression in
the EIF5A downexpressing SW1736 cells in vitro. As
shown in Figure 4A, the phosphorylated Smad-2 and -3
(pSmad2/3) expressed lower in the SW1736 cells, and
5 ng/ml hTGF-B treatment could activate phosphory-
lated Smad-2 and -3. However, targeting EIFSA reversed
hTGF-B-induced pSmad?2/3 activation. In the 8505C cells,
EIF5A overexpression activated TGF-[3 signaling, result-
ing in upregulation of pSmad2/3 (Fig. 4B). However, the
enhanced TGF- signaling by EIF5A overexpression was
blocked by the specific Smad-2 inhibitor SB431542 in
the 8505C cells (Fig. 4B).

EIF5A2 Regulates Cell Growth and Apoptosis via
TGF-fB-Dependent Smad2/3 Signals In Vitro

The SW1736 cells were treated with hTGF-B1 (5ng/
ml) for 6 h, and then transfected into EIFSA2 shRNA2 or
control shRNA for 48 h; the cell viability and apoptosis
were detected. As shown in Figure 4C and D, targeting
EIF5A2 in combination with hTGF-B1 (5ng/ml) treat-
ment reversed cell viability and reduced cell apoptosis
in the SW1736 cells compared to the targeting EIF5A2
alone (p < 0.01, respectively).

In the 8505C cells, pcDNA3.1-EIF5A2 transfection
in combination with 2-ul SB431542 (10 uM) treatment
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Figure 1. EIF5A2 mRNA and protein expression in anaplastic thyroid carcinoma (ATC) tissues and ATC cells. (A) Immunohistochemistry
assay for EIF5A2 protein in paraffin-embedded ATC and adjacent nontumorous tissues (ANCT) (n = 24) (original magnification:
x200). (B) EIFSA2 mRNA expression was detected by reverse transcription polymerase chain reaction (RT-PCR) in fresh ATC
(n = 23) and fresh-matched ANCT. (C) EIF5A 2 protein expression was detected by Western blot assay in fresh ATC (n = 23) and
fresh-matched ANCT. (D) EIFSA2 mRNA expression was detected by RT-PCR in ATC lines. (E) EIF5A2 protein expression was
detected by Western blot assay in ATC lines.
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Figure 2. Targeting EIF5A2 in ATC cell lines. (A) Western blot analysis of EIF5A2 protein expression in SW1736 and Cal-62 cells
after control shRNA, or EIF5SA2 shRNA 1, 2, and 3 transfection for 48 h. (B) RT-PCR analysis of EIFSA2 mRNA expression in
SW1736 and Cal-62 cells after control sShRNA or EIF5A2 shRNA1, 2, and 3 transfection. (C) Western blot analysis of EIFSA2 protein
expression in 8505C and KAT18 cells after pcDNA3.1-EIF5A2 or pcDNA3.1.

significantly decreased cell viability (Fig. 4E) and
increased cell apoptosis (Fig. 4F) compared to the con-
trols. In addition, targeting Smad3 by Smad3 siRNA
also significantly decreased pcDNA3.1-EIF5A2-induced
8505C cell viability (Fig. 4E) and increased cell apopto-
sis (Fig. 4F).

Targeting EIF5A2 Inhibits ATC Xenograft Growth
In Vivo

To determine the role of EIF5A2 downexpression on
ATC growth in vivo, the stable EIF5A2 shRNA- or con-
trol shRNA-transfected SW1736 cells were subcutane-
ously injected into the right flank of the nude mice and its
growth was observed for 28 days. As shown in Figure 5A,
the mice injected with EIFSA2 shRNA-downxpressing
SW1736 cells grew slowly in comparison with the control
group mice. At the end of 4 weeks, the tumor volume of the
EIF5A2 shRNA-transfected tumor was smaller than that in
the control shRNA-transfected tumor (p < 0.01), suggesting
that targeting EIFSA2 significantly inhibited xenografted
tumor growth. By imunohistochemical analysis, targeting
EIF5A2 inhibited EIFSA2 (Fig. 5C) and Ki-67 expression
(Fig. 5D) and decreased Smad3 phosphorylation (Fig. SE),
as well as induced cleaved caspase 3 expression (Fig. 5F),
suggesting that targeting EIF5A2 decreased cell prolifera-
tion and increased cell apoptosis, respectively.

EIF5A2 Overexpression Promotes Xenograft Growth
In Vivo

To determine the role of EIF5A2 overexpression on
ATC growth in vivo, the stable pcDNA3.1-EIF5A2- or
pcDNA3.1-transfected 8505C cells were subcutaneously
injected into the mice and its growth was observed for 28
days. As shown in Figure 5B, EIF5A2 overexpression sig-
nificantly promoted xenografted tumor growth compared

with vector controls (p < 0.05). Immunohistochemical
analysis showed that EIF5A2 overexpression upregulated
EIF5A2 (Fig. 5C) and Ki-67 expression (Fig. 5D) and
increased Smad3 phosphorylation (Fig. 5E), but did not
affect cleaved caspase 3 expression (Fig. 5F), suggesting
that EIF5A2 overexpression promoted tumor grow partly
through enhancing cell proliferation, but not through
inhibiting cell apoptosis.

DISCUSSION

ATC is an undifferentiated and aggressive type of can-
cer. It accounts for 1%—2% of all thyroid carcinomas®.
The 5-year survival rate ranges from 0% to 14 %, with a
median survival of 2-6 months*. ATC is not sensitive to
any current systemic therapies, including chemotherapy,
chemoradiotherapy, radiation, and experimental targeted
therapies®. Therefore, novel treatments are desperately
needed.

EIF5A2 is located on chromosome 3q26 and is weakly
expressed in normal tissues but is overexpressed in a num-
ber of malignancies®’. However, EIF5A2 is also poorly
expressed in some malignant tumors, such as some lym-
phoma and leukemia cell lines and glioblastoma®~. In
the present study, we found that EIFSA2 mRNA and pro-
tein are overexpressed in human ATC tissues compared
with normal thyroid tissues by RT-PCR, Western blotting,
and immunohistochemical assay. EIFSA?2 is also overex-
pressed in human ATC cell lines compared with normal
follicular epithelial cell line by RT-PCR and Western blot
assay.

Numerous studies have demonstrated that EIFSA2
overexpression stimulates growth of several types of
tumors, and targeting EIFSA2 significantly induced
malignant tumor cell death* . In this study, it was
shown that EIFSA2 overexpression increases ATC cell
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Figure 3. Effects of EIFSA2 on cell viability and cell apoptosis in ATC cells in vitro. (A) Line graphs showing the survival of SW1736
cells after transfection with EIFSA2 shRNA2 or control shRNA and incubation for 72 h. EIF5A2 shRNA?2 transfection significantly
decreased cell survival compared to the controls using WST-1 assays (vs. untreated, *p < 0.01). (B) Colony-forming assay showed

that SW1736 cells transfected with EIFSA2 shRNA2 decreased

the colony number (columns, n = 3) (vs. untreated, *p < 0.01).

(C) Line graphs showing the survival of 8505C cells after transfection with pcDNA3.1-EIF5A2 or control pcDNA3.1 and incubation
for 72 h. pcDNA3.1-EIF5A2 transfection significantly increased survival compared to the controls using WST-1 assays (p < 0.001).
(D) Colony-forming assay showed that 8505C cells transfected with pcDNA3.1-EIF5A2 increased the colony number (columns, n = 3)
(vs. untreated, *p < 0.01). (E) SW1736 cells transfected with EIFSA2 shRNA?2 for 72 h and followed cell apoptosis analysis by flow

cytometry (vs. untreated, *p < 0. 01).

viability in vitro by WST-1 assays and colony formation
assay. In addition, pcDNA3.1-EIF5A2-mediated EIF5A2
overexpression in 8505C cells significantly promoted
xenograft growth in vivo as measured by tumor volume
and Ki-67-positive cells. But EIF5A2 overexpression
did not significantly affect caspase 3 activity, indicating
the cell apoptosis may not participate in the regulation
of tumor growth by EIF5A2 overexpression. In addition,
less activated caspase 3 expression was detected in the
untransfected xenograft (data not shown). Therefore, it

could not be true for EIFSA2 to inhibit cell apoptosis
by blocking activated caspase 3 expression, resulting in
increased tumor grow.

The SWI1736 cells carried out the knockdown
experiment. Targeting EIFSA2 expression in SW1736
cells significantly induced cell death and decreased
cell growth in vitro as measured by WST-1 assays,
colony formation assay, and flow cytometric analysis.
In vivo, animals treated with EIF5A2 shRNA to knock
down EIF5A2 had the lower tumor growth compared
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Figure 4. EIF5A2 regulates cell viability and apoptosis via TGF-B-dependent Smad?2/3 signals in vitro. (A) The pSmad2/3 and
Smad2/3 was detected in the SW1736 cells transfected with EIF5A2 shRNA2, with or without hTGF-B1 (5 ng/ml) treatment by
Western blot assay. (B) The pSmad2/3 and Smad2/3 were detected in the 8505C cells transfected with pcDNA3.1-EIF5A2, then
with or without 2 ul of SB431542 (10 uM) treatment by Western blot assay. (C) Graph showing the cell viability of SW1736
cells transfected with EIF5A2 shRNA2 with or without hTGF-B1 (5ng/ml) treatment using WST-1 assays. (D) SW1736 cells
were transfected with EIFSA2 shRNA2, with or without h\TGF-B1 (5 ng/ml) for 72 h followed by cell apoptosis analysis by flow
cytometry. (E) Graph showing the cell viability of 8505C cells transfected with pcDNA3.1-EIF5A2, then with or without 2 ul
of SB431542 (10 uM) treatment using WST-1 assays. (F) 8505C cells were transfected with pcDNA3.1-EIF5A2, then with or

without 2 ul of SB431542 (10 uM) SB431542 or/and cotransfected with Smad3 siRNA followed cell apoptosis analysis by flow
cytometry (vs. control, *p < 0.01).
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Figure 5. EIFSA?2 regulated tumor growth in a nude murine model. (A) Sw1736 cells stably transfected with either EIFSA2 shRNA
or control shRNA were injected subcutaneously into the left flanks of the mice; the animals were subsequently monitored by caliper
measurement for tumor growth for 28 days. Measurement of tumor size over 28 days. *p < 0.05, **p < 0.01. (B) 8505C cells stably
transfected with either pcDNA3.1-EIFSA2 or pcDNA3.1 were injected SC into the left flanks; the animals were subsequently moni-
tored by caliper measurement for tumor growth for 28 days. Measurement of tumor size over 28 days. *p < 0.05. Tumor sections from
nude mice in both groups were subjected to immunohistochemical analysis for EIF5A2 (C), Ki-67 (D), p-Smad-3 (E), and cleaved

caspase 3 (F). Original magnification: 200x.

to the control. Tumor grow was significantly inhibited
from day 19, and more pronounced in day 23 and day
28. In addition, more activated caspase 3 expression
and decreased Ki-67 expression were detected in the
EIFSA2 shRNA groups. We therefore suggested that
targeting EIFSA2 inhibited tumor growth partly by
inducing cell apoptosis and inhibiting cell proliferation,

and targeting EIF5A2 may be a potential method for the
treatment of ATC.

TGF-P has already been found to regulate the function
of ATC cells in vitro and in vivo*#. TGF-§ activation
could target Smad signals, resulting in nuclear translo-
cation of p-Smad2/3, which increased metastatic abil-
ity and promoted cell proliferation*®*’. In breast cancer
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cells, stimulation of breast cancer cell lines with the
exogenous TGF-B1 triggered activation of the TGF-/
Smad pathway and stimulated the invasive potential of
breast cancer cells*. Wei et al. reported that EIF5A2
might activate TGF-1 expression to induce EMT and
drive aggressiveness in BC cells®. In our study, EIF5A2
overexpression upregulated TGF-B1 and pSmad?2/3, fol-
lowed by increased cell survival, while treatment with
specific TGF-B pathway inhibitor SB431542 or Smad3
silencing abrogated the effect of EIF5A2 overexpression
on ATC cell growth and downstream signaling pathway
activation. In addition, EIFSA?2 silencing downregulated
TGF-B1 and p-Smad2/3, followed by decreased cell sur-
vival and increased cell apoptosis, while restoration of
TGF-B1 by hTGF-B1 stimulation abrogated the effect of
EIF5A2 silencing-induced cell survival and downstream
signaling activation. Thus, targeting EIFSA2 may inhibit
ATC cell growth through TGF-B1/Smad2/3-dependent
signals.

CONCLUSION

We found that EIFSA2 is overexpressed in ATC cell
lines and human ATC tissues but is rare in normal thy-
roid tissues. Targeting EIF5A2 in ATC cells reduced ATC
cell growth and increased ATC cell apoptosis in vitro and
partly in vivo, and vice versa. Our experiments suggested
that EIFSA2 enhances the activation of the TGF-B1/
Smad2/3 pathway in ATC cells, providing the foundation
for further investigation of EIF5A2 as a promising target
for the ATC treatment.
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