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Abstract: Recently SPAG9 has been reported to show aberrant expressions in numerous human malignancies and
act as a crucial role in tumor’s proliferation and invasion. Human enhancer of filamentation 1 (HEF1, also known
as CasL and NEDD?9) is a non-catalytic scaffolding protein belonging to CAS (Crk-associated substrate) protein fam-
ily that interacts with multiple signaling cascades. Due to the diversified function of HEF1, abnormal expression of
HEF1 frequently combines with malignant phenotypes and poor prognosis. However, little is known between the
relationship of SPAG9 and HEF1 in bladder tumorigenesis. In this study, expression of SPAG9 in vivo and in vitro has
been detected by quantitative real-time PCR and Western blot analysis after transfected with SPAGO overexpres-
sion/inhibitor vector. We also found that HEF1 expression shows consistency and is regulated by SPAG9. Overex-
pression of SPAGO promotes bladder cancer cells migration through HEF1 upregulation and emerges protein level
of activated Rac1. Silencing SPAG9 inhibits cell migration through HEF1 downregulation and reduces protein level of
activated Rac1. Also, we found that expression of EMT marker such as E-cadherin, Vimentin is regulated by SPAG9.
Considering EMT plays a crucial role in tumor cells spreading and invasion, SPAG9 and HEF1 may potentially set a
new therapeutic approach to bladder cancer treatment.
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Introduction

Bladder transitional cell carcinoma is ranking
as the fifth high-occurrence cancer in the
United States and the ninth most common
malignancy worldwide [1, 2, 26] and accounts
for 80-90% of bladder tumor. The morbidity is
increasing steadily and its death rates share
the same trend [3]. The survival rate is only
50-70% after receiving cystectomy 5 years due
to bladder cancer cells’ high recurrence and
metastasis. Therefore, a whole new therapeu-
tic method is urgently needed.

Sperm-associated antigen 9 (SPAG9), a novel
member of cancer testis antigens, is involved
in c-Jun N-terminal kinase (JNK)-signaling char-
acterized as a scaffold protein for JNKs [4].
SPAG9 has been critically involved in cell prolif-
eration, apoptosis, and tumorigenesis. SPAG9
is also reported to exhibit aberrant expression
in various human malignancies such as ga-

strointestinal cancers [5], thyroid cancers [6],
ovarian cancers [7] and renal carcinoma [8].
Overexpression of SPAG9 in tumors is also cor-
related with poor prognosis.

Human enhancer of filamentation 1, also known
as Neural precursor cell-expressed develop-
mentally downregulated protein 9 (NEDD9) or
CaslL, is a multidomain scaffolding protein of
Crk-associated substrate (CAS) protein family.
Previous research has demonstrated that HEF1
serves as a mediator to interact with focal
adhesion kinase (FAK), SRC (Proto-oncogene
tyrosine-protein kinase Src), Aurora-A [9, 10,
20]. Thanks to its pleiotropic connection, HEF1
is crucially involved in numerous biological pro-
cesses like cell cycle, apoptosis, invasion,
migration and mitosis [11]. Altered expression
of HEF1 has been reported in many malignant
properties such as colorectal cancer, lung can-
cer and melanoma [12-14].
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Racl, small GTPase belonging to Rho GTPase
family, has been reported to intervene in vari-
ous biological processes, especially in cell
mobility and proliferation [15, 16]. Mediated by
NEDD9 and DOCK3 complex, Racl and its
downstream cascades direct cell from amoe-
boid movement to Mesenchymal type move-
ment transformation, featuring as cells cyto-
skeletal remodeling such as losing cell-matrix
interaction and converting into stretched mor-
phology. This may finally contribute to the EMT
(epithelial mesenchymal transition) occurrence
[17-19].

EMT (epithelial mesenchymal transition) is a
crucial regulation mechanism in embryogene-
sis characterized as cell losing polarity, intercel-
lular junction, adjusting cytoskeleton structure
and adapting morphology to gain migratory and
invasive properties, which contributes to can-
cer’s recurrence and metastasis. Thus cell-cell
adhesion glycoproteins such as E-cadherin and
SNAI1, structural protein in mesenchymal cyto-
skeleton as Vimentin, Fibronectin and matrix
metalloproteinase family involved in degrada-
tion of extracellular matrix as MMP-2/MMP-9
could all conduct a distinctive change during
EMT process [21-24].

In this study, we are aiming to elucidate that
SPAG9 affects bladder cancer cells’ migration
through regulating HEF1 and Racl signaling
pathway, which is also correlated with EMT.

Material and methods
Plasmid construction

Plasmid vectors are obtained from GenePharma
(Shanghai, China), vector shSPAG9 and shHEF1
are constructed under manufacturer’'s recom-
mendation. Three different specific sequences
of SPAG9 and HEF1 are tested, the most effec-
tive sequences are selected. Relative non-spe-
cific shRNAs were used as negative control.

Overexpression vector pcDNA™3.1-SPAG9 and
pcDNA™3.1-HEF1 are constructed (Invitrogen,
USA) and relative non-specific empty vectors
were used as negative control.

Tumor specimens and cell lines
Total 136 bladder transitional cancer speci-

mens including different TNM stages are ob-
tained from China-Japan Union Hospital of Jilin
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University with patients’ consent and in accor-
dance to local ethic committee. T24 and 5637
cell lines were obtained from Chinese Academy
of Sciences (Shanghai, China), cultured with
DMEM with 10% FBS and 1% penicillin-strepto-
mycin antibiotics in humidified atmosphere
containing 5% CO, in 37°C. Cell transfection
was conducted using lipofectamine™ 3000 as
mediator. All reagents are purchased from
Invitrogen USA.

Immunohistochemistry

The formalin-fixed, paraffin-embedded bladder
cancer sections and matched adjacent non-
cancerous tissues (ANCT) were cut into 4 um
specimens, analyzed with standard procedures
as mentioned previously [25]. Two independent
pathologists were invited to examine and score
every specimen’s immunostaining intensity.
The staining intensity was set at O (negative), 1
(weak), 2 (moderate) and 3 (strong). The pro-
portion of SPAG9/HEF1 positive cells was eval-
uated as: 0 (<10%), 1 (11%-25%), 2 (26%-50%),
3 (>51%). Intensity value and proportion value
are multiplied. Threshold index was set at 3.
Index value less than 3 was considered to be a
lower expression.

RNA isolation and quantitative real-time PCR

Total RNA was extracted from shSPAG9 and
pcDNA3.1™-SPAG9 transfected cancer cells
and control group using TRIzol (Invitrogen).
Real-time PCR was performed to detect SPAGO
expression using 22T methods. The sequence
of primer was as follows: SPAG9: forward, 5'-
GGCGGCTCGAGAAAATCCGTTCTACCATAAC-3’;
reverse, 5-AATGCGGCCGCAACTCAATCAACATC-
ACCAT-3". HEF1: forward, 5’-CCACCCTCCTACC-
AGAATCA-3’; reverse, 5-ATACCCCTTGAGTGCT-
GTGG-3'. Quantitative real-time PCR was per-
formed on an ABI Prism 7000 Sequence De-
tection System using QuantiTect SYBR Green.
GAPDH was used as an internal control.

Migration and Invasion assays

Transwell migration assay was conducted us-
ing 24-well chamber with 8 um pore size
containing polycarbonate membrane (Corning
USA). After 48 h transfection, total 9*10* cells
were suspended in serum-free medium and
seeded in the upper chamber. 10% FBS was
filled into lower chamber as a chemotactic fac-
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Figure 1. SPAG9 and HEF1 expression exhibits similar tendency in bladder transitional cells carcinoma of differ-
ent tumor stage. A. a. Strong staining of SPAG9 in muscle invasion bladder transitional cells carcinoma. b. Strong
staining of SPAG9 in non-muscle invasion bladder transitional cells carcinoma. c. Strong staining of HEF1 in muscle
invasion bladder transitional cells carcinoma. d. Strong staining of HEF1 in non-muscle invasion bladder transitional
cells carcinoma. e. Negative control of SPAG9 immunostaining in adjacent non-cancerous tissue (ANCT) with normal
saline. f. Negative control of HEF1 immunostaining in adjacent non-cancerous tissue (ANCT) with normal saline. B.
SPAG9 and HEF1 immunostaining index in graphical form. Magnification, x40.

tor. Incubation at 37 for 48 h, the remaining
cells on upper level was removed with cotton
swab, lower chamber cells were fixed, stained
with 0.1% crystal violet and counted under
microscope with four different fields (Olympus
Japan 40x). As for invasion assay, Matrigel (BD
Biosciences USA) was covered on the mem-
brane to form matrix barriers, other procedures
were exhibited under the same protocol with
Migration assay.

Racl activation assays

After transfected with previous vectors, 5637
and T24 cells were well prepared and detected
for active Racl protein using the Active Racl
Detection kit (#8815, cell signaling technology,
USA). Briefly, GST-PAK1-PBD fusion protein was
deployed to bind the active GTP-bound Rac1,
Western blot analysis was used to examined
the activation form of Rac1-GTP protein.

Western blot analysis

Cells were lysed in RIPA buffer mixed with 1%
PMSF and Western blot process was performed
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under standard experiment protocol. Primary
mouse antibodies were listed as below: anti-
SPAG9 (1:1000 Cell Signaling Technology), anti-
HEF1 (1:2000 Abcam), anti-E-cadherin (1:500
Cell Signaling Technology) and anti-Vimentin
(1:500 Cell Signaling Technology), and anti-
MMP2 (1:500 MMP-2 (D204T) Rabbit mAb
#87809 Cell Signaling Technology), anti-GADPH
(1:12000 Cell Signaling Technology). The protein
bar was incubated with fluorescent anti-Mouse
second antibody (IRDye® 800CW Goat anti-
Mouse 1gG (H + L), 0.1 mg, P/N 925-32210)
and visualized on Odyssey® CLx Imaging System
(LI-COR Biosciences USA).

Xenograft model

The T24 and 5637 cells were transfected with
treated vector. Transfected cells (4*10°) were
harvested, washed in PBS, suspended by 200
uL serum-free DMEM culture medium and
injected into nude mice (6 weeks old) in the
armpit area. Total 50 mice (2 weeks old) were
divided into 5 groups with each contains 10. All
mice were sacrificed 3 weeks after implanta-
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Table 1. Relationship between SPAGO and HEF1 expression and clinicopathological parameters in
patients with bladder transitional carcinoma

SPAG9 expression

HEF1 expression

Variable Cases - P-Value - P-Value
Low (%) High (%) Low (%) High (%)
Total 136 52 (38.2) 84 (61.8) 42 (30.9) 94 (69.1)
Age (years) 0.966 0.213
<60 52 19 (36.5) 33 (63.5) 21 (40.4) 31(59.6)
>60 84 31 (36.9) 53 (63.1) 26 (31.0) 60 (69.0)
Gender 0.023 0.174
Male 91 39 (42.9) 52 (57.1) 35(38.5) 56 (61.5)
Female 45 10 (22.3) 35 (77.7) 12 (26.7) 33(73.3)
Tumor Size 0.001 0.005
<3.5cm 89 40 (44.9) 49 (55.1) 45 (50.6) 44 (49.6)
>3 cm a7 8 (17.0) 39 (83.0) 12 (25.5) 35 (74.5)
Muscle Invasion 0.000 0.000
Ta-l 47 32 (68.1) 15 (31.9) 41 (87.2) 6 (12.8)
T2-T3 89 18 (20.3) 71 (79.7) 24 (26.9) 65 (73.1)
Distant Metastasis 0.235 0.655
No 117 54 (46.1) 63 (54.9) 43(36.8) 74 (63.2)
Yes 19 6 (31.6) 13 (68.4) 8(42.1) 11 (57.9)
Pathologic Tumor Grade 0.001 0.049
Low Grade 54 6 (11.2) 48 (88.8) 9 (16.7) 45 (83.3)
High Grade 82 30 (36.6) 52 (63.4) 26 (31.7) 56 (68.3)

tion. The tumors were excised and fixed in 10%
formalin for immunohistochemistry.

All animal experiments were conducted ac-
cording to Institutional Animal Care and Use
Committee guidelines, China-Japan Union Hos-
pital of Jilin University. Mice were purchas-
ed from Shanghai SLAC Laboratory Animal
(Shanghai China).

Statistical analysis

Final results are presented as mean + SD with
each experiment repeated at least three times.
Statistical analysis between groups was evalu-
ated using two-tailed Student’s t-test with
GraphPad Prism 7. P<0.05 or less was consid-
ered statistically significant.

Results

HEF1 expression shows consistency with
SPAG9 in different bladder cancer tumor stage

Aiming to understand the clinical relationship
of SPAG9O and HEF1. IHC tests are carried out
on samples from total 136 patients. Both
SPAG9 and HEF1 protein expression were ma-
inly located in cytoplasm (Figure 1A) and over-
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expression was pervasive. High expression of
SPAG9 was observed in 61.8% (84/136) of all
cases whereas HEF1 expression was 69.1%
(94/136) (Table 1). Graphic of immunostaining
index was shown in Figure 1B. Both SPAG9 and
HEF1 were significantly overexpressed com-
pared to adjacent non-cancerous tissue (ANCT)
(P<0.005; Figure 1A, 1B).

In Table 1, we also observed that the propor-
tion of overexpression of SPAG9 and HEF1 in
low grade bladder cancer was relatively higher
than in high grade. High SPAG9O expression in
low grade was 88.8% (48/54) in comparison of
63.4% (52/82) in high grade (P<0.001). High
HEF1 expression in low grade was 83.3%
(45/54) in comparison of 68.3% (56/82) in
high grade (P<0.05). SPAG9 and HEF1 expres-
sion were both significantly associated with
clinical parameters as tumor size, muscle inva-
sion and tumor grade.

HEF1 expression significantly regulated by
SPAG9 in bladder transitional cancer cells in
vitro and in vivo

5637 and T24 cells were transfected with
upregulated vector (pcDNA3.1™-SPAG9) or do-
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Figure 2. SPAGO regulates HEF1 expression in bladder TCC. A. Western blot and quantitive real-time PCR analysis
of SPAG9 expression after transfected with shSPAG9 or pcDNA™3.1-SPAG9 in 5637 cells. GAPDH was chosen as
internal control. B. Western blot and quantitive real-time PCR analysis of HEF1 expression after transfected with
shSPAG9 or pcDNA™3.1-SPAG9 in 5637 cells. GAPDH was chosen as internal control. C. In vivo experiment of
immunohistochemical pictures of SPAG9 and HEF1 expression in nude mice. **for P<0.01. All experiments were

repeated in triplicate.

wnregulated vector (shSPAG9), SPAGY expres-
sion was shown below (Figure 2A). Western
Blot and gPCR analysis were performed to
determine whether HEF1 was regulated by
SPAG9. As shown in Figure 2B, expression
of HEF1 did increase significantly after 48
h SPAG9 transfection. Silencing of SPAG9
attenuated HEF1 expression in 5637 and T24
cells.

To further validate the regulation of HEF1 by
SPAG9, xenograft model was conducted using
transfected cells, immunohistochemistry imag-
es shows SPAG9 regulates HEF1 in a significant
manner (Figure 2C).
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SPAG9 promotes migration and invasion in
bladder transitional cancer cells and regulates
EMT

Numerous protein markers such as E-cadherin,
Vimentin have wildly been considered as char-
acteristic protein in evaluating EMT and are
closely tied to malignant phenotypes in bladder
cancer [21, 24]. In this study, we determined to
explore the effect on EMT process in bladder
cancer after SPAG9 transfection. Silencing
SPAG9 attenuated the invasion and migration,
upregulating SPAG9 promoted invasion and
migration (Figure 3A, 3B). Stable knockdown
of SPAG9 in 5637 and T24 cells elevated

Am J Cancer Res 2018;8(12):2467-2480
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Figure 3. SPAG9 enhances migration and invasion and regulates EMT process in bladder transitional cancer cells. A and B. Transwell assays were set to evaluate
the influence of SPAG9 expression on migration/invasion abilities in 5637 and T24 cells after transfection with shSPAG9 or pcDNA™3.1-SPAG9. C and D. Western
blot analysis on EMT associated proteins E-cadherin/Vimentin/MMP-2 in 5637 and T24 cells after transfection with shSPAG9 or pcDNA™3.1-SPAG9. ““for P<0.01.
All experiments were repeated in triplicate.
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Figure 4. HEF1 regulates migration and invasion and induces Rac1 activation with EMT. A. Western blot analysis on HEF1 expression in 5637 cells after transfected
with shHEF1 or pcDNA™3.1-HEF1. B. Transwell assays on influences of HEF1 in 5637 and T24 cells after transfection above. C. HEF1 influences on EMT related
protein analyzed by Western blot in 5637 and T24 cells. D. Western blot analysis on Rac1 protein after transfected with shHEF1 or pcDNA™3.1-HEF1 in 5637 cells.
“*for P<0.01. All experiments were repeated in triplicate.
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E-cadherin protein level along with inhibiting
MMP-2/Vimentin expression, whereas overex-
pression of SPAGY effectively reduced E-cad-
herin expression but emerged MMP-2/Vimen-
tin level (Figure 3C, 3D).

HEF1 expression regulates migration and
invasion in bladder cancer along with EMT and
promotes racl activation

To validate biological effect of HEF1 on bladder
cancer, knockdown and upregulation was per-
formed on HEF1 in 5637 and T24. Transfection
efficiency was detected using Western blot
analysis (Figure 4A). Similar to SPAG9, knock-
ing down HEF1 reduced cell’'s potency on migra-
tion and invasion. Overexpression of HEF1 pro-
moted migration and invasion in 5637 and T24
cell lines (Figure 4B). Furthermore, we evaluat-
ed the role of HEF1 on EMT, knockdown of HEF1
promoted E-cadherin protein level and lowered
MMP-2 and Vimentin expression. Increasing
HEF1 expression declined E-cadherin and lifted
both MMP-2 and Vimentin level (Figure 4C).
Also, as shown in Figure 4D, inhibition of HEF1
resulted in inactivation of Racl, whereas over-
expression of HEF1 contributed to the emerged
activated form of Rac1.

Downregulating HEF1 antagonized the malig-
nant phenotype mediated by SPAG9

Previous results have demonstrated that
SPAG9 and HEF1 exhibits similar biological
effect on bladder cancer’s migration and inva-
sion ability. Providing that SPAGO regulates
HEF1, an additional experiment was designed
to determine whether the effects of SPAG9 on
bladder cancer cells was induced by HEF1 vari-
ations. Transfection combinations of shSPAG9
+ pcDNA™3.1-HEF1 and shHEF1 + pcDNA™3.1-
SPAG9 was each carried out to verify our
hypothesis. As shown in Figure 5A, 5B, down-
regulation of HEF1 attenuated the potency of
invasion and migration lifted by pcDNA™3.1-
SPAG9, whereas upregulation of HEF1 restored
T24 and 5637 cells’ aggressive phenotype and
lifts the decreasing HEF1 protein level induced
by shSPAGO. Besides, we also evaluated the
co-transfection’s influences on EMT index pro-
teins. As shown in Figure 5A, upregulation of
HEF1 could effectively antagonize the upregula-
tion of E-cadherin and downregulation of
Vimentin/MMP-2 induced by shSPAG9, mean-
while inhibiting HEF1 level could restore the
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suppression of E-cadherin and reduce the high
expression of Vimentin/MMP-2 induced by
pcDNA™3.1-SPAG9. Interestingly, whether its
pcDNA™3.1-HEF1 or shHEF1 could not redress
the SPAG9 inhibition or elevation induced by
shSPAG9 and pcDNA™3.1-SPAGO.

SPAGO directs racl signaling pathway through
regulating HEF1

It has been confirmed in the previous experi-
ment that HEF1 could affect Racl activation
and SPAG9 regulates the expression of HEF1.
Thus, we come up with a speculation that
SPAG9 could affect Racl activation though
mediation of HEF1. We verify our hypothesis
both in vivo and in vitro. As shown blow, SPAG9O
influenced Racl activation in vivo (Figure 6A).
Knockdown/overexpression of SPAG9 resulted
in Racl inactivation/activation in vitro (Figure
6B). These indicated that SPAG9 regulates
Racl signaling pathway. To further prove that
HEF1 is the mediator of spag9 affecting Racl,
we designed two transfection combinations:
shSPAG9 + pcDNA™3.1-HEF1 and shHEF1 +
pcDNA™3.1-SPAG9. As shown in Figure 6C,
overexpression of HEF1 could rescue the inacti-
vation of Racl caused by shSPAG9, whereas
inhibition of HEF1 could attenuate the activa-
tion of Racl caused by pcDNA™3.1-SPAGO.
These results confirmed our speculation that
SPAG9 directs Racl signaling pathway through
mediated by HEF1.

Discussion

Bladder transitional cell carcinoma, which
accounts for 90% in all type of bladder cancer
[27], is ranked as the second most common
cancer in human genitourinary malignancies
and the most common cancer in bladder neo-
plasms in China [28]. Nearly 25% transitional
cell carcinoma (TCC) patients was diagnosed
with muscle-invasion and distant metastasis
and especially bone metastasis has been wildly
reported in 30%-40% TCC patients [29]. Distant
metastasis in lung, breast and liver is often
related with poor survival rate [30-32]. Usual
treatments include chemotherapy, radical sur-
gery and radiation, yet only chemotherapy
which involves methotrexate/vinblastine/adria-
mycin/cisplatin or cisplatin/gemcitabine has
been proven with significant survival improve-
ment [33, 34]. But drug tolerance particularly
of platinum resistance has grew rapidly and

Am J Cancer Res 2018;8(12):2467-2480
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Figure 6. HEF1 acts as mediator in SPAG9 induced Rac1 signaling pathway. A. Western blot analysis on SPAG9
transfection affecting Racl activation in vivo. B. Western blot analysis of SPAG9 transfection influences on Racl
in vitro in 5637 cells. C. Western blot analysis on HEF1 antagonism after transfection of pcDNA™3.1-HEF1 and

pcDNA™3.1-HEF1 on Rac1 activation in 5637 cells. All experiments were repeated in triplicate.

severely decreased patient’s objective res-
ponse rates (ORR), progression-free survival
(PFS) and overall survival [35-37]. Novel clinical
therapeutic agents targeting specific tumori-
genesis pathway are wildly developed, although
still in its infancy, this could exploit an innova-
tive method in treating bladder transitional cell
carcinoma.

SPAG9, a scaffolding protein belonging to CT
antigen family, has been reported to show its
abundant expression in cervical carcinoma,
melanoma and lung cancer, acting as a poten-
tial novel biomarker in diagnosis [4-8]. It's
reported that SPAGO influence hepatocellular
carcinoma migration and invasion through reg-
ulating ELK 1. In prostate cancer, protein-
kinase C-related kinase 1 (PRK1/PKN1) induc-
es cell metastasis mainly by assembling with
SPAG9, then co-localization leads to a p38
phosphorylation and finally activates p38
downstream effector ELK 1 to promote cell
migration [38, 39]. A recent research indicates
that SPAG9 is also overexpressed in bladder
transitional carcinoma and involved in multifari-
ous tumorigenesis such as cell migration, pro-
liferation and invasion [40]. However, the mech-
anism of SPAG9 regulating these biological
processes is still unexplored yet in bladder
cancer.

HEF1, also known as NEDD9, Cas-L, is also a
pleiotropic protein involved in cytoskeletal reor-
ganization. Previous study has reported that
HEF1 may act as a major contributor in stabiliz-
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ing focal adhesion and maintaining the homeo-
stasis of extra-cellular matrix [9, 20]. In cancer
cells, GEF-NEDD9-DOCK3 complex could pro-
mote the amoeboid-to-mesenchymal transition
by activating Racl signaling pathway thus to
entitle cancer cells an aggressive phenotype,
enhancing their invasion and migration ability
[18, 19, 41]. Considering HEF1 exhibits an
abnormal expression in bladder cancer [42]
and no research has been performed between
HEF1 and SPAG9 in bladder cancer, we are
determined to explore the inner relationship of
SPAG9 and HEF1.

In this study, first we examined the SPAG9 and
HEF1 expression in clinical samples; our results
showed consistency with previous research
that both SPAG9 and HEF1 are aberrantly
expressed in bladder transitional cell carcino-
ma. Meanwhile we analyzed the correlation
between the expression of SPAG9/HEF1 and
the sample’s clinical characteristics. We con-
clude that both SPAG9 and HEF1 expression
are in close tie with patient’s muscle invasion,
tumor size, tumor stages. By using gene-silenc-
ing technology, verified by qPCR and Western
blot analysis, we conclude that SPAG9 regu-
lates HEF1 both at mRNA and protein level.
Xenograft model was also conducted to test
our results in vivo. All experiments indicated
that HEF1 was significantly regulated by SPAGO.

EMT (epithelial mesenchymal transition) is a
critical physiological programme both in embry-
onic development and pathogenesis, mainly
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executes its function by EMT-activating tran-
scription factors (EMT-TFs). Those protein vari-
ates their expression in all major tumorigenesis
from tumor growth to metastasis even involved
in double-strand DNA repair allowing cancer
cells to evolve an anti-apoptotic and pro-surviv-
al properties [22, 24]. In our research, we found
that knocking down SPAG9 could inhibit migra-
tion and invasion. After choosing E-cadherin,
Vimentin and MMP-2 as EMT evaluation pro-
teins, we found that downregulation of SPAG9
could lead to emerged E-cadherin protein level
along with reduction of Vimentin and MMP-2
expression. Overexpression of SPAG9 could
result in inhibition of E-cadherin but promoting
protein level of Vimentin and MMP-2. Thus, we
conclude that SPAG9 regulates EMT process in
bladder transitional carcinoma.

However, the biological role of HEF1 in bladder
cancer still remains uncertain. In our study, we
found silencing HEF1 could inhibit migration
and invasion in 5637 and T24 cells, meanwhile
we also have detected the inactivation of Racl
caused by silencing HEF1. Overexpression of
HEF1 will promote migration and invasion along
with the activation of Rac1.

Yet to confirm our speculations that SPAG9 reg-
ulates bladder cancer cells’ malignant pheno-
type through mediation of HEF1, co-transfec-
tion of shSPAG9 and pcDNA™3.1-HEF1 was
exhibited. We found that overexpression of
HEF1 could rescue the inhibition in migration
and invasion capacity caused by SPAG9 silenc-
ing. The other co-transfection combination
pcDNA™3.1-SPAG9 and shHEF1 was also con-
ducted, we found that knocking down HEF1
expression could antagonize the malignant
phenotype caused by SPAG9 overexpression.
Those data indicated that SPAG9 regulates at
least partially the migration and invasion abili-
ties through the mediation of HEF1.

Rho family small guanosine triphosphatases
(GTPases) are another crucial proteins partici-
pating in various cell movements like lamellipo-
dia, filopodia, invadopodia [43]. Typical proteins
representing Rho family are ROCK, RAC1 and
CDC42. It is reported that mesenchymal move-
ment require deformation of extracellular
matrix for the release of Rac-dependent actin.
Anne J. Ridley previously reported that Racl
could promoting lamellipodia formation and
regulating invadopodial turnover and stability
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along with CDC42 [44-47]. These functions are
key regulator in cell migration and metastasis.

Providing that SPAG9O and HEF1 exhibits similar
biological effect on regulating migration and
invasion in bladder cancer cells, we are deter-
mined to explore whether SPAG9 could affect
Rac1l signaling pathway via HEF1 variation. We
found that SPAG9 inhibition could deactivate
Racl, whereas overexpression of SPAG9 will
result in activation of Racl both in vivo and in
vitro. Then we co-transfected shSPAG9 and
pcDNA™3.1-HEF1, inactivation of Rac1 caused
by shPAGY was effectively remitted. In addition,
knocking down HEF1 could significantly reduce
the GTP-Rac1 level lifted by pcDNA™3.1-SPAGO.
All these results conclude that SPAG9-HEF1-
Racl cascade could be a potential signaling
pathway in regulating EMT process in bladder
transitional cell carcinoma.

Conclusion

Our research revealed that SPAG9 could influ-
ence HEF1 expression and induced EMT pro-
cess in bladder transitional cell carcinoma
(TCC) through Racl signaling pathway.
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