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Knockdown of TACC3 Inhibits the Proliferation and Invasion
of Human Renal Cell Carcinoma Cells

Feng Guo and Yaquan Liu

Department of Urology, The Central Hospital of Wuhan, Wuhan, P.R. China

Transforming acidic coiled-coil protein 3 (TACC3) is a member of the TACC family and plays an important
role in regulating cell mitosis, transcription, and tumorigenesis. However, the expression pattern and roles of
TACC3 in renal cell carcinoma (RCC) remain unclear. The aim of this study was to investigate the role of
TACC3 in RCC. We demonstrated overexpression of TACC3 in human RCC cell lines at both RNA and protein
levels. Moreover, knockdown of TACC3 repressed RCC cell proliferation, migration, and invasion in vitro.
In addition, knockdown of TACC3 inactivated PI3K/Akt signaling in RCC cells. Furthermore, knockdown
of TACC3 significantly reduced tumor growth in xenograft tumor-bearing mice. Taken together, our findings
showed that TACC3 was increased in human RCC cell lines, and knockdown of TACC3 inhibited the ability of
cell proliferation, migration, invasion, and tumorigenesis in vivo. Therefore, TACC3 may act as a therapeutic

target for the treatment of human RCC.
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INTRODUCTION

Renal cell carcinoma (RCC) is the most lethal malig-
nant tumor of the urologic system and accounts for approx-
imately 3% of all adult malignancies'. The incidence of
RCC has increased rapidly in recent years. Despite recent
advances in surgery and adjuvant therapy®*, about 30%
of patients with RCC experience local recurrence or dis-
tant metastasis after traditional partial or radical nephrec-
tomy’. Thus, exploring the molecular mechanism of RCC
invasion and metastasis is important for developing novel
therapeutic strategies.

Transforming acidic coiled-coil protein (TACC) fam-
ily members are characterized by a conserved C-terminal
coiled-coil domain and comprise centrosome- and micro-
tubule-associated proteins®’. TACC3 is a member of the
TACC family and plays an important role in regulating
cell mitosis and transcription®. TACC3 has been involved
in both centrosome- and chromatin-driven major micro-
tubule assembly pathways during mitotic spindle assem-
bly’. Increasing evidence suggests that TACC3 is associated
with various types of human cancer'®'". It was reported
that TACC3 expression was significantly upregulated
in colorectal cancer tissues and cells; its expression was
closely correlated with clinical stage and overall sur-
vival?. However, the expression pattern and roles of

TACC3 in RCC remain unclear. The aim of this study
was to investigate the role of TACC3 in RCC. In the
present study, we demonstrated that TACC3 was highly
expressed in human RCC cell lines. We also provided
evidence that knockdown of TACC3 inhibited the prolif-
eration and invasion of RCC cells, at least partly, through
suppressing the PI3K/Akt signaling pathway.

MATERIALS AND METHODS
Cell Culture

The RCC cell lines (Caki-1, 786-O, and UMRC-3)
and immortalized proximal tubule epithelial cell line
(HK-2) were obtained from the American Type Culture
Collection (Manassas, VA, USA). All cells were cultured in
Dulbecco’s modified Eagle’s medium supplemented with
10% fetal bovine serum (FBS; Invitrogen, Carlsbad, CA,
USA) at 37°C under 5% CO, and 95% humidified air.

Quantitative Real-Time PCR Analysis

Total RNA was isolated from RCC cells using RNeasy
Mini kit (Qiagen, Valencia, CA, USA) in accordance
with the manufacturer’s protocol. First-strand cDNA was
synthesized from 5 pg of total RNA using Superscript II
reverse transcriptase (Invitrogen). Real-time (RT)-PCR
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was conducted using an ABI Prism 7500 sequence detec-
tion system (Applied Biosystems, Foster City, CA, USA)
and performed with SYBR Green PCR Master Mix
(Toyobo, Osaka, Japan). The primer sequences used were
as follows: for TACC3, 5-CCTCTTCAAGCGTTTTG
AGAAAC-3" and 5-GCCCTCCTGGGTGATCCTT-3";
for B-actin, 5’-GGTGGCTTTTAGGATGGCAAG-3" and
5’-ACTGGAACGGTGAAGGTGACAG-3". The PCR
products were resolved on a 1.5% agarose gel and stained
with ethidium bromide. Finally, the relative quantifica-
tion of the gene of interest was determined using the
27**CT method".

Western Blot

Cells were washed twice with ice-cold PBS and
lysed on ice with RIPA buffer. After detecting the pro-
tein concentration (Bicinchoninic Acid Protein Assay
Kit; Pierce, Rockford, IL, USA), aliquots of 30 pg of
protein from each sample were separated by 12% SDS-
polyacrylamide gel and transferred onto PVDF mem-
branes (Invitrogen). Subsequently, the membranes were
blocked with 5% nonfat milk and incubated with anti-
TACC3, anti-E-cadherin, anti-vimentin, anti-p-PI3K, anti-
PI3K, anti-p-Akt, anti-Akt, or anti-GAPDH (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) at 4°C overnight,
followed by incubation with HRP-conjugated secondary
antibodies for 1 h at room temperature. Finally, the blots
were visualized using an enhanced chemiluminescence
detection kit (Pierce).

Short Hairpin RNA and Cell Transfection

Short hairpin RNA (shRNA) for TACC3 (shRNA-
TACC3) and nontargeting shRNA (shRNA-Scr) were
purchased from GenePharma (Shanghai, PR. China).
Caki-1 cells (1x10° cells/well) were transfected with
shRNA-TACC3 or shRNA-Scr using Lipofectamine
2000 (Invitrogen). The transfection efficiency of TACC3
was confirmed by qRT-PCR and Western blot.

Proliferation Assay

Cell counting kit-8 (CCK-8) was employed to detect
cell proliferation. In brief, Caki-1 cells at a density of
1x10° cells/well were seeded into 96-well culture plates
and allowed to adhere. At different time points, 10 pl of
CCK-8 solution was added into each well of the plate,
and the plates were incubated for another 4 h at 37°C. The
absorbance at 490 nm was read on a DIAS Microplate
Reader (Dynex Technologies, Chantilly, VA, USA).

Transwell Migration and Invasion Assays

Cell migration was detected using Transwell inserts
(8-um pore size; Corning Costar, Lowell, MA, USA)
assay. Caki-1 cells were trypsinized and resuspended in
serum-free medium, and 1x 10> cells/0.1 ml were added
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to the upper chamber, while 500 ul of DMEM was added
into the lower compartment as a chemoattractant. Follow-
ing incubation for 24 h, cells were fixed with formalin
for 15 min and stained with crystal violet (Sigma-Aldrich,
St. Louis, MO, USA). The number of cells that migrated
through the membrane was determined by counting six
high-power fields (x100) under a light microscope. The
invasion assay was performed in six-well Transwell units
with 8-um filters coated with Matrigel (BD Biosciences,
San Jose, CA, USA).

Xenograft Models

All animal experiments were approved by the Insti-
tutional Animal Care and Use Committee of the Central
Hospital of Wuhan (P.R. China). Six-week-old female
BALB/c nude mice were purchased from the Laboratory
Animal Center of Wuhan University (P.R. China) and
were maintained under specific pathogen-free conditions.
Infected 1x10° Caki-1 cells were injected subcutane-
ously into the flanks of nude mice (n=10/group). Tumor
volume was measured using calipers and calculated as
follows: 0.5xlengthxwidth>. Three weeks after injec-
tion, mice were sacrificed, and the tumors were removed
and weighed.

Statistical Analysis

All statistical tests were performed with SPSS for
Windows, version 13.0 (SPSS, Chicago, IL, USA). Data are
presented as means+SD. Statistical differences between
groups were evaluated using the Student’s paired #-test
after the normal distribution test. A value of p<0.05 was
considered statistically significant.

RESULTS

Upregulation of TACC3 Expression in Human RCC
Cell Lines

We first assessed TACC3 gene expression in a panel of
RCC cell lines by the method of qRT-PCR. The mRNA
expression of TACC3 was much higher in human RCC
cell lines than in the normal cell line (Fig. 1A). Similarly,
Western blot analysis indicated that the protein expres-
sion of TACC3 was significantly upregulated in human
RCC cell lines (Fig. 1B).

Effects of TACC3 Downregulation on RCC
Cell Proliferation

To examine TACCS3 loss of function, Caki-1 cells were
transfected with ShARNA-TACC3 or shRNA-Scr for 24 h,
respectively. TACC3 mRNA and protein expression
were markedly reduced compared with the shRNA-Scr-
transfected cells (Fig. 2A). We then investigated the
effect of TACC3 on cellular proliferation in Caki-1 cells
using the MTT assay. The results demonstrated that
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Figure 1. Upregulation of TACC3 expression in human renal
cell carcinoma (RCC) cell lines. (A) The mRNA expression of
transforming acidic coiled-coil protein 3 (TACC3) in human
RCC cell lines was evaluated by quantitative real-time (qRT)-
PCR. (B) Protein expression of TACC3 in human RCC cell lines
was evaluated by Western blot. *p <0.05 versus HK-2 group.

silencing of TACC3 significantly inhibited the prolif-
eration of Caki-1 cells (Fig. 2C).

Effects of TACC3 Downregulation on RCC Cell
Migration and Invasion

To investigate the influence of TACC3 on the migra-
tory and invasive behaviors of Caki-1 cells, the Transwell
migration and Matrigel invasion assays were introduced
into our study. Knockdown of TACC3 sharply reduced
the number of Caki-1 cells that migrated into the lower
chamber, when compared with the cells infected with
shRNA scramble (Fig. 3A). In addition, silencing of
TACC3 efficiently suppressed Caki-1 cells from invading
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Figure 2. Effects of TACC3 downregulation on RCC cell pro-
liferation. Caki-1 cells were transfected with shARNA-TACC3
or shRNA-Scr for 24 h, respectively. (A) The mRNA expres-
sion of TACC3 in Caki-1 cells was evaluated by qRT-PCR.
(B) Protein expression of TACC3 in Caki-1 cells was evalu-
ated by Western blot. (C) The effect of TACC3 on cellular pro-
liferation in Caki-1 cells was measured using the MTT assay.
*p<0.05 versus shRNA-Scr group.

through the Matrigel-coated polycarbonate filter in the
Transwell chamber (Fig. 3B). Furthermore, we investi-
gated the role of TACC3 in the EMT process in Caki-1
cells. The results showed that the expression level of
E-cadherin was increased, whereas vimentin expression
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Figure 3. Effects of TACC3 downregulation on RCC cell migra-
tion and invasion. Caki-1 cells were transfected with shRNA-
TACC3 or shRNA-Scr for 24 h, respectively. (A) The effect of
TACCS3 on cellular migration in Caki-1 cells was detected using
the Transwell migration assay. (B) The effect of TACC3 on cel-
lular invasion in Caki-1 cells was evaluated using the Matrigel
invasion assay. (C) The protein expression levels of E-cadherin
and vimentin were detected by Western blot. *p<0.05 versus
shRNA-Scr group.

was decreased in the ShRNA-TACC3 group when com-
pared to the shRNA-Scr group (Fig. 3C).

Silencing TACC3 Inhibits the PI3K/Akt Signaling
Pathway in RCC Cells

To elucidate the mechanism by which TACC3 regu-
lates the proliferation and invasiveness of RCC cells, we
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examined whether TACC3 inhibition regulated the acti-
vation of the PI3K/Akt signaling pathway. Compared to
the shRNA-Scr group, the expression levels of p-PI3K
and p-Akt were greatly downregulated in Caki-1 cells
transfected with shRNA-TACC3, while the expression
of total PI3K and Akt levels remained stable (Fig. 4A).
Quantification analysis is shown in Figure 4B. More-
over, we observed that the inhibitory effects of TACC3
downregulation on cell proliferation (Fig. 4C) and inva-
sion (Fig. 4D) were enhanced by Akt inhibitor (MK-
2206) exposure.

Effect of TACC3 Expression on In Vivo
Caki-1 Tumorigenicity

Next, we examined whether downregulation of TACC3
expression could influence the growth of tumors in vivo.
Volume was significantly lower in tumors derived from
the ShRNA-TACC3 group than that in the control group
(Fig. 5A). In addition, we found that tumor weight at
3 weeks after SC injection was lower by 54.7% in mice
injected with TACC3 knockdown cells (Fig. 5B).

DISCUSSION

In this study, we demonstrated overexpression of
TACC3 in human RCC cell lines at both RNA and pro-
tein levels. Moreover, knockdown of TACC3 repressed
RCC cell proliferation, migration, and invasion in vitro.
In addition, knockdown of TACC3 inactivated PI3K/
Akt signaling in RCC cells. Furthermore, knockdown of
TACCS3 significantly reduced tumor growth in xenograft
tumor-bearing mice.

TACC3 has been found to be deregulated in different
types of cancer, and it plays an important role in tumor
progression'"'*. A study by He et al. reported that TACC3
was highly expressed in cholangiocarcinoma tissues, and
downregulation of TACC3 induced G,/M cycle arrest and
inhibited the invasion, metastasis, and proliferation of
cholangiocarcinoma cells'. In the current study, we con-
sistently showed that the expression of TACC3 at both
the mRNA and protein levels was obviously increased in
human RCC cell lines. Moreover, knockdown of TACC3
suppressed the proliferation of RCC cells in vitro, as well
as attenuated xenografted tumor growth in vivo. These
results imply that TACC3 may be an oncogene, which is
required for the progression of RCC.

Excessive migration and invasion of tumor cells are
the main biological characteristics of malignant tumors'®.
EMT is a critical biological process characterized by
epithelial cells’ loss of epithelial characteristics and gain
of properties typical of mesenchymal cells. Reducing
the expression of E-cadherin can trigger EMT, thereby
inducing invasiveness and the metastatic potential of
tumor cells®®. In the current study, we observed that
knockdown of TACC3 sharply inhibited the migration
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Figure 4. Silencing TACC3 inhibits the PI3K/Akt signaling pathway in RCC cells. Caki-1 cells were transfected with short hairpin
RNA (shRNA)-TACC3 or shRNA-Scr for 24 h, respectively. (A) Protein expression levels of p-PI3K and p-Akt were detected by
Western blot. (B) Quantification analysis was performed using Gel-Pro Analyzer version 4.0 software. (C, D) Caki-1 cells were
infected with shRNA-TACC3 or shRNA-Scr, and migration and invasion assays were performed in the presence of either DMSO
or Akt inhibitor (MK-2206, 10 pM). *p<0.05 versus shRNA-Scr group, #p<0.05 versus shRNA-TACC3 group, &p<0.05 versus

MK-2206 group.

and invasion of RCC cells. Moreover, the expression
of E-cadherin was upregulated, while the expression of
vimentin was downregulated in Caki-1 cells transfected
with shRNA-TACC3. Part of these results was consis-
tent with the previous study demonstrating that depletion
of TACC3 suppressed migratory/invasive behavior as
well as the expression of EMT-related markers in cancer
cells™'. These results suggest that TACC3 positively regu-
lates the EMT phenotype, consequently affecting RCC
cell migration and invasion in vitro.

Previous studies revealed that the PI3K/Akt signaling
pathway plays an important role in regulating a variety of
cellular functions including cell survival, growth, angio-
genesis, metabolism, tumorigenesis, and metastasis® "
The PI3K/Akt pathway is highly activated in RCC”.
Thus, suppression of the PI3K/Akt pathway may be a
good approach for inhibition of RCC progression® >,
More importantly, one study reported that knockdown of
TACC3 inhibited the migration and invasion of HTR8/
SVneo cells through suppression of the PI3K/Akt
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Figure 5. The effect of TACC3 expression on in vivo Caki-1
tumorigenicity. Infected 1x 10° Caki-1 cells were injected subcu-
taneously into the flanks of nude mice (n=10/group). (A) Tumor
volume was measured using calipers. (B) Three weeks after
injection, mice were sacrificed, and the tumors were removed and
weighed. *p<0.05 versus shRNA-Scr group.

signaling pathway”. Similarly, in the current study, we
found that knockdown of TACC3 repressed the expres-
sion levels of p-PI3K and p-Akt in Caki-1 cells. More
importantly, we observed that the inhibitory effects of
TACC3 downregulation on cell proliferation and invasion
were enhanced by AKT inhibitor (MK-2206) exposure.
These results suggest that knockdown of TACC3 inhib-
ited the ability for cell proliferation, migration, invasion,
and tumorigenesis in vivo, at least in part, through inacti-
vation of the PI3K/Akt signaling pathway.

In conclusion, we shed light on the expression and
role of TACC3 in human RCC cells. Our findings showed
that TACC3 was increased in human RCC cell lines, and
knockdown of TACC3 inhibited the ability of cell prolif-
eration, migration, invasion, and tumorigenesis in vivo.
Therefore, TACC3 may act as a therapeutic target for the
treatment of human RCC.
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