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HMGAZ2 facilitates epithelial-mesenchymal transition in renal cell
carcinoma by regulating the TGF-f§/Smad2 signaling pathway
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Abstract. High-mobility group AT-hook 2 (HMGA?2), a
member of the high mobility group family, has been reported
to correlate with cancer progression. However, there is no
report concerning the correlation between HMGA?2 and
metastasis in renal cell carcinoma. In the present study, we
found that HMGA?2 was highly expressed in five renal cell
carcinoma cell lines compared with that in the normal renal
tubular epithelial HK2 cell line. Additionally, HMGA?2
facilitated cell migration and invasion of renal cell carcinoma
cells, as evidenced by wound healing and Transwell assays.
Subsequently, our results revealed that the E-cadherin level
was upregulated, while N-cadherin, Twistl and Twist2 expres-
sion were downregulated in HMGA2-depleted ACHN cells. In
contrast, overexpression of HMGA?2 in 786-0O cells enhanced
epithelial-mesenchymal transition (EMT). In addition,
analysis of the database Cancer Browser further validated the
positive correlation between HGMA?2 and Twistl or Twist2
in renal cell carcinoma. Meanwhile, Kaplan-Meier analysis
indicated that low HMGA2 expression was closely associated
with an increased overall survival in renal cell carcinoma
patients. To confirm the underlying mechanism of HMGA2-
regulated EMT, our results revealed that silencing of HMGA2
downregulated the mRNA and protein levels of TGF-§§ and
Smad2, while HMGA?2 overexpression had the opposite effect.
Furthermore, TGF-f overexpression could partially reverse
the anti-metastatic effect and mesenchymal-epithelial transi-
tion (MET) by HMGA?2 loss, while TGF-f deficiency impeded
the pro-metastatic phenotype and high expression of EMT
markers induced by HMGA?2 overexpression. In summary,
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our results demonstrated that HMGA?2 facilitated a metastatic
phenotype and the EMT process in renal cell carcinoma
cells in vitro through a TGF-f-dependent pathway. In addi-
tion, these data strongly suggest that HGMA?2 may serve as a
potential therapeutic target and prognostic biomarker against
renal cell carcinoma in the future.

Introduction

Renal cell carcinoma is the most common malignant tumor of
the kidney, accounting for almost 3% of all human malignan-
cies (1). Insensitivity to radiotherapy and chemotherapy are a
great obstacle for the treatment of metastatic renal cell carci-
noma. Epithelial-mesenchymal transition (EMT), a hallmark
of metastasis, is a complicated process by which cells lose
epithelial characteristics and acquire a mesenchymal pheno-
type (2). In the process of EMT, cancer cells escape from the
primary site and invade to distant tissues through blood and
lymphatic vessels. In addition, an EMT phenotype is often
accompanied by the downregulation of epithelial markers
E-cadherin and zonuela occludens 1 (ZO-1), and upregula-
tion of mesenchymal markers such as N-cadherin, Twsitl and
Twist2, resulting in enhanced motility (3,4). Furthermore, the
expression of E-cadherin or vimentin has been reported to be
associated with tumor progression and overall survival (OS)
in a variety of cancers, including lung cancer and nasopharyn-
geal carcinoma (5,6). Additionally, Slug and Snail are found
to downregulate E-cadherin by binding to the promoter of
E-cadherin (7). In view of this, there is an urgent need to iden-
tify potential therapeutic targets against renal cell carcinoma.
High-mobility group AT-hook 2 (HMGA?2), a member of
the high mobility group family, is a small non-histone nuclear-
binding protein, which contains three AT-hook structural
domains and an acid C-terminal tail. It has been reported
that HMGAZ2 participates in proliferation and differentiation
during embryonic development (8). In addition, HMGA?2 was
found to be overexpressed in various types of tumors, including
ovarian cancer, hepatocellular carcinoma and gliomas (9-11).
Moreover, a high level of HMGA?2 was correlated with poor
prognosis in breast cancer and lung cancer patients (12,13).
Although numerous studies have validated that HMGA?2 may
play a crucial role in tumor progression, only few studies
have shown a correlation between HMGA?2 and renal cell
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carcinoma. In addition, the underlying role of HMGA?2 in
renal cell carcinoma has not yet been elucidated.

In the present study, we focused on the role of HMGA?2 in
cell migration, invasion and EMT of renal cell carcinoma and
revealed the possible mechanism by which HMGA?2 regulates
EMT in vitro.

Materials and methods

Reagents. Rabbit monoclonal antibodies against HMGA?2
(8179), E-cadherin (E-Ca; 3195), N-cadherin (N-Ca; 13116),
Twistl (46702), TGF-f (3709) phosphorylated-Smad?2 (p-Smad2;
3108), Smad2 (5339), Glil (3538), phosphorylated-f3-catenin
(p-pP-catenin; 4176) and B-actin (4970) were purchased from
Cell Signaling Technology, Inc. (Beverly, MA, USA). Rabbit
polyclonal antibody against Twist2 (ab66031) was purchased
from Abcam (Cambridge, UK). The appropriate peroxidase-
conjugated goat anti-rabbit IgG and goat anti-mouse IgG
secondary antibodies were purchased from Zhongshan Biotech
(Beijing, China). ACHN stably transfected with sh-HMGA?2,
786-0 stably transfected with HMGA?2 (OE-HMGA?2), and
their respective corresponding empty vector control sublines
(ACHN-scramble, 786-O-vector) were previously constructed.

Cell lines and culture. Human renal tubular epithelial HK2
cell line, and five renal cell carcinoma cell lines 786-0,
769-P, OSRC-2, ACHN and Caki-1 were purchased from the
American Type Culture Collection (ATCC, Manassas, VA,
USA). All cells were maintained in RPMI-1640 medium and
supplemented with 10% fetal bovine serum (Gibco, Grand
Island, NY, USA), 100 pg/ml streptomycin and 100 U/ml peni-
cillin (Invitrogen, Carlsbad, CA, USA) at 37°C in a humidified
atmosphere with 5% CO,.

Western blotting. For western blot analysis, cells were washed
with phosphate-buffered saline (PBS) after the specific treat-
ment, and proteins were extracted using a lysis buffer [10 mmol/l
Tris-HCI (pH 7.4), 150 mmol/l NaCl, 0.1% sodium dodecyl
sulfate (SDS), 1 mmol/l ethylenediaminetetraacetic acid,
1 mmol/l ethylene glycol tetraacetic acid, 0.3 mmol/l phenyl-
methylsulfonyl fluoride, 0.2 mmol/l sodium orthovanadate,
1% NP-40, 10 mg ml/1 leupeptin, and 10 mg/ml aprotinin].
Equal amounts of protein lysates (~40-60 ug) were loaded
onto a 10 or 15% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) gel and electrotransferred onto
polyvinylidene difluoride membranes (Millipore, Bedford, MA,
USA) for 2 h. The membranes were then blocked with 5% non-fat
milk, and incubated with primary antibodies (1:1,000) against
E-cadherin (E-Ca), N-cadherin (N-Ca), Twistl, Twist2, TGF-p,
p-Smad2, Smad2, Glil, p-fB-catenin and B-actin at 4°C over-
night. The membranes were subsequently washed with TBST
(Tris-buffered saline with Tween) buffer and incubated with
corresponding secondary antibodies (1:1,000) at room tempera-
ture (25°C) for 1 h. Ultimately, the bands were visualized by an
enhanced chemiluminescence kit (Bio-Rad, Hercules, CA, USA)
and analyzed using Image Lab 4.0 (Bio-Rad) imaging software.

Wound healing assay. Cells were seeded onto 6-well plates.
After the cell density reached to complete cell culture medium,
scratch wounds were made across the monolayer with the tip
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of a 200-u1 pipette. Subsequently, the wounded cultures were
visualized in serum-free medium at O and 24 h, and images
(x100) were then captured by inverted microscopy (Olympus
IX50; Olympus, Tokyo, Japan) to detect the migratory ability.
The experiments were performed in triplicate.

Cell migration assay. The cell migration ability of renal cell
carcinoma cells following different treatments was assessed
using Transwell migration assay. Cells (ACHN, 2x10%; 786-0O,
1.5x10%) in 200 ul serum-free medium were seeded into
the upper chambers, and 800 ul of 10% fetal calf serum-
containing medium was used as a chemoattractant in the lower
chamber. After incubation for 24 h, the cells which migrated
onto the bottom of the filter were then fixed with 4% para-
formaldehyde, and stained with 0.1% crystal violet (Beyotime,
Shanghai, China). Cells were then washed and photographed
in five independent visual fields using an inverted microscope
(Olympus IX50; Olympus) at x100 magnification.

Matrigel invasion assay. Cell invasive ability was detected by
Matrigel invasion assay using a Millicell chamber (Millipore,
Billerica, MA, USA). The Transwell chambers were precoated
with 50 ] mixture (Matrigel:serum-free medium 1:5) and the
stable clone cell lines (ACHN, 5x10* 786-0, 4x10%) in 200 pl
serum-free medium were seeded onto the upper chamber for
24 h according to the instructions of the Transwell migration
assay. The difference between two groups was analyzed by
Sudent's t-test (two-sided).

Quantitative real-time PCR assay. Total cellular RNA was
extracted using TRIzol reagent (Invitrogen). The RNA sample
was reversely transcribed by PrimerScript RT reagent kit
(Takara, Dalian, China). Then the relative levels of target gene
messenger RNA (mRNA) were evaluated by quantitative
real-time PCR assay (QPCR) using FAST SYBR-Green Master
Mix with the gene-specific primers: E-cadherin (119 bp)
forward, 5'-CGAGAGCTACACGTTCACGG-3'; and reverse,
5'-GGGTGTCGAGGGAAAAATAGG-3" N-cadherin (94 bp)
forward, 5"-TCAGGCGTCTGTAGAGGCTT-3' and reverse,
5'-ATGCACATCCTTCGATAAGACTG-3'; Twistl (156 bp)
forward, 5'-GTCCGCAGTCTTACGAGGAG-3' and reverse,
5'-GCTTGAGGGTCTGAATCTTGCT-3'"; Twist2 (200 bp)
forward, 5'-GGAGTCCGCAGTCTTACGAG-3'; and reverse,
5'-TCTGGAGGACCTGGTAGAGG-3'; TGF-p (201 bp)
forward, 5'-GGCCAGATCCTGTCCAAGC-3' and reverse,
5'-GTGGGTTTCCACCATTAGCAC-3'; Smad2 (182 bp)
forward, 5'-CGTCCATCTTGCCATTCACG-3'"; and reverse,
5-CTCAAGCTCATCTAATCGTCCTG-3'; B-actin (250 bp)
forward, 5'-CATGTACGTTGCTATCCAGGC-3"; and reverse
5-CTCCTTAATGTCACGCACGAT-3'. The n-fold change in

mRNA expression was analyzed according to the method of
2-AACI'

Plasmid transfection. TGF-f cDNA was cloned into the
pcDNA3.1 vector. The plasmid was transfected into renal cell
carcinoma ACHN cells with sh-HMGA?2 or 768-O cells with
HMGA?2 overexpression by Bo Kou using X-treme GENE
HP DNA transfection reagent (Roche, Germany) for 48 h
according to the manufacturer's instructions, and subsequently
prepared for the mechanistic research.
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Figure 1. Expression of HMGA?2 in human renal epithelial cells and renal cell carcinoma cell lines. (A) Western blotting was used to detect the protein level
of HMGAZ?2 in the HK?2 cell line and 5 renal cell carcinoma cell lines, respectively. The HMGA?2 levels in ACHN cells transfected with with negative control,
scramble, sh-HMGA?2 (B and C), and 786-0 cells transfected with the negative control, vector, OE-HMGA?2 (D and E) were determined by qPCR and western
blotting. Quantification from three independent experiments is shown with error bars representing standard deviation (SD). ““P<0.001 and ***P<0.0001.

Statistical analysis. All experimental data were analyzed
by GraphPad Prism (San Diego, CA, USA) software and
presented as means + SD. Differences between two groups
were analyzed by Student's t-test (two-sided). The correlations
between HGMA?2 and Twistl or Twist2 were analyzed by
Spearman's rank test. In addition, overall survival (OS) was
assessed by log-rank test, while a Kaplan-Meier curve was
generated. P<0.05 was considered to indicate a statistically
significant difference.

Results

Expression of HMGA?2 in human renal epithelial cells and
renal cell carcinoma cell lines. Firstly, we detected the expres-
sion of HMGAZ?2 in several renal cell carcinoma cell lines using
western blotting. The results demonstrated that HMGA?2 was
elevated in all renal cell carcinoma cell lines, compared with
that noted in the human renal tubular epithelial HK2 cell line
(Fig. 1A). Among these cell lines, HMGA2 was the most
highly expressed in the renal cell carcinoma ACHN cell line,
whereas it was lowly expressed in the 786-0O cell line. In view
of this, we constructed stable clone cell lines with knockdown
or overexpression of HMGA2. In addition, we explored
the HMGA?2 expression level in ACHN cells with HMGA2
knockdown by qPCR and western blotting, and validated a
significant decrease in HMGAZ2 expression in the sh-HMGA?2
ACHN cells compared with that in the scramble or negative
control (Fig. 1B and C). Conversely, the expression of HMGA2
was significantly increased in the 786-O cells overexpressing
HMGA?2 (OE-HMGA?2) in comparison with that noted in cells
transfected with the vector or negative control, as evidenced by
qPCR and western blotting (Fig. 1D and E).

HMGA?2 regulates the metastatic phenotype of renal cell
carcinoma. Studies showed that HMGA?2 is associated with
cancer metastasis in a variety of cancers (14,15). Thus, we

hypothesized that HMGA?2 is implicated in the migration
and invasion of human renal cell carcinoma. To verify this
hypothesis, wound healing and Transwell migration assays
with statistical quantification were used. As expected, our
results indicated that HMGA?2 knockdown had a much wider
scratch width and restrained cell migration when compared to
the negative control or scramble in ACHN cell line (Fig. 2A
and C). In contrast, HMGA?2 overexpression promoted cell
migration of renal cell carcinoma (Fig. 2B and D). Next, we
determined whether HMGA?2 affects invasive ability in vitro.
As shown in Fig. 2C, the silencing of HMGA?2 expression
decreased the number of invaded cells, while overexpressing
HMGAZ? increased the invasive property of 786-0O cell line
compared with negative control (Fig. 2D). These data indicated
that HMGA?2 knockdown inhibited the metastatic phenotype
of human renal cell carcinoma cells in vitro.

HMGA? regulates the EMT of renal cell carcinoma. Several
studies have stated that HMGA? is involved in the process
of EMT (16,17). To validate the function of HMGA?2 in the
EMT process of renal cell carcinoma cells, we evaluated the
levels of both epithelial and mesenchymal markers by qPCR
and western blotting. The deficiency in HMGA?2 presented an
elevated level of E-cadherin, while a reduction in N-cadherin,
Twistl and Twist2 (Fig. 3A and C). Conversely, 786-0 cells
with HMGAZ2 overexpression exhibited a significant decline
in E-cadherin level, while an increase in N-cadherin, Twistl
and Twist2. (Fig. 3B and D). These results indicated that
knockdown of HMGAZ?2 reversed the EMT of human renal cell
carcinoma.

Correlation between HMGA2 and EMT markers based on
Cancer Browser database. To further explore the associa-
tion between HMGA?2 and EMT in renal cell carcinoma, the
clinical data and gene expression from database Cancer
Browser (TCGA_KIRC_exp_HiSeqV2-2015-02-24) were
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Figure 2. HMGAZ?2 regulates the metastatic phenotype of renal cell carcinoma cells. The ability of cell migration was evaluated by wound healing assay, and is
expressed as the number of migrated cells. Representative photographs and statistical charts are shown for the HMGA2-knockdown ACHN (A) and HMGAZ2-
overexpressing 786-0 (B) cells compared with their corresponding control, respectively. Quantification from three independent experiments is shown with
error bars representing standard deviation (SD). “P<0.01 and “**P<0.0001. Transwell migration and Matrigel invasion assays were used for the analysis of the
migrated or invaded cells in the ACHN cells with HGMA?2 knockdown (C) and 786-O with HMGA?2 overexpression (D), respectively. Quantification from
three independent experiments is shown with error bars representing standard deviation (SD). ““P<0.001 and “*"P<0.0001.
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Figure 3. HMGAZ2 regulates the EMT of renal cell carcinoma cells. qPCR and western blotting were used to detect the expression of E-cadherin (E-Ca),
N-cadherin (N-Ca), Twistl, Twist2 and B-actin in ACHN cells with HMGA2 knockdown (A and C) and 786-O cells with HMGA?2 overexpression (B and D).
Quantification from three independent experiments is shown as mean + standard deviation (SD). Representative protein bands from three experiments are
shown. "*P<0.001 and *"P <0.0001.

extracted. The results demonstrated that high expression of  renal cell carcinoma (R=0.0.4122, P<0.0001) (Fig. 4B). Then,
HMGA?2 was correlated with increased Twistl expression  we used Kaplan-Meier analysis to evaluate the prognostic
(R=0.0.4013, P<0.0001) (Fig. 4A). Meanwhile, HMGA2 value of HMGAZ2 in renal cell carcinoma. Importantly, the
expression was positively correlated with the Twist2 level in  low HMGA?2 patient group had a better OS than that of the
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Figure 4. Expression of HMGA?2 is correlated with EMT markers and overall survival (OS) in renal cell carcinoma. Correlation between HMGA1 and
Twistl (A) or Twist2 (B) mRNA level in renal cell carcinoma based on a public available database (Cancer Browser, TCGA_KIRC_exp_HiSeqV2-2015-
02-24). P-values were analyzed by Spearman's rank test. (C) The expression of HMGA?2 is associated with OS using Kaplan-Meier analysis based on Cancer
Browser database (TCGA_KIRC_exp_HiSeqV2-2015-02-24). x-axis indcates OS time (days) in patients with renal cell carcinoma, and the y-axis indicates
the percentage of OS. P-value was analyzed by the log-rank test.
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Figure 5. Silencing of HMGA?2 decreased TGF-f3 and Smad?2 expression in renal cell carcinoma cells. qPCR was used to detect the expression of TGF-f3, Smad2
and B-actin in HMGAZ2-depleted ACHN (A) and HMGA2-overexpressing 786-O cells (B). Quantification from three independent experiments is shown as
mean + standard deviation (SD). ““P<0.001 and **“P<0.0001. Western blotting was used to detect the protein levels of HMGA?2, TGF-f, phosphorylated-Smad2
(p-Smad2), Smad2, Glil, phosphorylated-f-catenin (p-p-catenin) and f3-actin in HMGA2-depleted ACHN cells (C) and HMGA2-overexpressing 786-O
cells (D). Representative protein bands from three experiments are shown.

high-expression group (Fig. 4C), indicating that high HMGA2  the EMT process is governed by various regulatory networks,
may be a poor prognostic predictor of renal cell carcinoma. such as TGF-B, Wnt and Hedgehog signaling. To clarify the

correlation among HMGA?2 and several signals in renal cell
Silencing of HMGA?2 decreases TGF-f3 and Smad2 expression  carcinoma, we firstly evaluated that the change in TGF-§-,
in renal cell carcinoma. Previous studies have reported that ~ Wnt- and Hedgehog-related markers in HMGAZ2-knockdown
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Figure 6. HMGAZ2 participates in the EMT process of renal cell carcinoma by regulating the TGF-f/Smad?2 signaling pathway. Transwell migration and
Matrigel invasion assays were used for analysis of the migrated and invaded cells in the (A) HMGA2-depleted ACHN cells treated with TGF-f overexpres-
sion, or (B) HMGA2-overexressing 786-0 cells with TGF-f} deficiency (sh-TGF-f3). Western blotting was used to detect the protein levels of HMGA2, TGF-f3,
phosphorylated-Smad2 (p-Smad2), Smad2, E-cadherin (E-Ca), Twistl, Twist2 and B-actin in the (C) HMGA2-depleted ACHN cells treated with TGF-§
overexpression, or (D) the HMGA2-overexressing 786-O cells transiently transfected with the sh-TGF-f3 plasmid. Representative protein bands from three

experiments are shown.

ACHN cells or HMGA2-overexpressing 786-O cells. The
mRNA levels of TGF-f and Smad2 were downregulated by
silencing of HMGA?2 (Fig. 5A), and upregulated in the 786-O
cells with HMGA?2 overexpression (Fig. 5B). To further
examine the protein levels of the above markers, we found
a marked decrease of TGF-f§ and phosphorylated-Smad?2 in
the HMGA2-depleted ACHN cells, and a marked increase
in TGF-f and phosphorylated-Smad2 in the HMGA2-
overexpressing 786-0 cells (Fig. 5C and D). Meanwhile, the
protein level of total Smad2, Glil and p-f-catenin had no
significant change following HMGA?2 knockdown or over-
expression. These findings suggest that HMGA?2 regulated
TGF-p/Smad? signaling in renal cell carcinoma.

HMGA? participates in the EMT process of renal cell carci-
noma by regulating the TGF-f/Smad?2 signaling pathway.
To further elucidate the role of TGF-f§ in HMGA2-regulated
EMT in renal cell carcinoma, we applied plasmid transfection
to overexpress TGF-f3 in HMGA2-deficient ACHN cells, and
to knock down TGF-f3 in HMGA2-overexpressing 786-0 cells.
We found that overexpression of TGF-f partially reversed the
anti-metastatic effect and MET by HMGAZ2 loss (Fig. 6A and
C). Conversely, the pro-metastatic phenotype and high expres-
sion of TGF-B- and EMT-related markers induced by HMGA2
overexpression were abolished by TGF-f3 deficiency (Fig. 6B
and D). These results strongly suggest that the TGF-f/Smad2
signaling pathway is involved in the HMGA2-mediated EMT
of renal cell carcinoma.

Discussion

Accumulating evidence indicates that HMGA?2 is highly
expressed in solid tumors and is regulated by complicated
regulatory systems (18-20). Studies have shown that in renal
cell carcinoma, HMGA?2 expression is significantly higher
than that in benign and normal renal tissues (21). Moreover,
there is a positive correlation between HMGA?2 and clinical
staging and lymph node metastasis. Also, another study
reported that the expression of HMGA?2 was significantly
associated with tumor size and Fuhrman grade in patients with
clear cell renal cell carcinoma (ccRCC) (22). In the present
study, we firstly confirmed that HMGA?2 was highly expressed
in five renal cell carcinoma cell lines compared with that in the
normal renal tubular epithelial HK?2 cell line. Recent studies
have shown that HMGA?2 may play an essential role in cancer
proliferation, migration and metastasis (23-25). It was reported
that deficiency of HMGA?2 reduced the metastatic potential of
breast cancer cells (26). Additionally, HMGA?2 seems to have
the potential of enhancing self-renewal capacity in cancer
stem cells (27). The present study demonstrated that HMGA?2
knockdown inhibited cell migration and invasion, while over-
expression of HMGA?2 facilitated the metastatic phenotype
in renal cell carcinoma cells in vitro, as evidenced by wound
healing and Transwell assays. These results emphasize the
critical role of HGMA?2 in renal cell carcinoma metastasis.
EMT is a complex process during which tumor cells
gain more aggressive and metastatic ability (28). Previous
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studies have reported that silencing of HMGA?2 may attenuate
migration and invasion, and reverse epithelial-mesenchymal
transition (EMT) in nasopharyngeal cancer cells (29).
Furthermore, HMGA?2 was found to promote EMT by inducing
Slug expression in colon cancer (30). Our findings revealed
that the E-cadherin level was upregulated, while N-cadherin,
Twistl and Twist2 were downregulated in HMGA2-depleted
ACHN cells. In contrast, overexpression of HMGA?2 in 786-O
cells enhanced EMT. Subsequently, the analysis of database
Cancer Browser further validated the positive correlation
between HGMA?2 and Twistl or Twist2 in renal cell carci-
noma. In addition, the Kaplan-Meier analysis indicated that
low HMGA?2 expression was closely associated with an
increased overall survival (OS) in renal cell carcinoma, which
was in accordance with a previous study (22).

Multiple signaling pathways are found to participate in the
EMT process. Sonic hedgehog-Glil signals are considered
to be critical for EMT in ovarian cancer (31). In addition, the
Wnt/B-catenin signaling pathway is reported to promote EMT
in oral squamous carcinoma stem cells (32). Studies have
shown that TGF-p induces PLOD2 expression to promote
EMT in cervical cancer (33). In the present study, there was no
significant change in Glil and p-B-catenin by HMGA?2 deple-
tion or overexpression. In addition, our results showed that
silencing of HMGA?2 downregulated the mRNA and protein
levels of TGF-B and Smad2, while HMGA?2 overexpression
had the opposite effect. In addition, TGF-f overexpression by
transient transfection partially abolished the anti-metastatic
phenotype and mesenchymal-epithelial transition (MET)
by HMGAZ2 loss, whereas TGF-f deficiency reversed the
pro-metastatic effect and high expression of TGF-f- and
EMT-related markers by overexpression of HMGA?2. These
results confirmed the vital role of the TGF-f3 signaling pathway
in HMGA2-mediated EMT.

In conclusion, our results revealed, for the first time, that
HMGA? facilitated a metastatic phenotype and the EMT
process in renal cell carcinoma in vitro through a TGF-f3-
dependent pathway. In addition, our findings strongly suggest
that HGM A2 may serve as a potential therapeutic target and
prognostic biomarker against renal cell carcinoma in the
future, although further investigation is needed.
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