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Abstract. Transforming growth factor-β (TGF-β) induces 
epithelial-mesenchymal transition (EMT) primarily via a 
Smad-dependent mechanism. However, there are few studies 
available on TGF-β-induced EMT through the activation of 
non-canonical pathways. In this study, the Cdc42-interacting 
protein-4 (CIP4)/partitioning-defective protein 6 (Par6) pathway 
was investigated in TGF-β1-stimulated NRK-52E cells. Rat 
NRK-52E cells were obtained and stimulated with TGF-β1. 
The expression levels of E-cadherin, α-smooth muscle 
actin (α-SMA) and CIP4 were then examined by western blot 
analyses. Rat NRK-52E cells were transfected with Par6 or CIP4 
small interfering RNA (siRNA), and scrambled siRNA as 
controls. The cells were incubated with 20 ng/ml of TGF-β1 for 
72 h in order to observe the effects of Par6 and CIP4 silencing. 
Confocal fluorescence microscopy was also applied to reveal 
the expression and distribution of E-cadherin, α-SMA, Par6 
and CIP4. The results demonstrated that E-cadherin expres-
sion was decreased, and α-SMA expression was increased in 
the TGF-β1-stimulated cells. Simultaneously, the increased 
expression of CIP4 and p-Par6 was confirmed by western blot 
analyses. The results of confocal fluorescence microscopy 
revealed that rat CIP4 exhibited cluster formations located 
adjacent to the cell periphery; however, as for the protein expres-
sion and distribution of Par6, there was no obvious difference 
between the control cells and cells exposed to TGF-β1. siRNA 
molecules capable of CIP4 and Par6 knockdown were used to 
demonstrate reversed TGF-β1-induced EMT. Moreover, CIP4 
loss of function reversed the increase in p-Par6 protein expres-
sion in the TGF-β1-stimulated NRK-52E cells. A similar result 
was observed with the decreased CIP4 protein expression due to 

Par6 loss of function. Our data thus suggest that the CIP4/Par6 
complex plays an important role in the occurrence of EMT in 
TGF-β1-stimulated NRK-52E cells. The underlying mechanisms 
are mediated, at least in part, through the upregulation of CIP4, 
which occurrs due to stimulation with TGF-β1; subsequently, 
CIP4 increases the phosphorylation of Par6, which accelerates 
the process of EMT.

Introduction

Epithelial-mesenchymal transition (EMT) is a fundamental 
process driving morphogenesis in most metazoans conserved 
throughout evolution. Cells engaged in the EMT program will 
undergo complex changes in intercellular junctions, adhesive 
structures and apicobasal polarization (1,2). The process of EMT 
is known to be involved in various physiological and pathological 
states, including organ fibrosis (3,4), cancer metastasis (5) and 
resistance to chemotherapy (6). Recently, increasing evidence has 
shed light on the transforming growth factor-β1 (TGF-β1), which 
is a well-known inducer of EMT in epithelial cells (7,8). It binds 
to its receptors (TβRI, TβRII and TβRIII) and activates various 
transcription factors for cadherin isoform switching (9). TGF-β 
induces EMT primarily via a Smad-dependent mechanism. 
Smad2/3 is phosphorylated by Smad4 and then translocates to 
the nucleus, where it regulates the transcription of the target 
genes responsible for EMT (10,11). However, there are few 
studies available on TGF-β-induced EMT through the activation 
of non-canonical pathways (12). For example, it is still not well 
characterized that the Cdc42-interacting protein-4 (CIP4)/parti-
tioning-defective protein 6 (Par6) pathway is responsible for 
TGF-β-induced EMT in NRK-52E cells.

Par6 is part of the Par polarity complex that localizes to 
the tight junction (TJ) and is comprised of 3 highly conserved 
proteins, Par6, Par3 and atypical protein kinase C (aPKC) (13). 
Previous studies have shown that Par6, a regulator of epithelial 
cell polarity and TJ assembly, is directly phosphorylated (at 
Ser345) and is activated by TβRII in response to TGF-β, which 
is essential for TGF-β-induced EMT and facilitates metas-
tasis (13-15). CIP4 belongs to the Bin/amphiphysin/Rvs (BAR) 
domain protein superfamily. Members of this superfamily are 
noted for their involvement in membrane remodeling processes 
that occur in various cellular pathways, such as endocytosis, 
cytokinesis, T-tubule formation, cell migration and neuromor-
phogenesis (16). Earlier studies have demonstrated that CIP4 is 
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capable of inducing extracellular matrix (ECM) deposition and 
exacerbating progressive fibrosis in chronic renal failure and 
is required for E-cadherin endocytosis (16-19). The interaction 
between Cdc42/Par6/aPKC and CIP4, as a downstream effector 
protein of Cdc42, may act as a link between Cdc42 signaling 
and the regulation of the actin cytoskeleton (17,20). However, 
the interaction between CIP4 and Par6 in NRK-52E cells 
undergoing TGF-β-induced EMT remains largely unknown.

In the present study, we demonstrated that the expression 
of CIP4 was significantly increased in NRK-52E cells stimu-
lated with TGF-β1. Intriguingly, CIP4 lose-of-function with 
small interfering RNA (siRNA) reversed TGF-β1-induced 
EMT in NRK-52E cells. Moreover, we found that there was 
an interaction between Par6 and CIP4 in TGF-β1-stimulated 
NRK-52E cells undergoing EMT.

Materials and methods

Cell culture. Rat NRK-52E cells were obtained from the Chinese 
Academy of Sciences (Institute of Shanghai Cell Biology 
and Chinese Type Culture Collection, Shanghai, China), and 
maintained in Dulbecco's modified Eagle's medium (DMEM; 
Invitrogen Life Technologies, Carlsbad, CA, USA), supple-
mented with 10% fetal bovine serum (FBS) (HyClone, Logan, 
UT, USA), 100 U/ml penicillin, and 100 mg/ml streptomycin 
(Invitrogen Life Technologies) at 37˚C in a humidified, 5% CO2, 
95% air atmosphere. The medium was replenished every day. 
The cells were stimulated with TGF-β1 at 20 ng/ml.

Gene silencing by siRNA. For siRNA experiments, RNA 
primers complementary to rat Par6 and CIP4 were designed 
and synthesized by the Invitrogen Biotechnology Co., Ltd. 
(Shanghai, China). The NRK-52E cells were transfected with 
the annealed RNA primer pair using Lipofectamine 2000 
(Invitrogen Life Technologies) in accordance with the instructions 
provided by the manufacturer. The cells transfected with 
scrambled siRNA served as controls. Five hours after 
transfection, the cells were incubated with 20 ng/ml of TGF-β1 
for 72 h in order to observe the effects of Par6 and CIP4 
silencing. The siRNA used had the following primers: Par6 
forward, 5'-CUCACUGAGUGCGACAAGGUCUUCA-3' and 
reverse, 5'-AGAAGAGGUUGUCGCUCACACACUG-3'; 
CIP4 forward, 5'-GCUAACAGUCGACUGUGCUAGUGU-3' 
and reverse, 5'-UCGACAACGAGAGUGGACUCUAGC-3'; 
scramble forward, 5'-GACCAGUCGCUAUCACACAUG 
UCA-3' and reverse, 5'-AGAUGACGAGUCUUACGCACU 
CGU-3'.

Reverse transcription-polymerase chain reaction (RT-PCR). 
RNA extraction was performed using TRIzol reagent according 
to the manufacturer's instructions (Invitrogen Life 
Technologies). RNA integrity was verified by agarose gel elec-
trophoresis. The synthesis of cDNA was performed by reverse 
transcription reactions with 2 µg of total RNA using moloney 
murine leukemia virus reverse transcriptase (Invitrogen Life 
Technologies) with oligo(dT) (15) primers (Fermentas, 
Pittsburgh, PA, USA) as described by the manufacturer. The 
first-strand cDNA served as the template for the regular PCR 
performed using a DNA engine (ABI 7300; Applied Biosystems, 
Foster City, CA, USA). Glyceraldehyde 3-phosphate dehydro-

genase (GAPDH) as an internal control was used to normalize 
the data to determine the relative expression of the target genes. 
The reaction conditions were set according to the kit instruc-
tions. The PCR primers used in this study were as follows: Par6 
forward, 5'-GCACGCAGAATGATGACGATT-3' and reverse, 
5'-GTCGTGCTACGATCGTAGTA-3'; CIP4 forward, 5'-ACA 
CGGAGTTTGATGAGGAT-3' and reverse, 5'-ATGGTGG 
AACGATGGTAGAA-3'; GAPDH forward, 5'-GGATTTGG 
TCGTATTGGG-3' and reverse, 5'-GGAAGATGGTGA 
TGGGATT-3'.

Immunoprecipitation (IP) and immunoblotting (IB). Cell lysates 
were prepared as previously described (21). The lysates were then 
incubated with the indicated antibodies for 1 h at 4˚C. The immune 
complexes were precipitated with protein A/G agarose (Santa 
Cruz Biotechnology, Inc., Santa Cruz, CA, USA) for 1 h at 4˚C, 
washed extensively with lysis buffer, resolved in 4-20% gradient 
SDS-PAGE, and analyzed by immunoblotting. All immunoblots 
were developed by enhanced chemiluminesence (Amersham 
Pharmacia Biotech, Inc., Piscataway, NJ, USA).

Western blot analysis. The NRK-52E cells were homog-
enized and extracted in NP-40 buffer, followed by 5-10 min 
boiling and centrifugation to obtain the supernatant. 
Samples containing 50 µg of protein were separated on a 
10% SDS-PAGE gel and transferred onto nitrocellulose 
membranes (Bio-Rad Laboratories, Inc., Hercules, CA, USA). 
After saturation with 5% (w/v) non-fat dry milk in TBS and 
0.1% (w/v) Tween-20 (TBST), the membranes were incu-
bated with the following antibodies: E-cadherin (sc-71008; 
Santa Cruz Biotechnology, Inc.), α-SMA (SAB5500002; 
Sigma-Aldrich, St. Louis, MO, USA), rCIP4 (ab72220; Abcam, 
Cambridge, MA, USA), Par6 (sc-365323) and p-Par6 (both 
from Santa Cruz Biotechnoogy, Inc.), at dilutions ranging 
from 1:500 to 1:2,000 at 4˚C overnight. Following 3 washes 
with TBST, the membranes were incubated with secondary 
immunoglobulins (Igs) conjugated to IRDye 800CW Infrared 
Dye (LI-COR Biotechnology, Lincoln, NE, USA), including 
donkey anti-goat IgG and donkey anti-mouse IgG at a dilution 
of 1:10,000-1:20,000. Following 1 h of incubation at 37˚C, the 
membranes were washed 3 times with TBST. The blots were 
visualized by the Odyssey Infrared Imaging System (LI-COR 
Biotechnology). Signals were densitometrically assessed 
(Odyssey Application software version 3.0) and normalized to 
the GAPDH or β-actin signals to correct for unequal loading 
using the mouse monoclonal anti-GAPDH (MB001H) or 
anti-β-actin antibody (BS6007MH) (both from Bioworld 
Technology, Inc., St. Louis Park, MN, USA), respectively.

Confocal fluorescence microscopy. For immunocytochemical 
analysis, the NRK-52E cells were cultured on sterile glass cover-
slips in 6-well plates. Thereafter, the cells were treated and fixed 
with iced acetone for 10 min, incubated with 0.1% Triton X-100 
for 10 min in order to induce membrane rupture, and incubated 
with 1% BSA at 37˚C for an additional 30 min for blocking. 
The cells were then incubated with anti-E-cadherin (sc-71008; 
Santa Cruz Biotechnology, Inc.), anti-α-SMA (55135-1-
AP; Proteintech Group, Inc., St. Pearl, IL, USA), anti-Par6 
(sc-365323; Santa Cruz Biotechnology, Inc.) and anti-CIP4 
(ab72220; Abcam) antibodies (1:100) overnight at 4˚C, followed 
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by incubation with FITC-goat anti-rabbit IgG (SA00003-2; 
Proteintech Group, Inc.) at 37˚C for 1 h. Thereafter, the 
nuclei were stained with DAPI (Sigma-Aldrich) for 5 min and 
analyzed using a laser confocal scanning microscope (Leica, 
Heidelberg, Germany). The imaging using the laser confocal 
scanning microscopy for the cell culture is better than that of 
total internal reflection fluorescence (TIRF) microscopy (22) 
that can only exploit a limited region adjacent to the substrate.

Statistical analysis. The data from these experiments are 
reported as the means ± standard error of the mean (SEM) for 
each group. All statistical analyses were performed by using 
GraphPad Prism version 5.0 software (GraphPad Software, 
La Jolla, CA, USA). Inter-group differences were analyzed by 
one-way analysis of variance (ANOVA), followed by Tukey's 
multiple comparison test as a post-test to compare the group 
means with an overall value of P<0.05. Differences with a 
P-value <0.05 were considered statistically significant.

Results

TGF-β1-induced EMT in NRK-52E cells. To assess 
TGF-β-induced EMT, we used rat NRK-52E cells as an in vitro 
model system for assessing EMT. The resutls of western 
blot analysis demonstrated that the expression of E-cadherin 
and α-SMA was decreased and increased, respectively, in 
the TGF-β1-stimulated group compared with the untreated 
group (Fig. 1A). Consistent with the results of western blot 
analysis, we observed a change in E-cadherin and α-SMA 
distribution in the NRK-52E cells following exposure to 
TGF-β by confocal fluorescence microscopy. The morphologic 

observations of the NRK-52E cells revealed a continuous distri-
bution of E-cadherin near the perimeter of the control cells. 
On the contrary, a discontinuous distribution of E-cadherin 
was observed in the TGF-β1-stimulated cells (Fig. 1B). 
Furthermore, α-SMA was present exclusively in the cytosol of 
the TGF-β1-stimulated cells, and little endogenous expression 
in the control cells was observed (Fig. 1B). The results shown 
in Fig. 1 suggested that the NRK-52E cells underwent EMT 
following exposure to TGF-β1.

TGF-β1 regulates the expression of CIP4 in rat NRK-52E 
cells. Based on the previous findings shown in the 5/6-nephrec-
tomy rat model (23), the expression of rat CIP4 (rCIP4) in the 
NRK-52E cells stimulated with TGF-β1 in vitro was demon-
strated. Following stimulation with TGF-β1 (20 ng/ml) for 
72 h, the mRNA and protein levels of rCIP4 in NRK-52E cells 
were upregulated as compared to those of the control 
group (Fig. 2A and B). Confocal fluorescence micros-
copy revealed that rCIP4 exhibited a punctate localization 
throughout the cytosol, with the highest levels localized in the 
perinuclear region of the NRK-52E cells. Following exposure 
to TGF-β1, the rCIP4 levels increased, and rCIP4 was recruited 
into cluster formations located adjacent to the cell periphery. 
Gradually, these clusters were observed to be redistributed into 
the cytoplasm (Fig. 2C).

TGF-β1 upregulates the expression of p-Par6 in rat 
NRK-52E cells. As shown in Fig. 3B, the protein expression 
of p-Par6 was increased by TGF-β1 stimulation as compared 
to the control group. There was no obvious difference in the 
mRNA and protein expression of Par6 between the control 

Figure 1. Transforming growth factor-β1 (TGF-β1)-induced epithelial-mesenchymal transition (EMT) in NRK-52E cells. NRK-52E cells were untreated (con-
trol) or incubated with TGF-β1 (20 ng/ml) for 72 h. (A) The protein expression levels of E-cadherin and α-SMA were measured by western blot analyses and 
densitometric analyses. E-cadherin and α-SMA were visualized by confocal fluorescence microscopy. (B) Cell nuclei were enhanced by staining of the cell 
nuclei with DAPI for E-cadherin (x600 magnification). Values are expressed as the means ± SEM, n=3 in each group. *P<0.05 vs. control group.
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cells and the cells exposed to TGF-β1; this was confirmed 
by RT-PCR, western blot analyses and confocal fluorescence 
microscopy (Fig. 3A-C).

Stimulation with TGF-β1 enhances the interaction between 
Par6 and CIP4. In the present study, we found that the protein 
expression of both p-Par6 and CIP4 was significantly increased 
in the NRK-52E cells stimulated with TGF-β1 in vitro. Thus, 
in order to examine whether the interaction between Par6 
and CIP4 is dependent on TGF-β1, the cell lysates were 
prepared from TGF-β1-stimulated cells and immunopre-
cipitated with anti-Par6 antibody. The results indicated that 
the binding capacity between Par6 and CIP6 was weak in the 

Figure 2. Transforming growth factor-β1 (TGF-β1) regulates the expression of Cdc42-interacting protein-4 (CIP4) in rat NRK-52E cells. NRK-52E cells were 
untreated (control) or incubated with TGF-β1 (20 ng/ml) for 72 h, and (A) the mRNA and (B) protein expression levels of CIP4 were measured by RT-PCR 
and western blot analyses, respectively, and bar graphs represent the values are corrected for the loading control, GAPDH. (C) E-cadherin and α-SMA were 
visualized by confocal fluorescence microscopy (x600 magnification). Values are expressed as the means ± SEM, n=3 in each group. *P<0.05 vs. control group.

Figure 3. Transforming growth factor-β1 (TGF-β1) upregulates the expression of p-Par6 in rat NRK-52E cells. NRK-52E cells were untreated (control) or 
incubated with TGF-β1 (20 ng/ml) for 72 h. (A) The mRNA expression of Par6 was measured by RT-PCR. (B) Representative western blots of Par6 and p-Par6 in 
control cells and TGF-β1-stimulated cells. The histogram shows the average volume density corrected for the loading control, GAPDH. (C) Par6 was visualized 
by confocal fluorescence microscopy (x600 magnification). Values are expressed as the means ± SEM, n=3 in each group. *P<0.05 vs. control group.

Figure 4. Transforming growth factor-β1 (TGF-β1) stimulation enhances 
the interaction between partitioning-defective protein 6 (Par6) and 
Cdc42-interacting protein-4 (CIP4). NRK-52E cells were untreated (control) 
or incubated with TGF-β1 (20 ng/ml) for 72 h, and CIP4 interacted with Par6 
in vitro. Cell lysates were prepared from control cells and TGF-β1-stimulated 
cells. Cell lysates were immunoprecipitated with anti-Par6 antibody. 
Immunopellets were analyzed by immunoblot analysis using anti-CIP4 anti-
body. IB, immunoblotting; IP, immunoprecipitation.



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE  40:  1165-1171,  2017 1169

control cells, but was increased in the NRK-52E cells stimu-
lated with TGF-β1 (Fig. 4). Therefore, our data suggest that 
the interaction between Par6 and CIP6 may play a vital role in 
TGF-β1-induced EMT.

Silencing of Par6 inhibits TGF-β1-induced EMT. To inhibit 
the function of Par6, the NRK-52E cells were transfected with 
siRNA. The results of western blot analysis demonstrated that 
the expression of p-Par6 was markedly inhibited by transfection 
with siRNA-Par6. Moreover, the protein expression of p-Par6 
was decreased with increasing treatment durations (Fig. 5A). 
Therefore, our data suggested that the siRNA experiments 
were successfully performed. As shown in Fig. 5B and C, as 
the E-cadherin protein levels increased, a marked decrease in 
α-SMA expression was clearly evident following transfection 
of the TGF-β1-stimulated cells with Par6-siRNA. The 
NRK-52E cells transfected with Par6-siRNA, however, 
demonstrated resistance to TGF-β1-induced EMT.

CIP4 is involved in TGF-β1-induced EMT and the regulation 
of Par6 expression. The results of western blot analysis and 
confocal fluorescence microscopy indicated a reduced protein 
expression and a discontinuous distribution of E-cadherin 
near the perimeter of TGF-β1-stimulated cells (Fig. 6A-C). 
Furthermore, α-SMA was present exclusively in the cytosol of 
TGF-β1-stimulated cells, and little endogenous expression was 
observed in the control cells (Fig. 6B and C), suggesting that 
these cells underwent EMT in response to TGF-β1. Following 

treatment with CIP4-siRNA, E-cadherin re-localized to 
regions surrounding the cellular junctions, and a reduction in 
α-SMA expression was observed compared with the TGF-β1-
stimulated cells (Fig. 6B and C). Intriguingly, the protein level 
of p-Par6 in the TGF-β1-stimulated cells transfected with 
CIP4-siRNA was downregulated as compared to that of the 
TGF-β1-treated group (Fig. 6B). Therefore, our data suggest 
that CIP4 is involved in TGF-β1-induced EMT, and the under-
lying mechanisms are mediated, at least in part, through the 
upregulation of the expression of p-Par6.

Discussion

TGF-β1 promotes the development of renal tubule interstitial 
fibrosis through EMT. In this study, the upregulation of rCIP4 
and p-Par6 was demonstrated in NRK-52E cells stimulated with 
TGF-β1. Conversely, CIP4 or Par6 loss of function by siRNA 
reversed TGF-β1-induced EMT by increasing E-cadherin 
(an epithelial marker) and reducing α-SMA (a mesenchymal 
marker) expression. These findings indicated that CIP4/Par6 
was involved in the TGF-β1-induced EMT processes, and 
subsequently in renal fibrosis.

In epithelial tissue, CIP4 has been identified to regulate 
the early E-cadherin trafficking/endocytosis (17), which is the 
key process of EMT in renal tubular epithelial cell (16,24). In 
5/6-nephrectomized rats, the expression of rCIP4 has been shown 
to be increased in the renal tubules, and the overexpression of 
hCIP4 has been demonstrated to promote the development of 

Figure 5. Silencing of partitioning-defective protein 6 (Par6) inhibits transforming growth factor-β1 (TGF-β1)-induced epithelial-mesenchymal transition (EMT). 
(A) Small interfering RNA (siRNA) was transfected into NRK-52E cells for 24 and 48 h to suppress the expression of Par6 and p-Par6, which was measured 
by western blot analysis. C, si-RNA-control; S, siRNA-Par6. The NRK-52E cells were untreated (control), or incubated with TGF-β1 (20 ng/ml) for 71 h, or 
incubated with TGF-β1 (20 ng/ml) combined with Par6-siRNA for 72 h. (B) The protein expression levels of E-cadherin, α-SMA and Cdc42-interacting pro-
tein-4 (CIP4) were measured by western blot analysis and densitometric analyses. E-cadherin and α-SMA were visualized by confocal fluorescence microscopy. 
(C) Cell nuclei were enhanced by staining of the cell nuclei with DAPI for E-cadherin (x600 magnification). Values are expressed as the means ± SEM, n=3 in 
each group. *P<0.05 vs. control group; #P<0.05 vs. TGF-β1-stimulted group.
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EMT in HK-2 cells exposed to TGF-β1 (16). Moreover, Par6, a 
conserved polarity protein, regulates cell polarization processes. 
However, increasing evidence also suggests that Par6 is phos-
phorylated to facilitate EMT (25). Given the recent important 
roles reported for Par6 in the generation and progression of 
various types of cancer (26,27), Par6 phosphorylation may be 
central to various extrinsic cues that can lead to the EMT (28). 
It has also been revealed that Par6 can have different functions 
depending on the interacting partners (28). Furthermore, in cell-
culture systems, E-cadherin endocytosis was identified as a model 
of EMT (25,26), and CIP4 acts as a link between Cdc42/Par6/
aPKC and the early endocytic machinery to regulate E-cadherin 
endocytosis in epithelial cells. Taken together, our data suggested 
that CIP4/Par6 have a close interaction in the process of EMT 
induced by TGF-β1.

To more accurately determine the location of CIP4 and 
Par6, we provided superior assessment of the role of CIP4 and 
Par6 location in NRK-52E cells. Immunofluorescence laser 
scanning confocal microscopy showed that CIP4 exhibited 
punctate localization throughout the cytosol. Following 
stimulation with TGF-β1, CIP4 was increased and formed 
visible clusters adjacent to the cell periphery that gradually 
redistributed into the cytoplasm. These findings suggest 
that the upregulation of CIP4 plays an important role in the 
occurrence of EMT in NRK-52E cells. However, the cluster 
distribution of Par6 has no obvious difference in cell periphery. 
Interestingly, stimulation with TGF-β1 led to a closer interaction 
between CIP4 and Par6 in NRK-52E cells. Our results were 
measured by co-immunoprecipitation analysis, which showed 

that the binding capacity of CIP4 and Par6 was increased in 
TGF-β1-stimulated NRK-52E cells. CIP4 loss of function by 
siRNA reversed the increase in p-Par6 protein expression 
in TGF-β1-stimulated NRK-52E cells. A similar result was 
observed by decreasing of CIP4 protein expression due to 
Par6 loss of function by siRNA. These results suggested that 
there was an interaction between CIP4 and Par6, and that Par6 
phosphorylation may be regulated by CIP4.

In conclusion, our data demonstrate that CIP4 and Par6 
play an important role in the occurrence of EMT in TGF-β1-
stimulated NRK-52E cells. The underlying mechanisms are 
mediated, at least in part, through the upregulation of the 
expression of CIP4 and p-Par6.
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