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A B S T R A C T

Upon occurrence of kidney injury, tubular cells arrested in G2/M stage may promote interstitial fibroblast ac-
tivation and kidney fibrosis through producing large amounts of pro-fibrotic cytokines. MTORC1 signaling is
essential for controlling cell growth, however, the role and mechanisms for mTORC1 in regulating tubular cell
cycle progression during kidney fibrosis are not clear. Here we reported that p-S6 abundance was increased at
15min, reached peak at 1 h and declined from 3 h to 24 h, while the abundance of p-4E-BP1 and p-Histone H3
was increased from 15min to 24 h in tubular epithelial cells at the similar pattern after serum stimulation. The
phosphorylation of 4E-BP1 was prohibited in NRK-52E cells by the transfection of 4E-BP1 plasmid with four
phospho-sites mutation (4E-BP1A4). 4E-BP1A4 transfection led to less G2/M cell arrest as well as the production
of pro-fibrotic cytokine and extracellular matrix in NRK-52E cells. In addition, aristolochic acid (AA)-induced
tubular cell G2/M arrest induced by treatment was also largely attenuated in NRK-52E cells transfected with 4E-
BP1A4. In mouse kidneys with UUO nephropathy, p-4E-BP1 abundance was markedly elevated in the mitotic
tubular cells. Therefore, these data indicates that suppressing 4E-BP1 phosphorylation may inhibit tubular cell
G2/M-arrest and kidney fibrosis.

1. Introduction

Kidney tubulointerstitial fibrosis (TIF) is one of the major patholo-
gical features of chronic kidney diseases [1]. TIF development and
progression are complex processes that involve many different cell
types, including epithelial [2], myofibroblasts [3], inflammatory cells
[4] and endothelia [5]. The proximal tubular has long been regarded as
a target of kidney injury, but emerging evidence suggests that it also
plays a prominent role in the development and progression of TIF [6].

Renal injury alters the epithelial cell cycle, which promotes TIF
progression and the transition from acute kidney injury (AKI) to chronic
kidney disease (CKD). During injury, some epithelial cells arrest in G2/
M under the regulation of a JNK-dependent pathway, leading to in-
creased production of pro-fibrotic cytokines, such as TGF-β and CTGF
[7,8]. In addition, some obtained from the previous studies show that
cell cycle regulatory proteins can affect the severity of acute ischemic or

cisplatin-induced toxic kidney injury [9,10].
Mammalian target of rapamycin complex 1 (mTORC1) controls cell

growth, cell cycling, cell proliferation, metabolism, apoptosis, autop-
hagy, and angiogenesis [11,12]. mTORC1 regulates these processes
mainly through ribosomal protein S6 kinase (S6K) and eukaryotic
translation initiation factor 4E (eIF4E)-binding protein 1 (4E-BP1)
[11,12]. In mouse embryonic fibroblasts, S6Ks play a key role in the
control of cell size, and 4E-BP1 is responsive for the proliferation [13].
Moreover, when p-4E-BP1 and p-S6 are inhibited by rapamycin in renal
carcinoma cells, the cell cycle is altered [14]; however, for tubular
epithelial cells, the function of S6K and 4E-BP1 in cell proliferation and
cell cycle needs to be further studied.

Our previous report demonstrated that mTORC1 signaling in fi-
broblasts had an important role in several kidney diseases and con-
tributed to the development of TIF [15]. In mice with fibroblast-specific
deletion of Tsc1 [15], the activation of mTORC1 signaling was
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significantly increased in kidney interstitial fibroblasts. Inhibition of
mTORC1 signaling with rapamycin decreased the phosphorylation of
S6K and 4E-BP1 hence attenuating renal fibrosis. mTORC1 in tubular
cells regulates endocytosis and nutrient transport, maintains renal
tubular homeostasis. mTORC1-deficient mice showed a significantly
reduced tubular cell proliferative response after I/R injury [16,17].
However, the role of mTORC1 signaling in epithelial cell on renal fi-
brosis remains largely unknown. Additionally, in renal carcinoma cells,
rapamycin causes a G2/M cell number reduction and cell proliferation
suppression [14], providing a probability that inhibition of mTORC1
signaling in epithelial cells may attenuates TIF.

Here, we found that 4E-BP1, rather than p-S6, downstream of
mTORC1 signaling regulates cell proliferation in NRK-52E cells.
Decreased phosphorylation of 4E-BP1 contributes to epithelial escaping
from G2/M arrest, and thereby causing decreased pro-fibrotic cytokines
production.

2. Materials and methods

2.1. Mice and animal models

Male C57BL/6 mice and CD1 mice weighing ~18–22 g were ac-
quired from the specific pathogen-free laboratory animal center of
Nanjing Medical University and maintained according to the guidelines
of the Institutional Animal Care and Use Committee at Nanjing Medical
University. UUO was performed as previously reported [18]. The mice
received an intraperitoneal injection of 0.75% pentobarbital sodium
(0.1ml/10 g). An incision was made 0.5 cm at the left rib on the back,
and the left kidney and ureter were located and isolated with blunt
dissection. The left ureter was clamped with tissue and hemostat in the
upper and middle segments. After ligation at both ends, the left ureter
between ligated sutures was incised and removed. In sham groups, the
abdominal cavity was opened but no tissue was removed. Kidneys were

Fig. 1. p-4E-BP1 regulated the tubular epithelia cell proliferation. A-B, PTCs and NRK-52E cells were treated with 5% FBS or 5% NCS for different time duration,
western blotting showed the protein expression pattern of mTORC1 pathway. The semi-quantitative analysis was shown below the band. p-S6, p-4E-BP1 and p-
Histone H3 bands were corrected with the intensity of the GAPDH control. C, NRK-52E cells were treated with 5 nM Rapamycin for 24 h, western blotting assay
showed the mTORC1 pathway protein expression. D-E, PTCs and NRK-52E cells were treated with S6K inhibitor PF-4708671 for different time duration, western
blotting assay showed mTORC1 pathway protein expression, quantitative analysis for NRK-52E cells was shown in the right panel of E. ⁎ P < .05 versus cells treated
with DMSO, n=3. F, Cell number was counted when PF was added for 24 h in NRK-52E cells. G-I, The 4E-BP1 mutant 4E-BP1A4 (T37A/T46A/S65A/T70A) was
transfected into NRK-52E cells for 24 h, western blotting assay (left panel) and quantitative analysis (right panel) showed the mTORC1 pathway protein expression
(G), cell number was showed by counted (H) and MTT assay (I). ⁎ P < .05 versus cells transfected with vector, n= 3.
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harvested at days 0, 3, 7, and 14 after UUO. One portion of the kidney
was fixed in 10% phosphate-buffered formalin, followed by paraffin
embedding for histological and immunohistochemical staining. Another
portion was immediately frozen in Tissue-Tek optimum cutting tem-
perature compound (Sakura Finetek, Torrance, CA) for cryosection. The
remaining kidney tissue was snap-frozen in liquid nitrogen and stored
at −80 °C for extraction of RNA and protein.

2.2. Cell culture and treatment

Primary tubular epithelial cells (PTC) from mouse kidneys were
harvested as previously reported [19]. Briefly, kidneys were surgically
removed from anesthetized male C57BL/6 mice (2 weeks old). The
renal cortices were sliced, mined and digested in high Krebs-Henseleit-
saline (KHS) buffer containing 0.5mg/ml type collagenase II. Highly
purified proximal tubules were maintained in DMEM-F-12 medim
supplemented with 1× insulin-transferrin‑selenium, 1× MEM non-
essential amino acids, 0.1 μM hydrocortisone, 1% (vol/vol) antibiotics
(100 IU/ml penicillin and 100 μg/ml streptomycin), 10% (vol/vol) FBS.
The cells were seeded on six-well culture plates to 60–70% confluence
in complete medium containing 10% FBS for 16 h and then changed to
serum-free medium after washing twice with serum-free medium. 5%
FBS or PF-4708671 (Sigma-Aldrich, USA) was added to the serum-free
medium for various periods of time.

NRK-52E cells were cultured in DMEM-F-12 containing 10% (vol/
vol) NCS (Invitrogen, Grand Island, NY) and 1% (vol/vol) antibiotics
(100 U/ml penicillin and 100 μg/ml streptomycin) at 37 °C in 5% CO2.
The medium was changed every other day. The cells were seeded on
six-well culture plates to 60–70% confluence in complete medium
containing 10% NCS for 16 h and then changed to serum-free medium
after washing twice with serum-free medium. 5% NCS was added to the
serum-free medium for various periods of time. 4E-BP1 mutant 4E-
BP1A4 (T37A/T46A/T70A/S65A, GENEWIZ, Suzhou, China) was

transfected into NRK-52E cells using Lipofectamine 2000 reagent
(Invitrogen) according to the manufacturer's instruction. PF-
4708671was added to serum-free medium for various periods of time.
Cells were incubated in DMEM medium containing 0.2% NCS for 24 h
and treated with 2 g/ml aristolochic acid (AA, cat: A9451, Sigma-
Aldrich, USA) for 48 h, then transfected with 4E-BP1A4 for another
24 h.

2.3. Histology and immunohistochemistry

Kidney samples were fixed in 10% neutral formalin and embedded
in paraffin. 3 μm thick sections were used for periodic acid-Schiff and
Masson staining. For immunohistochemical staining, paraffin-em-
bedded kidney sections were deparaffinized, hydrated, and antigen-
retrieved, and endogenous peroxidase activity was quenched by 3%
H2O2. Sections were then blocked with 10% normal donkey serum,
followed by incubation with anti-p-4E-BP1 (cat: 2855 s, Cell Signaling
Technology, USA) overnight at 4 °C. After incubation with secondary
antibody for 1 h, sections were incubated with ABC reagents for 1 h at
room temperature before being subjected to substrate 3-amino-9-
ethylcarbazole. Histochemical staining photographs were taken under a
photon microscope (Olympus BX53, Japan).

2.4. Immunofluorescence staining

NRK-52E cells cultured on coverslips were washed with cold PBS
and fixed with cold methanol:acetone (1:1) for 10min at −20 °C. After
three extensive washings with PBS, cells were treated with 0.1% Triton
X-100 for 5min, blocked with 2% normal donkey serum in PBS buffer
for 40min at room temperature, and incubated with the following
antibodies: anti–p-Histone H3 (cat: ab14955, Abcam, USA).

Kidney cryosections at 3 μm thickness were fixed for 15min with
4% paraformaldehyde followed by permeabilization with 0.2% Triton

Fig. 2. The 4E-BP1 mutant affected the cell cycle of NRK-52E cells. A-D, Transfected the 4E-BP1A4 into NRK-52E cells for 24 h, the cells were then fixed, per-
meabilized and analyzed by flow cytometry to detect cell cycle distribution (A), and the histograms represent the distribution of cells cycle (B). ⁎ P < .05 versus cells
transfected with vector, n=3. C, Western blotting assay showed the p-Histone H3 level with or without 4E-BP1A4 overexpression. D, Representative immuno-
fluorescence staining images (left panel) and quantitative analysis (right panel) showed mitosis cell number with or without 4E-BP1A4 overexpression. ⁎ P < .05
versus cells transfected with vector, n=4. Scale bar, 50 μm.
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X-100 in PBS for 5min at room temperature. After blocking with 2%
donkey serum for 60min, slides were immune stained with the fol-
lowing antibodies: anti-p-4E-BP1 and anti-p-Histone H3.

Immunofluorescence-labeled samples were examined using a
fluorescent microscope (Olympus BX53, Japan).

2.5. Cell cycle analysis

NRK-52E cells were harvested with trypsin-EDTA, centrifuged into a
pellet, and rinsed with phosphate-buffered saline (PBS). Then, 80%
ethanol was added, and the cells were incubated on ice for 1 h. The cells
were washed with PBS, re-suspended in cell cycle staining buffer (cat:
CCS01, MULTI SCIENCES, China), and incubated at room temperature
for 30min, and analyzed on BD Canto II Flow Cytometer with FlowJo
software.

2.6. RNA isolation and real-time quantitative RT-PCR

Total RNA was extracted using Trizol reagent (Invitrogen) according
to the manufacturer's instructions. cDNA was synthesized using 1 μg of
total RNA, HiScript II One Step RT-PCR Kit (Vazyme, Nanjing, China),
and oligo (dT) 12–18 primers. Gene expression was measured by real-

time PCR using real-time PCR Master Mix reagents (Vazyme, Nanjing,
China) and 7300 real-time PCR system (Applied Biosystems, Foster
City, CA). For real-time PCR analysis, the relative amount of mRNA or
gene to internal control was calculated using the eq. 2ΔCT, in which
ΔCT=CT gene-CT control. TGF-β: sense, GAGCCCGAAGCGGACTA
CTA; antisense, GTTGTTGCGGTCCACCATT; CTGF: sense, CGCCAACC
GCAAGATTG; antisense, ACACGGACCCACCGAAGAC; GAPDH: sense,
GATGACATCAAGAAGGTGGTGA; antisense, ACCCTGTTGCTGTAGCCA
TATTC.

2.7. Statistical analysis

Analysis of variance was used to compare data among groups.
Student's t-test was used to determine a significant difference between
two groups. A P value of< 0.05 was considered significant. The results
are presented as means± S.D.

Fig. 3. The 4E-BP1 mutant inhibited the cyclin proteins and pro-fibrotic cytokines expression of NRK-52 cells. Transfected the 4E-BP1A4 into NRK-52E cells for 24 h,
western blotting assay (A) and quantitative analysis (B) showed the cyclin proteins expression in NRK-52E cells with or without 4E-BP1A4 overexpression. Cyclin A2,
Cyclin B1, Cyclin D1 and Cyclin E1 bands were corrected with the intensity of the GAPDH control. C, Real-time PCR analysis showing the mRNA abundance for
cyclins in NRK-52E cells with or without 4E-BP1A4 overexpression. D, Real-time PCR analysis showing the mRNA abundance for pro-fibrotic cytokines expression in
NRK-52E cells with or without 4E-BP1A4 overexpression. E and F, Western blotting assay showed the pro-fibrotic cytokine CTGF and extracellular matrix fibronectin
(FN) expression in NRK-52E cells with or without 4E-BP1A4 overexpression. The semi-quantitative analysis was shown below the band. CTGF and FN bands were
corrected with the intensity of the GAPDH control. ⁎ P < .05 versus cells transfected with vector, n=3.
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3. Results

3.1. Suppressing 4E-BP1 phosphorylation decreases tubular epithelial cell
proliferation

mTORC1 signal pathway is involved in many cell pathology pro-
cesses, including metabolism, growth and proliferation. 4E-BP1 and
S6K1 are the two important downstream targets of mTORC1. To de-
termine the effect of 4E-BP1 and S6K1 on proliferation in epithelial
cells, the serum was used to promote cell proliferation. Primary tubular
epithelia cells (PTC) and NRK-52E cells were treated with 5% FBS and
5% NCS, respectively, for different time duration. In PTCs, p-S6 level
was induced at as early as 15min, reached the peak from 30min to 1 h,
and declined at 3 h after treatment. The abundance of p-4E-BP1 con-
tinuously increased from 15min to 24 h, and the mitosis marker p-
Histone H3 (Ser10) abundance was significantly induced after 24 h
(Fig. 1A). Similar results were observed in NRK-52E cells. The treat-
ment of 5% NCS increased the level of p-4E-BP1 from 30min to 24 h,
and the abundance of p-Histone H3 was significantly increased after
24 h (Fig. 1B). These results indicated that p-4E-BP1 was associated
with the proliferation of tubular epithelial cell.

To further investigate the function of mTORC1 on tubular epithelial
cell proliferation, we treated NRK-52E cells with 5 nM rapamycin for
24 h to block the mTORC1. It was observed that the level of p-Histone
H3 was reduced by rapamycin, and the abundance of p-S6 and p-4E-
BP1 were both reduced by rapamycin as well (Fig. 1C). It is difficult to
distinguish their role in the proliferation of p-S6 and p-4E-BP1, and
hence the S6K1 inhibitor PF-4708671 was used to block the phos-
phorylation of S6. The 4E-BP1 mutant with all four phospho-sites mu-
tated-Thr37/46/70 and mutated-Ser65 (4E-BP1A4) were used to
downregulate the phosphorylation of 4E-BP1. As shown in Fig. 1D–E,

whether in PTCs or in NRK-52E cells, the treatment of 10 μM PF-
4708671 at 3 h significantly inhibited the phosphorylation of S6 pro-
tein. Overexpression of 4E-BP1A4 in NRK-52E cells for 24 h reduced the
abundance of phosphorylated 4E-BP1 and cell number, but did not
reduced the phosphorylation of p-S6. Taken together, these results in-
dicate that rather than p-S6, 4E-BP1 is responsible for the tubular
epithelial cells proliferation.

3.2. Tubular epithelia cells transfected with dominant negative 4E-BP1
mutant reduces cell number in G2/M phase

To investigate the mechanisms of 4E-BP1 affects cell proliferation,
we detected the cell cycle distribution of tubular epithelial cells after
4E-BP1A4 overexpression. We transfected NRK-52E cells with 4E-
BP1A4 for 24 h, the percentage of cells in G2/M was significantly re-
duced (Fig. 2A and B), the level of p-Histone H3 was decreased too
(Fig. 2C). Immunofluorescent staining results showed that the number
of p-Histone H3 positive cells were markedly reduced after 4E-BP1A4
overexpression (Fig. 2D). So, these data indicate that 4E-BP1 regulates
tubular epithelial cells proliferation by affecting the cell cycle G2/M
phase.

To further evaluate the effect of 4E-BP1 on cell cycle, the cyclins
were detected. Fig. 3A and B show that 4E-BPA4 significantly decreased
Cyclin B1 in NRK-52E cells, while it had little effect on Cyclin A2,
Cyclin D1 and Cyclin E1 protein level. In addition, 4E-BP1A4 didn't
affect the transcription of Cyclin B1(Fig. 3C). It is well known that
Cyclin B was reduced during mitotic slippage, so it is possible that 4E-
BP1A4 promotes the mitotic slippage process via promoting the re-
duction of Cyclin B1.

Fig. 4. The 4E-BP1 mutant rescued the effect induced by AA in NRK-52E cells. NRK-52E cells treated with 2 μM AA for 48 h, and transfected with or without 4E-
BP1A4 for 24 h. A, Real-time PCR analysis showing the mRNA abundance for TGF-β and CTGF in NRK-52E cells, ⁎ P < .05 versus cells treated with vehicle alone,
n= 3; # P < .05 versus cells treated with AA, n=3. B, Western blotting assay showing the protein expression of FN, CTGF, Cyclin B1 and p-Histone H3. The semi-
quantitative analysis was shown below the band. FN, CTGF, Cyclin B1, p-4E-BP1 and p-Histone H3 bands were corrected with the intensity of the GAPDH control. C,
Cell cycle analysis by propidium iodide staining and flow cytometry and the histograms represent the distribution of cells cycle in NRK-52E cells at baseline and after
treatment with AA for 48 h, with or without 4E-BP1A4 overexpression. ⁎ P < .05 versus cells treated with vehicle alone, n= 3; # P < .05 versus cells treated with
AA, n= 3.
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3.3. Tubular epithelial cells transfected with dominant negative 4E-BP1
mutant rescues AA induced G2/M arrest and pro-fibrotic cytokine
production

To access the importance of 4E-BP1 on TIF, pro-fibrotic cytokines
and extracellular matrix were examined. NRK-52E cells were trans-
fected with 4E-BP1A4 for 24 h. The mRNA level of TGF-β and CTGF
were decreased after 4E-BP1A4 overexpression (Fig. 3D), so do the
protein level of CTGF (Fig. 3E). And the expression of extracellular
matrix FN was also suppressed (Fig. 3F).

Aristolochic acid nephropathy (AAN) is characterized by acute
tubular necrosis, tubular atrophy, lymphocytic infiltrates and renal fi-
brosis [1], correlated with the arrest of proximal tubular epithelial cells
in G2/M and the production of pro-fibrotic cytokines. To explore
whether down-regulated p-4E-BP1 could decrease the production of
pro-fibrotic cytokines and protect AKI, we performed AA to induce
NRK-52E cells arrest in G2/M in vitro. NRK-52E cells were treated with
2 μM AA for 48 h, the expression of TGF-β, CTGF and FN were increased
(Fig. 4A). AA significantly upregulated the protein level of Cyclin B1
and p-Histone H3 (Fig. 4B) and caused approximately 20.87% cells
arrested in G2/M phase (Fig. 4C and D). Furthermore, the level of p-4E-
BP1 was also increased (Fig. 4B), indicating that the phenomena in-
duced by AA were associated with p-4E-BP1. And transfecting with 4E-

BP1A4 for another 24 h, significantly reduced the pro-fibrotic cytokines
production (Fig. 4A), Cyclin B1 and p-Histone H3 abundance (Fig. 4B)
and decreased the G2/M arrested cell number (Fig. 4C–D). Together,
these data indicate that decreasing the phosphorylation level of 4E-BP1
could protect kidney fibrosis.

3.4. Increased p-4E-BP1 is observed in the mitotic tubular epithelial cells in
UUO kidneys

To investigate the role of 4E-BP1 in vivo, the level of p-4E-BP1 was
examined in mice with UUO nephropathy (Fig. 5A and B). In order to
exclude the influence of mouse breeds difference on mTOR signal, we
generated UUO model in CD1 and C57BL/6 mice, respectively. Western
blot showed that the UUO kidneys developed fibrosis at 14 days after
operation in both two mice breeds (Fig. 5A), and PAS staining showed
that there was no significant difference in the degree of tubular injury
and histological change (Fig. 5B) between these two breeds at 14 days
after UUO operation. While the mTORC2 pathway showed similar ex-
pression pattern between these two mice breeds, the level of p-S6 in
CD1 mice reached the peak at day 3 after operation, and the abundance
of p-S6 in C57BL/6 mice was continuously increased within day 14
after UUO operation. These results suggest that the signal variation are
not uniform in different mice breeds.

Fig. 5. 4E-BP1 was activated in the tubular cells from the fibrotic kidney with UUO nephropathy. A, Western blotting analyses showing the induction of mTORC1,
mTORC2 signaling and extracellular matrix in kidneys at days 3, 7 and 14 after UUO compared with sham control from CD-1 and C57BL/6 mice, respectively. B,
Representative micrographs for periodic acid–Schiff (PAS) staining in kidney tissues from CD-1 and C57BL/6 mice, respectively. Scale bar, 50 μm. C, Western blotting
analyses showing the induction of cyclins in kidneys at days 3, 7 and 14 after UUO compared with sham control from CD-1 and C57BL/6 mice, respectively. D,
Representative micrographs of immune staining showing the p-4E-BP1 positive cell in kidney tissues from C57BL/6 mice (upper panel), representative micrographs
of immune staining showing the co-localization of p-4E-BP1 and p-Histone H3 in kidney tissues from C57BL/6 mice (lower panel). Scale bar, 50 μm.
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p-4E-BP1 level was significantly increased within day 14, in either
the CD-1 mice UUO kidneys or the C57BL/6 mice UUO kidneys (Fig. 5A
and C). Similarly, in C57BL/6 mice, the level of Cyclin B1 and p-Histone
H3 did not increased significantly until day 14. However, the levels of
Cyclin B1 and p-Histone H3 were significantly increased from day 7 to
day 14 in CD-1 mice (Fig. 5C). So the UUO kidneys from C57BL/6 mice
were choose for further study. Immunostaining showed that increased
p-4E-BP1 was located in tubular cells (Fig. 5D, upper panel), and it was
co-localized with increased p-Histone H3 (Fig. 5D, lower panel).
Therefore, it is concluded that the phosphorylation of 4E-BP1 regulates
the cell cycle in tubular epithelia cells.

4. Discussion

We report here that in UUO model, p-4E-BP1 is accumulated in
proximal tubular cells and arrested at G2/M. The expressions of Cyclin
B1 and p-Histone H3 are downregulated in NRK-52E cells transfected
with 4E-BP1 phosphorylation site mutation 4E-BP1A4, resulting in
decreased G2/M phase cell number and pro-fibrosis factor production
and rescuing the G2/M arrest induced by AA. Thus, this study indicates
that downregulating p-4E-BP1 level in proximal tubular cells may
protect kidney against AKI.

mTORC1 controls cell growth and proliferation by 4E-BPs and S6K
[20]. It is generally accepted that S6K controls the cell growth, and 4E-
BP1 regulates the cell proliferation, while ablation of S6 in mouse he-
patocytes inhibits cell proliferation after partial hepatectomy [21,22],
demonstrating that the functions of S6 are distinct in different cell
types, so it is quite necessary to explore the function of S6 and 4E-BP1
in epithelial cells. In renal carcinoma cells, mTORC1 inhibited by ra-
pamycin leads to G0/G1 arrest; however, rapamycin only partially in-
hibit the phosphorylation of 4E-BP1, but completely suppress the
phosphorylation of S6 in a short time [14]. In this study, using 4E-
BP1A4 to specifically down-regulate p-4E-BP1 causes a reduction in cell
proliferation and decline in G2/M phase cell number, which does not
affect the phosphorylation of S6. Hence, we report that, rather than
S6K, 4E-BP1 controls the cell proliferation and cell cycle in tubular
epithelial cells.

Additionally, in oocytes, p-4E-BP1 (Thr37/46, Ser65 and Thr70)
shows no signal in the GV stage (germinal vesicle-nucleus in the oocyte)
and is significantly enhanced from NEBD stage (nuclear envelope
breakdown) to the metaphase of first or second meiotic maturation
[23]. While, in this study, the immunohistochemistry image shows that
the enhanced signal of p-4E-BP1 is located in the divided proximal
tubular cells, which indicates that increased p-4E-BP1 could be coun-
table for the increased epithelial proliferation in kidney injury; how-
ever, the causal relationship between the increase in p-4E-BP1 level and
the increased cell proliferation is still unclear.

It is shown that Cyclin B is synthesized in late G2 and degraded
during late M phase before the cells exit mitosis. Cells can escape from
mitotic arrest, even in the presence of an unsatisfied spindle assembly
check-point [24,25], through APC/C-dependent ubiquitination and
proteolysis of cyclin B during mitotic slippage [26]. In this study, the
abundance of Cyclin B1 is decreased after the dominant negative 4E-
BP1 mutant is expressed, and the G2/M cells number is reduced. Hence,
it is concluded that down-regulating the phosphorylation of 4E-BP1
contributes to cells escaping from mitosis, but not the transition of G2
to M phase. 4E-BP1 is a key component in cap-dependent translation
which predominantly utilizes mRNA with TOP motif [27], and reduced
phosphorylation of 4E-BP1 adversely affects translation [23]. However,
it is still unclear whether the decreased Cyclin B1 expression is due to
the decreased translation by p-4E-BP1 suppression or the increased
APC/C-dependent proteolysis, and further investigations are required
to confirm this.

5. Conclusion

In summary, this study demonstrates a new mechanism that p-4E-
BP1 modulates the progression of TIF, via regulating the epithelial cell
cycle.
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