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Overexpression of IFIT1 suppresses proliferation and
promotes apoptosis of mouse podocytes
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Abstract: IFN-induced protein with tetratricopeptide repeats 1 (IFIT1) was identified as a candidate gene for systemic lupus erythematosus (SLE). SLE affects multiple organs, including kidney. Podocytes are implicated in the onset
and development of kidney disease. In this study, we investigated the effects of IFIT1 on mouse podocytes. IFIT1
expressing lentivirus was packaged, produced and infected mouse podocytes. CCK-8 assay showed that ectopic
expression of IFIT1 significantly inhibited proliferation of mouse podocytes. Flow cytometry analysis revealed that
IFIT1 overexpression suppressed podocyte apoptosis. Importantly, IFIT1 overexpression reduced the expression of
anti-apoptosis protein (Bcl-2), but increased the expression of apoptosis marker protein (cleaved caspase 3), apoptosis promoting protein (Bax) and phosphorylation of p38. Taken together, our results demonstrate for the first time
that overexpression of IFIT1 in podocytes prevents cell proliferation and induces cell apoptosis.
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Introduction
IFN-induced protein with tetratricopeptide repeats 1 (IFIT1, also known as ISG56) belongs to
a family of IFN-induced proteins, which are
characterized as regulators of viral replication
[1, 2] as well as cellular processes [3-6], including translation, proliferation, apoptosis and signaling. Through microarray analysis on peripheral blood samples, IFIT1 was identified as a
candidate gene for systemic lupus erythematosus (SLE), a chronic, multisystem, inflammatory disorder of autoimmune etiology [7]. SLE
affects multiple organs, including kidney [8].
Whether IFT1 was involved in kidney disease
was not clear.
Podocytes, the visceral glomerular epithelial
cell, are critical for the formation of glomerular
basement membrane (GBM), the maintenance
of the glomerular filtration barrier and the regulation of glomerular filtration [9]. Perysinaki et
al. reported that slit diaphragm components of
podocytes were significantly reduced in lupus
nephritis mice [10], suggesting the implication
of podocytes in the pathogenesis of lupus
nephritis. Podocytes are the target of various

forms of damage. Decease in the number of
podocyte leads to the development of kidney
disease [11]. Apoptosis and the lack of proliferative capacity are the possible cause for loss of
podocyte number. A recent study suggested
that IFIT1 may participate in regulating proliferation of immune cells during stroke-related processes [12]. Expression of IFIT1 elicits apoptotic cell death of Hela cells [6]. However, few
investigation has been performed on the functions of IFIT1 on podocytes.
In the current study, we investigated the effects
of IFIT1 overexpression on the proliferation and
apoptosis of podocytes, thus suggesting a role
of IFIT1 in kidney disease.
Materials and methods
Cell culture
Mouse podocytes were obtained from Shanghai Cell Bank, Chinese Academy of Sciences
(Shanghai, China). The podocytes were maintained in RMPI-1640 medium (Invitrogen, Carlsbad, CA) supplemented with 10% fetal bovine
serum (FBS, Hyclone, Logan, UT, USA), 100 U/
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ATG-3’; GAPDH, 5’-ATCACTGCCACCCAGAAG-3’ and 5’-TCCACGACGGACACATTG-3’.
Protein extraction and western blotting
Podocytes were harvested
and lysed with RIPA buffer
(Beyotime, Shanghai, China)
on ice for 30 min. An equal
amount of protein (50 µg)
from each samplewas separated on 10% SDS-PAGE gels and transferred to PVDF
membranes. After blocking in
Figure 1. Overexpression of IFIT1 in podocytes by lentiviral transduction.
5% skim milk for 30 min, the
Podocytes were infected with IFIT1 expressing lentivirus (IFIT1) and control
lentivirus (control). At 48 h after virus infection, cells were collected. IFIT1
blots were incubated with the
protein (A) and mRNA (B) expression was detected by Western blot and realprimary antibodies for IFIT1
time PCR, respectively. ***P<0.001 compared with control.
(1:200, Santa Cruz Biotech.,
Santa Cruz, CA, USA), Bcl-2
(1:200, Santa Cruz Biotech.), Bax (1:200, Santa
ml penicillin, 100 μg/ml streptomycin and 10
Cruz Biotech.), p38 (1:1000, Cell signaling
U/ml interferon-γ (Sigma, St Louis, MO, USA) in
Technology, Danvers, MA, USA), p-p38 (1:1000,
a humidified atmosphere at 33°C with 5% CO2.
Cell signaling Technology) and GAPDH (1:1500,
Before the following assays, the podocytes
Cell signaling Technology) at 4°C overnight. The
were differentiated by cultured in the above
blots were then incubated with appropriate
medium without interferon at 37°C for 10-14
HRP-conjugated secondary antibody at room
days.
temperature for 1 h. Signals were detected with
Lentiviral production
enhanced chemiluminescence (BioRad, Richmond, CA, USA) and quantified using Image J
The full-length mouse IFIT1 were cloned into
software (National Institutes of Health, Bethe expression vector pLVX-AcGFP1-C1 (Clonthesda, MD, USA).
tech, Palo Alto, CA, USA). IFIT1 expressing lentivirus (IFIT1) and control lentivirus (control) were
Cell proliferation assay
generated by transfecting HEK 293T cells with
lentiviral expression and packaging vectors.
Cell proliferation was assessed using the
CCK-8 assay according to the manufacture’s
Quantitative real-time PCR
instruction. Briefly, podocytes were trypsinized
and seeded onto 96-well plates at a density of
Total RNA was extracted from podocyteswith
3×103 cells per well. At 24 h after seeding,
TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
podocyteswere infected with IFIT1 expressing
per themanufacturer’s instructions. The first
lentivirus and control lentivirus. At 0, 12, 24, 48
strand cDNA was then synthesized from 2 μg
and 72 h post virus treatment, CCK-8 solution
RNA by the two-step RT-PCR system (Thermo
(10 µl in 100 µl RMPI-160 medium) was added
Fisher Scientific, Rockford, IL, USA). Quantitative
to each well and incubated for 1 h. The absorreal-time PCR was performed on ABI7300 therbance was measured at 450 nm by using a
mal cycler (Applied Biosystems, Foster City, CA,
microplate reader (Bio-Rad, Hercules, CA, USA).
USA) with a standard SYBR Green PCR kit
(Thermo Fisher Scientific) to measure the
Flow cytometric analysis of apoptosis
mRNA levels of IFIT1. GAPDH was served as an
internal control. Relative gene expression was
Cell apoptosis analysis was performed by using
calculated using the 2-ΔΔCT method. Primers
Annexin V apoptosis detection kit (eBioscience,
were list as follows: IFIT1, 5’-TTTGAGATGGSan Diego, CA, USA). Briefly, podocytes plated
CCTATGTTTG-3’ and 5’-TTGTCTTCTGACTGCTTin 6-well plates were infected with lentivirus. At
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pression on cell proliferation by CCK-8 assay.
Ectopic expression of IFIT1 significantly suppressed the proliferation of podocytes (Figure
2).
Ectopic expression of IFIT1 induced podocyte
apoptosis

Figure 2. IFIT1 inhibited cell proliferation of podocytes. The chondrocytes viability as tested by CCK-8
at 0 h, 12 h, 24 h, 48 h and 72 h after virus transduction. ***P<0.001 compared with control.

48 h post virus treatment, podocytes were harvested, incubated with Annexin V and Propidium
iodide (PI) for 20 min in dark at 4°C and analyzed on a flow cytometry (BD Biosciences,
Franklin Lakes, NJ, USA). The early apoptotic
cells are represented in the lower right quadrant of the FACS histogram.
Statistical analysis
The data was presented as the mean value ±
SD (standard deviation). The paired, two-tailed
Student’s t-test was used to analyze the significance of difference between groups. A difference was considered significant when the P
value was less than 0.05.
Results
Ectopic expression of IFIT1 in podocytes
In order to study the function of IFIT1 on podocytes, IFIT1 lentivirus was packaged, produced
and infected mousepodocytes. As shown in
Figure 1, IFIT1 lentivirus infection of podocytes
resulted in a notable increase of IFIT1 expression at both mRNA and protein levels.
Ectopic expression of IFIT1 inhibited podocyte
proliferation
Decreasing podocyte number contributes to
the development of kidney disease [11]. The
inability or lack of podocytes to proliferate is
one of the possible causes for loss of podocyte
number. A previous study suggested that IFIT1
may regulate the proliferation of immune cells
during stroke-related processes [12]. Therefore,
we then evaluated the effects of IFIT1 overex21582

Apoptosis is another possible cause for loss
of podocyte number. Thus, we assessed the
effects of IFIT1 overexpression on cell apoptosis by Annexin V-PI staining and flow cytometry analysis. As shown in Figure 3, IFIT1 expressing lentiviral treatment for 48 h significantly
induced apoptosis of podocytes (from 3.47%±
0.39% to 22.70%±0.51%).
Ectopic expression of IFIT1 changed protein
expression associated with apoptosis pathway
in podocytes
IFIT1 overexpression significantly reduced the
expression of anti-apoptosis protein (Bcl-2
[13]), but increased the expression of apoptosis marker protein (cleaved caspase 3 [14]),
apoptosis promoting protein (Bax [13]) and
phosphorylation of p38 (p-p38) (Figure 4).
These findings indicated that IFIT1 induced
apoptotic death of podocytes via regulating
Bcl-2 family proteins and p38 phosphorylation.
Discussion
IFIT1 was identified as a candidate gene for systemic lupus erythematosus (SLE), which affects
multiple organs, including kidney. Perysinaki et
al. suggested the implication of podocytes in
the pathogenesis of lupus nephritis [10]. In the
present study, we revealed the effects of IFIT1
on mouse podocytes. Our study indicated a
possible role of IFIT1 in kidney disease.
IFIT1 is one of four related human (ISG56/IFIT1,
ISG54/IFIT2, ISG60/IFIT3, ISG58/IFIT5) and
three related mouse proteins (Ifit1, Ifit2, Ifit3)
[15]. These proteins are characterized as inhibitors of viral replication [1, 2], translation [3] and
proliferation [4] and promoters of apoptosis [5,
6]. In the present study, we overexpressed IFIT1
in mouse podocytes via lentivirus infection
(Figure 1). CCK-8 assay (Figure 2) showed that
IFIT1 can suppress cell proliferation of podocytes, which was consistent with those findings
in immune cells [12]. It was reported that overexpression of IFIT1 was able to induce apoptotic cell death of Hela cells [6]. In line with
Int J Clin Exp Med 2016;9(11):21580-21584
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Figure 3. IFIT1 promoted cell apoptosis of podocytes. Cell apoptosis was analyzed at 48 h after virus transduction
by Annexin V/PI staining and flow cytometry. ***P<0.001 compared with control.

Figure 4. IFIT1 overexpression
regulates apoptosis-related genes
expression. After transducted with
IFIT1 expressing lentivirus and
control virus for 48 h, podocytes
were harvested for Western blotting analysis. Western blotting
(left panel) and quantification
(right panel) of Bax, Bcl-2, cleaved
caspase 3 (A), p-p38 and p38 (B)
were shown. ***P<0.001 compared with control.

these findings, we found the apoptosis-promoting effects of IFIT1 on mouse podocytes (Figure
3). Our data suggested that IFIT1 can decreased
podocyte number through promoting cell apoptosis and inhibiting cell survival, thus might participate in the development of kidney disease.
21583

However, further investigations are needed
based on clinical samples or animal models.
Mitochondrial pathway plays a critical role in
cell apoptosis and cleaved caspase 3 is a marker of mitochondrial pathway of apoptosis [16].
Int J Clin Exp Med 2016;9(11):21580-21584
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Bcl-2 and Bax are well-known regulators to suppress and promote cell apoptosis, respectively
[13]. Phosphorylation of p38 results in cell
apoptosis [17]. To further indicate the pathway
through which IFIT1 promotes cell apoptosis,
we examined the protein levels of Bcl-2, Bax
[13] and cleaved caspase 3. We found that
IFIT1 overexpresssion led to an increase in the
levels of Bax, cleaved caspase 3 and p-38, and
a decrease in Bcl-2 expression (Figure 4).
These data suggested that IFIT1 exerted an
apoptosis-promoting role via regulating phosphorylation of p38 and Bcl-2 family proteins.
In conclusion, we revealed the proliferationinhibitory and apoptosis-promoting effects of
IFIT1 on mouse podocytes. The present study
suggest that IFIT1 may decrease podocyte
number and be a good candidate target for
kidney disease, although further studies are
needed.
Acknowledgements
This research was supported by grants from
National Natural Science Foundation of China
(No. 81302589) and Fujian Provincial Health
and Family Planning Commission (No. 2014ZQNZD19).

[4]

[5]
[6]

[7]

[8]

[9]
[10]

Disclosure of conflict of interest
None.
Address correspondence to: Ling Lin and Xiaoqing
Chen, Department of Rheumatism, The Second
Clinical College, Fujian Medical University, Quanzhou
362000, Fujian, China. E-mail: linglin330@sina.com
(LL); nnggdd123@163.com (XQC)

References
[1]

[2]

[3]

Der SD, Zhou A, Williams BR and Silverman
RH. Identification of genes differentially regulated by interferon alpha, beta, or gamma using oligonucleotide arrays. Proc Natl Acad Sci
U S A 1998; 95: 15623-15628.
Stark GR, Kerr IM, Williams BR, Silverman RH
and Schreiber RD. How cells respond to interferons. Annu Rev Biochem 1998; 67: 227264.
Guo J, Hui DJ, Merrick WC and Sen GC. A new
pathway of translational regulation mediated
by eukaryotic initiation factor 3. EMBO J 2000;
19: 6891-6899.

21584

[11]
[12]

[13]
[14]

[15]
[16]
[17]

Xiao S, Li D, Zhu HQ, Song MG, Pan XR, Jia PM,
Peng LL, Dou AX, Chen GQ, Chen SJ, Chen Z
and Tong JH. RIG-G as a key mediator of the
antiproliferative activity of interferon-related
pathways through enhancing p21 and p27 proteins. Proc Natl Acad Sci U S A 2006; 103:
16448-16453.
Reich NC. A death-promoting role for ISG54/
IFIT2. J Interferon Cytokine Res 2013; 33: 199205.
Stawowczyk M, Van Scoy S, Kumar KP and
Reich NC. The interferon stimulated gene 54
promotes apoptosis. J Biol Chem 2011; 286:
7257-7266.
Ye S, Pang H, Gu YY, Hua J, Chen XG, Bao CD,
Wang Y, Zhang W, Qian J, Tsao BP, Hahn BH,
Chen SL, Rao ZH and Shen N. Protein interaction for an interferon-inducible systemic lupus
associated gene, IFIT1. Rheumatology (Oxford)
2003; 42: 1155-1163.
Ortega LM, Schultz DR, Lenz O, Pardo V and
Contreras GN. Review: Lupus nephritis: pathologic features, epidemiology and a guide to
therapeutic decisions. Lupus 2010; 19: 557574.
Patrakka J and Tryggvason K. New insights into
the role of podocytes in proteinuria. Nat Rev
Nephrol 2009; 5: 463-468.
Perysinaki GS, Moysiadis DK, Bertsias G,
Giannopoulou I, Kyriacou K, Nakopoulou L,
Boumpas DT and Daphnis E. Podocyte main
slit diaphragm proteins, nephrin and podocin,
are affected at early stages of lupus nephritis
and correlate with disease histology. Lupus
2011; 20: 781-791.
Mundel P and Shankland SJ. Podocyte biology
and response to injury. J Am Soc Nephrol
2002; 13: 3005-3015.
McDermott JE, Vartanian KB, Mitchell H,
Stevens SL, Sanfilippo A and Stenzel-Poore
MP. Identification and validation of Ifit1 as an
important innate immune bottleneck. PLoS
One 2012; 7: e36465.
Reed JC. Regulation of apoptosis by bcl-2 family proteins and its role in cancer and chemoresistance. Curr Opin Oncol 1995; 7: 541-546.
Budihardjo I, Oliver H, Lutter M, Luo X and
Wang X. Biochemical pathways of caspase activation during apoptosis. Annu Rev Cell Dev
Biol 1999; 15: 269-290.
Fensterl V and Sen GC. The ISG56/IFIT1 gene
family. J Interferon Cytokine Res 2011; 31: 7178.
Ott M, Gogvadze V, Orrenius S and Zhivotovsky
B. Mitochondria, oxidative stress and cell death. Apoptosis 2007; 12: 913-922.
Olson JM and Hallahan AR. p38 MAP kinase: a
convergence point in cancer therapy. Trends
Mol Med 2004; 10: 125-129.

Int J Clin Exp Med 2016;9(11):21580-21584

