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Mammalian mitochondrial ribosomal proteins are functionally involved in protein synthesis
in mitochondrion. Recently numerous studies have illuminated the role of mitochondrion in
cancer development. However, the precise function of mitochondrial ribosomal protein L42
(MRPL42) remains unclear. Here in the present study, we identified MRPL42 as a novel onco-
gene in glioma. By analyzing the Cancer Genome Atlas (TCGA) database, we first found that
MRPL42 was significantly up-regulated in glioma tissues compared with normal tissues.
Functionally, we silenced MRPL42 in glioma cells and revealed that MRPL42 knockdown
largely blunted the proliferation of U251 and A172 cells. Mechanistically, our results sug-
gested that MRPL42 silencing resulted in increased distribution of cell cycle in G1 and G2/M
phases, while the S-phase decreased. In addition, the apoptosis and caspase3/7 activity
were both activated after MRPL42 knockdown. Taken together, MRPL42 is a novel onco-
gene in glioma and might help us develop promising targetted therapies for glioma patients.

Introduction
Glioma is a common type of brain tumor and derives from glial cells [1]. The regular treatment for this
disease includes surgery, radiation, and chemotherapy, while the prognosis is still unsatisfactory [2]. Cur-
rently, genetic studies have identified a large amount of potential oncogenes or tumor suppressors in
glioma, such as cyclin dependent kinase inhibitor 2B (CDKN2B) and regulator of telomere elongation
helicase 1 (RTEL1) [3], isocitarte dehydrogenase (NADP+) 1 cytosolic (IDH1) [4], telomerase reverse
transcriptase (TERT) and telomerase RNA component (TERC) [5]. However, curable therapies against
this lethal malignancy are still limited. Thus, identifying potential pathogenic targets might help us in
exploring effective therapeutic treatment.

Mammalian mitochondrial ribosomal proteins are a cluster of factors that are encoded by nuclear genes
and are responsible for protein synthesis in mitochondrion. Generally, mitochondrial ribosome are com-
posed of a large 39S subunit and a small 28S subunit. Some studies have identified mitochondrial ribo-
somal proteins, death-associated protein 3 (DAP3) and mitochondrial ribosomal protein S30 (PDCD9)
as apoptosis-triggering factors [6,7]. It has also been reported that X-linked ribosomal protein S4 high
expression is correlated with slower ovarian tumors progression and better survival [8]. In addition, mi-
tochondrial ribosomal protein L41 (MRPL41) has been demonstrated to inhibit the xenografted tumor
growth of cancer cells through stabilizing P53 [9]. Another study has found that MRPL41 participates in
cell-cycle arrest induced by serum starvation [10]. Similar to MRPL41, mitochondrial ribosomal protein
L42 (MRPL42) is also a family member of mammalian mitochondrial ribosomal proteins. It belongs to
28S and 39S subunits and its role in glioma is undetermined.
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Figure 1. MRPL42 is up-regulated in glioma specimens

(A) Relative mRNA expression of MRPL42 in glioma and normal tissues that are analyzed from TCGA database (fold change =
3.24, P=1.050E-09). Normal tissues, n=10; glioma tissues, n=558. (B) The mRNA abundance was determined by qRT-PCR assay

in NHA and four glioma cell lines U87, U373, U251, and A172. GAPDH serves as the internal control. The relative expression of

MRPL42 is shown as �CT (CT
MRPL42 − CT

GAPDH). A lower CT value represents a higher relative expression of MRPL42.

Figure 2. MRPL42 is efficiently knocked down in U251 and A172 cells using lentivirus silencing strategy

(A,B) qRT-PCR (A) and Western blot (B) analysis of MRPL42 in U251 cells expressing shCtrl or shMRPL42 lentivirus; ***P<0.001.

(C,D) qRT-PCR (C) and Western blot (D) analysis of MRPL42 in A172 cells expressing shCtrl or shMRPL42 lentivirus; ***P<0.001.

We initially noticed that MRPL42 was obviously up-regulated in glioma tissues according to the The Cancer
Genome Atlas (TCGA) database. Based on lentivirus-mediated knockdown strategy, we found that MRPL42 re-
duction largely suppressed the proliferation of U251 and A172 glioma cells. We also revealed that cell cycle was
arrested as shown by the increased percentage in G1, G2/M and decreased distribution in S phases. Apoptosis and
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caspase-3/caspase-7 activity were enhanced in shMRPL42 glioma cells. These results indicated that MRPL42 knock-
down suppressed the glioma cell viability at least partly through disturbing cell cycle progression and activating apop-
tosis.

Materials and methods
TCGA gene expression analysis
Transcriptional abundance of glioma-related MPRL42 was excavated from TCGA (http://cancergenome.nih.gov). In
brief, a total of 558 glioma specimens and 10 normal tissues were available for the analysis.

Cell culture
Normal human astrocytes (NHA) and human glioma cells U87, U373, U251, and A172 were obtained from Ameri-
can Type Culture Collection. All the cells were cultured in Dulbecco’s modified Eagle’s medium (Invitrogen), supple-
mented with 10% FBS (HyClone) and 1% penicillin and streptomycin solution (Corning). The cells were maintained
in 37◦C incubator with 5% CO2.

Total mRNA isolation and quantitative real-time PCR
For total RNA isolation, indicated cells were lysed using TRIzol reagent (Invitrogen) and then subjected to RNeasy
Mini kit (Qiagen). Reverse transcription was performed using ReverTra Ace R© qPCR RT Master Mix with gDNA
Remover (TOYOBO), following the manufacturer’s instructions. TransStart Top Green qPCR SuperMix (TransGen
Biotech) was used for transcripts detection. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) serves as inter-
nal control. The real-time PCR primers were listed as followed: MPRL42 forward: and reverse GAPDH forward:
5′-TGACTTCAACAGCGACACCCA-3′ and reverse: 5′-CACCCTGTTGCTGTAGCCAAA-3. The relative expres-
sion of MPRL42 was normalized to GAPDH and analyzed using comparative �CT method (CT

MRPL42 − CT
GAPDH).

A lower CT value represents a higher relative expression of MRPL42.

Western blot
Indicated cells were lysed in lysis buffer (1 g SDS, 0.78 g DTT, 3 ml Tris (1 M, pH 6.8), 5 ml glycerol and ddH2O up
to 50 ml). After incubation for 10 min at room temperature, cell lysis was boiled at 98◦C for 10 min and centrifuged
for 5 min. After running on SDS/PAGE (12% gel) for 1.5 h, the proteins were transferred on to PVDF membrane
(Millipore) for 1 h and then blocked with 5% skim milk for 1 at room temperature. Then the proteins on PVDF
membrane were incubated with primary antibodies at 4◦C overnight and indicated secondary antibodies.

MPRL42 knockdown in U251 and A172 cells
MPRL42 was knocked down using pGCSIL-GFP (stably expressed shRNA containing a GFP marker)
lentivirus system. Briefly, shRNA against MPRL42 (5′-CAAAGAGAACTATCTTGAA-3′) or shCtrl
(5′-TTCTCCGAACGTGTCACGT-3′) was inserted into pGCSIL-GFP vector by GeneChem (Shanghai, China).
293T cells were transfected with pGCSIL-GFP and packaging vectors (pHelper1.0: gag/pol and Helper2.0: VSVG) us-
ing Lipofectamine 2000 (Invitrogen), following the manufacturer’s instructions. Forty-eight hours after transfection,
viral supernatants were collected and filtered through a 0.45-μm filter.

High-content screening assay
Equal numbers of shCtrl and shMPRL42 U251 or A172 cells were seed in 96-well plates and maintained for 5 days.
The stained cells were photographed using a fluorescence fluorescence-imaging microscope (20× objective). Cell
numbers from days 1 to 5 was determined by the ArrayScanTM HCS software (Cellomics Inc).

Cell proliferation analysis
U251 and A172 cells expressing shCtrl or shMPRL42 lentivirus were subjected to MTT assay for cell proliferation
analysis. Briefly, a total of 3000 indicated cells were seeded in 96-well plates and cell viability was measured at day 1,
2, 3, 4, or 5. For clarity, MTT solution (5 mg/ml) was added into 96-plate wells and incubated at 37◦C. Three hours
later, cell culture and MTT solution were removed and 150 μl DMSO was added into the plates. The optical density
(OD) was detected at 490 nm by a microplate reader.
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Figure 3. MRPL42 silencing suppresses the proliferation of U251 and A172 cells

(A,B) Cell viability of shCtrl and shMRPL42 U251 cells were analyzed using multiparametric HCS assay from days 1 to 5. (A) Repre-

sentative photographs of HCS. (B) Quantitative results of HCS. ***P<0.001. (C) shCtrl and shMRPL42 U251 cells were subjected to

MTT analysis of cell proliferation at the indicated time. **P<0.01, ***P<0.001. (D) shCtrl and shMRPL42 A172 cells were subjected

to MTT analysis of cell proliferation at the indicated time. **P<0.01, ***P<0.001.

Cell cycle determination
Propidium iodide (PI) staining was performed to analyze the cell cycle. shCtrl or shMPRL42 U251 and A172 cells
were seeded in six-well plates. PI absorbance was determined on a flow cytometer.

Apoptosis assay
Cell apoptosis was detected using annexin V-APC apoptosis detection kit (Ebioscience), following the manufacturer’s
protocol. shCtrl or shMPRL42 U251 and A172 cells were washed with PBS, and then resuspended in staining buffer
at a density of 1 × 106 ml. Five microliters of annexin V-APC was added and the mixture was maintained at room
temperature for 15 min, then subjected to flow cytometry analysis (FACSCalibur, Becton-Dickinson).

Caspase 3/7 activity measurement
Ten thousand indicated cells were seeded into 96-well plates, and then 100 μl caspase-Glo reagent (Promega) was
added into the plates according to the manufacturer’s protocol. The plates were rotated at 400 rpm for 30 min and
incubated at room temperature for 90 min. The activity was determined on a microplate reader.

Statistical analysis
All the statistical data were analyzed in at least three independent experiments. Unpaired Student’s t test was used to
analyze the difference between two groups. Difference was determined by one-way ANOVA in more than two groups.
All the statistical analyses were performed using GraphPad Prism 6 software. P-value less than 0.05 was considered
significant.
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Figure 4. MRPL42 knockdown leads to cell cycle arrest of U251 and A172 cells

(A) Cell cycle of U251 cells was analyzed using flow cytometry 72 h after shCtrl or shMRPL42 lentivirus infection. Left, G1 phase;

Middle, S phase; Right, G2/M phase. (B) Quantitative analysis of G1, S, and G2/M phase of U251 cells expressing shCtrl or shM-

RPL42 lentivirus. ***P<0.001. Quantitation was determined by the area under the indicated phase. (C) Cell cycle of A172 cells was

analyzed using flow cytometry 72 h after shCtrl or shMRPL42 lentivirus infection. (D) Quantitative analysis of G1, S, and G2/M phase

of A172 cells expressing shCtrl or shMRPL42 lentivirus. ** P<0.01.

Results
MRPL42 level is increased in glioma specimens
By analyzing the RNA sequencing data from the TCGA database, we found that MRPL42 abundance was obviously
increased in a total of 558 glioma tissues as compared with ten normal tissues (Figure 1A) (fold change = 3.24,
P=1.050E-09). We also detected the mRNA level of MRPL42 using quantitative real-time PCR (qRT-PCR) in NHA
and four glioma cell lines U87, U373, U251, and A172. The results showed that MRPL42 level was higher in U87,
U373, U251, and A172 compared with NHA (Figure 1B).

MRPL42 knockdown suppresses the proliferation of U251 and A172 cells
To investigate the role of MRPL42 in glioma, we knocked down MRPL42 using lentivirus shRNA strategy in U251
and A172 cells and examined the cell viability. First, we found that MRPL42 was efficiently silenced in shMRPL42
U251 or A172 cells as shown by the qRT-PCR and Western blot results (Figure 2). Next, we detected cell growth using
high-content screening (HCS) assay at 1, 2, 3, 4, and 5 days after cell seeding. The fluorescence images of the cells sug-
gested that the viability of shMRPL42 U251 cells was constantly lower than that of shCtrl U251 cells (Figure 3A). The
shCtrl U251 cells grew intensely from days 1 to 5, while the shMRPL42 U251 cells had limited proliferative potential
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(Figure 3A). We also quantitated the relative cell numbers and the results showed that MRPL42 knockdown largely
blunted the proliferation of U251 cells (Figure 3B). We further performed MTT assay to analyze the proliferation rate
and the results were consistent to the HCS analysis (Figure 3C). To explore whether this suppressive effect is limited
to U251 cells, we silenced MRPL42 in another glioma cells A172. Likewise, based on MTT assay, we also showed
that MRPL42 silencing inhibited the proliferation of A172 cells (Figure 3D). In conclusion, our findings revealed that
MRPL42 was critical for glioma cell proliferation.

MRPL42 knockdown induces the cell cycle arrest of U251 and A172 cells
Because cell cycle is the primary event of cell proliferation, we first focussed on whether MPRL42 regulated the
progression of cell cycle. PI staining detected by flow cytometer was performed in shCtrl and shMPRL42 U251 and
A172 cells. Our results showed that MPRL42 knockdown resulted in increased distribution in G1 and G2/M phases
and decreased distribution in S-phase (Figure 4). This indicates that MPRL42 knockdown led to cell cycle arrest at
the G1 and G2/M phases.

MRPL42 knockdown activates the apoptosis of U251 and A172 cells
Decreased cell proliferation induced by MRPL42 knockdown may be a consequence of increased cell death. Thus,
we analyzed the apoptosis in shCtrl and shMPRL42 U251 and A172 cells. We found that shMPRL42 U251 cells had
higher apoptotic cell number compared with that of shCtrl U251 cells (Figure 5A,B). We also checked the caspase
activity and found that caspase-3/caspase-7 activity was increased after MPRL42 knockdown in U251 cells (Figure
5E). Consistently, the apoptosis (Figure 5C,D) and caspase-3/caspase-7 (Figure 5F) activity were both enhanced in
shMPRL42 A172 cells compared with shCtrl A172 cells.

Discussion
In the present study, we demonstrated that MRPL42 was critical for glioma cell survival. We observed an up-regulation
of MRPL42 in glioma tissues by analyzing the TCGA database. Thus, we checked MRPL42 abundance in glioma cells
and found that the mRNA level of MRPL42 was higher in glioma cells U87, U373, U251, and A172 compared with
NHA cells. These evidences might suggest an essential role of MRPL42 for glioma progression. In vitro, we knocked
down MRPL42 in glioma cells and the results showed that MRPL42 silencing largely blunted the proliferation of U251
and A172 cells, indicating that glioma cell survival was depending on MRPL42 expression. In addition, cell cycle
arrest and apoptosis were induced after MRPL42 knockdown, which could partly explain the reduced cell viability of
MRPL42 silencing U251 and A172 cells.

Mitochondria is a well-known energy factory involved in oxidative phosphorylation, fatty acid oxidation, and the
synthesis of lipids, nucleotides, and amino acids [11]. In the past decade, studies have revealed potential correlation
of mitoribosome proteins in cancer biology. MRPL37 mRNA expression is increased in lymphoma human tissues
and cells [12]. However, some cancer types and cells exhibit decreased level of MRPL41 [9]. Although some studies
have detected dysregulation of mitoribosome proteins in cancers, the precise role is still undetermined. MRPL42
is also a mitoribosome protein that its gene is located on chromosome 12 [13]. In this study, we investigated the
function of MRPL42 in glioma and found that its mRNA level was evaluated in glioma tissues. Functional study using
lentivirus knockdown strategy helped us illustrate the important role of MRPL42 in glioma that MRPL42 silencing
resulted in suppressed growth of glioma cells. This implied that this protein was necessary for glioma cell survival.
It is known that mitochondria proteins are closely correlated with programmed cell death or apoptosis [14]. It has
been reported that MPRL42 binds to Bcl-2 to induce apoptosis [15]. MPRL42, also known as programmed cell death
protein 9, is homologous to chicken p53 protein. Overexpression of MPRL42 leads to up-regulation of c-jun and
activation of JNK signaling, and subsequently enhanced apoptosis [16]. Here, apoptosis was activated in MPRL42
glioma cells. Additionally, caspase-3/caspase-7 activity was also increased after MPRL42 knockdown, suggesting that
MPRL42 plays important roles in apoptosis. However, how MPRL42 regulates apoptosis is still unknown. Future
studies are needed to clarify the molecular mechanisms of MPRL42 knockdown induction of apoptosis. Our findings
also revealed that MPRL42 knockdown glioma cells had a lower distribution of S-phase and increased percentage of
G1 and G2/M phases. This implied that shMPRL42 glioma cells were retarded at the G1 and G2/M phases, indicating
enhanced cell cycle arrest.

In summary, we provide for the first time that MPRL42 functions as an oncogene in glioma. Up-regulation of
MPRL42 is observed in glioma tissues and cells. Knockdown of MPRL42 largely suppresses the proliferation and
growth of glioma cells. Mechanistically, enhanced cell cycle arrest at the G1 and G2/M phases and increased apoptosis
were found in MPRL42 silencing glioma cells.
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Figure 5. MRPL42 knockdown induces U251 and A172 cells apoptosis

(A) Cell apoptosis of U251 cells was determined by Annexin V-APC staining and flow cytometry 72 h after shCtrl or shMRPL42

lentivirus infection. Red-R fluorescence >102 represented apoptotic cell area. (B) Quantitative result of apoptosis as shown in

(A), ***P<0.001. (C) Cell apoptosis of A172 cells was determined by Annexin V-APC staining and flow cytometry 72 h after shCtrl

or shMRPL42 lentivirus infection. Red-R fluorescence >102 represented apoptotic cell area. (D) Quantitative result of apoptosis,

***P<0.001. (E) shCtrl and shMRPL42 U251 cells were subjected to caspase 3/7 activity determination. ***P<0.001. (F) shCtrl and

shMRPL42 A172 cells were subjected to caspase 3/7 activity determination. ***P<0.001.

Funding
This work was supported by the National Natural Science Foundation Youth Fund [grant number 30600637]; the China Post-
doctoral Science Foundation [grant number 2014M561207]; the Shanxi Scholarship Council of China [grant numbers 2011-096,
2016-key project 4]; and the Shanxi Province Basic Research Program Youth Science and Technology Research Fund [grant num-
ber 2010021034-4].

c© 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

7

D
ow

nloaded from
 http://port.silverchair.com

/bioscirep/article-pdf/38/2/BSR
20171456/483097/bsr-2017-1456.pdf by guest on 18 April 2024



Bioscience Reports (2018) 38 BSR20171456
https://doi.org/10.1042/BSR20171456

Competing interests
The authors declare that there are no competing interests associated with the manuscript.

Author contribution
H.D. conceived the study, carried out the experimental design and data interpretation, and prepared the manuscript. C.H. per-
formed most of the experiments. H.L. and H.W. performed the HCS assay. Y.L. and Y.F. performed the Western blot. C.Z. per-
formed statistical analysis.

Abbreviations
GAPDH, glyceraldehyde-3-phosphate dehydrogenase; HCS, high-content screening; MRPL41, mitochondrial ribosomal protein
L41; MRPL42, mitochondrial ribosomal protein L42; NHA, normal human astrocyte; PI, propidium iodide; qRT-PCR, quantitative
real-time PCR; TCGA, The Cancer Genome Atlas.

References
1 Westphal, M. and Lamszus, K. (2011) The neurobiology of gliomas: from cell biology to the development of therapeutic approaches. Nat. Rev. Neurosci.

12, 495–508, https://doi.org/10.1038/nrn3060
2 Davis, F.G. and McCarthy, B.J. (2001) Current epidemiological trends and surveillance issues in brain tumors. Expert Rev. Anticancer Ther. 1, 395–401,

https://doi.org/10.1586/14737140.1.3.395
3 Wrensch, M., Jenkins, R.B., Chang, J.S., Yeh, R.-F., Xiao, Y., Decker, P.A. et al. (2009) Variants in the CDKN2B and RTEL1 regions are associated with

high-grade glioma susceptibility. Nat. Genet. 41, 905–908, https://doi.org/10.1038/ng.408
4 Bai, H., Harmanci, A.S., Erson-Omay, E.Z., Li, J., Coskun, S., Simon, M. et al. (2016) Integrated genomic characterization of IDH1-mutant glioma

malignant progression. Nat. Genet. 48, 59–66, https://doi.org/10.1038/ng.3457
5 Walsh, K.M., Codd, V., Smirnov, I.V., Rice, T., Decker, P.A., Hansen, H.M. et al. (2014) Variants near TERT and TERC influencing telomere length are

associated with high-grade glioma risk. Nat. Genet. 46, 731–735, https://doi.org/10.1038/ng.3004
6 Cavdar Koc, E., Ranasinghe, A., Burkhart, W., Blackburn, K., Koc, H., Moseley, A. et al. (2001) A new face on apoptosis: death-associated protein 3 and

PDCD9 are mitochondrial ribosomal proteins. FEBS Lett. 492, 166–170, https://doi.org/10.1016/S0014-5793(01)02250-5
7 Miller, J.L., Koc, H. and Koc, E.C. (2008) Identification of phosphorylation sites in mammalian mitochondrial ribosomal protein DAP3. Protein Sci. 17,

251–260, https://doi.org/10.1110/ps.073185608
8 Tsofack, S.P., Meunier, L., Sanchez, L., Madore, J., Provencher, D., Mes-Masson, A.M. et al. (2013) Low expression of the X-linked ribosomal protein S4

in human serous epithelial ovarian cancer is associated with a poor prognosis. BMC Cancer 13, 303, https://doi.org/10.1186/1471-2407-13-303
9 Yoo, Y.A., Kim, M.J., Park, J.K., Chung, Y.M., Lee, J.H., Chi, S.G. et al. (2005) Mitochondrial ribosomal protein L41 suppresses cell growth in association

with p53 and p27Kip1. Mol Cell Biol. 25, 6603–6616, https://doi.org/10.1128/MCB.25.15.6603-6616.2005
10 Kim, M.J., Yoo, Y.A., Kim, H.J., Kang, S., Kim, Y.G., Kim, J.S. et al. (2005) Mitochondrial ribosomal protein L41 mediates serum starvation-induced

cell-cycle arrest through an increase of p21(WAF1/CIP1). Biochem. Biophys. Res. Commun. 338, 1179–1184,
https://doi.org/10.1016/j.bbrc.2005.10.064

11 Kim, H.-J., Maiti, P. and Barrientos, A. (2017) Mitochondrial ribosomes in cancer. Semin. Cancer Biol.,
https://doi.org/10.1016/j.semcancer.2017.04.004

12 Levshenkova, E.V., Ukraintsev, K.E., Orlova, V.V., Alibaeva, R.A., Kovriga, I.E., Zhugdernamzhilyn, O. et al. (2004) The structure and specific features of
the cDNA expression of the human gene MRPL37. Bioorg. Khim. 30, 499–506

13 Zhang, Q.-H., Ye, M., Wu, X.-Y., Ren, S.-X., Zhao, M., Zhao, C.-J. et al. (2000) Cloning and functional analysis of cDNAs with open reading frames for
300 previously undefined genes expressed in CD34+ hematopoietic stem/progenitor cells. Genome Res. 10, 1546–1560,
https://doi.org/10.1101/gr.140200

14 Wang, C. and Youle, R.J. (2009) The role of mitochondria in apoptosis*. Annu. Rev. Genet. 43, 95–118,
https://doi.org/10.1146/annurev-genet-102108-134850

15 Chintharlapalli, S.R., Jasti, M., Malladi, S., Parsa, K.V., Ballestero, R.P. and Gonzalez-Garcia, M. (2005) BMRP is a Bcl-2 binding protein that induces
apoptosis. J. Cell. Biochem. 94, 611–626, https://doi.org/10.1002/jcb.20292

16 Sun, L., Liu, Y., Fremont, M., Schwarz, S., Siegmann, M., Matthies, R. et al. (1998) A novel 52 kDa protein induces apoptosis and concurrently activates
c-Jun N-terminal kinase 1 (JNK1) in mouse C3H10T1/2 fibroblasts. Gene 208, 157–166, https://doi.org/10.1016/S0378-1119(97)00626-4

8 c© 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

D
ow

nloaded from
 http://port.silverchair.com

/bioscirep/article-pdf/38/2/BSR
20171456/483097/bsr-2017-1456.pdf by guest on 18 April 2024

https://doi.org/10.1038/nrn3060
https://doi.org/10.1586/14737140.1.3.395
https://doi.org/10.1038/ng.408
https://doi.org/10.1038/ng.3457
https://doi.org/10.1038/ng.3004
https://doi.org/10.1016/S0014-5793(01)02250-5
https://doi.org/10.1110/ps.073185608
https://doi.org/10.1186/1471-2407-13-303
https://doi.org/10.1128/MCB.25.15.6603-6616.2005
https://doi.org/10.1016/j.bbrc.2005.10.064
https://doi.org/10.1016/j.semcancer.2017.04.004
https://doi.org/10.1101/gr.140200
https://doi.org/10.1146/annurev-genet-102108-134850
https://doi.org/10.1002/jcb.20292
https://doi.org/10.1016/S0378-1119(97)00626-4

