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Introduction
P53 has been dubbed “guardian of the genome”1 or gatekeeper2 

due to its central role in maintaining the genomic stability and tumor 
suppression.3‒5 It has been found to be mutated in about half of 
the human cancers.6,7 Since its discovery p53 has been subject to a 
tremendous amount of work making it one of the most extensively 
studied gene. Its tumor suppressive role consists in inducing anti-
proliferative cellular responses to a variety of stress signals, namely 
a cell-cycle arrest, senescence or an apoptosis. P53 can then be 
activated in response to DNA damage, hypoxia, or aberrant growth 
signals resulting from deregulated expression of oncogenes.8‒10 Under 
normal conditions p53 is expressed at low level as a result of the 
action of the ubiquitin-protein ligase MDM2, that repress p53 through 
ubiquitin-mediated degradation.11,12 In response to a stress signal 
as DNA damage p53 undergoes post-transcriptional modifications 
(phospho-rylation and acetylation) by various kinases, including 
ATM, ATR, DNA-PK, Chk1, and Chk2.13 These modifications 
activate p53 by inhibiting MDM2 from binding to its N-terminal and 
allow it to carry out its major function as a transcription factor that 
binds to specific DNA sequences and activate the transcription of 
adjacent genes. By inducing the expression of its target genes p53 
induces cell-cycle arrest or apoptosis. MicroRNAs (miRNAs) are 
small (20-25 nucleotides) non-coding RNAs that negatively regulate 
gene expression post transcriptionally by base-pairing to the 3’UTR 
of target mRNAs leading to repression of protein production or 
mRNA degradation (For a recent introduction see for example.14 A 
single miRNA can target hundreds of different mRNAs, and a single 
mRNA can be coordinately suppressed by multiple different miRNAs, 
they are involved in many biological processes, in particular cancer-
relevant processes such as proliferation, cell cycle control, apoptosis, 
differentiation, migration and metabolism. A miRNA can have 
either oncogenic or tumor suppressive function. Examples of tumor 
suppressor miRNAs are let-7 family, miR-29, miR-34 and miR-15, 
and of oncogene miRNAs are miR-17-92, miR-155 and miR-221. 
The biogenesis of miRNAs can be summarized as follows: a primary 
transcript (PRI-miRNA) is first generated by RNA polymerase 
as separate transcriptional units or embedded within the introns 

of protein coding genes. Then the primary transcript is processed 
by the microprocessor complex containing the RNase III enzyme 
Drosha to an approximate 70-nucleotide (nt) pre-miRNA hairpin 
(the precursor-miRNA).15‒17 Pre-miRNAs are subsequently exported 
to the cytoplasm by exportin 5(XPO5)18,19 where their terminal loops 
are excised by the RNase III Dicer to give rise to a double-stranded 
22nt stem composed of 5’âĂš and 3’âĂš strands representing 5p and 
3p respectively. While one of the two strands (the passenger strand 
miRNA*) is discarded, the other one (the guide) is then embedded 
into the RISC (RNA Induced Silencing Complex) to complementary 
target mRNA for post-transcriptional gene silencing.20

Since it was believed that according to the thermodynamic stability 
of the pre-miRNA cells preferentially select the less stable one of the 
two strands (the guide) and destroy the other one (the miRNA*), 
early works on miRNAs have focused on the guide strand (which was 
usually considered as the 5p one because it was found to be more 
abundant than its counterpart miRNA* in humans.21 However, even 
though miRNA* are less abundant they are often present and remain 
functional because they conserve their seed sequences and have been 
isolated from RISC.22,23 It has been shown by profiling analyses that 
both strands could be co-accumulated in some tissues while being 
subjected to strand selection in others.24‒26 The interplay between the 
5p and 3p strands from the same precursor has been shown either 
in arm-switching where the dominant miRNA is switched from 
one arm of the precursor to the other27 or by targeting overlapping 
sets of genes when the abundances of the two strands are similar.28 
Functional 5p and 3p have been characterized for many miRNAs. 
Examples include miR-9,29 miR-17,30 miR-19,23 miR-28,31 miR-30c,32 
miR-125a,33 miR-142,34 miR-155,35 miR-199,36,37 miR-223,38 miR-
342,39 miR-2015,40 miR-18a,41 miR-582.42 In some cases the two arms 
function in opposing ways (e.g. miR-28,31 and miR-12533), while in 
others they function in joint fashion (e.g. miR-19937 and miR-15535). 
miRNAs have been shown to be important components in the p53 
network Their interactions with p53 have been demonstrated through 
the identification of several miRNAs as direct target genes of p53. 
By inducing the expression of specific miRNAs that have a tumor 
suppressive function a novel mechanism for tumor suppression for 
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Abstract

In contrary to the common belief that only one strand of the pre-miRNA is active 
(usually the 5p one) while the second one is discarded, functional 5p and 3p have 
been observed for many miRNAs. Among those miRNAs is miR-34a which is a target 
gene of the tumor suppressor p53. In this paper we have re-examined the role of miR-
34a-5p and miR-34a-3p in the signaling pathway of p53. We found that they target 
overlapping sets of genes (MDM2 and THBS1). By a GO enrichment analysis we 
found that THBS1 is involved in cancer and metastasis relevant processes. We have 
also deduced that p53, MDM2 and miR-34a form a I1-FFL that can speed the response 
of p53 to external stress signals.
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p53 has been then revealed. In particular the role of the miR-34 family 
has been reported in several studies.43 In mammalians miR-34 family 
consists of miR-34a, miR-34b and miR-34c,that are encoded by two 
different genes. miR-34a is encoded by an individual transcript in 
chromosome 1 and expressed in a majority of tissues, while miR-
34b and miR-34c share a common primary transcript in chromosome 
11 and are mainly expressed in lung tissues. Several studies have 
reported that the members of miR-34 family were direct target genes 
of p53 and their up regulation induces apoptosis and cell-cycle 
arrest.44‒50 Indeed, ectopic expression of miR-34 induces cell cycle 
arrest in both primary and tumor-derived cell lines.50 Inactivation of 
miR-34a strongly attenuates p53-mediated apoptosis in cells exposed 
to genotoxic stress mir-34b/mir-34c were also down-regulated in p53-
null human ovarian carcinoma cells and both cooperate in suppressing 
proliferation of neo plastic epithelial ovarian cells.45 Since cell-cycle 
arrest and apoptosis are the responses of p53 to the stress signals, 
these facts imply that miR-34 mediate the tumor suppressive function 
of p53. On the other hand the members of the miR-34 family can 
have decreased expression in cancer because of the inactivating 
mutations of p53 or the expression of viral inhibitors of p53, but also 
as a consequence of their own mutational or epigenetic inactivation.

Since 30% of all genes and the majority of the genetic pathways 
are regulated by miRNAs,51‒53 we can expect some miRNAs to 
regulate p53 and its pathway. This hypothesis has been verified and 
some miRNAs have been identified as regulators of p53. miR-504 can 
negatively regulate p53 expression through its binding to two binding 
sites in human p53 3âĂš-UTR.54It has also been reported that miR-
125b is another miRNA targeting p53.55 Another regulator is miR-29 
that was identified as a positive regulator of p53 that up-regulate p53 
protein levels and induce p53-mediated apoptosis through repression 
of p85Îś.56 Furthermore, miR-34a, which is a transcription target of 
the p53 protein, was also found to positively regulate p53 activity and 
function in apoptosis through its direct negative regulation of SIRT1.57 
SIRT1 is a negative regulator of p53, which physically interacts with 
p53 and de acetylates Lys382 of p53.58 The purpose of this paper is the 
study of the role of both miR-34a-5p and miR-34a-3p in the signaling 
pathway of the p53.

Materials and methods
We begin by using DIANA-miRPath v3. 0 which is a miRNA 

pathway analysis web-server, providing accurate statistics utilizing 
predicted or experimentally validated miRNA interactions derived 
from DIANA-TarBase.59 We first perform a KEGG reverse search for 
miRNAs in the p53 signaling pathway (|hsa04115) by choosing the 
tar Base v 7.0 for method. In the same web-server we obtain the tar-
get genes of the different miRNAs that we found. The distribution of 
the target genes in the pathway can also be displayed. Then we use 
the cytoscape 3.4.0 software to visualize the interactions where the 
relevant genes are involved.60 We take the int Act1to be our source of 
interactions. We filter by taxonomy identifier to restrict the obtained 
network to the human case. In order to form clusters of genes that 
share a similar function we use the cluster Maker, a Cytoscape 
application with the GLay Community Clustering algorithm. The 
BiNGO, a Cytoscape Plugin61 gives the Gene Ontology (GO) terms 
that are significantly overrepresented in each cluster.

Results and discussion
The result of the KEGG reverse search was a list containing 660 

different miRNAs including hsa-miR-34a-5p (p-value=1.840530e-100) 

and hsa-miR-34a-3p (p-value=4.325757e-5). The respective p-values 
can be interpreted as expressing the fact that 5p is more abundant than 
3p. The list of target genes contains 30 genes for miR-34a-5p and two 
for miR-34a-3p (MDM2 and THBS1) that are also target genes of 
the miR-34a-5p. The involvement of these genes in the p53 signaling 
pathway is shown in (Figure 1). THBS1By loading the list of the 30 
target genes of miR-34a-5p (containing also the two targets of miR-
34a-3p) in Cytoscape 3.4.0 and searching the interactions in Int Act 
we obtain a network composed of 2492 node and 6493 edges. After 
clustering this network by the cluster Maker application we obtain the 
result shown in (figure 2) where the cluster containing THBS1 was 
highlighted, this cluster is shown in (figure 3). In order to find the 
pathways in which the THBS1 gene is involved we use the BINGO 
application of Cytoscape, and the relevant GO terms that are over 
expressed in the corresponding cluster are given in (Table 1) Int 
Act is one of the largest available repositories for curated molecular 
interactions data, storing PPIs as well as interactions involving other 
molecules. It is hosted by the European Bioinformatics Institute. Int 
Act has evolved into a multisource curation platform and many other 
databases curate into IntAct and makes their data available through 
it.23 According to this analysis we can deduce that the THBS1 gene is 
involved in regulating tumor suppression processes. But it is also clear 
that it contributes to some anti metastatic pathways like angiogenesis 
and cell adhesion.

Figure 1 The signaling pathway of p53 with the target genes of miR-34-5p/3p 
highlighted.

Figure 2 The result of the clustering of the initial network representing 
different interactions of the target genes of miR-34a-5p/3p.

https://doi.org/10.15406/ijmboa.2018.03.00042


Mir-34a-5p and mir-34a-3p contribute to the signaling pathway of p53 by targeting overlapping sets 
of genes

10
Copyright:

©2018 Chafik

Citation: Chafik A. Mir-34a-5p and mir-34a-3p contribute to the signaling pathway of p53 by targeting overlapping sets of genes. Int J Mol Biol Open Access. 
2018;3(1):8‒12. DOI: 10.15406/ijmboa.2018.03.00042

Figure 3 The cluster representing THBS1 and its interactions.

Table 1 GO term enrichment for the THBS1

GO terms over expressed p-value

Regulation of response to external stimulus 2:34 10 6

Regulation of response to stress 3:09 10 6

Regulation of cell adhesion 6:29 10 4

Positive regulation of apoptosis 5:48 10 3

Negative regulation of cell-matrix adhesion 3:07 10 3

Induction of apoptosis 1:42 10 3

Negative regulation of angiogenesis 6:48 10 3

MDM2

MDM2 and p53 form a negative feedback loop, in which p53 
induces the expression of MDM2 which mediates the degradation of 
p53.62,63 Indeed, in unstressed cells p53 is present at very low levels due 
to the continuous degradation by ubiquitination which is mediated by 
MDM2. In stressed cells, in order for p53 to accumulate in response 
to stress signals it has to escape the degradation by MDM2. In human 
cancers if the p53 is not mutated its wild-type function is inhibited 
by the high level of MDM2, leading to the down regulation of its 
tumor suppressive pathways Thus, the inhibition of the MDM2-p53 
interaction represents a promising therapeutic strategy for the 
treatment of cancer. According to the previous result miR-34a can 
contribute to the regulation of this interaction and guarantee a faster 
p53 response to external stimuli. Indeed, since MDM2 is a target gene 
of miR-34a which means that it is negatively regulated by this miRNA, 
we can re-present the interaction between the three molecules (p53, 
MDM2 and miR-34a) as a Feed Forward Loop (FFL). According to 
the signs of the three interactions (activation/repression) the present 
loop is a type 1 incoherent FFL (I1-FFL) (figure 4). The dynamics of 
this FFL can be described as follows: (figure 5) when p53 begins to 
accumulate as a response to stress signals MDM2 first rises since it is 
positively regulated by this gene. The level of miR-34a begins also to 
increase since it is a direct target gene of p53. When the expression 
of miR-34a reaches some threshold MDM2 begins to decrease. It has 
been demonstrated that the response time of the I1-FFL is smaller than 
the one of a single regulation system.64 In addition to this speedup 

feature the I1-FFL can produce non-monotonic response also called 
an amplitude filter or bi-phasic response. In this type of response, the 
output MDM2 first increases with the input signal that activates p53 
(stress signal), but decreases when the signal is high.65 Thus in cases 
where speedy responses are needed this type of regulatory loop is 
more advantageous than the simple one. In our case MDM2 is the 
principal cell antagonist of p53 that limits its anti growth function 
in normal cells, and the I1-FFL constitute a novel mechanism that 
accelerates the stabilization of p53 in response to external stimilus.

Figure 4 Type 1 incoherent FFL composed of p53, miR-34a and MDM2.

Figure 5 The dynamics of the I1-FFL.

Acknowledgements
None.

Conflict of interest
Author declares that there is no conflict of interest.

References
1. Lane DP. Cancer. p53, guardian of the genome. Nature. 

1992;358(6381):15‒16. 

https://doi.org/10.15406/ijmboa.2018.03.00042
https://www.ncbi.nlm.nih.gov/pubmed/1614522
https://www.ncbi.nlm.nih.gov/pubmed/1614522


Mir-34a-5p and mir-34a-3p contribute to the signaling pathway of p53 by targeting overlapping sets 
of genes

11
Copyright:

©2018 Chafik

Citation: Chafik A. Mir-34a-5p and mir-34a-3p contribute to the signaling pathway of p53 by targeting overlapping sets of genes. Int J Mol Biol Open Access. 
2018;3(1):8‒12. DOI: 10.15406/ijmboa.2018.03.00042

2. Levine AJ. p53, the cellular gatekeeper for growth and division. Cell. 
1997;88(3):323‒331.

3. Levine AJ, Finlay CA, Hinds PW. P53 is a tumor suppressor gene. Cell. 
2004;116:S67‒S69. 

4. Vousden KH, Prives C. Blinded by the light: The growing complexity of 
p53. Cell. 2009;137(3):413‒431.

5. Feng Z, Levine AJ. The regulation of energy metabolism and 
the IGF-1/mTOR pathways by the p53 protein. Trends Cell Biol. 
2010;20(7):427‒434.

6. Baker SJ, Fearon ER, Nigro JM, et al. Chromosome 17 deletions 
and p53 gene mutations in colorectal carcinomas. Science. 
1989;244(4901):217‒221.

7. Vogan K, Bernstein M, Leclerc JM, et al. Absence of p53 gene muta-
tions in primary neuroblastomas. Cancer Res. 1993;53(21):5269‒5273.

8. Yee KS, Vousden KH. Complicating the complexity of p53. 
Carcinogenesis. 2005;26(8):1317‒1322.

9. Riley T, Sontag E, Levine A, et al. Transcriptional control of human p53-
regulated genes. Nat Rev Mol Cell Biol. 2008;9(5):402‒412.

10. Green DR, Kroemer G. Cytoplasmic functions of the tumour suppressor 
p53. Nature. 2009;458(7242):1127‒1130.

11. Kubbutat MH, Jones SN, Vousden KH. Regulation of p53 stability by 
MDM2. Nature. 1997;387(6630):299‒303.

12. Honda R, Tanaka H, Yasuda H. Oncoprotein MDM2 is a ubiquitin ligase 
E3 for tumor suppressor p53. FEBS Lett. 1997;420(1):25‒27.

13. Appella E, Anderson CW. Post-translational modifications and activation 
of p53 by genotoxic stresses. Eur J Biochem. 2001;268(10):2764‒2772.

14. Malik, Yousef, Allmer Jens. miRNomics : MicroRNA Biology and 
Computational Analysis. Springer; 2014.

15. Denli AM, Tops BB, Plasterk RH, et al. Processing of primary microRNAs 
by the Microprocessor complex. Nature; 2004;432(7014):231‒235. 

16. Gregory RI, Yan KP, Amuthan G, et al. The Microprocessor complex 
mediates the genesis of microRNAs. Nature. 2004;432(7014):235‒240.

17. Han J, Lee Y, Yeom KH, et al. The Drosha-DGCR8 complex in primary 
microRNA processing. Genes Dev. 2004;18(24):3016‒3027.

18. Lund E, GÃĳttinger S, Calado A, et al. Nuclear export of microRNA 
precursors. Science. 2004;303(5654):95‒98.

19. Yi R, Qin Y, Macara IG, et al. mediates the nuclear export of pre-
microRNAs and short hairpin rnas. Genes Dev. 2003;17(24):3011‒3016.

20. Gregory RI, Chendrimada TP, Cooch N, et al. Human RISC couples 
microRNA biogenesis and posttranscriptional gene silencing. Cell. 
2005;123(4):631‒640.

21. Hu H, Yan Z, Xu Y, et al. Sequence features associated with microRNA 
strand selection in humans and flies. BMC Genomics. 2005;10:413.

22. Okamura K, Balla S, Martin R, et al. Two distinct mechanisms generate 
endogenous siRNAs from bidirectional transcription in drosophila 
melanogaster. Nat Struct Mol Biol. 2005;15(6):581‒590.

23. Yang JS, Phillips MD, Betel D, et al. Wide spread regulatory activity of 
vertebrate microRNA* species. RNA 2011;17(2):312‒326.

24. Ro S, Park C, Young D, et al. Tissue-dependent paired expression of 
miRNAs. Nucleic Acids Res. 2007;35(17):5944‒5953.

25. Okamura K, Phillips MD, Tyler DM, et al. The regulatory activity of 
microRNA* species has substantial influence on microRNA and 3’ UTR 
evolution. Nat Struct Mol Biol. 2008;15(4):354‒363.

26. Chiang HR, Schoenfeld LW, Ruby JG, et al. Mammalian microRNAs: 
experimental evaluation of novel and previously annotated genes. Genes 
Dev. 2010;24(10):992‒1009. 

27. Griffiths Jones S, Hui JHL, Marco A, et al. MicroRNA evolution by arm 
switching. EMBO Rep. 2011;12(2):172‒177.

28. Marco A, Macpherson JI, Ronshaugen M, et al. MicroRNAs from the 
same precursor have different targeting properties. Silence. 2012;3(1):8.

29. Packer AN, Xing Y, Harper SQ, et al. The bifunctional microRNA 
miR-9/miR-9* regulates REST and Co-REST and is downregulated in 
huntington’s disease. J Neurosci. 2008;28(53):14341‒14346.

30. Shan SW, Lee DY, Deng Z, et al. MicroRNA MiR-17 retards 
tissue growth and represses fibronectin expression. Nat Cell Biol. 
2009;11(8):1031‒1038.

31. Almeida MI, Nicoloso MS, Zeng L, et al. Strand-specific miR-28-
5p and miR-28-3p have distinct effects in colorectal cancer cells. 
Gastroenterology. 2012;142(4):886‒896.

32. Byrd AE, Aragon IV, Brewer JW. MicroRNA-30c-2* limits expression 
of proadaptive factor XBP1 in the unfolded protein response. J Cell Biol. 
2012;196(6):689‒698. 

33. Jiang L, Huang Q, Zhang S, et al. Hsa-miR-125a-3p and hsa-miR-125a-
5p are down regulated in non-small cell lung cancer and have inverse 
effects on invasion and migration of lung cancer cells. BMC Cancer. 
2010;10:318.

34. Wu H, Ye C, Ramirez D, et al. Alternative processing of primary 
microRNA transcripts by Drosha generates 5’ End variation of mature 
microRNA. PLoS One. 2009;4:e7566.

35. Zhou H, Huang X, Cui H, et al. miR-155 and its star-form partner miR-
155* cooperatively regulate type I interferon production by human 
plasmacytoid dendritic cells. Blood. 2010;116(26):5885‒5894.

36. Kim S, Lee UJ, Kim MN, et al. MicroRNA miR-199a* regulates the 
MET proto-oncogene and the downstream extracellular signal-regulated 
kinase 2 (ERK2). J Biol Chem. 2008;283(26):18158‒18166. 

37. Sakurai K, Furukawa C, Haraguchi T, et al. MicroRNAs miR-199a-
5p and -3p target the Brm subunit of SWI/SNF to generate a double-
negative feedback loop in a variety of human cancers. Cancer Res. 
2011;71:1680‒1689. 

38. Kuchenbauer F, Mah SM, Heuser M, et al. Comprehensive analysis of 
mammalian miRNA* species and their role in myeloid cells. Blood. 
2011;118(12):3350‒3358. 

39. Montag J, Hitt R, Opitz L, et al. Upregulation of miRNA hsa-miR-342-
3p in ex-perimental and idiopathic prion disease. Mol Neurodegener. 
2009;4:36.

40. Grimson A, Srivastava M, Fahey B, et al. Early origins and evolution 
of microRNAs and Piwi-interacting RNAs in animals. Nature. 
2008;455:1193‒1197.

41. Tsang WP, Kwok TT. The miR-18a* microRNA functions as a 
potential tumor suppressor by targeting on K-Ras. Carcinogenesis. 
2009;30(6):953‒959.

42. Uchino K, Takeshita F, Takahashi RU, et al. Therapeutic effects 
of microRNA-582-5p and -3p on the inhibition of bladder cancer 
progression. Mol Ther. 2013;21:610‒619.

43. Hermeking H. The miR-34 family in cancer and apoptosis. Cell Death 
Differ. 2010;17(2):193‒199.

44. Chang TC, Wentzel EA, Kent OA, et al. Transactivation of miR-34a by 
p53 broadly influences gene expression and promotes apoptosis. Mol 
Cell. 2007;26(5):45‒752. 

https://doi.org/10.15406/ijmboa.2018.03.00042
https://www.ncbi.nlm.nih.gov/pubmed/9039259
https://www.ncbi.nlm.nih.gov/pubmed/9039259
http://www.cell.com/cell/abstract/S0092-8674(04)00036-4
http://www.cell.com/cell/abstract/S0092-8674(04)00036-4
https://www.ncbi.nlm.nih.gov/pubmed/19410540
https://www.ncbi.nlm.nih.gov/pubmed/19410540
https://www.ncbi.nlm.nih.gov/pubmed/20399660
https://www.ncbi.nlm.nih.gov/pubmed/20399660
https://www.ncbi.nlm.nih.gov/pubmed/20399660
https://www.ncbi.nlm.nih.gov/pubmed/2649981
https://www.ncbi.nlm.nih.gov/pubmed/2649981
https://www.ncbi.nlm.nih.gov/pubmed/2649981
https://www.ncbi.nlm.nih.gov/pubmed/8221661
https://www.ncbi.nlm.nih.gov/pubmed/8221661
https://www.ncbi.nlm.nih.gov/pubmed/15888490
https://www.ncbi.nlm.nih.gov/pubmed/15888490
https://www.ncbi.nlm.nih.gov/pubmed/18431400
https://www.ncbi.nlm.nih.gov/pubmed/18431400
https://www.ncbi.nlm.nih.gov/pubmed/19407794
https://www.ncbi.nlm.nih.gov/pubmed/19407794
https://www.ncbi.nlm.nih.gov/pubmed/9153396
https://www.ncbi.nlm.nih.gov/pubmed/9153396
https://www.ncbi.nlm.nih.gov/pubmed/9450543
https://www.ncbi.nlm.nih.gov/pubmed/9450543
https://www.ncbi.nlm.nih.gov/pubmed/11358490
https://www.ncbi.nlm.nih.gov/pubmed/11358490
http://www.springer.com/in/book/9781627037471
http://www.springer.com/in/book/9781627037471
https://www.ncbi.nlm.nih.gov/pubmed/15531879
https://www.ncbi.nlm.nih.gov/pubmed/15531879
https://www.ncbi.nlm.nih.gov/pubmed/15531877
https://www.ncbi.nlm.nih.gov/pubmed/15531877
https://www.ncbi.nlm.nih.gov/pubmed/15574589
https://www.ncbi.nlm.nih.gov/pubmed/15574589
https://www.ncbi.nlm.nih.gov/pubmed/14631048
https://www.ncbi.nlm.nih.gov/pubmed/14631048
https://www.ncbi.nlm.nih.gov/pubmed/14681208/
https://www.ncbi.nlm.nih.gov/pubmed/14681208/
https://www.ncbi.nlm.nih.gov/pubmed/16271387
https://www.ncbi.nlm.nih.gov/pubmed/16271387
https://www.ncbi.nlm.nih.gov/pubmed/16271387
https://bmcgenomics.biomedcentral.com/articles/10.1186/1471-2164-10-413
https://bmcgenomics.biomedcentral.com/articles/10.1186/1471-2164-10-413
https://www.ncbi.nlm.nih.gov/pubmed/18500351
https://www.ncbi.nlm.nih.gov/pubmed/18500351
https://www.ncbi.nlm.nih.gov/pubmed/18500351
https://www.ncbi.nlm.nih.gov/pubmed/21177881
https://www.ncbi.nlm.nih.gov/pubmed/21177881
https://www.ncbi.nlm.nih.gov/pubmed/17726050
https://www.ncbi.nlm.nih.gov/pubmed/17726050
https://www.ncbi.nlm.nih.gov/pubmed/18376413
https://www.ncbi.nlm.nih.gov/pubmed/18376413
https://www.ncbi.nlm.nih.gov/pubmed/18376413
https://www.ncbi.nlm.nih.gov/pubmed/20413612
https://www.ncbi.nlm.nih.gov/pubmed/20413612
https://www.ncbi.nlm.nih.gov/pubmed/20413612
https://www.ncbi.nlm.nih.gov/pubmed/21212805
https://www.ncbi.nlm.nih.gov/pubmed/21212805
https://www.ncbi.nlm.nih.gov/pubmed/23016695
https://www.ncbi.nlm.nih.gov/pubmed/23016695
https://www.ncbi.nlm.nih.gov/pubmed/19118166
https://www.ncbi.nlm.nih.gov/pubmed/19118166
https://www.ncbi.nlm.nih.gov/pubmed/19118166
https://www.ncbi.nlm.nih.gov/pubmed/19633662
https://www.ncbi.nlm.nih.gov/pubmed/19633662
https://www.ncbi.nlm.nih.gov/pubmed/19633662
https://www.ncbi.nlm.nih.gov/pubmed/22240480
https://www.ncbi.nlm.nih.gov/pubmed/22240480
https://www.ncbi.nlm.nih.gov/pubmed/22240480
https://www.ncbi.nlm.nih.gov/pubmed/22431749
https://www.ncbi.nlm.nih.gov/pubmed/22431749
https://www.ncbi.nlm.nih.gov/pubmed/22431749
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-10-318
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-10-318
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-10-318
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-10-318
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0007566
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0007566
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0007566
https://www.ncbi.nlm.nih.gov/pubmed/20852130
https://www.ncbi.nlm.nih.gov/pubmed/20852130
https://www.ncbi.nlm.nih.gov/pubmed/20852130
https://www.ncbi.nlm.nih.gov/pubmed/18456660
https://www.ncbi.nlm.nih.gov/pubmed/18456660
https://www.ncbi.nlm.nih.gov/pubmed/18456660
https://pdfs.semanticscholar.org/6842/a2c89bdd23f78c71cef815cd3dfedf1bcd76.pdf
https://pdfs.semanticscholar.org/6842/a2c89bdd23f78c71cef815cd3dfedf1bcd76.pdf
https://pdfs.semanticscholar.org/6842/a2c89bdd23f78c71cef815cd3dfedf1bcd76.pdf
https://www.ncbi.nlm.nih.gov/pubmed/19712440
https://www.ncbi.nlm.nih.gov/pubmed/19712440
https://www.ncbi.nlm.nih.gov/pubmed/19712440
https://www.nature.com/articles/nature07415
https://www.nature.com/articles/nature07415
https://www.nature.com/articles/nature07415
https://www.ncbi.nlm.nih.gov/pubmed/19372139
https://www.ncbi.nlm.nih.gov/pubmed/19372139
https://www.ncbi.nlm.nih.gov/pubmed/19372139
https://www.ncbi.nlm.nih.gov/pubmed/19461653
https://www.ncbi.nlm.nih.gov/pubmed/19461653
https://www.ncbi.nlm.nih.gov/pubmed/17540599
https://www.ncbi.nlm.nih.gov/pubmed/17540599
https://www.ncbi.nlm.nih.gov/pubmed/17540599


Mir-34a-5p and mir-34a-3p contribute to the signaling pathway of p53 by targeting overlapping sets 
of genes

12
Copyright:

©2018 Chafik

Citation: Chafik A. Mir-34a-5p and mir-34a-3p contribute to the signaling pathway of p53 by targeting overlapping sets of genes. Int J Mol Biol Open Access. 
2018;3(1):8‒12. DOI: 10.15406/ijmboa.2018.03.00042

45. Corney DC, Flesken Nikitin A, Godwin AK, et al. MicroRNA-34b 
and microRNA-34c are targets of p53 and cooperate in control of 
cell proliferation and adhesion-independent growth. Cancer Res. 
2007;67(18):8433‒8438. 

46. Raver Shapira N, Marciano E, Meiri E, et al. Transcriptional activation 
of miR-34a contributes to p53-mediated apoptosis. Mol Cell. 
2007;26(5):731‒743.

47. Tazawa H, Tsuchiya N, Izumiya M, et al. Tumor-suppressive miR-
34a induces senescence-like growth arrest through modulation of the 
E2F pathway in human colon cancer cells. Proc Natl Acad Sci USA. 
2007;104(39):15472‒15477.

48. Tarasov V, Jung P, Verdoodt B, et al. Differential regulation of 
microRNAs by p53 revealed by massively parallel sequencing: miR-
34a is a p53 target that induces apoptosis and G1-arrest. Cell Cycle. 
2007;6(13):1586‒1593.

49. Bommer GT, Gerin I, Feng Y, et al. p53-mediated activation of miRNA34 
candidate tumor-suppressor genes. Curr Biol. 2007;17(15):1298‒1307.

50. He L, He X, Lim LP, et al. A microRNA component of the p53 tumour 
suppressor network. Nature. 2007;447(7148):1130‒1134.

51. Bentwich I, Avniel A, Karov Y, et al. Identification of hundreds 
of conserved and noncon-served human microRNAs. Nat Genet. 
2005;37(7):766‒770.

52. Lim LP, Lau NC, Garrett Engele P, et al. Microarray analysis shows 
that some microRNAs downregulate large numbers of target mRNAs. 
Nature. 2005;433(7027):769‒773.

53. Griffiths Jones S, Grocock RJ, Van Dongen S, et al. miRBase: microRNA 
sequences, targets and gene nomenclature. Nucleic Acids. 2006;34:D140‒
D144.

54. Hu W, Chan CS, Wu R, et al. Negative regulation of tumor suppressor 
p53 by microRNA miR-504. Mol Cell. 2010;38(5):689‒699.

55. Le MT, Teh C, Shyh Chang N, et al. MicroRNA-125b is a novel negative 
regulator of p53. Genes Dev. 2009;23(7):862‒876.

56. Park SY, Lee JH, Ha M, et al. miR-29 miRNAs activate p53 by targeting 
p85 alpha and CDC42. Nat Struct Mol Biol. 2009;16(1):23‒29.

57. Yamakuchi M, Ferlito M, Lowenstein CJ. miR-34a repres-sion of SIRT1 
regulates apoptosis. Proc Natl Acad Sci USA. 2008;105(36):13421‒13426.

58. Luo J, Nikolaev AY, Imai S, et al. Negative control of p53 by Sir2alpha 
promotes cell survival under stress. Cell. 2001;107(2):137‒148.

59. Vlachos, Konstantinos Zagganas, Ioannis S, et al. DIANA-miRPath 
v3.0: deciphering microRNA function with experimental support. 
Nucleic Acids research. 2015;43(1):460‒466.

60. Shannon P, Markiel A, Ozier O, et al. Cytoscape: a soft-ware environment 
for integrated models of biomolecular interaction networks. Genome 
Research. 2003;13(11):2498‒2504.

61. S Maere, K Heymans, M Kuiper. BiNGO: a cytoscape plugin to assess 
overrepresentation of gene ontology categories in biological networks. 
Bioinformatics. 2005;21(16):3448‒3449.

62. Subhasree Nag, Jiangjiang Qin, Kalkunte S, et al. The MDM2-p53 
pathway revisited. J Biomed Res. 2013;27(4):254‒271.

63. Petrenko O, Moll UM. The MDM2-p53 interaction. Mol Cancer Res. 
2003;1(14):1001‒1008.

64. U Alon S, Mangan. Structure and function of the feed-forward loop 
network motif. PNAS. 2003;1001(21):11980‒11985.

65. Shai Kaplan, Anat Bren, Erez Dekel, et al. The incoherent feed-forward 
loop can generate non-monotonic input functions for genes. Mol Syst 
Biol. 2008;4:203.

https://doi.org/10.15406/ijmboa.2018.03.00042
https://www.ncbi.nlm.nih.gov/pubmed/17823410
https://www.ncbi.nlm.nih.gov/pubmed/17823410
https://www.ncbi.nlm.nih.gov/pubmed/17823410
https://www.ncbi.nlm.nih.gov/pubmed/17823410
https://www.ncbi.nlm.nih.gov/pubmed/17540598
https://www.ncbi.nlm.nih.gov/pubmed/17540598
https://www.ncbi.nlm.nih.gov/pubmed/17540598
https://www.ncbi.nlm.nih.gov/pubmed/17875987
https://www.ncbi.nlm.nih.gov/pubmed/17875987
https://www.ncbi.nlm.nih.gov/pubmed/17875987
https://www.ncbi.nlm.nih.gov/pubmed/17875987
https://www.ncbi.nlm.nih.gov/pubmed/17554199
https://www.ncbi.nlm.nih.gov/pubmed/17554199
https://www.ncbi.nlm.nih.gov/pubmed/17554199
https://www.ncbi.nlm.nih.gov/pubmed/17554199
https://www.ncbi.nlm.nih.gov/pubmed/17656095
https://www.ncbi.nlm.nih.gov/pubmed/17656095
https://www.ncbi.nlm.nih.gov/pubmed/17554337
https://www.ncbi.nlm.nih.gov/pubmed/17554337
https://www.ncbi.nlm.nih.gov/pubmed/15965474
https://www.ncbi.nlm.nih.gov/pubmed/15965474
https://www.ncbi.nlm.nih.gov/pubmed/15965474
https://www.ncbi.nlm.nih.gov/pubmed/15685193
https://www.ncbi.nlm.nih.gov/pubmed/15685193
https://www.ncbi.nlm.nih.gov/pubmed/15685193
https://www.ncbi.nlm.nih.gov/pubmed/16381832
https://www.ncbi.nlm.nih.gov/pubmed/16381832
https://www.ncbi.nlm.nih.gov/pubmed/16381832
https://www.ncbi.nlm.nih.gov/pubmed/20542001
https://www.ncbi.nlm.nih.gov/pubmed/20542001
https://www.ncbi.nlm.nih.gov/pubmed/19293287
https://www.ncbi.nlm.nih.gov/pubmed/19293287
https://www.ncbi.nlm.nih.gov/pubmed/19079265
https://www.ncbi.nlm.nih.gov/pubmed/19079265
https://www.ncbi.nlm.nih.gov/pubmed/18755897
https://www.ncbi.nlm.nih.gov/pubmed/18755897
https://www.ncbi.nlm.nih.gov/pubmed/11672522
https://www.ncbi.nlm.nih.gov/pubmed/11672522
https://www.ncbi.nlm.nih.gov/pubmed/25977294
https://www.ncbi.nlm.nih.gov/pubmed/25977294
https://www.ncbi.nlm.nih.gov/pubmed/25977294
https://www.ncbi.nlm.nih.gov/pubmed/14597658
https://www.ncbi.nlm.nih.gov/pubmed/14597658
https://www.ncbi.nlm.nih.gov/pubmed/14597658
https://www.ncbi.nlm.nih.gov/pubmed/15972284
https://www.ncbi.nlm.nih.gov/pubmed/15972284
https://www.ncbi.nlm.nih.gov/pubmed/15972284
https://www.ncbi.nlm.nih.gov/pubmed/23885265/
https://www.ncbi.nlm.nih.gov/pubmed/23885265/
https://www.ncbi.nlm.nih.gov/pubmed/14707283
https://www.ncbi.nlm.nih.gov/pubmed/14707283
http://www.pnas.org/content/100/21/11980.abstract
http://www.pnas.org/content/100/21/11980.abstract
https://www.ncbi.nlm.nih.gov/pubmed/18628744
https://www.ncbi.nlm.nih.gov/pubmed/18628744
https://www.ncbi.nlm.nih.gov/pubmed/18628744

	Title
	Abstract
	Keywords
	Introduction
	Materials and methods 
	Results and discussion 
	MDM2 

	Acknowledgements
	Conflict of interest 
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1

