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p53 is arguably one of the most important tumor suppressor genes in humans. Due to the paramount importance of
p53 in the onset of cell cycle arrest and apoptosis, the p53 gene is found either silenced or mutated in the vast
majority of cancers. Furthermore, activated wild-type p53 exhibits a strong bystander effect, thereby activating
apoptosis in surrounding cells without being physically present there. For these reasons, p53-targeted therapy that
is designed to restore the function of wild-type p53 in cancer cells seems to be a very appealing therapeutic
approach. Systemic delivery of p53-coding DNA or RNA using nanopatrticles proved to be feasible both in vitro and
in vivo.

p53 gene therapy nanoparticles bystander effect apoptosis

| 1. Introduction

To function properly, multicellular organisms require an exquisitely organized system of quality control. Both
endocrine and paracrine regulatory mechanisms define the fate of cells thereby achieving their synchronous
propagation or apoptosis. The pivotal element in the system of detection and elimination of defective cells from an
organism is the product of the TP53 tumor suppressor gene . The p53 protein belongs to the family of p53
proteins that involve two other members, p73 and p63. Although all members of the family are bona fide tumor
suppressors, p73 and p63 play more important roles in the development of multicellular organisms than in

oncogenesis 4.

Being a transcriptional factor, p53 promotes the expression of a number of genes involved in the activation of cell
cycle arrest and apoptosis B4, In addition, p53 is also able to suppress the transcription of certain genes by

augmenting the expression of its target non-coding genes (IncRNAs and microRNAs) RIEI (Figure 1).
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Figure 1. Extrinsic and intrinsic effects of p53. The left panel displays the extrinsic effects of p53, including its by-
stander effect. The right panel shows the details of p53 action on the intracellular level (intrinsic effects), including

cell cycle arrest, senescence, and apoptosis.

To avoid unnecessary activation of cell cycle arrest and cell death under normal conditions, the intracellular level of
p53 is kept in check by post-translational modifications, among which ubiquitinoylation plays a critical role &, The
principal p53-specific E3 ubiquitin ligase is Mdm2 (HDM2 in humans) L9 \which targets the p53 lysine residues
located in the C-terminus and targets the protein for degradation in proteasomes 12 Importantly, Mdm2 can
attenuate the activity of p53 both directly, via the binding and ubiquitylating of the latter and, indirectly, by affecting
the interacting partners of p53 [LUL3] or the degradation machinery 24151 |n addition to ubiquitinoylation, other
covalent post-translational modifications including the neddylation, sumoylation, and methylation of certain lysins

promote p53 inactivation or its proteasomal degradation [18IL7]118],

However, when cells experience virtually any type of stress, the signaling cues activate p53 via a sequential
attachment of posttranscriptional modifications that include phosphorylation, methylation, and acetylation 12,
Contrary to ubiquitinoylation, acetylation and methylation generally promote p53 stabilization by outcompeting
ubiquitinoylation of the same lysins . Moreover, there is a crosstalk between post-translational modifications, and

they can regulate each other’s functions in a positive or negative manner 22,

Another important feature of p53 is its promotion of bystander effects in neighboring cells, forcing the execution of
a suicidal program in those cells despite the fact that they have not experienced the harmful consequences of
stress themselves 21, This feature of p53 is particularly important for successful elimination of tumor cells by p53-

containing nanoparticles.

Thus, p53 acts as an integrator of signaling cascades directed against almost all forms of cell stress and
contributes to the maintenance of higher-order structures—tissues and organs. In doing so, p53 employs several
modes of action: as a transcriptional activator (22 and as a scaffold for protein—protein interactions (23, The latter,

however, poses the main threat to antitumor defense mechanisms: p53 mutations not only interfere with the normal
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functioning of defense mechanisms against malignant transformation, but, on the contrary, can lead to an
imbalance in signaling cascades, resulting in the emergence of positive feedback loops and, ultimately, leading to
cancer 24, Based on this, many mutations that occur in the TP53 gene transform it from a tumor suppressor into
an oncogene. Indeed, TP53 mutations are observed in more than 50% of human cancers 2. It is important to note
that transcriptionally incompetent mutant forms of p53 fail to induce the expression of Mdm2, thereby indirectly

stabilizing mutant p53 at the protein level.

Given the fact that p53 can exist in cancer cells in two mutually opposite forms (wt vs. GOF, respectively), the task
of designing an effective p53 therapy becomes very challenging. In general, the aim of successful p53-targeted
anticancer therapy should be two-fold: (1) activating the p53 molecule in the event of its wild-type conformation and
(2) either neutralizing the mutant form of p53 or restoring its wild-type conformation by specific compounds.
Apparently, looked at from this perspective, it seems that degradation of p53 by E3 ligases, in particular Mdm?2,
seems to be the most promising axis for pharmacological intervention in wild-type p53-expressing tumors. In
addition to a number of chemical inhibitors of Mdm2 that have already been developed over the years [26127]128]
several new inhibitors have entered clinical trials showing preliminarily promising results 22E%9 However, it should
be noted that, so far, the success of Mdm2 inhibitors in clinical settings has been rather limited. There are a few
reasons for this: in addition to robust side effects such as thrombocytopenia B2 and gastrointestinal toxicity
associated with Mdm2 experimental drugs %, cancer cells were able to adapt to the prolonged therapy by
enhancing the expression of other p53-targeting E3 ligases (Pirh2, WWP1, etc.) B3l higher efflux of Mdm2
inhibitors, and their increased metabolic degradation (1],

| 2. p53 in Nanoparticle-Based Gene Therapy for Cancer

Delivering the p53 gene in its wild-type (WT) form to cancer cells via gene therapy is an intriguing approach to
restoring p53 activity. Among the delivery approaches is the application of adenoviruses as carriers, which has
been used effectively in a formulation called gendicine 24, However, adenoviruses are not always suitable carriers,
despite demonstrating encouraging outcomes in preclinical investigations, thus gene therapy may be limited by the
absence of an effective delivery mechanism in the late stages of clinical trials 22, The use of nanoparticles (NPs),
which increase the stability of the given particles and exhibit higher absorption by cancer cells, might offer a
method for more effectively delivering the p53 gene B8, Multiple requirements must be accomplished for a p53
gene delivery system to be effective. The vector should not be immunogenic or toxic, permitting numerous
injections if necessary. Because the p53 protein is effective but unstable, persistent gene expression within tumors
is required for long-lasting therapeutic benefits. Since transfected cells may impact the tumor’s nontransfected
areas, substantial levels of transfection may not be required to slow the growth of the tumor. This is because p53
exhibits strong bystander effects discussed in the previous chapter 7. There are also attempts to deliver peptide

activators of the p53 protein into cells, which may provide an alternative to gene therapy 281,

2.1. Liposomal Vectors

https://encyclopedia.pub/entry/52927 3/11



Role of p53 in Nanoparticle-Based Therapy for Cancer | Encyclopedia.pub

DDC is a delivery system that is based on DOTAP, DOPE, and Cholesterol. DOTAP (dioleoyltrimethylamino
propane) is a cationic liposome, whereas DOPE (1,2-dioeoyl-3-phosphophatidylethanolamine) and cholesterol
diminish fibrinogen, prothrombin, and vitamin K affinity for the lipid surface. DDC effectively transported plasmid
DNA into ovarian cancer cells. High levels of p53 WT mRNA and protein expression were detected in OVCAR-3
cells because of transfection with the liposome-complexed p53 gene. Compared to control cells, cancer cells
transfected with DDC/p53-EGFP complexes showed significant growth suppression. The apoptotic pathway was
reinstated in ovarian cancer cells after wild-type p53 function was restored. The volumes of tumors in nude mice
were considerably decreased by more than 60% in comparison to the control group after the inoculation of
DDC/p53-EGFP complexes (22,

2.2. Polymer NPs

A breast cancer cell line MDA-MB-435S treated with D, L-lactide-co-glycolide (PLGA (PLGA is an FDA-approved
biocompatible and biodegradable polymer with a wide range of disintegration times and customizable mechanical
properties)) nanoparticles containing p53 WT DNA experienced a persistent antiproliferative impact, whose
strength increased with time. Plasmid DNA-containing nanoparticles were created using a multiple emulsion—
solvent evaporation process. Researchers tracked the intracellular trafficking of the nanoparticles and the
nanoparticle-entrapped DNA. They measured the amounts of p53 mMRNA over time to comprehend the mechanism
of sustained gene expression with nanoparticles. When compared to cells of the MDA-MB-435S transfected with
bare p53 WT DNA or p53 WT DNA complexed with a commercially available transfecting agent (Lipofectamine),
cells transfected with p53 WT DNA-loaded nanoparticles showed a persistent and much higher antiproliferative
impact. The study’s findings point to the possibility that p53 WT DNA-loaded nanoparticles could be helpful in the
treatment of breast cancer 9 and other malignancies linked to p53 gene mutations 1],

2.3. Metallic NPs

Because of their scalable design, functional variety, control over particle size and surface, and capacity to
distinguish between different types of cells via surface coatings, gold nanoparticles are currently considered to be a
highly perspective drug delivery technology. For the delivery of p53 WT to ovarian cancer cells, an EGFR
(epidermal growth factor receptor)-targeted method based on gold nanoparticles was created. EGFR is
overexpressed on the surface of many malignancies, including up to 90% of ovarian tumors. Thus, for specific
targeting, cetuximab (C225), an FDA-approved monoclonal antibody that targets EGFR was used to deliver the
p53 coding DNA to ovarian cancer cells. Targeting ovarian malignancies in vitro (SKOV-3 cell line) and in vivo
(SKOV-3 xenograft mice) has shown encouraging results using a sophisticated gold nanoconjugate system (Au-
C225-p53) including gold nanopatrticles, cetuximab, and the pCMVp53 plasmid. Although xenograft mice in this
study demonstrated its usefulness, it is still too early to say if this medication delivery system will advance to

clinical trials 421,

2.4. Other NPs
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An integrative method based on the production of nanoparticulated carriers in conjunction with the supercoiled (sc)
isoform purification of a p53 tumor suppressor expressing plasmid was developed. Under mild conditions, the sc
topoisoform is recovered with great purity and structural stability. Furthermore, naked sc pDNA was encased within
chitosan nanoparticles by ionotropic gelation to improve protection and transfection efficiency. The technique’s

gentle particle production conditions allowed for a high encapsulation efficiency for sc pDNA.

Short amphipathic peptides that combine with mRNA to generate stable, neutral nanoparticles are the foundation of
ADGN technology. On 20 different cancer cell lines harboring various types of p53 mutations (null, deletion,
nonsense, and missense), ADGN-531 nanoparticles containing full-length p53-mRNA were assessed. On
colorectal SW403 (p53-deleted) and osteosarcoma SaOs2 (p53 null) mouse xenografts, the in vivo effectiveness of
IV-administered ADGN-531 nanoparticles was assessed. On PARPI resistant SUM-149PT and OVCAR-8 cells as
well as on PARPiI-sensitive MDA-MB436 cells, sensitivity to veliparib (PARPI) was assessed in vitro after ADGN-
531 treatment.

The ARF-mimicking MDM2-trapping peptide nanoparticles (Mtrap NPs) which can reassemble, were developed to
treat p53-positive tumors. This approach is based on the fact that the alternative reading frame (ARF) protein
sequesters away Mdmz2 in cytoplasm, thereby protecting p53 from the Mdm2-mediated degradation. The findings
on U20S, A549, SK-BR-3, and H1299 cell lines revealed that Mtrap NPs respond to MDM2 and build a nanofiber
structure which traps Mdmz2. Thus, Mtra NPs suppress p53-wild-type cancers by stabilizing and activating p53 via
inactivation of MDM2.

| 3. Impact of NPs on the p53 Protein

Although the use of nanoparticles has unquestionable benefits in terms of more effective medicine delivery, we
must acknowledge the risks of using nanoparticles. Nanoparticles are not innocuous to the body on their own,
which should inspire researchers to work towards developing a safer and more effective technology (summarized
in Table 1).

Table 1. Interaction of NPs and p53.

In
Type of Vitro/ TissuelCell Line Effect Reference
NPs .
In Vivo
In Sub-brain regions of Decreased expression of cyclin D1, bcl-2, Mdm2,
Al,03 . 9 and phospho-Rb and increased expression of p53, [43]
vivo rats
p21, Bax, and Rb
In GC1415, NCI-N87, and o [44]
vitro MKN45 Increased p53 expression, inhibition of STAT3
Ag
_In HCT116 Increased transcription of p53, p21, and caspases [45]
vitro (3,8,9), decreased amount of AKT and NF-kB
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In
Type of Vitro/ TissuelCell Line Effect Reference
NPs .
In Vivo
In
Cuo vitro/ K562 and peripheral Increase in Bax/Bcl-2 ratio, upregulation of p53, [46]
Ex blood mononuclear cell and ROS production
Vvivo
FesO4 _In HepG2, A549, IMR-90 Induction of ROS, upregulation of p53, and [47]
vitro caspases 3 and 9
Pt n IMR-90, U251 U lati f p53 and p21, DNAd 8l
vitro -90, pregulation of p53 and p21, amage
si !n HUVECS .Act|vat|0n of c-Jun, p53, caspase-3, anql NF-kB, [49]
vitro increased Bax expression and suppression Bcl-2
Ex peripheral blood Accumulation of p53 and activation of DNA [50]
Vivo lymphocytes damage checkpoint kinases
TiO2 . .
In ROS and JNK/p53 mediated apoptosis and
vitro PC12 causing. (51]
G2/M arrest by the activation of p53/p21 pathway
V>0 In B16F10, A549, and Impaired angiogenesis, increased ROS, [52]
255 vitro PANC1 overexpression of p53
7n _In HepG2 ROS generation, DNA damage, activation of p53 53]
vitro and p38

A ULy L/l 2 1 UY, Ui vl vi

UiIv uliviiiv,

INULUIT L MU Uy UUUy v LU

2. Rozenberg, J.M.; Zvereva, S.; Dalina, A.; Blatov, |.; Zubarey, I.; Luppov, D.; Bessmertnyi, A;
Romanishin, A.; Alsoulaiman, L.; Kumeiko, V.; et al. The P53 Family Member P73 in the

| E_egﬂﬁﬁ'bﬁge&ftﬁpgesponse. Biol. Direct 2021, 16, 23.

3. Thomas, A.F,; Kelly, G.L.; Strasser, A. Of the Many Cellular Responses Activated by TP53, which

MeBhdyhRMERILENDF Fuito iy SUBrE LibRe eaiMoaiH nRaINsERcd gederv.dipye all been subjected

to thorough evaluation of their toxicity profiles (Figure 2). Protein-based NPs, for example, have been linked to
R3S Lity SRR p Rt BE WrBre k€ WG Auke [ ARRCHRNOBEL C RN BT RYEREFRAREIUALE and
ma§; SQr‘?e'?ra[?Ea{hB@Xn M&!IeggIltﬁ.i(&iv%gotﬁegexﬁgad_lﬁaj%se of NPs in drug delivery, regulatory authorities are
i rEEiletaising cBagHs, B!t Catelichy; abRanoraViessLin Praanitrd RS aihth RER-&dmiflertifiotherrpe &
suchdexinsy Saissy. CHdDe e Difely 200dynFiGREsERS

6. Parfenyev, S.; Singh, A.; Fedorova, O.A.; Daks, A.; Kulshreshtha, R.; Barlev, N.A. Interplay
between P53 and Non-Coding RNAs in the Regulation of EMT in Breast Cancer. Cell Death Dis.
2021, 12, 17.

7. Hermeking, H. MicroRNAs in the P53 Network: Micromanagement of Tumour Suppression. Nat.
Rev. Cancer 2012, 12, 613-626.

https://encyclopedia.pub/entry/52927 6/11



Role of p53 in Nanoparticle-Based Therapy for Cancer | Encyclopedia.pub

8. Marouco, p— G elino, % |c
MOdIfIC&tIQﬂS of %ﬁ@f Li tdryerRaIar: ,,mTS 6— 1m

9. Liu, Y.; Ta od|f| ns: E;xq eeorations ofihie PdwerfuliGuardian. J.
(=it ] ety of the (L]
Mol. Cell ng*ﬂ“:se‘zr"sw | w T“wwr]

10. Konopleva; M.; a;mgmmgmp er, N.; payanEgp S, I?ﬁ
Mascarenhas, J!; Andreeﬁ . MDM2 tion: A orta mvmﬁbng rd infCafcer Therapy.

Leukemia @O WE@ ' ‘ (Zm. |
In keart reduces the feagibiny degiruction in v

i of tha cel Gene tosicity in kidneys' cells L

11. Klein, A.M.'*tfe iuﬂm@ nkatesh, rlves egulatlon MDM2 and

MDMX: It Is Not Just about P53. Genes Dev 2021 35, 575-601.
12. RBHRAKIRECTE OBRR 0 RIBAC B & RAMAHEHEH B DL e S NP TRIP RS RitB 08 dfgft pLas's-

13- 11U, this AMRANONAG Yol ERAROYS (ctdd I HOYRP AirShiiv@yVine s Ay ARRPMb A Ofmal @iy 13- vivo in
1973 araARAg g A WpddeiinpoSornBatlaM, WrduKNEt SRdE Afiegts werRotpdacat @R RsaNFRo/Adhe
braM&lin3rixigvEngaR0E1Edme 6 cdadiing 289ReI% lecithin or dipalmitoy! lecithin were the least harmful,

NSRS A HY NN BIE SERAY RRINeT RRYGEIESAHBYS RPA G A e AR AU P A el stidhese
e Sy ATPREYUI R G DI B AR MBERRRROME SFREh P8RS, e 13 Priiprppgdogically inactive

with low toxicity, yet their safety is highly dependent on the model, exposure period, dose, and/or surface features
18 Sdek, P.; Ying, H.; Chang, D.L.F.; Qiu, W.; Zheng, H.; Touitou, R.; Allday, M.J.; Allday, M.J.; Xiao,

Z.-X.J. MDM2 Promotes Proteasome-Dependent Ubiquitin-Independent Degradation of
sivgetissiastomanE KigiBndV8le £6lbROGD 1101082 %0E88xposure effects in humans. Silver-doped prosthetic

1ES SN MRL! E5HESUSSAURAYRURHINR RiCSRGER, HeRAISVBIYEGERCICRESRIBMY BYBRTHIES RASRestess
AreNRYGifitAoT NBEY B REHM AfE HPAREU R AVRE AURYIENSY AERI DA ' Atslings7gengaigd using the

rat liver cell line BRL 3A, the ability of cells cultured with silver nanoparticles was significantly reduced. The

Lo ORIR Mo KRR NN ReoRhio AR eV G ke ARIAZ- WM QIS Ye BonBiRRa: and a
cor%’&%%lé/\’ni:%gs% g@égelgjx%gwg&etygowg&%gﬂwn of P53 and Inhibits Its Transcriptional

Activity. J. Biol. Chem. 2007, 282, 1797-1804.

1819888 WS VA diVE I AR SORRETIMEABPORIEAD S A HOHBURSS: "RALLIRY & RILHNS, BBl NTRS!

ComiPRAaE BHIAREIRS oRITRE! ik IMaisslbist JHNGHOMyRa PG PARERINER CRaRITHP O freBgen@article
acogwqgg,tmg@%@_reported in plants and animals. The respiratory system is the primary route of toxicity

caused by copper nanoparticles. Long-term exposure can result in dose-dependent pneumonia and lung cell

19425 G0N A 1iGE ARG 1 P ATEING Ve pine ANO8 Rsd: RGN B human breast

candSEMIUREETS ARG RIS AR AN EIRGRIEL REININ B AR RE TR Fer' e DoBithoGimaREFangs

canlgl’sgs%az‘mes;'cardiovascular system. One hypothesis is that inhaled particles promote inflammation and

2B a9 i AG BALYARYEUNES; KBS RApIEABY, ANOTHlleswy BoldSithaumnoPa iasars- etinisdiawged

intoRBRISERIERIPTY fYsiamerg, g BlagdveNsA. Methylation-Acetylation Interplay Activates P53 in
Response to DNA Damage. Mol. Cell. Biol. 2007, 27, 6756—6769.

Jl.&u,m.mmgpﬁlmar, D.; Kumar, D.; Srinivas, S.; DeTolla, L.J.; Yu, S.F,; Stass, S.A.; Mixson,
A.J. Parenteral Gene Therapy with P53 Inhibits Human Breast Tumors in Vivo through a

https://encyclopedia.pub/entry/52927 7/11



Role of p53 in Nanoparticle-Based Therapy for Cancer | Encyclopedia.pub

TheBy stean derdvie ckignifsranw ibbstat Eviden cenadft Toxioitgrddum. farep&sTdaeedl §8de 8hdrapy 185gain clinical
25 HRR88:, U BiRIBE P LB A AL RS WA Be aAE E ahedrRb R i ons
POHBHRL 1R85 Bl SRR ERSEANE RAGGS 2019 % 5 dtperety recucing or even completely
blunting its tumor suppressive activity. Since GOF mutants of p53 are not degraded by Mdmz2 due to their structural

23aRradyarfa-theif iRl 18- iIFRR AR QIRINGE elpfeSlicrCl i) 1P cdpdraAedd 284t high levels and often

outeRmpsts ha exgReRIFUBY: dekeremhBoE D BFERP I OIEHIRIRRIY: EnAIRUSI iR AR RIGR At 5 8er
cellg yyth iR AR A3 I9EWRRT CallicBpaBne AR YA dErp s d1petieh 10 p§3 therapy compared to those cells

that contained mutant p53 [58159],
25. Bykov, V.J.N.; Eriksson, S.E.; Bianchi, J.; Wiman, K.G. Targeting Mutant P53 for Efficient Cancer

ond BetREXolabnR &Y G pEiet 1810l -84 - the p53 molecule by either increasing its expression levels
ANURIRNIE SHUGBIMIAKRhAIS TeEsiRE R SISt Bch 8 Mol Merersalsy chigies pigteins resulting

from the fusion of mitochondrial targeting signals (MTS) and functional domains of pS3 (e.g., the DNA binding
2ork Y LRV IR done S ERAN Aot R RN, YV B S it S VB IR Tisi M Windehonaria. 1n
this S QY fSLps SRR I ealElR0e Gie Fhd a QS ANB Y AL DR SR T BaSE thRmsS HOUEE i
cyté%%%mMgTd Ca%rc]caern%éhs,e EE—Z]ZCHMSS’ g’ a§ %%v_vsr%%'chanism of apoptosis that is not associated with transcriptional
2&8:tivalilenalh P My gstiganesiv the hoole . Anokeiserfimntuinak-saole cler @ohr éctepscaenieStapiliveps 3dsad
chimargeprp®8), TrbdgsPhduaecoloSait 202BNMEeRT4538@ith the proapoptotic factor Bad and contains an
intel%rated MTS [E3l, Both chimeric proteins (p53-MTS and p5_3-Bad% were shown to_successfully overcome the
29. Dumbrava, E.E.; Johnson, M.L.; Tolcher, A.W.; Shapiro, G.1.; Thompson, J.A.; EI-Khoueiry, A.B.;
dominant negative effect of mutant p53. This new gene therapy approach showed the ability to trigger a&optoas in
Vandross, A.L.; Kummar, S.; Parikh, A.R.;" Munster, P.N.; et al. First-in-HumanStudy of PC14586,

cancer cell lines with various p53 mutations, indicating that it could be used as g therapy regardless of p53 status.
a Small Molecule Structural Corrector of Y220C Mutant P53, in Patients with Advanced Solid

Oth-lélrjrenn rasncHe%nggi%%nae Th%?agpi\e{zg%% U('j\{lauctraeg |cr)]r'1 ‘%T %ltijrp])'er(-)p%ghnz %%%h‘lige(%g? Pel'trasr%'gpizgtcl)oonsdomain (TD)

36.rextaneder|tValBanadveTT.0s dhevdatign@ri2aleisaloMaih aRess o B, fok effeative. fraaecridtioHaregtivity RAeh3.
Howeveu,aY. thet sdue Finsg-ithisH denzainFilases M8diopeo il td beteranligomit e/ ithbitgran Fegédives p53
muig/ith Advnageddnpthén reoleriralSleliech#oenmerorthy rp b mvid-tykeOir3 OatotpO28,with, 41y engihgerd
leucine zipper. that assembles into a four-stranded coiled coil. The ability of the engineered zipper. to drive

31. Mahtfoudhi, E.; Lordier, L.; Marty, C.; Pan, J.; ROP/’ A.; Roy, L.; Rameau, P,; Abbes, S.; Debili, N.;
tetramerization was critical to p53 function, since p53_molecules engineered only to dimerize have been shown to

Raslova, H.; et al. P53 Activation Inhibits All Types of Hematopoietic'Progenitors and All Stages of

be poor tumor SUppressors .
egakaryopolesis. Oncotarget 2016, 7, 31980-31992.

32. Khurana, A.; Shafer, D.A. MDM2 Antagonists as a Novel Treatment Option for Acute Myeloid
Leukemia: Perspectives on the Therapeutic Potential of Idasanutlin (RG7388). OncoTargets Ther.
2019, 12, 2903-2910.

33. Daks, A.; Petukhov, A.; Fedorova, O.; Shuvalov, O.; Merkulov, V.: Vasileva, E.;: Antonov, A.; Barlev,
N.A. E3 Ubiquitin Ligase Pirh2 Enhances Tumorigenic Properties of Human Non-Small Cell Lung
Carcinoma Cells. Genes Cancer 2016, 7, 383—-393.

34. Lundstrom, K. Viral Vectors in Gene Therapy: Where Do We Stand in 20237 Viruses 2023, 15,
698.

https://encyclopedia.pub/entry/52927 8/11



Role of p53 in Nanoparticle-Based Therapy for Cancer | Encyclopedia.pub

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Zeimet, A.G.; Marth, C. Why Did P53 Gene Therapy Fail in Ovarian Cancer. Lancet Oncol. 2003,
4, 415-422.

Szewczyk, O.K.; Roszczenko, P.; Czarnomysy, R.; Bielawska, A.; Bielawski, K. An Overview of
the Importance of Transition-Metal Nanoparticles in Cancer Research. Int. J. Mol. Sci. 2022, 23,
6688.

Rezaei, M.; Esmailzadeh, A.; Shanei, A. Bystander Effect of Therapeutic Ultrasound in the
Presence of Cisplatin: An in Vitro Study on Human Melanoma Cells. J. Biomed. Phys. Eng. 2023,
13, 433-442.

He, W.; Yan, J.; Li, Y.; Yan, S.; Wang, S.; Hou, P.; Lu, W. Resurrecting a P53 Peptide Activator—
An Enabling Nanoengineering Strategy for Peptide Therapeutics. J. Control. Release 2020, 325,
293-303.

Kim, C.-K.; Choi, E.J.; Choi, E.-J.; Choi, S.-H.; Park, J.-S.; Haider, K.H.; Ahn, W.S. Enhanced P53
Gene Transfer to Human Ovarian Cancer Cells Using the Cationic Nonviral Vector, DDC.
Gynecol. Oncol. 2003, 90, 265-272.

Marvalim, C.; Datta, A.; Lee, S.C. Role of P53 in Breast Cancer Progression: An Insight into P53
Targeted Therapy. Theranostics 2023, 13, 1421-1442.

Prabha, S.; Labhasetwar, V. Nanoparticle-Mediated Wild-Type P53 Gene Delivery Results in
Sustained Antiproliferative Activity in Breast Cancer Cells. Mol. Pharm. 2004, 1, 211-219.

Kotcherlakota, R.; Vydiam, K.; Srinivasan, D.J.; Mukherjee, S.; Roy, A.; Kuncha, M.; Rao, T.N.;
Sistla, R.; Gopal, V.; Patra, C.R. Restoration of P53 Function in Ovarian Cancer Mediated by Gold
Nanoparticle-Based EGFR Targeted Gene Delivery System. ACS Biomater. Sci. Eng. 2019, 5,
3631-3644.

Liu, H.; Zhang, W.; Fang, Y.; Yang, H.; Tian, L.; Li, K.; Lai, W.; Bian, L.; Lin, B.; Liu, X.; et al.
Neurotoxicity of Aluminum Oxide Nanoparticles and Their Mechanistic Role in Dopaminergic
Neuron Injury Involving P53-Related Pathways. J. Hazard. Mater. 2020, 392, 122312.

Huang, D.; Wang, J.; Zhou, S.; Zhang, T.; Cai, J.; Liu, Y. Ag Nanoparticles Green-Mediated by
Scrophularia Striata Aqueous Extract Induce Apoptosis via P53 and Signal Transducer and
Activator of Transcription 3 Signaling Pathways in Gastric Cancer Cells. Inorg. Chem. Commun.
2023, 155, 110942.

Satapathy, S.R.; Mohapatra, P.; Preet, R.; Das, D.; Sarkar, B.; Choudhuri, T.; Wyatt, M.D.; Kundu,
C.N. Silver-Based Nanopatrticles Induce Apoptosis in Human Colon Cancer Cells Mediated
through P53. Nanomed. Nanotechnol. Biol. Med. 2013, 8, 1307-1322.

Shafagh, M.; Rahmani, F.; Delirezh, N. CuO nanoparticles induce cytotoxicity and apoptosis in
human K562 cancer cell line via mitochondrial pathway, through reactive oxygen species and
P53. Iran. J. Basic Med. Sci. 2015, 18, 993-1000.

https://encyclopedia.pub/entry/52927 9/11



Role of p53 in Nanoparticle-Based Therapy for Cancer | Encyclopedia.pub

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Ahamed, M.; Alhadlag, H.A.; Khan, M.A.M.; Akhtar, M.J. Selective Killing of Cancer Cells by Iron
Oxide Nanopatrticles Mediated through Reactive Oxygen Species via P53 Pathway. J. Nanopatrt.
Res. 2013, 15, 1225.

Asharani, P.V.; Xinyi, N.; Hande, M.P.; Valiyaveettil, S. DNA Damage and P53-Mediated Growth
Arrest in Human Cells Treated with Platinum Nanoparticles. Nanomed. Nanotechnol. Biol. Med.
2010, 5, 51-64.

Liu, X.; Sun, J. Endothelial Cells Dysfunction Induced by Silica Nanoparticles through Oxidative
Stress via JNK/P53 and NF-kB Pathways. Biomaterials 2010, 31, 8198-8209.

Kang, S.J.; Kim, B.M.; Lee, Y.-J.; Chung, H.W. Titanium Dioxide Nanopatrticles Trigger P53-
Mediated Damage Response in Peripheral Blood Lymphocytes. Environ. Mol. Mutagen. 2008, 49,
399-405.

Wu, J.; Sun, J.; Xue, Y. Involvement of JNK and P53 Activation in G2/M Cell Cycle Arrest and
Apoptosis Induced by Titanium Dioxide Nanoparticles in Neuron Cells. Toxicol. Lett. 2010, 199,
269-276.

Xi, W.; Tang, H.; Liu, Y.; Liu, C.; Gao, Y.; Cao, A.; Liu, Y.; Chen, Z.; Wang, H. Cytotoxicity of
Vanadium Oxide Nanoparticles and Titanium Dioxide-coated Vanadium Oxide Nanoparticles to
Human Lung Cells. J. Appl. Toxicol. 2020, 40, 567-577.

Sharma, V.; Anderson, D.; Kumar, A.; Dhawan, A. Zinc Oxide Nanopatrticles Induce Oxidative
DNA Damage and ROS-Triggered Mitochondria Mediated Apoptosis in Human Liver Cells
(HepG2). Apoptosis 2012, 17, 852-870.

Roszczenko, P.; Szewczyk, O.K.; Czarnomysy, R.; Bielawski, K.; Bielawska, A. Biosynthesized
Gold, Silver, Palladium, Platinum, Copper, and Other Transition Metal Nanoparticles.
Pharmaceutics 2022, 14, 2286.

Yao, Y.; Zang, Y.; Qu, J.; Tang, M.; Zhang, T. The Toxicity Of Metallic Nanoparticles On Liver: The
Subcellular Damages, Mechanisms, And Outcomes. Int. J. Nanomed. 2019, 14, 8787—-8804.

Inglut, C.T.; Sorrin, A.J.; Kuruppu, T.; Vig, S.; Cicalo, J.; Ahmad, H.; Huang, H.-C. Immunological
and Toxicological Considerations for the Design of Liposomes. Nanomaterials 2020, 10, 190.

Dolma, L.; Muller, P.A.J. GOF Mutant P53 in Cancers: A Therapeutic Challenge. Cancers 2022,
14, 5091.

Munisamy, M.; Mukherjee, N.; Thomas, L.; Pham, A.T.; Shakeri, A.; Zhao, Y.; Kolesar, J.; Rao,
P.P.N.; Rangnekar, V.M.; Rao, M. Therapeutic Opportunities in Cancer Therapy: Targeting the
P53-MDM2/MDMX Interactions. Am. J. Cancer Res. 2021, 11, 5762-5781.

Zhang, C.; Liu, J.; Xu, D.; Zhang, T.; Hu, W.; Feng, Z. Gain-of-Function Mutant P53 in Cancer
Progression and Therapy. J. Mol. Cell Biol. 2020, 12, 674-687.

https://encyclopedia.pub/entry/52927 10/11



Role of p53 in Nanoparticle-Based Therapy for Cancer | Encyclopedia.pub

60.

61.

62.

63.

64.

Matissek, K.J.; Mossalam, M.; Okal, A.; Lim, C.S. The DNA Binding Domain of P53 Is Sufficient To
Trigger a Potent Apoptotic Response at the Mitochondria. Mol. Pharm. 2013, 10, 3592-3602.

Okal, A.; Matissek, K.J.; Matissek, S.J.; Price, R.; Salama, M.E.; Janat-Amsbury, M.M.; Lim, C.S.
Re-Engineered P53 Activates Apoptosis in Vivo and Causes Primary Tumor Regression in a
Dominant Negative Breast Cancer Xenograft Model. Gene Ther. 2014, 21, 903-912.

Matissek, K.J.; Okal, A.; Mossalam, M.; Lim, C.S. Delivery of a Monomeric P53 Subdomain with
Mitochondrial Targeting Signals from Pro-Apoptotic Bak or Bax. Pharm. Res. 2014, 31, 2503—
2515.

Lu, P.; Redd Bowman, K.E.; Brown, S.M.; Joklik-Mcleod, M.; Vander Mause, E.R.; Nguyen,
H.T.N.; Lim, C.S. P53-Bad: A Novel Tumor Suppressor/Proapoptotic Factor Hybrid Directed to the
Mitochondria for Ovarian Cancer Gene Therapy. Mol. Pharm. 2019, 16, 3386-3398.

Waterman, M.J.; Waterman, J.L.; Halazonetis, T.D. An Engineered Four-Stranded Coiled Coil
Substitutes for the Tetramerization Domain of Wild-Type P53 and Alleviates Transdominant
Inhibition by Tumor-Derived P53 Mutants. Cancer Res. 1996, 56, 158-163.

Retrieved from https://encyclopedia.pub/entry/history/show/119763

https://encyclopedia.pub/entry/52927 11/11



