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Recebido em: 2 de Outubro de 2009
Aceite em: 26 de Fevereiro de 2010

The interaction between HPV E6 and p53 protein is known as the most important event in
HPV-associated carcinogenesis. Some in vitro studies suggested that p53 genetic variants
are targeted for ubiquitin-proteasome degradation induced by E6 with different abilities.
A common p53 variant at position 72 (R72P) has leaded to the development of several
studies regarding its role on cervical cancer development. However, only few reports
have shown an association between the Arginine (R) variant at position 52 of p53 and
increased susceptibility to HPV E6 mediated degradation and thus to increased cancer
susceptibility.
We revised the literature in order to obtain plausible data to discuss about these evidences
for cervical cancer susceptibility. The more recent studies, including meta-analysis reviews,
point out that there is no association of this p53 variant and cervical cancer development.
This variant seems to be differently segregated in different ethnic/geographical locations;
therefore, there might be a possible role of this genetic variant associated with a certain
genetic background, which can explain why some studies reveal increased risk of cervical
cancer development associated with Arginine p53 variant.

EXISTEM EVIDÊNCIAS BIOLÓGICAS DO PAPEL DO POLIFORFISMO NO
CODÃO 72 DA P53 NA SUSCEPSTIBILIDADE

Para cancro do Colo do Útero
A interacção entre a proteína E6 do Vírus do Papiloma Humano (HPV) e a proteína p53 é
considerado o principal evento no processo de carcinogénese no desenvolvimento de
tumores associados à presença do Vírus do Papiloma Humano (HPV). Vários estudos
sugerem que diferentes variantes da proteína p53 são induzidas degradação pela via
proteolítica da ubiquitina com sensibilidades diferentes. Uma variante na posição 73
proteína p53 (R72P) tem sido exaustivamente estudada no cancro do colo do útero. Con-
tudo, apenas alguns estudos demontraram uma associação entre a variante Arginina (R)
e um aumento da sua degradação mediada pela E6 dos HPVs e que consequentemente
estava associada a uma susceptibilidade aumentada para desenvolvimento de cancro.
Neste estudo foi revista a literatura existente em busca das evidências biológicas para o
papel desta variante no desenvolvimento de cancro do colo do útero. Alguns estudos,
incluindo meta-análises, demonstram que não existe associação entre a variante Arginina
e o desenvolvimento do cancro do colo do útero. No entanto, estudos demonstram que
esta variante parece estar distribuída de forma diferente de acordo com a localização
geográfica/étnica, o que pode ajudar a explicar um possível papel desta variante de acordo
com o background genético de determinadas populações, e que explica o porquê de
alguns estudos encontrarem associação para o desenvolvimento de cancro do colo do útero.
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CERVICAL CANCER: A CRITICAL HEALTH
PROBLEM WORLDWIDE

According to the World Health Organization (WHO)
there were 500 000 new cases of cervical cancer in 2005,
and if was responsible for over 260 000 deaths1,2. Cur-
rently cervical cancer is the second most common form of
cancer in women and it represents a severe threat to wom-
en’s lives. It is estimated that there are over 1 million women
worldwide with cervical cancer and most of them have not
yet been diagnosed or have no access to screening or
treatment2,3.

There are huge differences between developed or de-
veloping countries in what concerns to cervical cancer
rdistribution. Cervical cancer has a high correlation be-
tween incidence and mortality rates, being extremely com-
mon in countries from Central and South America, Eastern
Africa and South-East Asia (Figure 1)2. In developed coun-

tries, screening programs such as Papanicolaou smear
and colposcopy have reduced the incidence of cervical
cancer, with impact on health quality status of women4.
Many countries have been trying to implement screening
programs in their health services, while others seem to be
waiting for the introduction of vaccines in the market to
start preventing cervical cancer occurrence3.

Cervical cancer etiology
Cervical cancer has been studied since the 19th century

and the etiological factors were unknown until early 90s,
when it was established that the persistent infection by the
oncogenic types of the Human Papillomavirus (HPV) was
the main etiological factor for its development5-7.

Only a minority of HPV genotypes are able to infect
cervical epithelium, although studies estimated that 30-
60% of sexually active women might be infected with HPV,

Fig. 1 – Age-Standardized Cervical Cancer incidence Rate
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and most of them become infected shortly after beginning
their first sexual relationship, with the highest prevalence
seen in women < 25 years of age. Most of these infections
will be transient and self limiting, however, persisting in-
fection with the high-risk genotypes of HPV (types
16,18,31,33,35,39,45,51,52,56,58,59 and 68) is associated
with over 99% of invasive cervical cancers8-10.

Small lesions of the cervix may regress spontaneously
and only a small percentage will progress into cervical
intra-epithelial neoplasia (CIN)11. Depending on its sever-
ity, CIN lesions are histologically classified in 3 different
groups (I, II and III), where the most severe can lead to
invasive cervical cancer (ICC).

Several studies have been focusing on the role of risk
factors that influence acquisition of persistent HPV infec-
tion or that mediate progression from pre-invasive lesions
to cervical cancer. HPV is not sufficient for cervical car-
cinogenesis, and epidemiological studies have consist-
ently associated the development of cervical cancer with
measures of sexual activity (number of sexual partners,
age at first sexual intercourse and sexual behav-
iour of male partners), parity (> 3 children),

tobacco and alcohol consumption, co-infection with other
sexually transmitted agents, as well as immunologic and
host genetic factors8,12-16. Many efforts have been made
to study the role of genetic factors in cervical cancer de-
velopment, and currently there is still a great discussion
on their potential.

HPV carcinogenesis
The high-risk HPVs access the basal cell layer of the

cervical epithelium through microabrasions and establish
a latent infection without clinical evidence of disease3. As
these transient cells start to proliferate, viral DNA is main-
tained as an episome and is replicated in synchronization
with the host DNA. In some cases the infection results in
the integration of the viral episome into the host DNA
providing a phenotypic modification on the cells. This
integration frequently disrupts the HPV genome within

the E2 region, leading to the loss of
E2-mediated control of oncogene ex-

pression, therefore it has been
suggested as a marker for

Fig. 2 – The HPV E6-mediated ubiquitin-proteasome degradation of p53
Ubiquitin (Ub) is a 76 amino acid protein highly conserved among eukaryotes involved in proteolysis and many other processes.
Free ubiquitin is first activated by covalent attachment to E1 enzyme in an ATP-dependent reaction and subsequently, ubiquitin is
transferred to an ubiquitin-conjugating enzyme (E2). In the end, high-risk HPV-E6 binds to the cellular ubiquitin-protein ligase E6-
associated protein (E6-AP) that then binds to p53. Poly-ubiquitinated p53 is recognized and degraded by the proteasome and
ubiquitin is regenerated.
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cancer progression. The integration results in HPV E6 and
E7 overexpression which promote genetic instability as a
result of cell cycle de-regulation, by targeting the tumor
suppressor protein p53 and the retinoblastoma protein
p105RB, respectively, to degradation trough ubiquitin-
proteasome system17.

HPV E6 and p53
High-risk HPVs encode E6 oncoprotein that targets

p53 to degradation through ubiquitin-dependent prote-
olysis. The TP53 gene encodes a nuclear phosphoprotein
(p53) with critical functions in the maintenance of cellular
integrity18,19. The p53 is considered to be the guardian of
the genome due to its role on cell cycle arrest, DNA repair
activation and regulation of apoptosis. When a cell is ex-
posed to some genotoxic stress (such as genetic altera-
tions, viral infections or oncogenic activation), p53 ar-
rests cell cycle in G1 phase and induces DNA repair, nev-
ertheless in severe cases p53 targets cells to apoptosis20.
If a mutation occurs, the protein might not execute its
tasks accurately, and the G1/S phase checkpoint is es-
caped, leading to cell proliferation and the accumulation
of genetic alterations that may cause cancer development20.
In fact, TP53 gene is mutated in 50-55% of all cancer cases
and it has been suggested that in 10-15% of other cases it
is inhibited or down-regulated18,19.

The mechanism through which HPV interacts with p53
has been intensely studied in the past decade, and it is
assumed that the way HPV E6 mediates p53 to degrada-
tion is the essential mechanism of HPV associated carcino-
genesis21,22. Only E6 proteins from the high-risk HPVs are
able to bind the cellular ubiquitin-protein ligase E6-asso-
ciated protein (E6-AP) and therefore induce p53 degrada-
tion. This E6/E6_AP complex binds to p53 and promotes
its interaction with the ubiquitin-conjugating enzymes
(Figure 2)23-26. This process is extremely well synchro-
nized and once started all targeted proteins will be forced
to poly-ubiquitination leading to its degradation through
the proteasome system. This mechanism through which
p53 can be inactivated, has similar functions as any muta-
tion on the TP53 gene that could affect the normal func-
tions of p5323-26. This was a major finding that proved that
the degradation of p53 is sufficient to promote the genetic
instability that leads to cell proliferation and to the devel-
opment of neoplasia.

p53 and codon 72 polymorphism
Genetic polymorphisms have been described as hav-

ing an important role on cancer development27-35. TP53
has been one of the most studied genes, which lead to the

identification of numerous single nucleotide polymorph-
isms (SNPs) on its sequence, some of them seem to inter-
fere with protein structure or stability36-47.

p53 is a 393 amino acid protein with different domains
with important remarks on conformation, structure and
function: an N-terminal transactivation domain (TAD;
amino-acid 1-40), a proline-rich domain (PRD; residues 61-
94) adjacent to the TAD with important conformation ele-
ments, a large DNA-binding domain (DBD; residues 100-
300), a tetramerization domain (4D; residues 324-355) and
a basic C-terminal domain (CTD; residues 360-393). Also
remarkable is the existence of a nuclear localization signal
(L) between the DBD and the 4D, and a nuclear export
signal (E) embedded in the 4D. The amino acid sequence
of p53 has several conserved serine, threonine and lysine
residues that have potential regulatory significance. More-
over, the PRD has shown to be extremely important in the
regulation of p53 stability and activity48.

One of the most studied SNPs is located on exon 4 of
the TP53 gene. This SNP causes an amino acid replace-
ment from Arginine (Arg) into Proline (Pro) at p53 codon
7240,49. This SNP is located at the PRD of the protein and
several studies have confirmed that it might interfere with
protein stability. Although there is no obvious impact of
an arginine amino acid at this position50, this polymorph-
ism seems to confer two different structural and functional
forms of p5351-53. These evidences lead to a large inves-
tigation on the role of this polymorphism in the development
of different neoplasias such as cervical cancer32,33,54-57,
bladder cancer58,59, colorectal cancer60, breast cancer61,
nasopharyngeal cancer62, ovarian carcinoma34 and lung
adenocarcinoma63.

Storey et al suggested that the Arg p53 variant is seven
times more susceptible to E6-mediated degradation than
the Pro, and thus women with Arg/Arg genotype had in-
creased risk for cervical cancer development54. Further-
more, in vitro studies revealed that the E6 protein seems
to bind more efficiently to the Arg p53 variant at position
72, than the Pro, leading to an higher ability to promote
degradation of p53 through the ubiquitin proteasome path-
way23,24. Since Storey’s results, the Arg/Arg genotype
has been considered as a potential susceptibility marker
for cervical cancer development. However, several other
studies have attempted to corroborate this association
unsuccessfully32-35,64,65.

p53 codon 72 polymorphism and cancer: biological
plausibility

The great majority of p53 mutations found in neoplastic
cells occur with more frequency in the DNA binding do-
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main, and usually differ from the wild-type in only one
amino acid residue. These mutant proteins are frequently
functionally inactive due to their incapacity to bind DNA51.

Matlashewslki et al showed that the p53 codon 72 poly-
morphism leads to an aminoacid change which results in a
structural change in the p53 protein40. The SNP is located
on the proline-rich domain (PRD; residues 61-94), and the
proline at residue 72 constitutes one of the five PXXP
binding motifs in PRP66. Interestingly, the presence of ar-
ginine at this position does not seem to interfere with the
wild type structure of the protein since they have similar
ability to bind the p53 DNA recognition sequences40. Both
protein variants are structurally wild type, although, re-
cent studies have shown that there are subtle differences
in their transcriptional activities and apoptosis activation51.
The fact that p53 variants are not functionally equivalent,
may be important in the management of patients with wild-
type p53 tumors, depending on their p53 genotype.

Several data from in vitro and in vivo models suggest
that not only a single mutation of a single residue within
the TAD, PRD or CTD can induce a selective advantage
to cells. The same studies refer that maybe the combined
mutation of several modified residues could cause a more
pronounced effect on p53 activity67. However, multiple
mutations are not very common in spontaneous tumours,
and therefore the role of single mutations on cancer sus-
ceptibility are likely to be more important when consider-
ing the interaction they can have with oncogenic proteins,
such as the HPV E6 or E767.

The fact that the presence of an arginine at residue 72
could modify p53 activity has lead to the development of
several studies regarding its role on cancer susceptibility.
In fact, the arginine variant is more common in some popul-
ations, and therefore, several authors have studied the
ethnic variations of this SNP in attempt to show that this
could be a genetic marker for cancer susceptibility35,50,68-70.
These studies revealed that the arginine variant is more
common in Caucasian populations than African and Asi-
atic populations35,50,68-72. Beckman et al suggested that
these genetic variants on p53 could represent a potential
genetic marker for natural selection during intrauterine
development and suggests that this p53 codon 72 poly-
morphism might balance natural selection68. Moreover,
Sun et al and Bonafé et al have discussed about the po-
tential role of the p53 codon 72 polymorphism in longev-
ity, therefore acting as a genetic marker for natural selec-
tion50,73. These considerations might be of extreme impor-
tance, although, there are still some proteins with unex-
plained pathways that can interfere with p53 activity and
the role of this SNP in cancer susceptibility.

CONCLUSION

The two p53 codon 72 variants seem to be differently
degradated by HPV E6, therefore, there might be a biologi-
cal plausibility for its association with development of
cervical cancer. The more recent studies still confirm that
the arginine variant is degradated with more efficiency
than the proline, although, studies are not strong enough
to prove this association. Some authors revealed that dif-
ferent HPV types can interact differently with p53 and this
can be more important if we consider the association with
different p53 variants.

The controversial data from Storey et al. is still being
considered as important, and this controversy already lead
to an increasing number of reviews on the subject. Up to
date, it stills remains to establish the role of p53 codon 72
polymorphism on cervical cancer development64,65,74. A
recently published meta-analysis review from our group
considered all published papers on European populations
regarding the role of this polymorphism in cervical cancer,
considered geographical location as a marker for popula-
tion genetic background, found that the arginine ho-
mozygous genotype is not a susceptibility risk marker for
the development of both cervical intraepithelial lesions or
invasive cervical cancer35. The same study also showed
that there was a homogenous frequency of this genotype
among European populations, and only populations from
the edges of Europe have different frequencies. By com-
paring this data with the data from Beckman et al, it might
be plausible that p53 codon 72 polymorphism has a dis-
tinct geographical distribution and therefore act differently
as a genetic susceptibility marker68. Furthermore, future
investigations require appropriate attention to design and
methodological issues, mainly by considering larger sam-
ple size.

Conflito de interesses:
Os autores declaram não ter nenhum conflito de interesses relati-
vamente ao presente artigo.

Fontes de financiamento:
Não existiram fontes externas de financiamento para a realização
deste artigo.

REFERENCES

1. World Health Organization:. Comprehensive cervical cancer
control: A guide to essential practice. WHO Pres; 2006
2. SANKARANARAYANAN R, FERLAY J: Worldwide burden of
gynaecological cancer: the size of the problem. Best Pract Res
Clin Obstet Gynaecol 2006l;20(2):207-225
3. FRAZER IH: Prevention of cervical cancer through
papillomavirus vaccination. Nat Rev Immunol 2004;4(1):46-54

Hugo SOUSA et al, Is there a biological plausability for p53 codon 72 polymorphism influence..., Acta Med Port. 2011; 24(1):127-134

www.actamedicaportuguesa.com


132www.actamedicaportuguesa.com

4. MUNOZ N: Human papillomavirus and cancer: the epidemio-
logical evidence. J Clin Virol 2000;19(1-2):1-5
5. MUNOZ N, BOSCH FX, DE SS et al: [Human papilloma virus in
the etiology of cervicouterine cancer]. Bol Oficina Sanit Panam
1993;115(4):301-9
6. BOSCH FX, MANOS MM, MUNOZ N et al: Sherman M, Jansen
AM, Peto J, Schiffman MH, Moreno V, Kurman R, Shah KV.
Prevalence of human papillomavirus in cervical cancer: a world-
wide perspective. International biological study on cervical cancer
(IBSCC) Study Group. J Natl Cancer Inst 1995;87(11):796-802
7. BOSCH FX, MUNOZ N, DE SS et al: Human papillomavirus and
cervical intraepithelial neoplasia grade III/carcinoma in situ: a
case-control study in Spain and Colombia. Cancer Epidemiol
Biomarkers Prev 1993;2(5):415-22
8. TINDLE RW: Immune evasion in human papillomavirus-asso-
ciated cervical cancer. Nat Rev Cancer 2002;2(1):59-65
9. IARC: IARC Monographs on the Evaluation of Carcinogenic
Risks to Humans. Lyon, France: WHO 1995
10. MEDEIROS R, PRAZERES H, PINTO D et al: Characteriza-
tion of HPV genotype profile in squamous cervical lesions in Portu-
gal, a southern European population at high risk of cervical can-
cer. Eur J Cancer Prev 2005;14(5):467-471
11. CRONJE HS: Screening for cervical cancer in the developing
world. Best Pract Res Clin Obstet Gynaecol 2005;19(4):517-529
12. BOSCH FX, MUNOZ N: The viral etiology of cervical cancer.
Virus Res 2002;89(2):183-190
13. CASTELLSAGUE X, BOSCH FX, MUNOZ N: Environmental
co-factors in HPV carcinogenesis. Virus Res 2002;89(2):191-9
14. MORENO V, MUNOZ N, BOSCH FX et al: Risk factors for
progression of cervical intraepithelial neoplasm grade III to inva-
sive cervical cancer. Cancer Epidemiol Biomarkers Prev 1995;
4(5):459-467
15. MATOS A, MOUTINHO J, PINTO D, MEDEIROS R: The
influence of smoking and other cofactors on the time to onset to
cervical cancer in a southern European population. Eur J Cancer
Prev 2005;14(5):485-491
16. FRANCO EL, ROHAN TE, VILLA LL: Epidemiologic evi-
dence and human papillomavirus infection as a necessary cause of
cervical cancer. J Natl Cancer Inst 1999;91(6):506-511
17. WOODMAN CB, COLLINS SI, YOUNG LS: The natural his-
tory of cervical HPV infection: unresolved issues. Nat Rev Cancer
2007;7(1):11-22
18. HOLLSTEIN M, SIDRANSKY D, VOGELSTEIN B, HARRIS CC:
p53 mutations in human cancers. Science 1991;253(5015):49-53
19. LEVINE AJ: p53, the cellular gatekeeper for growth and divi-
sion. Cell 1997;88(3):323-331
20. VOGELSTEIN B, KINZLER KW: p53 function and dysfunc-
tion. Cell 1992;70(4):523-6
21. TOMMASINO M, ACCARDI R, CALDEIRA S et al: The role of
TP53 in Cervical carcinogenesis. Hum Mutat 2003;21(3):307-312
22. COOPER B, SCHNEIDER S, BOHL J, JIANG Y, BEAUDET A,
VANDE PS: Requirement of E6AP and the features of human
papillomavirus E6 necessary to support degradation of p53. Virol-
ogy 2003;306(1):87-99
23. SCHEFFNER M: Ubiquitin, E6-AP, and their role in p53 inac-
tivation. Pharmacol Ther 1998;78(3):129-139
24. SCHEFFNER M, WHITAKER NJ: Human papillomavirus-in-
duced carcinogenesis and the ubiquitin-proteasome system. Semin
Cancer Biol 2003;13(1):59-67

25. SCHEFFNER M, HUIBREGTSE JM, VIERSTRA RD,
HOWLEY PM: The HPV-16 E6 and E6-AP complex functions as
a ubiquitin-protein ligase in the ubiquitination of p53. Cell 1993;
75(3):495-505
26. SCHEFFNER M, WERNESS BA, HUIBREGTSE JM, LEVINE
AJ, HOWLEY PM: The E6 oncoprotein encoded by human
papillomavirus types 16 and 18 promotes the degradation of p53.
Cell 1990;63(6):1129-36
27. CARDOSO CS, ARAUJO HC, CRUZ E et al: Haemochromatosis
gene (HFE) mutations in viral-associated neoplasia: Linkage to cer-
vical cancer. Biochem Biophys Res Commun 2006;341(1):232-8
28. CATARINO R, MATOS A, PINTO et al: Increased risk of
cervical cancer associated with cyclin D1 gene A870G polymor-
phism. Cancer Genet Cytogenet 2005;160(1):49-54
29. COSTA S, MEDEIROS R, VASCONCELOS A, PINTO D, LOPES
C: A slow acetylator genotype associated with an increased risk of
advanced cervical cancer. J Cancer Res Clin Oncol 2002;
128(12):678-682
30. CRAVEIRO R, COSTA S, PINTO D et al: TP73 alterations in
cervical carcinoma. Cancer Genet Cytogenet 2004;150(2):116-121
31. DUARTE I, SANTOS A, SOUSA H et al: G-308A TNF-alpha
polymorphism is associated with an increased risk of invasive cervi-
cal cancer. Biochem Biophys Res Commun 2005;334(2):588-592
32. OLIVEIRA S, SOUSA H, SANTOS AM et al: The p53 R72P
polymorphism does not influence cervical cancer development in
a Portuguese population: a study in exfoliated cervical cells. J Med
Virol 2008;80(3):424-9
33. SANTOS AM, SOUSA H, CATARINO R et al: TP53 codon 72
polymorphism and risk for cervical cancer in Portugal. Cancer
Genet Cytogenet 2005;159(2):143-7
34. SANTOS AM, SOUSA H, PINTO D, PORTELA C et al: Link-
ing TP53 codon 72 and P21 nt590 genotypes to the development
of cervical and ovarian cancer. Eur J Cancer 2006;42(7):958-963
35. SOUSA H, SANTOS AM, PINTO D, MEDEIROS R: Is the p53
codon 72 polymorphism a key biomarker for cervical cancer de-
velopment? A meta-analysis review within European populations.
Int J Mol Med 2007;20(5):731-741
36. AHUJA HG, TESTA MP, CLINE MJ: Variation in the protein
coding region of the human p53 gene. Oncogene 1990 Septem-
ber;5(9):1409-10.
37. FELIX CA, BROWN DL, MITSUDOMI T et al: Polymor-
phism at codon 36 of the p53 gene. Oncogene 1994;9(1):327-8
38. FELLEY-BOSCO E, WESTON A, CAWLEY HM, BENNETT
WP, HARRIS CC: Functional studies of a germ-line polymorphism at
codon 47 within the p53 gene. Am J Hum Genet 1993;53(3):752-9
39. HARRIS N, BRILL E, SHOHAT O et al: Molecular basis for
heterogeneity of the human p53 protein. Mol Cell Biol
1986;6(12):4650-6
40. MATLASHEWSKI GJ, TUCK S, PIM D, LAMB P, SCHNEI-
DER J, CRAWFORD LV: Primary structure polymorphism at amino
acid residue 72 of human p53. Mol Cell Biol 1987;7(2):961-3
41. CARBONE D, CHIBA I, MITSUDOMI T. Polymorphism at
codon 213 within the p53 gene. Oncogene 1991;6(9):1691-2.
42. HAHN M, SERTH J, FISLAGE R et al: Polymerase chain
reaction detection of a highly polymorphic VNTR segment in
intron 1 of the human p53 gene. Clin Chem 1993;39(3):549-550
43. PLEASANTS LM, HANSEN MF: Identification of a polymor-
phism in intron 2 of the p53 gene. Hum Genet 1994;93(5):607-8
44. LAZAR V, HAZARD F, BERTIN F, JANIN N, BELLET D,

Hugo SOUSA et al, Is there a biological plausability for p53 codon 72 polymorphism influence..., Acta Med Port. 2011; 24(1):127-134

www.actamedicaportuguesa.com


133 www.actamedicaportuguesa.com

BRESSAC B: Simple sequence repeat polymorphism within the
p53 gene. Oncogene 1993;8(6):1703-5
45. PELLER S, KOPILOVA Y, SLUTZKI S, HALEVY A, KVITKO
K, ROTTER V: A novel polymorphism in intron 6 of the human
p53 gene: a possible association with cancer predisposition and
susceptibility. DNA Cell Biol 1995;14(12):983-990
46. PROSSER J, CONDIE A. Biallelic ApaI polymorphism of the
human p53 gene (TP53). Nucleic Acids Res 1991;19(17):4799
47. PIETSCH EC, HUMBEY O, MURPHY ME: Polymorphisms
in the p53 pathway. Oncogene 2006;25(11):1602-11
48. TOLEDO F, WAHL GM: Regulating the p53 pathway: in vitro
hypotheses, in vivo veritas. Nat Rev Cancer 2006;6(12):909-923
49. ARA S, LEE PS, HANSEN MF, SAYA H: Codon 72 polymor-
phism of the TP53 gene. Nucleic Acids Res 1990;18(16):4961
50. SUN Y, KESHAVA C, SHARP DS, WESTON A, MCCANLIES
EC: DNA Sequence Variants of p53: Cancer and Aging. Am J Hum
Genet 1999;65:1779-82
51. THOMAS M, KALITA A, LABRECQUE S, PIM D, BANKS L,
MATLASHEWSKI G: Two polymorphic variants of wild-type p53
differ biochemically and biologically. Mol Cell Biol 1999;
19(2):1092-100
52. PIM D, BANKS L: p53 polymorphic variants at codon 72
exert different effects on cell cycle progression. Int J Cancer
2004;108(2):196-9
53. DUMONT P, LEU JI, DELLA PA, III, GEORGE DL, MURPHY
M. The codon 72 polymorphic variants of p53 have markedly
different apoptotic potential. Nat Genet 2003;33(3):357-365
54. STOREY A, THOMAS M, KALITA A et al: Role of a p53
polymorphism in the development of human papillomavirus-as-
sociated cancer. Nature 1998;393(6682):229-234.
55. JEE SH, LEE JE, PARK JS: Polymorphism of codon 72 of p53
and environmental factors in the development of cervical cancer.
Int J Gynaecol Obstet 2003;80(1):69-70
56. HILDESHEIM A, SCHIFFMAN M, BRINTON LA et al: p53
polymorphism and risk of cervical cancer. Nature 1998;
396(6711):531-2
57. ZEHBE I, VOGLINO G, WILANDER E, GENTA F,
TOMMASINO M: Codon 72 polymorphism of p53 and its asso-
ciation with cervical cancer. Lancet 1999;354(9174):218-9
58. CHEN WC, TSAI FJ, WU JY, WU HC, LU HF, LI CW: Distri-
butions of p53 codon 72 polymorphism in bladder cancer – proline
form is prominent in invasive tumor. Urol Res 2000;28(5):293-6
59. SOULITZIS N, SOURVINOS G, DOKIANAKIS DN,
SPANDIDOS DA. p53 codon 72 polymorphism and its associa-
tion with bladder cancer. Cancer Lett 2002;179(2):175-183
60. SJALANDER A, BIRGANDER R, ATHLIN L et al: P53 germ
line haplotypes associated with increased risk for colorectal can-
cer. Carcinogenesis 1995;16(7):1461-4

61. PAPADAKIS EN, DOKIANAKIS DN, SPANDIDOS DA: p53
codon 72 polymorphism as a risk factor in the development of
breast cancer. Mol Cell Biol Res Commun 2000 June;3(6):389-92.
62. SOUSA H, SANTOS AM, CATARINO R et al: Linkage of
TP53 codon 72 pro/pro genotype as predictive factor for na-
sopharyngeal carcinoma development. Eur J Cancer Prev 2006;
15(4):362-6
63. FAN R, WU MT, MILLER D et al: The p53 codon 72 poly-
morphism and lung cancer risk. Cancer Epidemiol Biomarkers
Prev 2000;9(10):1037-42
64. JEE SH, WON SY, YUN JE, LEE JE, PARK JS, JI SS: Polymor-
phism p53 codon-72 and invasive cervical cancer: a meta-analy-
sis. Int J Gynaecol Obstet 2004;85(3):301-8
65. KOUSHIK A, PLATT RW, FRANCO EL: p53 codon 72 poly-
morphism and cervical neoplasia: a meta-analysis review. Cancer
Epidemiol Biomarkers Prev 2004;13(1):11-22
66. WALKER KK, LEVINE AJ. Identification of a novel p53 func-
tional domain that is necessary for efficient growth suppression.
Proc Natl Acad Sci U S A 1996 December 24;93(26):15335-40.
67. TOLEDO F, KRUMMEL KA, LEE CJ et al: A mouse p53
mutant lacking the proline-rich domain rescues Mdm4 deficiency
and provides insight into the Mdm2-Mdm4-p53 regulatory net-
work. Cancer Cell 2006;9(4):273-285
68. BECKMAN G, BIRGANDER R, SJALANDER A et al: Is p53
polymorphism maintained by natural selection? Hum Hered
1994;44(5):266-270
69. SJALANDER A, BIRGANDER R, KIVELA A, BECKMAN G:
p53 polymorphisms and haplotypes in different ethnic groups.
Hum Hered 1995;45(3):144-9
70. SJALANDER A, BIRGANDER R, SAHA N, BECKMAN L,
BECKMAN G: p53 polymorphisms and haplotypes show distinct
differences between major ethnic groups. Hum Hered 1996;
46(1):41-8
71. INSERRA P, ABRAHAMSEN M, PAPENFUSS M, GIULIANO
AR: Ethnic variation of the P53 codon 72 polymorphism, HPV
persistence, and cervical cancer risk. Int J STD AIDS 2003;
14(12):800-4
72. MAKNI H, FRANCO EL, KAIANO J et al: P53 polymor-
phism in codon 72 and risk of human papillomavirus-induced cer-
vical cancer: effect of inter-laboratory variation. Int J Cancer
2000;87(4):528-533
73. BONAFE M, OLIVIERI F, MARI D et al: P53 codon 72
polymorphism and longevity: additional data on centenarians
from continental Italy and Sardinia. Am J Hum Genet 1999;
65(6):1782-5
74. KOUSHIK A, GHOSH A, DUARTE-FRANCO E et al: The p53
codon 72 polymorphism and risk of high-grade cervical
intraepithelial neoplasia. Cancer Detect Prev 2005 August 22

Hugo SOUSA et al, Is there a biological plausability for p53 codon 72 polymorphism influence..., Acta Med Port. 2011; 24(1):127-134

www.actamedicaportuguesa.com


134www.actamedicaportuguesa.com

Hugo SOUSA et al, Is there a biological plausability for p53 codon 72 polymorphism influence..., Acta Med Port. 2011; 24(1):127-134

www.actamedicaportuguesa.com

