
Abstract. Background: Cervical cancer is driven by human
papillomavirus virus-specific oncoprotein E6. E6 interacts
with E3 ubiquitin-protein ligase, resulting in the proteolysis
of p53 protein. The aim of this study was to analyze one
TP53 mutation in patients with cervical cancer and to
correlate it to prognosis. Materials and Methods: A total of
248 paraffin-embedded tumor samples were stained for
mutated p53 protein. The distribution and intensity of
staining both in the nucleus and cytoplasm were evaluated
with a semi-quantitative immunohistochemical score.
Results: A total of 66% of studied cervical carcinomas
expressed the mutated p53 protein. The overall survival was
better for patients expressing the mutated p53 protein in the
nucleus. Conclusion: Interestingly, we found a very high
mutation rate of TP53 in a cancer type where p53 is initially
inactivated via E6 during the development of cervical
cancer. An unexpected finding is the correlation of this
mutation with better survival, possibly due to better
response to therapy. 

Worldwide, cervical cancer is the fourth most common tumor
diagnosed and cause of death in women, with an estimated
528,000 cases and 266,000 deaths in 2012 (1, 2). About 80%
of cervical cancer cases occur in low-to-medium resource
countries (3). Over the past decades, the introduction of
tumor screening programs in many high-resource countries

contributed to reduced incidence and mortality due to
cervical cancer (4). 

Oncogenic human papillomavirus (HPV)s, mainly HPV
16 and 18 genotypes, have been strongly associated with the
risk of developing intraepithelial lesions and appear to be
involved in the development of more than 90% of all
squamous cell carcinomas and adenocarcinomas of the
cervix (5). However, most individuals who have had HPV
infections do not develop cervical cancer since the low-grade
squamous epithelial lesions induced spontaneously regress in
more than 90% of cases (1). Cervical cancer typically
develops from pre-cancerous changes over a period of 10 to
20 years (6). HPV-induced cervical cancer is driven by the
virus-specific oncoproteins E6 and E7. The E6 protein of
HPV types 16 and 18 interacts with E3 ubiquitin-protein
ligase, resulting in the proteolysis of p53 protein (7). In
addition, E6 binds E1A binding protein p300 and CREB-
binding proteins and reduces the ability to activate p53-
responsive promotor elements (7). Variable levels of E6
mRNA have been found in both cervical intraepithelial
neoplasia and cervical cancer. However, the constitutive
expression of early viral genes is not in itself sufficient to
induce and maintain the transformation status (6, 8).
Accumulation of genetic and epigenetic alterations over time
may, therefore, be crucial for the ultimate progression to
cancer. 

Mutations of TP53 gene are among the most common
genetic alterations in many human malignancies (9-11).
More than 50% of human tumors contain a mutation or
deletion of the TP53 gene, ranging from 5 to 80% depending
on the type, stage, and etiology of tumors (12). Many studies
have investigated a genetic link between these variation and
cancer susceptibility. Results, however, have been
controversial. In 2009, a meta-analysis study of 49 pooled
studies failed to show a link between a very common
mutation (namely substitution of an arginine for a proline at
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codon position 72) and cervical cancer susceptibility (13). In
2011, the same mutation was found to be associated with
higher pancreatic cancer risk among males, but seemed to
protect Arab women against breast cancer (14, 15). To date,
many other mutations of TP53 have been described.
Mutations that deactivate p53 in cancer usually occur in the
central DNA-binding domain. Most of these mutations
destroy the ability of the protein to bind to its target DNA
sequences, and thus prevent transcriptional activation of
these genes. Furthermore, 80% of the most common mutants
have the capacity to exert dominant-negative effect over
wild-type p53 and thus prevent the activation of
transcription. In comparison only 45% of the less frequent
mutants studied have this capacity (16). Roles played by
other mutations of the p53 protein are much less known. In
this study, we focused on one mutation occurring in the N-
terminal part of p53, which contains one of the two
transcription activation domains of the protein involved in
the regulation of several pro-apoptotic genes (17).

The aim of the study was to analyze the mutation of the
TP53 gene in patients with cervical cancer and to correlate
mutation to clinical parameters and prognosis. 

Materials and Methods 

Patient data. Tissue samples from 248 formalin-fixed and paraffin-
embedded cervical neoplasia biopsies from patients referred to the
Gynecology Unit at the Department of Obstetrics and Gynecology,
Ludwig Maximilian University of Munich, from 1993 to 2002, were
included in this study. All cases had been previously characterized
in terms of histology (grade, tumor size and lymph-node infiltration
by tumor cells) at the Department of Pathology, Ludwig Maximilian
University of Munich (Table I). 

All material was sampled for diagnostic purposes and research
was carried out in accordance with the legal requirements
concerning confidential medical communication as well as the data
protection act. Consequently, consulting the Ethics Committee of
the Medical School, Ludwig Maximilian University of Munich, and
written informed consent from the patients prior to participation in
the study was not required.

Immunohistochemistry. Paraffin wax-embedded tissue sections of 3
μm from samples were deparaffinized in xylol for 20 min, washed
in 100% ethanol and then incubated in methanol/H2O2 (3%) for 20
min. After rehydration in an alcohol gradient to distilled water, the
slides were placed in a pressure cooker containing sodium citrate
buffer (pH=6.0) and heated for 5 min. Slides were washed twice in
phosphate buffer solution (PBS) and blocked using blocking
solution (Zytomed, Berlin, Germany) for 5 min. Each slide was
separately incubated with a specific antibody against mutated p53
protein (at position 20, serine to asparatic acid - ab32049; Abcam,
Cambridge, UK) diluted 1/100 in PBS. Incubation of the sections
with the primary antibodies lasted for 16 h at 4˚C. Afterwards,
sections were washed twice in PBS before incubation with post-
block reagent (Zytomed) for 20 min. Finally, slides were washed
in PBS and then incubated with the horseradish peroxidase-
polymer (3) (Zytomed) for 30 min. Staining was performed using

3,3-diaminobenzidine (DAB) substrate solution (Dako, Glostrup,
Denmark) for 180 sec. Counterstaining was carried out with
Mayer’s hemalaun for 2 min. Finally, sections were washed in tap
water for 5 minutes and afterwards dehydrated in an ascending
alcohol series and washed in xylol. Slides were cover-slipped with
Eukittquick-hardening mounting medium (Sigma-Aldrich, St.
Louis, USA). 

The intensity score (IRS) used examines the intensity and
distribution of antigen expression and is calculated by multiplying
the percentage of positively stained cells (0: no staining; 1 <10% of
cells; 2: 11-50%; 3: 51- 80%, 4> 81%) with the intensity of cell
staining (0: none; 1: weak; 2: moderate; 3: strong). Two
independent investigators examined the sections using a Leitz
Diaplan microscope (Leitz, Wetzlar, Germany). The concordance
was of 95%. In cases of different staining evaluation, both
investigators carried out re-evaluation until an agreement was
reached (5% of all cases). Positive controls were carried out with
human breast cancer sections. Negative controls were performed
by replacement of the primary antibody and alternative incubation
of the slides with IgG rabbit or mouse control antibodies
(Biogenex, San Ramen, CA, USA). 

Statistical analysis. Correlation of staining with grading, age, size,
nodal status and survival analysis was evaluated with the statistical
program R (Version 0.98.1028; RStudio, Inc., Boston, MA, USA).
The Mann–Whitney U-test was used for evaluation of two
independent groups. Values of p<0.05 were considered statistically
significant.
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Table I. Clinical characteristics of the study population. 

No./total. %

Age, years
≤50 143/248 58
>50 105/248 42

No. of positive nodes
0 149/248 60
1-4 97/248 39
NA 2/248 1

Tumor size (cm)
≤2 111/248 45
2-4 128/248 52
>4 9/248 3

Tumor grade
I 20/248 8
II 141/248 57
III 78/248 31
NA 9/248 4

Tumor subtype
Squamous 199/248 80
Adenocarcinoma 49/248 20

Tumor progression
No 190/248 77
Yes 58/248 23

Survival*
Alive 210/248 85
Dead 38/248 15

*At 236 months. NA: Not available.



Results

No difference in cytoplasmic expression of mutated p53
protein. A total of 66% of the studied cervical cancer cases
expressed the mutated p53 protein (i.e. more than 10% of the
cancer cells stained) in the cytoplasm. We found 81 patients
with no visible expression for mutated p53 protein; 17 had a
score of 1; 20 scored 2; 12 scored 3; 67 scored 4; 16 scored
6; 23 scored 8; five scored 9; four scored 12 and three were
non quantifiable. Differential expression of mutated p53 in
the cytoplasm of human cervical cancer assessed by
immunoperoxidase staining is presented in Figure 1a-f. The
expression was highly variable, from no expression at all to
very strong and diffuse expression. However, the
Kaplan–Meier curves showed no difference in the survival
of the two groups (Figure 1g). The 5-year survival rate for
the group with no cytoplasmic expression of mutated p53
was 87.3%, comparable to the 91.2% survival rate for the
group with cytoplasmic expression of mutated p53. The 10-
year survival rate for the group with no mutated p53
cytoplasmic expression was similarly 83.8%, not
significantly different from that of the group with
cytoplasmic expression of mutated p53 (85.0%). Overall
these results show no significant advantage of cytoplasmic
expression of mutated p53 protein (p=0.718).

Survival advantage associated with nuclear expression of
mutated p53 protein. A total of 42% of studied cervical
cancer cases expressed mutated p53 protein (i.e. more than
10% of the cancer cells stained) in the nucleus. We found
141 patients with no visible expression for mutated p53
protein; 19 scored 1; 56 scored 2; four scored 3; 10 scored 4;
eight scored 6; one scored 8; one scored 9; five scored 12
and three were non quantifiable. Differential expression of
mutated p53 in the nucleus of human cervical cancer
assessed by immunoperoxidase staining is presented in
Figure 2a-d. The expression was again, highly variable, from
no expression at all to very strong and diffuse expression.
However, the Kaplan–Meier curves showed there to be a

difference in the survival of the group expressing mutated
p53 in the nucleus, as shown in Figure 2e. The 5-year
survival rate in the group with no nuclear expression of
mutated p53 was 88.0%, significantly reduced compared
with that of the group expressing nuclear mutated p53
(92.8%). The 10-year survival rate was similarly reduced
(81.7% versus 90.4%, respectively). Overall, these results
show a significant advantage of nuclear expression of
mutated p53 protein (p=0.024).

Cox Proportional hazards regression analysis. To confirm
these results, we performed a multivariable survival analyses
based on the Cox model. We estimated the effect of the
nuclear expression of mutated p53 after adjustment for other
explanatory variables available at the time of the surgery:
higher grade as graded after pathological characterization,
age higher than the median (i.e. 47.5 years) at the onset of
disease, larger size of the resected tumor (2 cm and greater)
and presence of infiltrated tumor cells in the local lymph
node. All these factors correlated with higher risk of death
as presented in Table II. The proportional hazards regression
analysis gives a more precise idea of the influence of these
variables, as presented in Table III. The grading of the tumor
and the presence of infiltrated tumor cells in local lymph
nodes did not remain significant factors (p=0.167 and
p=0.179, respectively). Moreover, the effect of age greater
than the median at the onset of disease was reduced to a
trend (p=0.059). However, resected tumor size and nuclear
expression of mutated p53 protein were both significant
(p=0.005 and p=0.025, respectively). The regression
coefficient for the nuclear expression of mutated p53 protein
was found to be negative, consequent with a given survival
advantage. Overall these results confirm a significant
advantage of nuclear expression of the mutated p53 protein
in cervical cancer. 
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Table II. Variables taken into account for the proportional hazards
regression analysis (Cox model) including the rule used to discriminate,
the number of women attributed to each group and the number we could
not attribute (NA). 

Variable Rule N Yes NA

Grade At least grade 3 161 78 9
Age Older than 47.5 years 124 124 0
Tumor size Tumor bigger than 2 cm 111 136 1
Nodal status Tumor nodal infiltration 149 97 2

Table III. Proportional hazards regression analysis (COX model).
Including regression coefficient (R. coef.), standard error (S. error), p-
value and 95% confidence interval (CI) for the hazard ratio (lower and
higher 0.95%). 

Variable R. coef. S. error Hazard 95% CI p-Value
ratio

Mutant p53
Cytoplasmic 0.3629 0.2774 0.7283-3.0205- 0.3942
Nuclear –1.0188 0.4561 0.1477-0.8826 0.0255

Tumor grade 0.4900 0.3379 0.8146-3.2707 0.3546
Age 0.6928 0.3610 0.9826-4.0681 0.3624
Tumor size 1.3199 0.4761 1.4721-9.5171 0.0056
Nodal status 0.4599 0.3420 0.8103-3.0963 0.1786



Discussion 

The results of this study give a good indication as to where
to focus the search for new tumor markers in cervical cancer.

The high expression of the mutated version of p53 and the
difference observed in survival of patients was not expected
by analyzing the relevant literature. Despite its central role
of p53 in the hallmarks of cancer, TP53 mutation and
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Figure 1. Expression of mutated p53 in the cytoplasm of human cervical cancer tissue as assessed by immunoperoxidase staining: Negative control,
IgG rabbit control antibody (breast cancer) (a); positive control (breast cancer); (b) no expression (c); low expression (d); intermediate expression
(e); high expression (f). Magnification: a, b, ×200; c-f: ×80. g: Kaplan–Meier analysis of the overall survival of patients according to cytoplasmic
expression of mutated p53.



expression status is not used for the prognosis of cervical
cancer. Interestingly, we found a very high mutation rate of
the TP53 gene in a cancer type in which p53 is initially
inactivated via the oncoprotein E6 during its development. 

The TP53 mutation is strongly associated with cervical
cancer and was not detectable in normal tissues surrounding
the tumor. The etiological role of infection with high-risk
HPV in cervical cancer is well established (18). However,
development of cancer, only occurs 10 or 20 years after the
first infection and could be one explanation for the high rate
of mutation associated with the pathology. Of all TP53
mutations known, 90% are non-synonymous substitutions
and concern single amino acid changes in the DNA-binding
region (10). However, we herein analyzed one mutation

occurring in the N-terminal part of p53, one of the two
transcription activation domains of the protein involved in
the regulation of several pro-apoptotic genes (17). In its
normal functions, p53 senses DNA damage and can arrest
growth by holding the cell cycle at the G1/S regulation point
on DNA damage recognition, or initiate apoptosis if DNA
damage proves to be irreparable (11, 19-21). 

The antibody we used detects a mutation at position 20
(serine into aspartic acid), which abolishes one
phosphorylation site (Abcam personal communication). The
phosphorylation of this serine on detection of DNA damage
weakens the interaction of p53 with mouse double minute 2
(MDM2), also known as E3 ubiquitin protein ligase, thereby
stabilizing p53 (22-24). Thus, the mutation abolishes the
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Figure 2. Expression of mutated p53 in the nucleus of human cervical cancer tissue as assessed by immunoperoxidase staining: No expression (a);
low expression (b); intermediate expression (c); high expression (d). Magnification: ×80. e: Kaplan–Meier analysis of the overall survival of patients
according to nuclear expression of mutated p53. Survival advantage was shown for patients with tumor with nuclear expressed mutated p53 protein. 



normal increase in p53 protein level after DNA damage.
Overall, the mutation was detected in the cytoplasm of 66%
of cancer cases and in 42% in the nucleus. Since this
mutation alters the cell's ability to stop the cell cycle on
DNA damage recognition, it could work synergistically with
E6 to reduce the ability of p53 to activate responsive
promoter elements. Together, these two blockades could lead
to mutation accumulation and, ultimately, to cervical cancer.
Interestingly, MDM2 as an E3 ubiquitin protein ligase could
also be directly targeted by E6 protein of HPV (7). MDM2 is
also linked with increased risk of cancer and potential of
treatment (25-27). 

In accordance with its role as a transcription factor, we
found mutated p53 had an influence on survival only if
expressed in the nucleus. An unexpected finding is the
correlation of TP53 mutation alone with a better survival.
TP53 mutation is often observed in cancer. However, it is
commonly associated with severely compromised tumor
suppression due to an increased likelihood for uncontrolled
cell division (28). One limitation of this study is the absence
of information about other possible simultaneous TP53
mutations, possibly destroying the ability of the protein to
bind to its target DNA sequences, and thus preventing
transcriptional activation of genes. However, we observed a
significant effect of mutated p53 on patient survival, thus we
assume that other mutations are less important. As a matter
of fact, the capacity of p53 to bind to DNA promoters is of
less importance if the protein stays bound to MDM2 and is
therefore degraded. It remains to be assessed whether the
milder prognosis associated with several mutants may be
ascribed to specific functional properties and directly
correlated to E6 protein expressed after HPV infection. 

Patients included in this study were treated at our Institute
and received radiotherapy targeting the DNA of tumor cells.
The absence of an increase of p53 protein level after DNA
damage due to mutation could be an advantage for
tumorigenesis, since it would simplify the transmission of
small nonsynonymous mutation; but it should also be a
disadvantage in the case of great DNA damage such as that
caused by radiotherapy, since the cell cycle would not be
stopped and DNA would not be repaired, ultimately leading
to more cell death. Indeed, phosphorylation of p53 at Ser-20
seems to be involved in cell radiosensitivity (29). That this
kind of mutation often occurs in cervical cancer might be
due to the constant E6-dependant p53 deactivation, making
tumorigenesis less dependent on a dominant-negative
mutation.

In summary, we found a very high mutation rate of the
TP53 gene in cervical cancer. According to this finding the
overall survival was better in patients expressing the mutated
p53 protein in the nucleus. Our results indicate that p53
mutation might serve as a useful biomarker to predict
response to therapy. 

Conflicts of Interest

The Authors declare no conflict of interest exists in regard to this
study.

Acknowledgements 

The work presented here is part of the Ph.D. thesis of CPF and was
supported by a Ph.D. stipend of the DFG (Graduiertenkolleg 1202).
This work was presented and awarded at the 16. HSTM, Hamburg
2014 under the name Immunohistochemical evaluation of the role
of p53 mutation in cervical cancer. 

References 

1 Dunne EF and Park IU: HPV and HPV-associated diseases.
Infect Dis Clin North Am 27: 765-778, 2013. 

2 DeSantis CE, Lin CC, Mariotto AB, Siegel RL, Stein KD,
Kramer JL, Alteri R, Robbins AS and Jemal A: Cancer treatment
and survivorship statistics, 2014. CA Cancer J Clin 64(4): 252-
271, 2014. 

3 Ferlay J, Shin H-R, Bray F, Forman D, Mathers C and Parkin
DM: Estimates of worldwide burden of cancer in 2008:
GLOBOCAN 2008. Int J Cancer 127: 2893-2917, 2010. 

4 Arbyn M, Castellsagué X, de Sanjosé S, Bruni L, Saraiya M,
Bray F and Ferlay J: Worldwide burden of cervical cancer in
2008. Ann Oncol 22: 2675-2686, 2011. 

5 Bouvard V, Baan R, Straif K, Grosse Y, Secretan B, El Ghissassi
F, Benbrahim-Tallaa L, Guha N, Freeman C, Galichet L,
Cogliano V and WHO International Agency for Research on
Cancer Monograph Working Group: A review of human
carcinogens–part B: biological agents. Lancet Oncol 10: 321-
322, 2009. 

6 Steenbergen RDM, Snijders PJF, Heideman DAM and Meijer
CJLM: Clinical implications of (epi)genetic changes in HPV-
induced cervical precancerous lesions. Nat Rev Cancer 14: 395-
405, 2014. 

7 Moody CA and Laimins LA: Human papillomavirus
oncoproteins: pathways to transformation. Nat Rev Cancer 10:
550-560, 2010. 

8 Vinokurova S, Wentzensen N, Kraus I, Klaes R, Driesch C,
Melsheimer P, Kisseljov F, Dürst M, Schneider A and von
Knebel Doeberitz M: Type-dependent integration frequency of
human papillomavirus genomes in cervical lesions. Cancer Res
68: 307-313, 2008. 

9 Nigro JM, Baker SJ, Preisinger AC, Jessup JM, Hostetter R,
Cleary K, Bigner SH, Davidson N, Baylin S and Devilee P:
Mutations in the p53 gene occur in diverse human tumour types.
Nature 342: 705-708, 1989. 

10 Petitjean A, Achatz MIW, Borresen-Dale AL, Hainaut P and
Olivier M: TP53 mutations in human cancers: functional
selection and impact on cancer prognosis and outcomes.
Oncogene 26: 2157-2165, 2007. 

11 Vogelstein B, Lane D and Levine AJ: Surfing the p53 network.
Nature 408: 307-310, 2000. 

12 Hainaut P and Hollstein M: p53 and human cancer: the first ten
thousand mutations. Adv Cancer Res 77: 81-137, 2000. 

13 Klug SJ, Ressing M, Koenig J, Abba MC, Agorastos T, Brenna
SMF, Ciotti M, Das BR, Del Mistro A, Dybikowska A, Giuliano

ANTICANCER RESEARCH 36: 3131-3138 (2016)

3136



AR, Gudleviciene Z, Gyllensten U, Haws ALF, Helland A,
Herrington CS, Hildesheim A, Humbey O, Jee SH, Kim JW,
Madeleine MM, Menczer J, Ngan HYS, Nishikawa A, Niwa Y,
Pegoraro R, Pillai MR, Ranzani G, Rezza G, Rosenthal AN,
Roychoudhury S, Saranath D, Schmitt VM, Sengupta S,
Settheetham-Ishida W, Shirasawa H, Snijders PJF, Stoler MH,
Suárez-Rincón AE, Szarka K, Tachezy R, Ueda M, van der Zee
AGJ, von Knebel Doeberitz M, Wu M-T, Yamashita T, Zehbe I
and Blettner M: TP53 codon 72 polymorphism and cervical
cancer: a pooled analysis of individual data from 49 studies.
Lancet Oncol 10: 772-784, 2009. 

14 Sonoyama T, Sakai A, Mita Y, Yasuda Y, Kawamoto H, Yagi T,
Yoshioka M, Mimura T, Nakachi K, Ouchida M, Yamamoto K
and Shimizu K: TP53 codon 72 polymorphism is associated with
pancreatic cancer risk in males, smokers and drinkers. Mol Med
Rep 4(3): 489-495, 2011. 

15 Alawadi S, Ghabreau L, Alsaleh M, Abdulaziz Z, Rafeek M,
Akil N and Alkhalaf M: P53 gene polymorphisms and breast
cancer risk in Arab women. Med Oncol 28: 709-715, 2011. 

16 Petitjean A, Mathe E, Kato S, Ishioka C, Tavtigian SV, Hainaut
P and Olivier M: Impact of mutant p53 functional properties on
TP53 mutation pat-terns and tumor phenotype: lessons from
recent developments in the IARC TP53 database. Hum Mutat
28: 622-669, 2007. 

17 Venot C, Maratrat M, Dureuil C, Conseiller E, Bracco L and
Debussche L: The requirement for the p53 proline-rich
functional domain for mediation of apoptosis is correlated with
specific PIG3 gene transactivation and with transcriptional
repression. EMBO J 17: 4668-4679, 1998. 

18 zur Hausen H: Papillomaviruses in the causation of human
cancers – a brief historical account. Virology 384: 260-265,
2009. 

19 Vousden KH and Lane DP: p53 in health and disease. Nat Rev
Mol Cell Biol 8: 275-283, 2007. 

20 Lavin MF and Gueven N: The complexity of p53 stabilization
and activation. Cell Death Differ 13: 941-950, 2006. 

21 Haupt Y, Maya R, Kazaz A and Oren M: Mdm2 promotes the
rapid degradation of p53. Nature 387: 296-299, 1997. 

22 Bode AM and Dong Z: Post-translational modification of p53 in
tumorigenesis. Nat Rev Cancer 4: 793-805, 2004. 

23 Chehab NH, Malikzay A, Stavridi ES and Halazonetis TD:
Phosphorylation of Ser-20 mediates stabilization of human p53
in response to DNA damage. Proc Natl Acad Sci USA 96:
13777-13782, 1999. 

24 Wade M, Wong ET, Tang M, Stommel JM and Wahl GM: Hdmx
modulates the outcome of p53 activation in human tumor cells.
J Biol Chem 281: 33036-33044, 2006. 

25 Knappskog S and Lønning PE: Mdm2 SNP309 and risk of
endometrial cancer. Tumour Biol 35: 7285-7286, 2014. 

26 Zhao Y, Yang X, Hao X, Pan X, Zhao B, Ma J, Fang J and Zhao
M: Common variant on Mdm2 contributes to endometrial cancer
susceptibility: evidence based on 7 studies. Tumour Biol 35:
7555-7560, 2014. 

27 Wang W, Qin J-J, Voruganti S, Srivenugopal KS, Nag S, Patil S,
Sharma H, Wang M-H, Wang H, Buolamwini JK and Zhang R:
The pyrido[b]indole Mdm2 inhibitor SP-141 exerts potent
therapeutic effects in breast cancer models. Nat Commun 5:
5086, 2014. 

28 Hollstein M, Sidransky D, Vogelstein B and Harris CC: p53
mutations in human cancers. Science 253: 49-53, 1991. 

29 Okaichi K, Nose K, Kotake T, Izumi N and Kudo T:
Phosphorylation of p53 modifies sensitivity to ionizing radiation.
Anticancer Res 31: 2255-2258, 2011. 

Received March 17, 2016
Revised May 12, 2016

Accepted May 16, 2016

Freier et al: TP53 Mutation in Cervical Cancer

3137


