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Purpose: To compare the distribution of a p53 gene polymorphism among European subjects undergoing
primary retinal detachment (RD) surgery in relation to the development of proliferative vitreoretinopathy (PVR).

Design: Case-controlled gene association study conducted as a component of the Retina 4 Project (a
European multicenter study).

Participants and Controls: Five hundred fifty DNA samples, 134 with PVR secondary to primary RD and
416 with RD without PVR.

Methods: The p53 codon 72 polymorphism (rs1042522) was analyzed using allele-specific primer polymer-
ase chain reaction. Proportions of genotypes and the proline (Pro-P) homozygote groups between subsamples
from different countries were analyzed in 2 phases. In the first, subsamples from Spain and Portugal were
analyzed. After significant results were found, samples from the United Kingdom (UK) and The Netherlands were
analyzed (second phase). Genotypic and allelic frequencies were compared between cases and controls in the
global sample.

Main Outcome Measures: Single significant associations with PVR.
Results: A significant difference (P�0.05, Fisher exact test) was observed regarding the p53 genotype

frequencies at codon 72 between the PVR cases and the non-PVR controls in Spain and Portugal (phase I), but
not in the UK or The Netherlands (phase II). Analysis of Pro homozygote carriers between cases and controls
revealed differences in Spain (29.01–42.18 and 2.29–10.20, respectively), Portugal (10.49–29.50 and 1.35–8.89,
respectively), and The Netherlands (16.49–31.70 and 4.51–15.09, respectively), but no differences in the UK
(7.68–18.1 and 4.85–13.94, respectively). The odds ratio of Pro carriers from Spain and Portugal together was
8.12 (95% confidence interval [CI], 3.72–17.69; P�0.05), whereas the odds ratio of Pro carriers from the UK and
The Netherlands was 2.12 (95% CI, 0.96–4.68; P � 0.07). All control samples were in Hardy-Weinberg
equilibrium. Considering the entire sample, significant differences were found in genotype frequencies between
cases (RR, 30.59%; RP, 43.28%; PP, 26.11% [R � Arg; P � Pro]) and controls (RR, 39.66%; RP, 52.64%; PP,
7.69%) and in Pro homozygote carriers between controls (Pro homozygote 95% CI, 18.67–33.52) and cases (Pro
homozygote 95% CI, 5.1–10.2).

Conclusions: Results indicate that the Pro variant of p53 codon 72 polymorphism is associated with a higher
risk of PVR developing after a primary RD. Further studies are necessary to understand the role of this
polymorphism in the development of PVR.
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in this article. Ophthalmology 2013;120:623–628 © 2013 by the American Academy of Ophthalmology.

*Group members listed online in Appendix 1 (available at http://aaojournal.org).
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Proliferative vitreoretinopathy (PVR) is one of the major
causes of failure in retinal detachment (RD) surgery,1 af-
fecting 5% to 10% of RD cases and accounting for approx-

imately 75% of all primary failures after RD surgery.1,2 It is t
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onsidered an abnormal wound-healing process induced by
retinal break and escape of retinal pigment epithelium

ells into a proinflammatory vitreous enviroment.3–7 Al-

hough PVR was identified in 1983 as an independent
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entity,8 there are no currently available treatments for its
prophylaxis. Thus, in most cases, its management impli-
cates repeated procedures at a significant cost9 and, above
all, with very poor anatomic and functional results.10–13

Most research has attempted to identify clinical risk
factors for PVR developing; however, these variables do not
completely explain the probability of its onset.14 Single
nucleotide polymorphisms have important implications for
human genetic diseases. They may help to identify a genetic
predisposition for certain diseases, either as a causative factor
or protective risk factor. Finally, they may help to increase our
knowledge of the molecular causes of some conditions.

Previous studies described the contribution of the genetic
component to PVR.15,16 With this aim, the Retina 4 project,
a case-control, European, multicenter study, was coordi-
nated. As a result of the first part of this project, a strong
association between PVR development and the rs2229094
(T¡C) lymphotoxin � polymorphism was reported.16 How-
ever, the genetics of PVR seem to be complex, and probably
some other genes are involved in its development.

The tumor-suppressor gene p53 is crucial for cell repair
of genomic mutations that may give rise to many tumors.
Also, it is well known to induce cell cycle arrest, apoptosis,
senescence, or differentiation after cellular stress.17 Numer-
ous single nucleotide polymorphisms and other polymor-
phic variations have been described in the p53 gene. The
codon 72 polymorphism in p53 regulates the interaction
with nuclear factor-�B and transactivation of genes in-
volved in apoptosis, immunity, and inflammation, and it has
been associated with several cancers and inflammatory pro-
cesses.18–21 This polymorphism appears in humans under 2
variants, arginine (Arg-R) or proline (Pro-P). The Arg/Arg
variant encodes a highly proapoptotic protein, whereas the
Pro/Pro variant has the opposite effect.19,22,23 This property
correlates with a greater capacity to interact with the Murine
double minute 2 protein, which facilitates nuclear export
and mitochondrial localization.22,24 Other differences be-
tween the p53 variants have been reported: the ability to
bind components of the transcriptional machinery, to acti-
vate transcription, to induce apoptosis, and to repress the
transformation of primary cells.25

Besides its relationship to tumors and inflammatory pro-
cesses, recent studies of the central nervous system have
shown that the p53 codon 72 polymorphism is related to a
poor functional prognosis in patients who have had isch-
emic or hemorrhagic stroke.26 Moreover, previous studies
have shown apoptosis to be a major cause of neuronal loss
after trauma, ischemia, and neurodegeneration in the central
nervous system.27 These findings are relevant because ret-
inal tissue has a similar behavior to the brain tissue, includ-
ing the scarring processes.5,28 After RD, the outer retina is
separated from the underlying retinal pigment epithelium,
which provides the major metabolic and nutritional support,
leading to relative ischemia and hypoxia of photoreceptors.
These factors promote an increase in p53 levels and the
activation of various cell death mechanisms.27,29 It has been
reported that photoreceptor death after RD and subsequent
visual decline could be caused by apoptosis and other path-
ways for RD-associated photoreceptor death.27,30,31 Finally,

a recent report suggested that increased expression of sol- h
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ble apoptosis and adhesion molecules at the time of pri-
ary RD surgery is associated with the future development

f PVR.32 However, it has been reported that apoptotic
odies derived from retinal capillary endothelium induce
he release of proangiogenic cytokines and chemokines as
ell as the expression of adhesion molecules facilitating

ndothelial progenitor cell recruitment, which could favor
etinal healing.32 Thus, the purpose of this study was to
nalyze the distribution of the codon 72 polymorphism in
xon 4 of the p53 gene in a large consecutive sample of
atients with primary rhegmatogenous RD with and without
VR recruited from several European centers.

atients and Methods

esign and Study Population
he association study was carried out among 550 patients from 7
enters: 3 in Spain, 2 in Portugal, 1 in the United Kingdom (UK),
nd 1 in The Netherlands. For analysis, the global sample was
ivided in subsamples according to country. The study was carried
ut in 2 phases. In the first phase, subsamples from Spain and
ortugal were analyzed. After significant results were found in this
rst cohort, subsequent samples from the UK and The Netherlands
ere analyzed (second phase). To compare whether there were
ifferences regarding geographic localization in the odds ratio
OR) analysis, Spain and Portugal were considered as southern
ountries and the UK and The Netherlands were considered as
orthern countries. The study was approved by the institutional
esearch committee of each center and followed the tenets of the
eclaration of Helsinki. All patients provided written informed

onsent before entering in the study.
DNA samples from cases and controls in the Retina 4 project

ere analyzed for this study. All participants were patients with a
rimary rhegmatogenous RD who underwent surgery. Exclusion
riteria were age younger than 16 years; traumatic, tractional,
xudative, or iatrogenic RD; RD secondary to macular hole or
iant retinal tear (larger than 3 clock hours); and PVR grade higher
han B (Machemer classification)1 on admission for surgery. Those
ho did not demonstrate PVR after 3 months of follow-up were

ncluded in the control group. Those in whom PVR grade C1 or
igher developed, according to Machemer classification, were
ncluded as cases.

enotyping
enotyping of codon 72 of the p53 polymorphism was performed

t the Molecular Medicine Unit, Department of Genetics, Univer-
ity of Salamanca, Salamanca, Spain. Those carrying out the
enotyping were blinded to the clinical status of patients and used
he polymerase chain reaction-restriction fragment length poly-
orphism technique.33,34

The Tp53 polymorphism was detected by amplifying genomic
NA with the forward primer 5=TCTACAGTCCCCCTTGC-
GT-3= and the reverse primer 5=- CTGACCGTGCAAGTCA-
AGA-3=.33,34 The p53 exon 4 was amplified within a 298-base
air (bp) DNA fragment that was digested with BstU1 (Bsh1236I
ermentas fast digest restriction enzyme [Thermo Scientific, Ger-
any]), and the resulting fragments were separated on 3.5% aga-

ose gel. The polymerase chain reaction fragments containing Arg
nd Pro alleles, after digestion, migrated as a 291-bp fragment for
ro homozygotes, as 2 fragments of 165 and 126 bp for Arg
omozygotes, and as 3 fragments of 126, 165 and 291 bp for

eterozygotes.
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Statistical Analysis

The statistical analysis was conducted in both phases. The quality
of data was evaluated in control subsamples by Hardy-Weinberg
equilibrium using the chi-square test. Genotypic frequencies were
estimated in each subsample. The proportions of genotypes and the
Pro homozygote groups between subsamples were analyzed. Also,
the genotypic and allelic frequencies were compared between
cases and controls in the global sample.

Association was investigated using the chi-square and the
Fisher exact tests. The strength of association was measured using
ORs and 95% confidence intervals (CIs). Two inheritance models
were considered: the codominant model, which allows every ge-
notype to give a different and nonadditive risk, and the recessive
model, in which 2 copies of the Pro allele are necessary to change
the risk. The Akaike information criterion (AIC)35 was used to
choose the inheritance model that best fit the data. The statistical
analyses were conducted using SPSS software version 16.0 for
Macintosh (SPSS, Inc., Chicago, IL) and R software (R Founda-
tion for Statistical Computing, Vienna, Austria).

Table 1. Clinical Va

Characteristics

Con
No. with

Detachme

Race
White 387 (7
Hispanic American 2 (5
Hindu 7 (4
Arabic North African 6 (1
Sub-Saharan African 2 (6
Asian 3 (6
Unknown
Total

Phakic lens
Yes 258 (7
No 137 (7
Unknown
Total

Geographical location
Northern countries (UK�Holland) 210 (7
Southern countries (Spain�Portugal) 197 (7
Unknown
Total

UK � United Kingdom.

Table 2. Distribution of F

Countries

Arginine/
Arginine (%) Proline/Proline (%) Argini

Cases Controls Cases/Controls Controls Cases/C

Spain 27.1 45.1 35.6† 6.25† 37.
Portugal 33.3 43.39 20† 3.77† 46.
UK 35.5 36.2 12.9 9.4 51.
The Netherlands 31 33.7 24.1† 9.8† 44.

— � confidence interval not statistically significant; UK � United King
*Comparison of proportions of genotypes between subsamples. A significan
not in the UK and The Netherlands.

†Prohomozygote carrier analysis between different countries revealed difference
esults

total of 550 subjects including 134 cases and 416 controls were
nalyzed: 203 from Spain (36.9%), 68 from Portugal (12.4%), 121
rom The Netherlands (22%), and 158 from the UK (28.7%). Some
mportant clinical variables are shown in Table 1. A multiracial
opulation with statistical differences in the British samples in compari-
on with the others groups was found. All control subsamples were in
ardy-Weinberg equilibrium. Status of the lens was determined because

phakia has been related to a higher incidence of PVR.5,14

hase I: Genotypic Distribution of p53 Codon 72
olymorphism in Spain and Portugal

he frequencies of the genotypes in each country are shown in Table
. The comparison of proportions of genotypes between subsamples
howed a significant difference (P�0.05) between cases and controls.
lso, a significant difference (P�0.05) in Pro homozygote carriers
etween subsamples in the control group (Pro homozygote 95% CI

es of Entire Sample

inal
(%)

Cases
No. with Proliferative

Vitreoretinopathy, n (%) Total P Value

121 (22.36) 508
2 (50) 4
8 (53.3) 15
0 (0) 6 0.059
1 (33.3) 3
2 (40) 5

9
550

76 (22.75) 334
52 (27.51) 189 0.224

27
550

60 (22.2) 270
74 (27.3) 271 0.171

9
550

encies of the Genotypes

oline (%) P Value
(Fisher Exact Test)*

P<0.05 95%
Confidence Interval† Odds

Ratios Controls Cases/Controls Controls

48.61 �0.05* 29.01–42.18 2.29–10.20 8.5
52.8 �0.05* 10.49–29.50 1.35–8.89 6.5
54.3 �0.05* — —
56.5 �0.05* 16.49–31.70 4.51–15.09 3.3

rence was observed between cases and controls in Spain and Portugal but
riabl

trols
Ret

nt, n

1.5)
0)
6.6)
00)
6.6)
0)

7.24)
2.48)

7.7)
2.7)
requ

ne/Pr

ontrol

3
7
6
8

dom.
t diffe
s in Spain, Portugal, and The Netherlands but no differences in the UK.
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for Spain and Portugal, 29.01–42.18 and 10.49–29.50, respectively)
and in the cases group (Pro homozygote 95% CI for Spain and
Portugal, 2.29–10.20 and 1.35–8.89, respectively) was found. The
OR of Pro carriers considering a recessive model (Arg/Arg plus
Arg/Pro vs. Pro/Pro; AIC � 291.3 vs. 293.2 of codominant model)
was 8.12 (95% CI, 3.72–17.69; P�0.05; Table 3).

Phase II: Genotypic Distribution of p53 Codon 72
Polymorphism in the United Kingdom and The
Netherlands

The frequencies of the genotypes in patients from the UK and The
Netherlands are shown in Table 2. Distribution of genotypes
between subjects from those countries did not show statistical
differences. However, when the Pro homozygote carriers between
cases and controls were analyzed, a significant difference in the
group of Dutch patients was found (Pro homozygote 95% CI,
16.49–31.70 and 4.51–15.09, respectively; P�0.05). Although not
statistically significant in patients from the UK, a similar trend was
seen (Pro homozygote 95% CI, 7.68–18.1 and 4.85–13.94, respec-
tively; P�0.05). No differences were found in the OR distribution
of homozygous carriers of the Pro variant in patients from the UK
and The Netherlands together considering a recessive model
(AIC � 291.3 vs. 293.2 of codominant model; OR, 2.12; 95% CI,
0.96–4.68; P � 0.07; Table 3).

When all patients were grouped (Table 4), significant differ-
ences in the distribution of genotypes between the controls and
cases (P�0.05) were found. Also, homozygous carriers of the Pro

Table 3. Models of Inheritance in the Global Sample and Resu
and The Netherlands

Model Genotype

Controls Cases

(n) (%) (n) (%)

Codominant Arg/Arg 165 39.7 41 30.6
Arg/Pro 219 52.6 58 43.3
Pro/Pro 32 7.7 35 26.1

Dominant Arg/Arg 165 39.7 41 30.6
Arg/Pro-Pro/Pro 251 60.3 93 69.4

Recessive Arg/Arg-Arg/Pro 384 92.3 99 73.9
Pro/Pro 32 7.7 35 26.1

Overdominant Arg/Arg-Pro/Pro 197 47.4 76 56.7
Arg/Pro 219 52.6 58 43.3

Spain�Portugal 186 94.4 50 67.6
11 5.6 24 32.4

The Netherlands�UK 198 90.4 49 81.7
21 9.6 11 18.3

Arg � arginine; Pro � proline; UK � United Kingdom.
*A measure of the relative goodness of fit of a statistical model. It generally
models. Given a set of candidate models for the data, the preferred mode

Table 4. Distribution of p53 Codon

Genotypes
Arginine/
Arginine

Arginine/
Proline

Pr
Pr

Cases 41 (30.59%) 58 (43.28%) 35 (2
Controls 165 (39.66%) 219 (52.64%) 32 (7
Total 206 277

*Fisher exact test.

†Analysis of pro-homozygote carriers between case and co

626
ariant were more frequent in PVR cases than in controls (P�0.05;
5% CI, 18.67–33.52 and 5.1–10.2 for cases and controls, respec-
ively). The OR of the Pro variant in the global sample using a
ecessive model (AIC � 586.7 vs. 588.6 of codominant model)
as 4.24 (95% CI, 2.50–7.19; Table 3).

iscussion

roliferative vitreoretinopathy is considered a multifactorial
isease,15,16 and it may result from interactions between ge-
etic and environmental factors.14–16 The lack of satisfactory
esults in the identification of patients at risk of developing
VR after RD by clinical characteristics14 justifies the efforts

o elucidate the genetic components15,16 as a potential means
f identifying high-risk patients before surgery and possibly to
odify the treatment strategy in a more customized way.
In addition, recent research has highlighted the involve-

ent of extrinsic and intrinsic pathways of apoptosis in
etinal cells after RD and the existence of other mechanisms
f cell death after RD when apoptotic pathways are inhib-
ted.27 The initiation of apoptosis and other death pathways,
uch as programmed necrosis, involves the activation of
ertain specific receptors on the cell surface. These death
eceptors mainly comprise the tumor necrosis factor (TNF)
eceptor family tumor necrosis factor receptor 1 (TNFR1)
nd TNF-related apoptosis-inducing ligand (TRAIL).27

f Odds Ratios Using a Recessive Model for Spain plus Portugal
the United Kingdom

ds Ratio
95% Confidence

Interval P Value
Akaike

Information Criterion*

1.00 �0.001 588.6
1.07 0.68–1.67
4.40 2.44–7.93
1.00 �0.001 611.1
1.49 0.98–2.26
1.00 �0.001 586.7
4.24 2.50–7.19
1.00 �0.001 611.2
0.69 0.46–1.02
1.00 �0.001 291.3
8.12 3.72–17.69
1.00 0.07 291.3
2.12 0.96–4.68

e used for the identification of an optimum model in a class of competing
e 1 with the minimum Akaike Information Criterion value.

olymorphism in the Entire Sample

Total
P

Value*
95%

Confidence Interval

)† 134 (100%) �0.05 18.67–33.52
) 416 (100%) 5.1–10.2

550
lts o
plus

Od

can b
72 P

oline/
oline

6.1%
.69%
67
ntrol group.
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In recent years we have been exploring the genetic con-
tribution to PVR. As a result of these studies, they have
identified the potential contribution of tumor growth factor
�16 and lymphotoxin �17 in PVR. Lymphotoxin � and
TNF-� are proinflammatory cytokines that have a wide
range of biologic functions involved in inflammation, apo-
ptosis, and cell proliferation36; in addition, their intraocular
levels are increased in eyes with PVR.37–39

p53 Is a protein involved in regulating apoptosis and has
increased intracellular levels in response to DNA damage,
uncontrolled cell proliferation, or telomere erosion.40,41 The
p53 Arg72Pro polymorphism is located in exon 4 and consists
of a change of guanine to cytosine at position 2 of codon 72,
which is located in the Pro-rich region (at the N-terminal
extreme) involved in the apoptotic functions of the p53 pro-
tein.42 The Arg¡Pro change affects the primary structure of
the protein and generates functional differences because the
Arg variant is associated with increased apoptosis.22,43

Several studies have reported the potential role of this poly-
morphism as a risk factor for several cancers and some inflam-
matory processes18–21 in which apoptosis seems to have a crucial
role. It recently was reported that carriers of the Arg/Arg genotype
have a poorer functional prognosis after a stroke, probably asso-
ciated with an increase of apoptotic death of neurons.26 Further-
more, it has been associated with an increased risk of primary
open-angle glaucoma compared with healthy subjects.44

Proliferative vitreoretinopathy remains the most common
cause of recurrent RD after RD surgery. The development of PVR
is a complex process involving humoral and cellular factors, and
the distribution of genotypes of the p53 codon 72 polymorphism
in patients with PVR was considered a target for increasing the
knowledge of this severe complication of RD.

The current results show that Spanish and Portuguese
carriers of the homozygous Pro variant in homozygosis
have a 4-fold increased risk to PVR after RD compared with
those who carry the homozygous Arg variant (Table 2). This
observation was confirmed in Dutch patients but not in a
British population (although a similar trend was seen). The
absence of correlation in the British group could be ex-
plained by the observation that frequency of the p53 codon
72 alleles differs with latitude, increasing the Pro variants
within populations close to the equator, whereas the Arg
variant predominates in northern latitudes.21,45

However, because the Dutch patient genetic profiles
were similar to those from Spain and Portugal, there must be
some other factors implicated in this difference. In this
sense, the possibility that differences could be the result of
ethnic diversity in the group of patients from the UK cannot
be ruled out because many patients undergoing RD treat-
ment in London have ancestry from the Indian subcontinent.

Results of this work indicate that carriers of the Pro allele of
the p53 gene, associated with a decrease in apoptotic function
of p53, have a higher risk of PVR developing after RD. It can
be speculated that the reduction in the levels of apoptosis could
energize migrating retinal pigment epithelium cells and inflam-
matory mediators directly, allowing a more aggressive cellular
response. Alternatively, a greater resistance to apoptosis could
sustain ischemic photoreceptors for longer periods, allowing
these cells to release more cytokines and other growth factors

to generate a more aggressive PVR response through second-
ry mechanisms and globally increase the intraocular inflam-
ation after RD.
In summary, this study highlights the role of genetics as useful

n the identification of high-risk patients who may be susceptible
o PVR and indicates that the Pro allele could be a significant risk
actor for PVR development after a primary RD and could be used
s a possible marker of risk of PVR after RD. In conclusion, these
esults support a key role for p53-mediated apoptosis in the gen-
ration of PVR after RD surgery.

eferences

1. Machemer R, Aaberg TM, Freeman HM, et al. An updated
classification of retinal detachment with proliferative vitreo-
retinopathy. Am J Ophthalmol 1991;112:159–65.

2. de la Rúa E, Pastor JC, Fernández I, et al. Non-complicated
retinal detachment management: variations in 4 years. Retina
1 project; report 1. Br J Ophthalmol 2008;92:523–5.

3. Miller B, Miller H, Patterson R, Ryan SJ. Retinal wound
healing. Cellular activity at the vitreoretinal interface. Arch
Ophthalmol 1986;104:281–5.

4. Scott JD. Pathogenesis of PVR with analysis of events leading to
recurrent retinal detachment.In Heimann K, Wiedemann P, eds.
Proliferative Vitreoretinopathy. Heidelberg: Kaden; 1989:150–3.

5. Pastor JC. Proliferative vitreoretinopathy: an overview. Surv
Ophthalmol 1998;43:3–18.

6. Wiedemann P. Growth factors in retinal diseases: proliferative
vitreoretinopathy, proliferative diabetic retinopathy and retinal
degeneration. Surv Ophthalmol 1992;36:373–84.

7. Zacks DN, Han Y, Zeng Y, Swaroop A. Activation of signaling
pathways and stress-response genes in an experimental model of
retinal detachment. Invest Ophthalmol Vis Sci 2006;47:1691–5.

8. Retina Society Terminology Committee. The classification of
retinal detachment with proliferative vitreoretinopathy. Oph-
thalmology 1983;90:121–5.

9. Patel NN, Bunce C, Asaria RH, Charteris DG. Resources
involved in managing retinal detachment complicated by pro-
liferative vitreoretinopathy. Retina 2004;24:883–7.

0. Silicone Study Group. Vitrectomy with silicone oil or sulfur
hexafluoride gas in eyes with severe proliferative vitreoretinopathy:
results of a randomized clinical trial. Silicone Study report 1. Arch
Ophthalmol 1992;110:770–9.

1. Silicone Study Group. Vitrectomy with silicone oil or perfluoro-
propane gas in eyes with severe proliferative vitreoretinopathy:
results of a randomized clinical trial. Silicone Study report 2.
Arch Ophthalmol 1992;110:780–92.

2. Lewis H, Aaberg TM, Abrams GW. Causes of failure after
initial vitreoretinal surgery for severe proliferative vitreoreti-
nopathy. Am J Ophthalmol 1991;111:8–14.

3. Lewis H, Aaberg TM. Causes of failure after repeat vitreo-
retinal surgery for recurrent proliferative vitreoretinopathy.
Am J Ophthalmol 1991;111:15–9.

4. Rodriguez de la Rúa E, Pastor JC, Aragón J, et al. Interaction
between surgical procedure for repairing retinal detachment
and clinical risk factors for proliferative vitreoretinopathy.
Curr Eye Res 2005;30:147–53.

5. Sanabria Ruiz-Colmenares MR, Pastor Jimeno JC, Garrote Adra-
dos JA, et al. Cytokine gene polymorphisms in retinal detach-
ment patients with and without proliferative vitreoretinopathy: a
preliminary study. Acta Ophthalmol Scand 2006;84:309–13.

6. Rojas J, Fernandez I, Pastor JC, et al. A strong genetic
association between the tumor necrosis factor locus and pro-
liferative vitreoretinopathy: the Retina 4 Project. Ophthal-

mology 2010;117:2417–23.

627



3

3

3

3

3

3

3

3

4

4

4

4

4

4

Ophthalmology Volume 120, Number 3, March 2013
17. Hede SM, Nazarenko I, Nistér M, Lindström MS. Novel
perspectives on p53 function in neural stem cells and brain
tumors. J Oncol 2011;2011:852970.

18. Sun Y, Keshava C, Sharp DS, et al. DNA sequence variants of p53:
cancer and aging [letter]. Am J Hum Genet 1999;65:1779–82.

19. van Heemst D, Mooijaart SP, Beekman M, et al, Long Life Study
Group. Variation in the human TP53 gene affects old age survival
and cancer mortality. Exp Gerontol 2005;40:11–5.

20. Vousden KH, Lu X. Live or let die: the cell’s response to p53.
Nat Rev Cancer 2002;2:594–604.

21. Frank AK, Leu JI, Zhou Y, et al. The codon 72 polymorphism
of p53 regulates interaction with NF-{kappa}B and transacti-
vation of genes involved in immunity and inflammation. Mol
Cell Biol 2011;31:1201–13.

22. Dumont P, Leu JI, Della Pietra AC III, et al. The codon 72
polymorphic variants of p53 have markedly different apopto-
tic potential. Nat Genet 2003;33:357–65.

23. Bonafe M, Salvioli S, Barbi C, et al. The different apoptotic
potential of the p53 codon 72 alleles increases with age and
modulates in vivo ischaemia-induced cell death. Cell Death
Differ 2004;11:962–73.

24. Pietsch EC, Humbey O, Murphy ME. Polymorphisms in the
p53 pathway. Oncogene 2006;25:1602–11.

25. Thomas M, Kalita A, Labrecque S, et al. Two polymorphic
variants of wild-type p53 differ biochemically and biologi-
cally. Mol Cell Biol 1999;19:1092–100.

26. Gomez-Sanchez JC, Delgado-Esteban M, Rodriguez-Hernandez I,
et al. The human Tp53 Arg72Pro polymorphism explains
different functional prognosis in stroke. J Exp Med 2011;208:
429–37.

27. Lo AC, Woo TT, Wong RL, Wong D. Apoptosis and other cell
death mechanisms after retinal detachment: implications for photo-
receptor rescue. Ophthalmologica 2011;226(suppl):10–7.

28. Properzi F, Fawcett JW. Proteoglycans and brain repair. News
Physiol Sci 2004;19:33–8.

29. Rosenbaum DM, Rosenbaum PS, Gupta H, et al. The role of the p53
protein in the selective vulnerability of the inner retina to transient
ischemia. Invest Ophthalmol Vis Sci 1998;39:2132–9.

30. Cook B, Lewis GP, Fisher SK, Adler R. Apoptotic photore-
ceptor degeneration in experimental retinal detachment. Invest
Ophthalmol Vis Sci 1995;36:990–6.

31. Arroyo JG, Yang L, Bula D, Chen DF. Photoreceptor apoptosis in

human retinal detachment. Am J Ophthalmol 2005;139:605–10.

Footnotes and Financial Disclosures

United Kingdom.

8

9

s
S

P
l

F
T
d

S
6
f

C
d

B
h

628
2. Ricker LJ, Altara R, Goezinne F, et al. Soluble apoptotic
factors and adhesion molecules in rhegmatogenous retinal
detachment. Invest Ophthalmol Vis Sci 2011;52:4256–62.

3. Matlashewski GJ, Tuck S, Pim D, et al. Primary structure
polymorphism at amino acid residue 72 of human p53. Mol
Cell Biol 1987;7:961–3.

4. Lazar V, Hazard F, Bertin F, et al. Simple sequence repeat polymor-
phism within the p53 gene. Oncogene 1993;8:1703–5.

5. Akaike H. A new look at the statistical model identification.
IEEE Trans Automat Control 1974;AC-19:716–23.

6. MacEwan DJ. TNF ligands and receptors-a matter of life and
death. Br J Pharmacol 2002;135:855–75.

7. El-Ghrably IA, Dua HS, Orr GM, et al. Detection of cytokine
mRNA production in infiltrating cells in proliferative vitreo-
retinopathy using reverse transcription polymerase chain re-
action. Br J Ophthalmol 1999;83:1296–9.

8. Limb GA, Alam A, Earley O, et al. Distribution of cytokine
proteins within epiretinal membranes in proliferative. vitreo-
retinopathy. Curr Eye Res 1994;13:791–8.

9. Armstrong D, Augustin AJ, Spengler R, et al. Detection of
vascular endothelial growth factor and tumor necrosis factor
alpha in epiretinal membranes of proliferative diabetic reti-
nopathy, proliferative vitreoretinopathy and macular pucker.
Ophthalmologica 1998;212:410–4.

0. Blattner C. Regulation of p53: the next generation. Cell Cycle
2008;7:3149–53.

1. Riley T, Sontag E, Chen P, Levine A. Transcriptional control
of human p53-regulated genes. Nat Rev Mol Cell Biol 2008;
9:402–12.

2. Harris N, Brill E, Shohat O, et al. Molecular basis for heterogeneity
of the human p53 protein. Mol Cell Biol 1986;6:4650–6.

3. Jeong BS, Hu W, Belyi V, et al. Differential levels of tran-
scription of p53-regulated genes by the arginine/proline
polymorphism: p53 with arginine at codon 72 favors apopto-
sis. FASEB J 2010;24:1347–53.

4. Lin H-J, Chen W-C, Tsai F-J, Tsai S-W. Distributions of p53
codon 72 polymorphism in primary open angle glaucoma. Br J
Ophthalmol 2002;86:767–70.

5. Sjalander A, Birgander R, Athlin L, et al. P53 germ line
haplotypes associated with increased risk for colorectal can-

cer. Carcinogenesis 1995;16:1461–4.
Originally received: May 20, 2012.
Final revision: August 7, 2012.
Accepted: August 8, 2012.
Available online: December 1, 2012. Manuscript no. 2012-734.
1 Department of Ophthalmology, University Hospital of Valladolid, Vall-
adolid, Spain.
2 Molecular Medicine Unit, Department of Medicine, University of Sala-
manca, Salamanca, Spain.
3 Instituto Universitario de Oftalmobiología Aplicada (IOBA), Retina
Group, University of Valladolid, Valladolid, Spain.
4 University of Castilla la Mancha, Vissum, Albacete, Spain.
5 Department of Sense Organs, Faculty of Medicine, University of Porto,
Hospital San João, Porto, Portugal.
6 Moorfields Eye Hospital, National Institute Health Research (NIHR),
Biomedical Research Centre, London, United Kingdom.
7 Nuffield Laboratory of Ophthalmology, University of Oxford, Oxford,
Rotterdam Eye Hospital, Erasmus University, Rotterdam, The Netherlands.

Instituto de Biología Molecular y Celular del Cancer (IBMCC), Univer-
ity of Salamanca Consejo Superior de Investigaciones Científicas (CSIC),
alamanca, Spain.

resented as a poster at: Association for Research in Vision and Ophtha-
omology Annual Meeting, Fort Lauderdale, Florida, May 2012.

inancial Disclosure(s):
he author(s) have no proprietary or commercial interest in any materials
iscussed in this article.

upported by Junta de Castilla y León, Spain. (grant nos.: SAF 2007-
6394, FIS PI10/00219, and Group of Excellence Grant [GR15]). The
unding organization had no role in the design or conduct of this research.

orrespondence: Jose Carlos Pastor, MD, Campus Miguel Delibes, Paseo
e Belén, 17 47011 Valladolid, Spain. E-mail:pastor@ioba.med.uva.es.

oth Rogelio Gonzalez-Sarmiento, MD, PhD, and Jose Carlos Pastor, MD,

ave contributed equally as senior authors.

mailto:pastor@ioba.med.uva.es

	The p53 Codon 72 Polymorphism (rs1042522) Is Associated with Proliferative Vitreoretinopathy
	Patients and Methods
	Design and Study Population
	Genotyping
	Statistical Analysis

	Results
	Phase I: Genotypic Distribution of p53 Codon 72 Polymorphism in Spain and Portugal
	Phase II: Genotypic Distribution of p53 Codon 72 Polymorphism in the United Kingdom and The Neth ...

	Discussion
	References
	Footnotes and Financial Disclosures


