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Background & objectives: Prostate cancer (CaP) is the fifth most common cancer among Indian men. 
Tumour protein p53 (TP53) gene increases the fidelity of DNA replication and homologous recombination 
by transcriptional transactivation of mismatch repair (MMR) genes. DNA repair thus has a potential 
role in molecular carcinogenesis of CaP. The aim of the present study was to identify mutations, and 
polymorphisms in TP53 gene and MMR protein expression in CaP in Indian male population.

Methods: TP53 codon 72 polymorphism was analysed in 105 CaP, 120 benign prostatic hyperplasia 
(BPH) cases and 106 normal controls. Mutational analysis of TP53 was done in DNA extracted from 
formalin fixed paraffin embedded tissue of 80 CaP and 24 BPH cases. Expression of MMR proteins viz. 
hMLH1, hMSH2, hPMS1 and hPMS2 was studied in 80 CaP, 15 prostatic intraepithelial neoplasia (PIN) 
and 15 BPH cases.

Results: A somatic C/A variation at the intronic boundary of exon 7 in TP53 gene was observed in one 
each biopsy samples from CaP and BPH. A significant association of codon 72 TP53 Pro/Pro genotype was 
observed with the risk of CaP (OR, 2.59, P=0.02) and BPH (OR, 6.27, P<0.001). Immunohistochemical 
analysis of MMR proteins showed maximum loss of hPMS1 expression in cases of CaP and PIN while no 
loss in expression of MMR proteins was observed in BPH cases. The study also identified a significant 
loss of hPMS2 protein in poorly differentiated tumours (Gleason score >7) than in well differentiated 
tumours (Gleason score 3-6) (P<0.05).

Interpretation & conclusions: The results of the present study demonstrate that TP53 codon 72 
polymorphism plays significant role in the pathogenesis and susceptibility to CaP and BPH. Also, an 
aberrant MMR protein expression could be involved in progression of prostate cancer through PIN, early 
CaP to aggressive CaP. The loss of hPMS2 protein expression may serve as a marker for progression of 
CaP. 
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	 Prostate	cancer	(CaP)	is	the	second	most	frequently	
diagnosed	cancer	of	men	and	 the	fifth	most	common	
cancer	 worldwide.	 Incidence	 rates	 of	 CaP	 vary	 by	
more	than	25-fold	worldwide,	the	highest	rates	are	in	
Australia/New	Zealand,	Europe,	Northern	America,	and	
the	lowest	age-standardised	incidence	rate	is	estimated	
in	 South-Central	Asia1.	 In	 India,	 it	 is	 the	 fifth	 most	
common	cancer	among	men2.	Although,	the	incidence	
of	CaP	 in	 India	 is	 lower	 as	 compared	 to	 the	western	
population,	a	substantial	 increase	 in	 its	 incidence	has	
been	witnessed	during	the	last	two	decades3.

	 Relatively	 little	 is	 known	 about	 the	 specific	
aetiology	of	CaP,	though	the	burden	of	CaP	on	public	
health	 has	 been	 increasing.	 Multiple	 aetiologic	 risk	
factors	 have	 been	 identified	 including	 age,	 ethnicity,	
family	 history,	 genetic	 profile,	 diet,	 inflammation,	
steroid	hormones	and	environmental	factors.	Variations	
in	 exposure	 to	 these	 risk	 factors	 may	 explain	 inter-
individual	differences	in	CaP	risk.	A	robust	DNA	repair	
capacity	may	 however,	 diminish	 any	 risks	 conferred	
by	mutations	from	these	risk	factors	as	different	DNA	
repair	pathways	exist	to	reverse	the	different	types	of	
DNA	damage4.

	 The	 integrity	 of	 genetic	 information	 depends	 on	
the	fidelity	of	DNA	replication	and	on	 the	efficiency	
of	 several	 different	 DNA	 repair	 processes.	 Among	
many	 types	 of	 DNA	 repair,	 the	 highly	 conserved	
genomic	 restoration	 mechanism,	 DNA	 mismatch	
repair	 (MMR)	 mechanism	 is	 responsible	 for	
correcting	base	substitution	mismatches	and	insertion-
deletion	 mismatches	 (IDLs)	 generated	 during	 DNA	
replication5. MMR is also involved in apoptosis and 
checkpoint	 activation	 in	 response	 to	 various	 forms	
of	DNA	damage.	 For	 efficient	 functioning	 of	MMR,	
MutL	 heterodimer	 binding	 to	 MutS	 heterodimers	 is	
required.	 The	 MutS	 heterodimer,	 hMSH2/hMSH6,	
recognizes	and	binds	most	base/base	mismatches	and	
small	 insertion	 deletions	 loops	 (IDLs),	 whereas	 the	
hMSH2/hMSH3	preferentially	binds	to	small	and	large	
IDLs.	For	MutL	heterodimer, hMLH1 protein	product	
forms	a	heterodimer	with	hPMS2,	or	hPMS1	and	it	has	
been	shown	that	hMLH1/hPMS2	heterodimer	provides	
the	 majority	 of	 repair	 activity6.	 Tumour	 protein	 
(TP53)	 increases	 the	fidelity	of	DNA	 replication	 and	
homologous	 recombination	 (HR)	 by	 transcriptional	
transactivation	of	MMR	genes.	Additionally,	the	TP53 
target genes hMSH2,	 hMLH1,	 and	 hPMS2	 are	 able	
to	 signal	 cell	 cycle	 arrest	 and	 apoptosis	 after	 certain	
types	of	DNA	damage	via	TP53	or	its	homologue	p737. 
Consequences	of	defects	 in	this	DNA	repair	pathway	
are	 evidenced	 by	 microsatellite	 instability	 (MSI),	

elevated mutation	 frequency	 throughout	 the	 genome	
and	 enhanced	 recombination	 events8.	 The	 resulting	
mutator	 phenotype	 caused	 by	 MMR	 deficiency	 has	
been	associated	with	increased	mutation	rates	in	genes	
that	suppress	cancer	initiation	or	progression.

	 In	 majority	 of	 the	 cancers,	 TP53 dysfunction	 is	
caused	 through	 a	 direct	 mutation	 within	 the	 DNA-
binding	domain	of	the	gene.	Four	mutation	“hot	spots”	
have	been	 identified	 in	exons	5	 to	8,	which	coincide	
with	the	four	most	highly	conserved	regions	of	TP53 
gene.	Moreover,	 mutations	 in	 exons	 5	 to	 8	 of	TP53 
comprise	 94.2	 per	 cent	 of	 all	 somatic	 mutations	 in	
the	 International	 Agency	 for	 Research	 on	 Cancer	
(IARC)	 database,	 version	 R119.	 In	 addition,	 exon	 4	
of TP53	harbours	a	common	G/C	nucleotide	variation	
encoding	 the	 amino	 acids	 arginine	 (CGC)	 or	 proline	
(CCC)	at	codon	72	(Arg/Pro).	This	most	frequent	TP53 
polymorphism	at	codon	72	lies	in	a	proline-rich	region,	
which	is	important	for	its	ability	to	induce	apoptosis10. 

	 An	 accumulation	 of	 genetic	 abnormalities	 and	
a	 decline	 in	 DNA	 repair	 during	 ageing	 may	 lead	 to	
CaP11.	 Therefore,	 investigating	 the	 abnormalities	 of	
MMR	system	and	mutations/polymorphisms	 in	TP53 
is	important	in	understanding	the	pathogenesis	of	CaP.	
The	present	study	was	thus,	aimed	to	identify	mutations	
in	 “hotspot”	 exons	 5	 to	 8	 of	 TP53 gene and TP53 
codon	72	polymorphisms	and	their	possible	association	
with	 the	 risk	 of	 CaP.	 For	 evaluation	 of	 prognostic	
relevance	 of	 MMR protein expression	 in	 CaP,	 the	
immunohistochemical	 expression	 was	 investigated	
in	CaP,	 PIN	 and	bPH	patients	 for	 hMLH1,	 hMSH2,	
hPMS1	and	hPMS2	proteins.	The	association	of	TP53 
polymorphism	 and	 MMR	 protein	 expression	 with	
clinicopathological	parameters	was	also	analyzed. 

Material & Methods

	 Two	hundred	and	seventy	nine	randomly	selected	
cases	of	prostate	enlargement	referred	from	Department	
of	Urology,	Safdarjung	hospital,	New	Delhi,	between	
November	2005	and	July	2009	were	enrolled	in	Tumour	
biology	 Laboratory,	 National	 Institute	 of	 Pathology	
(ICMR),	New	Delhi	for	the	present	preliminary	study.	
After	 a	 thorough	 clinical	 examination,	 all	 cases	 of	
prostate	enlargement	underwent	uroflowmetry,	digital	
rectal	 examination	 (DRE)	 and	 total	 serum	 prostate-
specific	antigen	(PSA).	Thirty	four	patients	with	serum	
PSA	 levels	 greater	 than	 1	 ng/ml	 and	 less	 than	 4	 ng/
ml	were	excluded	from	the	study	and	were	advised	to	
seek	diagnostic	follow	up.	Two	hundred	and	forty	five	
patients	with	 serum	 PSA	 levels	 greater	 than	 4ng/ml,	
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were	subjected	to	sextant	or	sextant	plus	site	specific	or	
12	core	transrectal	ultrasound	(TRUS)	guided	prostate	
biopsy.	Of	the	245	patients,	105	cases	of	CaP	and	120	
bPH	cases	were	finally	selected	following	confirmation	
by	histopathology,	wherein	absence	of	basal	cell	layer	
was	 the	 defining	 feature	 for	 CaP12.	 Eight	 previously	
treated	cases	and	12	cases	with	history	of	malignancy	
in	other	organs	were	excluded	from	the	study.	Factors	
such	as	age	of	the	patient	at	the	time	of	diagnosis	and	
serum	 PSA	 levels	 at	 first	 diagnosis	 were	 recorded	
and	 PSA	 was	 measured	 every	 6	 months	 thereafter,	
for	 a	 follow	 up	 period	 of	 six	months	 to	 three	 years.	
One	 hundred	 and	 sixteen	 normal	 healthy	 volunteers	
without	 any	 clinical	 features	 of	 urinary	 incontinence	
were	investigated	for	serum	PSA	levels.	Of	these,	106	
age-matched	 individuals	 with	 serum	 PSA	 <1	 ng/ml	
were	 recruited	 as	 ‘controls’.	Controls	were	 ruled	out	
for	 previous	history	of	 any	malignancy	or	urological	
disorders.	Informed	consent	was	obtained	from	all	the	
participating	patients	and	healthy	controls	and	the	study	
was	 carried	out	with	 the	 approval	 of	Ethical	Review	
Committee	of	Safdarjung	Hospital,	New	Delhi.

PCR-RFLP assay for TP53 codon 72 polymorphism 
analysis:	Peripheral	blood	sample	(5	ml)	was	collected	
for TP53	 polymorphism	 from	105	CaP	 patients,	 120	
bPH	 patients	 and	 106	 normal	 age-matched	 healthy	
controls.	 DNA	 extraction	 from	 blood	 samples	 was	
done	 using	 standard	 phenol-chloroform	 method13. 
TP53	 codon	72	polymorphism	was	determined	using	
PCR-RFLP	assay.	briefly,	100	ng	DNA	was	amplified	
using	 primers:	 5’	 -TTG	CCG	TCC	CAA	GCA	ATG	
GAT	GA-3’	 (forward)	 and	 5’	TCT	GGG	AAG	GGA	
CAG	 AAG	 ATG	 AC-3’	 (reverse)	 (biolinkk,	 India).	
Amplification	 was	 performed	 by	 initial	 denaturation	
at	94oC	for	5	min,	followed	by	35	cycles	at	94oC	for	
45	 sec,	 58oC for	 45	 sec,	 72oC	 for	45	 sec,	 and	 a	final	
extension	at	72oC	for	10	min.	The	PCR	product	was	
digested	using	five	units	of	BstUI	 (MbI,	Fermentas).	
When	BstUI	 restriction	 site	 (Arg	 allele)	was	present,	
the 199-bp	 fragment	 was	 digested	 into	 two	 113	 bp	
and	86	bp	fragments.	The	Pro	allele	was	not	cleaved	
by	 BstUI,	 and	 had	 a	 single	 band	 of	 199	 bp.	 The	
heterozygous	 genotype	 (Arg/Pro)	 had	 three	 bands	
(199,	113,	and	86	bp).	The	genotypes	were	confirmed	
by	direct	sequencing	using	big	Dye	Terminator	Cycle	
sequencing	kit	(Applied	biosystems,	Foster	City,	CA).

Mutational analysis of TP53 hot spot exons: Mutational	
analysis of TP53 gene	was	studied in	80	patients	with	
CaP.	Formalin-fixed,	paraffin-embedded	surgical	tissue	
from	 CaP	 (80	 specimens)	 and	 bPH	 (24	 specimens)	
patients	were	 derived	 from	 transurethral	 resection	 of	

prostate	 (TURP)	 and	 transrectal	 ultrasound	 (TRUS)	
guided	biopsy.	The	 tissue	 after	being	fixed	 in	10	per	
cent	 buffered-formalin	 was	 embedded	 in	 paraffin	
under	 standard	 conditions.	 blocks	 and	 sections	
with	 tumour	 cells	 were	 selected	 for	 sectioning	 for	
immunohistochemistry	 and	 DNA	 extraction.	 All	
evaluations	were	done	in	the	absence	of	any	identifying	
information.	 Clinical	 follow	 up	 data	 of	 each	 patient	
was	obtained	from	the	medical	records.	

 One	 block	 of	 each	 case	 of	 CaP	 and	 bPH	 that	
contained	 mostly	 tumour	 tissue	 was	 selected.	
Depending	on	the	size	of	the	tumour,	10	μm	sections	
were	 cut	 from	 each	 sample.	 For	 deparaffinization,	
sections	were	dewaxed	 in	a	 series	of	xylene,	washed	
twice	with	100	per	cent	ethanol	to	remove	the	solvent,	
and	 dried	 at	 room	 temperature.	DNA	 extraction	was	
performed	 using	 standard	 phenol-chloroform	method	
with	slight	modification	in	incubation	temperature	and	
time,	and	two	different	DNA	extraction	kits;	DNeasy	
blood	 and	Tissue	Kit	 (Qiagen,	Valencia,	CA,	USA),	
and	 RbC	 tissue	 DNA	 extraction	 kit	 (Real	 biotech	
Corporation,	 Taiwan),	 to	 assess	 the	 best	 method	 to	
be	employed	for	further	extraction	procedure.	Efforts	
were	made	 to	minimize	 the	contamination	of	normal	
tissue	in	tumour	specimens.

	 PCR	 amplification	 of	 “hotspot”	 exons	 5-8	 of	
TP53	 was	 performed	 using	 the	 following	 primers	
(Microsynth,	balgach,	Switzerland):	exon	5-6	(467bp)	
was	amplified	with	(5-6_FP)	5’-TGT	TCA	CTT	GTG	
CCC	TGA	CT-3’	and	(5-6_RP)	5’-TTA	ACC	CCT	CCT	
CCC	AGA	GA-3’,	for	exon	7	(196bp)	(7_FP)	5’-CTT	
GCC	ACA	GGT	CTC	CCC	AA-3’	and	(7_RP)	5’-TGT	
GCA	GGG	TGG	CAA	GTG	GC-3’	oligos	were	used	
and	exon	8	(231bp)	was	amplified	with	(8_FP)	5’-TTC	
CTT	ACT	GCC	TCT	TGC	TT-3’	and	(8_RP)	5’-AGG	
CAT	AAC	TGC	ACC	CTT	GG-3’.	Each	amplification	
was	carried	out	separately	in	a	25	µl	reaction	volume	
containing	100	ng	of	template	DNA,	0.2	µM	of	each	
primer,	0.2	mM	of	each	deoxyribonucleotide	(dNTP),	
1.5	mM	of	MgCl2,	1	x	PCR	buffer	and	1	unit	of	Platinum	
Taq DNA	 polymerase	 (Invitrogen,	 Groningen,	 The	
Netherlands).	The	 reaction	mixture	was	 heated	 up	 at	
94°C	for	5	min,	followed	by	35	cycles	of	amplification	
at	94°C	for	30	sec,	52-58°C	for	30	sec	and	72°C	for	
30	sec	with	a	final	extension	step	at	72°C	for	10	min.	
No	 template	 control	 was	 included	 in	 each	 PCR	 to	
exclude	 contamination.	After	 PCR	 amplification,	 10	
µl	 PCR	 products	 were	 purified	 using	 Exonuclease	 I	
(0.067	 units)	 and	 Shrimp	 alkaline	 phosphatase	 (0.67	
units)	for	1	h	at	37°C	followed	by	15	min	at	85°C	to	



denature	 the	 enzymes,	 and	 then	 sequenced	 directly	
with	big	dye	dideoxy	terminator	cycle	sequencing	kit	
on	an	AbI	3130	xl automatic	DNA	sequencer	(Applied	
biosystems,	Foster	City,	CA).

Immunohistochemical analysis of MMR: Adequate	
tissue	 for	 immunohistochemical	 study	 could	 be	
obtained	from	80	patients	with	CaP	and	15	with	bPH.	
Additionally	 fifteen	 cases	 of	 prostatic	 intraepithelial	
neoplasia	 (PIN)	 were	 also	 included	 in	 the	 study	
to	 analyse	 protein	 expression	 of	 four	 MMR genes 
(hMLH1,	 hMSH2,	 hPMS1,	 and	 hPMS2)	 by	
immunohistochemical	staining.	Cases	with	inadequate	
tumour	tissue	were	eliminated.	Immunohistochemical	
staining	 was	 performed	 using	 primary	 antibodies	
against	hMLH1	(clone	G168-728,	1/40;	bD	biosciences	
Pharmingen,	San	Diego,	USA);	hMSH2	(clone	G219-
1129,	 1/100;	 bD	 biosciences	 Pharmingen);	 hPMS2,	
(clone	H-300,	1/100;	Santa	Cruz	biotech);	and	hPMS1	
(clone	C-20,	1/40;	Santa	Cruz	biotech).	For	each	case,	
six	sections	(3–4	µm	thick)	were	cut	and	mounted	on	
to	 poly-l-lysine	 coated	 slides	 and	 dried	 overnight	 at	
37°C.	 Antigenic	 site	 retrieval	 was	 accomplished	 by	
microwaving	each	slide	for	15	min	in	0.01	M	citric	acid	
buffer	(pH	6.0).	Sections	were	incubated	with	antibody	
for	 2	 h	 at	 room	 temperature.	Antibody	 binding	 was	
detected	 using	 the	 Elite	 Vectastain	AbC	 kit	 (Vector	
Laboratories	Ltd,	Peterborough,	UK),	which	 is	based	
on	the	biotin–avidin	system,	using	the	manufacturer’s	
protocol.	 The	 reaction	 was	 visualised	 using	 a	 VIP	
substrate	kit	for	peroxidase	(Vector	Laboratories	Ltd.,	
UK).	 Negative	 control	 sections	 were	 treated	 in	 an	
identical	 manner	 with	 the	 exception	 of	 omission	 of	
primary	antibody.	Normal	prostate	tissue	and	stromal	
cells	 adjacent	 to	 the	 respective	 tumour	were	 used	 as	
internal	 positive	 controls.	 Loss	 of	 MMR	 proteins	
expression	was	defined	as	complete	absence	of	nuclear	
staining	 in	 tumour	 cells	 (but	 maintained	 in	 normal	
epithelial	 and	 stromal	 cells).	 Immunohistochemical	
staining	was	analysed	by	two	pathologists.	

Statistical analysis: χ2 test	of	significance	was	applied	
to	 assess	 fulfillment	 of	 Hardy-Weinberg	 equilibrium	
(HWE)	 of	 the	 genotypic	 frequencies	 of	TP53	 codon	
72	polymorphism	among	patients	with	CaP,	bPH	and	
controls.	Logistic	regression	analysis	was	performed	for	
the	risk	assessment	of	TP53	codon	72	polymorphism.	
bonferroni	 corrections	 for	 the	 multiple	 comparison	
was	applied	to	TP53	codon	72	polymorphism	analysis	
which	gave	an	adjusted	P	value	as	k	(k-1)/2,	here	the	
factor	k=3	accounted	for	three	groups	(CaP,	bPH	and	
Controls)	being	tested	in	the	study	hence	the	adjusted	

P	value	for	the	multiple	comparison	came	out	as	0.02	
to	 be	 significant	 at	 the	 0.05	 level.	Additionally,	 the	
literature	on	TP53	codon	72	polymorphism	genotype	
frequencies	 and	 genotype	 based	 odds	 ratio	 (OR)	 in	
cases	 of	 CaP,	 bPH	 and	 controls	 was	 available	 from	
the	 study	 by	 Henner	 et al10.	 The	 estimated	 OR	 for	
the	 comparative	 groups	 CaP	 vs.	 controls	 and	 bPH	
vs.	 controls	 with	 the	 genotype	 frequencies	 of	 Arg/
Pro	in	both	of	these	groups	were	46	and	44.5	per	cent,	
respectively.	 Taking	 the	 estimate	 as	 1.2,	 a	minimum	
of	 65	 samples	 was	 needed	 to	 estimate	 this	 reported	
OR	 with	 95%	 confidence	 interval	 (CI)	 and	 relative	
precision	of	50%	14.	Associations	between	TP53	codon	
72	genotype	and	clinical	variables	were	assessed	using	
χ2 tests. Analysis of variance (ANOVA)	was	performed	
to	 evaluate	 the	 variation	 among	 the	 markers	 under	
study.	Kendall’s	tau-b	statistics	was	applied	to	obtain	
the product	 moment	 correlation	 matrix	 between	 the	
five	 biomarkers	 (TP53	 codon	 72	 polymorphism	 and	
four	 MMR	 markers	 viz.,	 hMLH1,	 hMLH2,	 hPMS1	
and	 hPMS2).	 The	 association	 of	 TP53	 codon	 72	
polymorphism	was	 assessed	 individually,	 along	with	
the	coexpression	of	all	four	MMR	markers.	Statistical	
analysis	was	done	using	SPSS	17.0	version	 software	
(SPSS	Inc.	Chicago,	USA).

Results

TP53 codon 72 polymorphism analysis:	 The	 study	
subjects	 for	 TP53 codon	 72	 polymorphism	 included	
105	CaP	cases,	120	bPH	cases	and	106	normal	healthy	
controls.	 The	 mean	 age	 ±	 SD	 [median	 (IQR)]	 was	
similar	 for	all	groups	viz.	CaP	68.63	±	9.83	 [70	 (63-
75)],	bPH	67.12	±	9.10	[66.5	(60-73)]	and	controls	62	
±	10.62	[62	(55-69)]	yr.	The	mean	±	SD	pre-operative	
serum	PSA	 levels	were	55.47	±	47.51	ng/ml	 in	CaP,	
and	25.18	±	22.49	ng/ml	in	bPH	cases.	Control	group	
had	serum	PSA	levels	less	than	1	ng/ml.

	 The	frequencies	of	TP53 codon	72	polymorphism	
of Arg/Arg, Arg/Pro and Pro/Pro	in	the	CaP	cases	were	
21	(20.0%),	33	(31.4%),	and	51	(48.6%)	and	in	bPH	
cases,	 frequencies	 were	 10	 (8.3%),	 50	 (41.7%),	 and	
60	 (50.0%),	 respectively.	 The	 genotype	 frequencies	
among	 controls	were	 found	 to	 be	 in	 agreement	with	
the	expected	Hardy-Weinberg	equilibrium	frequencies	
of	21.7	per	cent	Arg/Arg,	57.5	per	cent	Arg/Pro,	 and	
20.8	per	cent	Pro/Pro	for	the	codon	72	polymorphism	
in TP53.	The	 frequencies	of	 the	Pro	allele	were	64.3	
per	cent	in	CaP	cases,	70.8	per	cent	in	bPH	cases	and	
49.5	per	cent	 in	controls	whereas	 the	 frequencies	 for	
Arg	allele	were	35.7,	29.2,	and	50.5	per	cent	 in	CaP,	
bPH	and	controls,	respectively.
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	 The	frequencies	of	TP53	codon	72	polymorphism	
showed	significant	difference	between	CaP	and	controls	
(P=0.02).	The	subjects	carrying	Pro/Pro genotype had 
significantly	 high	 risk	 of	 developing	CaP	 (OR,	 2.59;	
95%	CI,	1.17-5.51,	p=	0.02)	and	bPH	(OR,	6.27;	95%	
CI,	 2.58-15.26,	P<0.001)	 as	 compared	 to	 the	 control	
group	(Table	I).	

Mutational analysis of TP53 hot spot exons:	Of	the	80	
CaP	specimens,	PCR	amplification	for	all	the	hot	spot	
exons	(5-8)	of	TP53	could	be	obtained	in	48	CaP	and	in	
24	bPH	specimens	which	were	then	subjected	to	direct	
DNA	 sequencing.	 In	 the	 current	 study,	 no	 sequence	
variation	or	alteration	was	observed	in	exon	5,	6	and	
8 of TP53 gene.	 However,	 a	 somatic	 C/A	 variation	
in	 chromosomal	 position	 7577644bp,	 at	 the	 intronic	
boundary	 of	 exon	 7	 in	 TP53 gene	 was	 observed	 in	
genomic	 DNA	 obtained	 from	 FFPE	 tissue	 sections	
of	 one	 each	 of	 CaP	 (n=48)	 and	 bPH	 (n=24)	 biopsy	
samples	 (Fig.	 1).	 This	 variation	 was	 also	 evaluated	
in	 genomic	 DNA	 obtained	 from	 peripheral	 blood	
samples	of	normal	healthy	individuals	(n=80)	but	the	
variant	 was	 not	 observed	 in	 samples	 screened.	 The	
C/A	variation	 found	 in	 this	 study	 has	 been	 uploaded	
in	NCbI	SNP	database	(dbSNP)	according	to	Human	
Genome	 Variation	 Society	 (HGVS)	 standards	 under	
the	 handle	 name	 Tb_SS	 with	 batch	 submission	 ID,	
Variation_TP53_Ex7	 and	 has	 been	 assigned	 sub-snp	
number,	ss	262860127. 

Immunohistochemical analysis of MMR:	
Immunohistochemical	analysis	was	performed	for	four	
MMR proteins	(hMLH1,	hMSH2,	hPMS1,	and	hPMS2)	
in	80	cases	of	CaP,	15	cases	of	PIN	and	15	cases	of	
bPH.	Among	CaP,	28	cases	(35%)	had	Gleason	score	
>7,	while	 52	 cases	 (65%)	 had	Gleason	 score	 3-6.	 In	
benign	prostate	 tissue,	hMLH1,	hMSH2,	and	hPMS2	
were	predominantly	detected	in	the	nuclei	of	glandular	
luminal	epithelium,	basal	cells,	and	some	stromal	cells	
of	the	prostate	gland,	while,	hPMS1	protein	expression	
was	 present	 in	 the	 nuclei	 of	 basal	 cells	 and	 some	

stromal	cells	but	absent	in	the	luminal	cell	nuclei.	No	
loss	of	MMR	proteins	was	observed	in	any	of	the	bPH	
tissues	(Table	II).

	 None	of	the	80	CaP	cases	showed	a	complete	loss	
of	 MMR	 expression,	 (hMSH2-/hMLH1-/hPMS2-/
hPMS1-).	All	cases	of	CaP	showed	loss	of	one	or	 the	
other	MMR	protein,	as	profile	of	hMSH2+/hMLH1+/
hPMS2+/hPMS1+	was	not	 observed	 in	 a	 single	 case.	
Further,	 analysis	 of	 immunohistochemical	 patterns	
revealed	 that	33	 (41.3%)	cases	of	CaP	had	hMSH2+/
hMLH1+/hPMS2-/hPMS1-	 profile,	 which	 was	 found	
as	the	most	frequent	immunohistochemical	pattern.	In	
CaP	cases,	hMLH1	expression	was	found	in	76	(95%),	
hMSH2	in	44	(55%),	hPMS2	in	39	(48.8%)	and	hPMS1	
in	4	(5%)	cases.	There	was	a	hierarchy	of	MMR	loss	in	
CaP,	hMLH1<hMSH2<hPMS2<hPMS1	i.e.	negligible	
loss	of	hMLH1	expression	and	maximum	loss	of	hPMS1	
expression	(P<0.001)	was	observed	(Table	II;	Fig.	2).

	 Comparison	 of	 immunohistochemical	 expression	
of	hMSH2,	hMLH1,	hPMS2	and	hPMS1	in	histological	
grades	 of	 CaP	 showed	 significantly	 higher	 hPMS2	
expression	 in	well	 differentiated	 (Gleason	 score	 3-6)	
tumours	 than	 in	 poorly	 differentiated	 (Gleason	 score	

Fig. 1. Electrogram	showing	 the	C>A	variant	 (arrow)	at	 intronic	
boundary	of	exon	7	in	TP53 in	biopsy	sample	of	a	CaP	case.

Table I. Genotypic	distribution	of	codon	72	polymorphism	in	TP53 gene
Genotype CaP	 

n	(%)
bPH	 
n	(%)

Controls	
n	(%)

OR	[95%	CI],	P*
CaP	vs.	Controls bPH	vs.	Controls

Arg/Arg 21	(20.0)	 10	(8.3	) 23	(21.7)	 1 1

Arg/Pro 33	(31.4) 50	(41.7	) 61	(57.5) 0.59	[0.29-1.23],	0.16 1.89	[0.82-4.33],	0.14

Pro/Pro 51	(48.6) 60	(50.0	) 22	(20.8) 2.59	[1.17-5.51],	0.02* 6.27	[2.58-15.26],	<0.001*

*Significant	P	values	after	bonferroni	correction	are	given	in	bold
CaP,	prostate	cancer;	bPH,	benign	prostatic	hyperplasia
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Fig. 2a. Immunohistochemical	expression	of	hMLH1	protein	(blue	
arrow	showing	nuclear	 immunoreactivity)	 in	CaP	(Gleason	score	
5)	200X.	b.	 Immunohistochemical	expression	of	hMSH2	protein	
(blue	arrow	showing	nuclear	immunoreactivity)	in	CaP	(Gleason	
score	 6)	 100X.	 c.	 Immunohistochemical	 expression	 of	 hPMS2	
protein	 (blue	 arrow	 showing	 nuclear	 immunoreactivity)	 in	 CaP	
(Gleason	 score	 6)	 200X.	d. Immunohistochemical	 expression	 of	
hPMS1	protein	(blue	arrow	showing	nuclear	immunoreactivity)	in 
CaP	(Gleason	score	6)	200X.	e. Immunohistochemical	expression	
of	hPMS1	protein	in	bPH	(only	in	basal	cells)	(blue	arrow	showing		
nuclear	immunoreactivity)	400X.

(a)

(c)

(e)

(b)

(d)

>7)	 tumours	 (P=0.05)	 (Fig.	 3).	 A	 significant	 loss	
of	 hPMS1	 was	 observed	 in	 majority	 of	 CaP	 cases	
(P=0.007),	 and	 the	 expression	was	 observed	 in	 only	
small	percentage	(7.7%)	of	well	differentiated	CaP.	In	
cases	 of	 prostatic	 intraepithelial	 neoplasia,	 there	was	
no	loss	of	expression	of	hMLH1,	while	loss	of	hMSH2	
was	 observed	 in	 5	 (33.3%),	 hPMS2	 in	 6	 (40%),	 and	
hPMS1	in	13	(86.7%)	cases.	Amongst	MMR	proteins 

studied,	 maximum	 loss	 of	 hPMS1	 expression	 was	
observed	in	CaP	and	PIN	cases.	However,	significant	
loss	of	hPMS2	was	observed	in	CaP	compared	to	PIN	
(Table	II).

Association of age with TP53 polymorphism and MMR 
expression:	 A	 significant	 association	 with	 mean	 age	
at the time of	 diagnosis	was	 observed	with	 different	
genotypes of TP53 codon	 72	 polymorphism	 and	
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Table II.	Mismatch	repair	(MMR)	protein	expression	in	cases	of	benign	prostatic	hyperplasia	(bPH),	prostatic	intraepithelial	neoplasia	
(PIN)	and	prostate	cancer	carcinoma	prostate	(CaP)

Cases MLH1+	n	(%) MSH2+	n	(%) PMS2+	n	(%) PMS1+	n	(%)

bPH	
(n=15)

15	(100.0) 15	(100.0) 15	(100.0) 15	(100.0)

PIN
(n=5)

15	(100.0) 10	(66.7)b 9	(60.0)b 2	(13.3)b

CaP
(n=80)

76	(95.0) 44	(55.5)a 39	(48.8)a,c 4	(5.0)a

Gleason	score	<6	(n=52) 49	(94.2) 29	(55.8) 28	(53.8)* 4	(7.7)*

Gleason	score	>7	(n=28) 27	(96.4) 15	(53.6) 11(39.3) 0	(0.0)

*P<0.05	when	CaP	cases	with	Gleason	score	3-6,	were	compared	with	Gleason	score	>7	CaP	cases;	aP<0.05	when	CaP	was	compared	
with	bPH;	bP<0.05	when	PIN	was	compared	with	bPH;	cP<0.05	when	CaPwas	compared	with	PIN

Fig. 3a and b. Normal	prostate	tissue	(200X)	and	adjacent	prostate	cancer	tissue	(Gleason	score	7)	(100X)	paired	from	the	same	section,	
stained	with	Haematoxylin	and	eosin.	c and d.	Normal	prostate	tissue	(100X)	and	adjacent	CaP	(Gleason	score	7)	(200X)	paired	from	the	
same	section,	depicting	immunohistochemical	expression	of	hPMS2	protein	(blue	arrow)	in	normal	prostate	epithelium	as	well	as	stromal	
cells	(blue	arrow),	and	absent	in	prostate	cancer	epithelial	cells.

(a) (b)

(c) (d)
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Table IV. Product	moment	correlation of	markers	under	study

Markers TP53 
codon 72

MSH2 MLH1 PMS2 PMS1

TP53 
codon 72

1.00

MSH2 -0.127 
(0.235)

1.00

MLH1 0.097 
(0.366)

-0.092 
(0.412)

1.00

PMS2 0.062 
(0.562)

-0.622 
(0.00)

0.213 
(0.059)

1.00

PMS1 -0.013 
(0.904)

-0.138 
(0.219)

-0.474 
(0.00)

0.017 
(0.878)

1.00

bracket	in	the	parentheses	denotes	P	values

MSH2	expression	in	CaP.	While	Pro/Pro	genotype	was	
significantly	 associated	with	 higher	mean	 age	 (71.03	
±	 8.96	 yr) at	 diagnosis	 (P=0.04),	 the	MSH2	 positive	
expression	was	associated	significantly	with	lower	age	
(63.80	±	9.35) (P<0.001)	at	diagnosis	(Table	III).

Association of TP53 and MMR proteins:	 Correlation	
between	 the	 TP53	 codon	 72	 genotype,	 and	 the	
expression	 of	 MMR	 proteins	 did	 not	 show	 any	
statistical	significance	when	TP53	codon	72	genotypes	
were	 cross	 classified	 with	 MMR	 markers	 (hMSH2,	
hMLH1,	hPMS2	or	hPMS1)	(data	not	shown).

 Product	moment	correlation	was	done	to	measure	
the	 strength	 of	 association	 of	 cross	 tabulation	 of	 all	
the	markers	(TP53	codon	72	polymorphism,	hMSH2,	
hMLH1,	hPMS2	or	hPMS1)	and	the	analysis	showed	a	

Table III.	Association	of	age	with	TP53 codon	72	genotypes	and	MMR	expression

Markers Expression Mean	age	±	SD	(yr) Median	(IQR) P value
TP53	codon	72 Arg/Arg 66.93	±	12.17 68.00	(52.00,	75.00) 0.043

Arg/Pro 64.92	±	9.06 65.00	(61.00,	69.00)
Pro/Pro 71.03	±	8.96 71.00	(66.25,	78.00)

MSH2 Positive 63.80	±	9.35 65.00	(58.00,	70.00) <	0.001
Negative 73.92	±	7.56 74.50	(70.00,	80.00)

MLH1 Positive 68.57	±	9.73 70.00	(64.25,	75.00) 0.400
Negative 64.25	±	14.25 61.50	(52.75,	78.50)

PMS2 Positive 70.43	±	9.62 70.00	(65.50,77.00) 0.082
Negative 66.56	±	9.94 67.00	(60.00,	73.00)

PMS1 Positive 74.75	±	9.29 76.50	(65.25,	82.50) 0.188
Negative 68.01	±	9.90 69.00	(62.50,	75.00)

significant	inverse	interaction	of	hMLH1	with	hPMS1	
(P<0.001).	Also,	 hMSH2	 showed	 significant	 inverse	
interaction	with	hPMS2	(P<0.001)	(Table	IV).

Discussion

	 The	current	study	was	undertaken	to	determine	the	
role	of	mismatch	repair	genes	hMSH2, hMLH1, hPMS2 
and hPMS1	in	prostate	tumorigenesis	and	to	determine	
if	any	of	these	markers	may	have	any	potential	clinical	
application.	 The	 study	 also	 investigated	 the	 role	 of	
TP53	mutations	and	TP53 codon	72	polymorphism	as	
potential	risk	marker	for	developing	CaP.

	 Several	 studies15-18 have investigated the role of 
TP53	 codon	 72	 polymorphism	 in	 various	 cancers,	
however,	there	are	only	a	few	studies	on	the	impact	of	
TP53	codon	72	polymorphism	on	CaP10,19.	Dumont	et al20 
have	shown	that	Arg	variant	functions	more	efficiently	
than	Pro	variant	in	preventing	tumorigenesis,	suggesting	
that	 individuals	 with	 Pro	 allele	 have	 a	 higher	 cancer	
susceptibility	compared	to	those	with	Arg	allele21. The 
present	study	also	suggests	that	men	carrying	Pro	variant	
are	more	susceptible	to	CaP	and	bPH	than	those	carrying	
Arg	variant.	Further,	an	increase	in	risk	of	CaP	was	found	
associated	 significantly	 with	 TP53	 codon	 72	 variant	
genotype	 (Pro/Pro)	 than	 from	 those	with	 the	Arg/Pro 
or Arg/Arg	genotypes.	The	results	of	 the	present	study	
are	parallel	with	 some	case	 control	 studies	 addressing	
the	question	of	the	clinical	relevance	of	TP53 codon	72	
polymorphism	 in	 various	 cancers22.	Wu	 et al23	 found	
no	association	between	TP53 codon	72	polymorphism	
and	CaP,	Henner	 et al10	 found	 that	men	with	Pro/Pro 
genotype	 have	 a	 significantly	 lower	 risk	 of	 CaP	 than	
those	with Arg/Arg	genotype,	with	further	reduction	in	
risk	when	the	analysis	was	limited	to	Caucasians.
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	 Coding	 single	 nucleotide	 polymorphisms	 (SNP)	
alter	amino	acid	sequences	and	can	modify	structural	and	
biological	properties	of	encoded	proteins.	Alternatively,	
regulatory	SNPs	affect	non-coding	gene	regions	such	
as	 introns,	enhancers,	silencers	and	promoters.	These	
non-coding	sequence	variants	can	modify	transcription	
factor	 binding	 sites	 or	 generate	 novel	 binding	 sites,	
which	 may	 modulate	 gene	 expression	 in	 an	 allele-
specific	manner24.	The	mutational	analysis	of	hot	spot	
exon of TP53	led	to	identification	of	a	C>A	variation	
in TP53	at	chromosomal	position	7577644	in	genomic	
DNA	obtained	from	FFPE	sections	of	one	of	CaP	and	
one	bPH	biopsy	 sample,	which	was	 not	 observed	 in	
genomic	DNA	obtained	from	peripheral	blood	samples	
of	normal	healthy	individuals.	Though	this	variation	is	
located	 at	 the	 intronic	 boundary	 (non-coding	 region)	
of	exon	7	of	TP53,	 the	present	study	did	not	confirm	
variation	by	structural	analysis	of	the	TP53 gene. 

	 The	present	study	showed	loss	of	one	or	the	other	
MMR	protein	in	all	the	cases	studied.	Majority	(41.3%)	
of	 patients	 with	 CaP	 expressed	 hMSH2+/hMLH1+/
hPMS2-/hPMS1-,	 making	 this	 the	 most	 frequent	
immunohistochemical	 pattern.	 Loss	 or	 absence	 of	
hPMS2	and	hPMS1	was	seen	in	51.2	and	95	per	cent	
cases	of	CaP,	respectively.	These	results	are	similar	to	
earlier	studies	reporting	loss	of	hPMS1	expression	in	
86	per	cent	patients6,25	suggesting	that	MMR	pathway	
of	carcinogenesis	may	play	a	 significant	 role	 in	CaP.	
The	significance	of	MMR	pathway	of	carcinogeneis	is	
well	established	in	hereditary	nonpolyposis	colorectal	
cancer	 (HNPCC).	 However,	 mutational	 spectrum	 of	
CaP	is	different	from	that	of	HNPCC	where	stronger	
abnormalities	 are	 observed	 in	 hMSH2/hMLH1	 gene	
while	 hPMS2	 and	 hPMS1	 mutations	 are	 rare6. This 
weak	 mutator	 phenotype	 may	 probably	 also	 explain	
the	indolent	nature	of	majority	of	prostate	cancers	that	
come	to	clinical	presentation.	

	 Loss	 of	 hPMS1	 expression	 was	 seen	 in	 95	 per	
cent	 of	CaP	 cases.	Among	 the	 15	PIN	 cases,	 loss	 of	
hPMS1	expression	was	seen	in	86.7	per	cent,	while	all	
the	15	cases	of	bPH	showed	consistent	expression	for	
hPMS1.	Thus,	a	significant	loss	of	hPMS1	expression	
was	 found	 with	 the	 progression	 of	 prostate	 cancer	
from	bPH	to	PIN	to	CaP,	as	reported	by	Yian	Chen	et 
al6	also.	Since	hPMS1	is	a	basal	cell	specific	protein,	
loss	of	hPMS1	expression	in	neoplastic	prostate	tissue	
may	 reflect	 its	 potential	 role	 in	 invasion.	 Neoplastic	
prostate	 epithelial	 cells	 are	 postulated	 to	 arise	 from	
a	proliferating	subpopulation	of	 stem	cells	present	 in	
the	 basal	 compartment	 in	 normal	 glands	 as	 well	 as	

during	 malignant	 transformation26.	 However,	 there	
are	conflicting	reports	on	this	issue,	as	it	has	also	been	
hypothesized	 that	 during	 malignant	 transformation,	
some	proliferative	 capacity	 shifts	 from	basal	 cells	 to	
luminal	cells27. 

	 hPMS2	 appears	 to	 play	 a	 critical	 role	 in	 normal	
MMR	 activity	 in	 some	 tissues.	 The	 hMLH1/hPMS2	
heterodimer	 provides	 the	 majority	 of	 repair	 activity	
while	hMLH1/hPMS1	dimer	shows	milder	actions.	In	
the	current	study,	loss	of	PMS2	expression	was	found	
in	51.2	per	cent	of	CaP,	40	per	cent	of	PIN,	while	no	
loss	 was	 seen	 in	 benign	 prostate	 tissues.	 Although	
significant	loss	of	hPMS2	protein	was	found	between	
bPH	 and	 PIN,	 no	 significant	 difference	 was	 found	
in	 loss	 of	 expression	 of	 hPMS2	 in	 CaP	 and	 PIN.	A	
comparison	of	hPMS2	expression	in	well	differentiated	
(Gleason	score	3-6)	and	poorly	differentiated	(Gleason	
score	 >7)	 CaP	 showed	 a	 significant	 loss	 of	 hPMS2	
expression	in	poorly	differentiated	tumors	as	reported	
earlier6.	 hPMS2	 loss	 thus	 has	 a	 potential	 to	 serve	 as	
a	prognostic	marker	 in	CaP.	Conversely,	significantly	
elevated	 levels	of	hPMS2	have	also	been	reported	 in	
52	per	cent	CaP	tissues	compared	to	normal	and	benign	
prostate	tissues28.

	 hMSH2	expression	was	seen	in	55	per	cent	of	CaPs,	
66.7	per	cent	of	PIN	and	in	all	the	fifteen	bPH.	Thus	
apart	 from	 loss	 of	 hPMS2	 and	 hPMS1,	 there	 was	 a	
considerable	loss	of	hMSH2	protein	as	well.	Similarly,	
burger	et al29	 found	hMSH2	 to	 be	 downregulated	 in	
39.6	per	cent	of	CaP	cases.	In	another	study,	absent	to	
low	staining	for	the	hMSH2	protein	was	documented	
in	 30	 per	 cent	 of	 well	 to	 moderately	 differentiated	
CaP	 (Gleason	 scores	 5-6)	 and	 29	 per	 cent	 of	 poorly	
differentiated	prostate	carcinoma	(Gleason	scores	7-10)	
specimens25.	In	view	of	these	observations	hMSH2	may	
also	be	involved	in	prostatic	carcinogenesis	in	a	subset	
of	 prostate	 cancers.	 Similar	 to	 hPMS2	 and	 hPMS1,	
there	 was	 an	 early	 loss	 of	 expression	 of	 hMSH2	 in	
preneoplastic	lesions.

	 In	our	study,	MLH1	expression	was	seen	in	majority	
of	 the	CaP	 cases	 and	 in	 all	 PIN	 and	 benign	 prostate	
hyperplasia	 cases.	 There	 was	 no	 significant	 loss	 of	
hMLH1	in	CaP	as	compared	to	bPH	or	PIN	suggesting	
a	minor	role	of	hMLH1	in	prostate	carcinogenesis.	Thus	
of	the	four	MMR	proteins,	hMLH1	is	the	least	likely	to	
be	involved	in	CaP.	This	study	showed	a	consistent	loss	
of	hPMS2	protein	expression	in	human	CaP	as	well	as	
in	PIN,	suggesting	that	the	loss	of	its	function	occurs	
early	in	human	prostate	neoplasia.
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	 A	 significant	 association	 was	 observed	 between	
TP53	codon	72	variants	and	age	at	diagnosis	of	CaP.	As	
with	our	study,	a	significantly	higher	age	at	diagnosis	
was	 found	 in	 individuals	who	were	having	 (Pro/Pro)	
than	in	those	who	were	homozygous	for	the	wild	type	
(Arg/Arg) TP53	genotype.	The	knowledge	of	the	age	at	
diagnosis	of	disease	in	individual	carriers	of	(Pro/Pro) 
may have potential role in preventive strategies.

	 A	few	reports	have	shown	the	interaction	of	MMR	
system and TP53	in	the	tumorigenesis.	A	co-operation	
between	 MMR	 system	 and	 TP53	 in	 tumourigenesis	
has	 been	 reported	 in	 knockout	 mice30.	 However,	 in	
the	present	study,	no	significant	correlation	was	found	
between	 TP53	 mutation/polymorphism	 and	 MMR	
expression	of	the	two	systems.	In	addition,	the present 
study	 showed	 a	 significant	 inverse	 interaction	 of	
hMLH1	with	hPMS1,	and	of	hMSH2	with	hPMS2	in	
CaP	which	may	be	due	 to	 significant	 loss	of	hPMS1	
and	hPMS2	expression.	

 The	major	limitation	of	the	present	study	was	the	
small	sample	size.	The	statistical	power	calculation	for	
the	risk	analysis	could	not	be	reliably	determined	and	
this	limited	our	ability	to	estimate	the	risk	precisely.	The	
results	of	this	analysis	should,	therefore,	be	considered	
empirical	observation	for	studies	on	larger	number	of	
samples.	Another	limitation	to	the	study	is	that	as	loss	
of	MMR	protein	expression	may	be	a	consequence	of	
MMR	 gene	mutation,	 thus,	 further	 studies	 on	MMR	
mutational	spectrum	are	envisaged	to	explore	the	role	
in	complex	pathogenesis	of	CaP.

	 In	conclusion,	our	results	demonstrate	a	significant	
loss	 of	 hPMS2	 expression	 in	 poorly	 differentiated	
(Gleason	 score	 ≥7)	 tumours	 than	 well	 differentiated	
(Gleason	score	3-6)	CaP	tumours	suggesting	its	potential	
as	a	prognostic	maker.	As	observed	in	the	present	study,	
aberrant	 MMR	 expression	 could	 be	 involved	 in	 the	
pathogenesis	of	prostate	cancer	through	PIN,	early	CaP	
to	 aggressive	 CaP.	 Thus,	 the	 incorporation	 of	MMR	
expression	 to	 the	present	biomarker	panel	may	assist	
in	better	prognostic	evaluation	and	management.	Our	
findings	on	codon	72	of	TP53	suggest	that	men	carrying	
Pro/Pro	 genotype	 have	 significantly	 higher	 risk	 of	
developing	 CaP	 and	 bPH.	As	 TP53	 gene	 influences	
apoptosis,	TP53	gene	alteration	by	causing	imbalance	
between	prostate	cell	proliferation	and	apoptosis,	may	
have	a	role	to	play	in	the	pathogenesis	of	CaP	and	bPH.	
Further	studies	are	required	to	determine	the	biologic	
role of TP53 gene variations in the development and 
progression	 of	 CaP	 and	 to	 determine	 whether	 TP53 
mutations	can	be	useful	as	prognostic	markers.
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