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Abstract	
	

Radiation	therapy	represents	a	primary	line	of	treatment	for	several	types	of	cancer.	Despite	
the	efforts	on	new	technologies	to	minimize	the	damage	to	healthy	tissue,	adverse	outcome	in	
non-cancerous	cells	is	common	in	a	number	of	patients.	Radiation	dermatitis	is	one	of	the	most	
frequent	 morbidity	 in	 patients	 undergoing	 radiation	 therapy	 and	 in	 severe	 cases	 it	 can	
interfere	with	the	treatment	outcome.	Furthermore,	growing	evidence	suggest	that	germ	line	
polymorphisms	could	be	associated	with	healthy	tissue	susceptibility	to	radiation	therapy.	We	
performed	a	 candidate	 gene	 approach	 to	 study	 the	 relation	between	 genes	 involved	 in	DNA	
repair	 pathways	 and	 acute	 radiation	 dermatitis.	 Our	 results	 suggest	 an	 association	 between	
variants	 in	 genes	 OGG1	 and	 APE1	 from	 the	 base	 excision	 repair	 pathway	 and	 the	 onset	 of	
radiation	dermatitis	along	with	variables	such	as	smoking	habits	and	 total	dose	delivered	 to	
the	 tumor.	This	 is	 the	 first	study	that	studies	 the	genetic	basis	of	 this	skin	 toxicity	 in	a	Latin	
American	 population	 and	 further	 studies	 with	 larger	 cohorts	 are	 required	 to	 validate	 this	
results.		

	
	
Introduction	
	
Radiation	 therapy	 (RT)	 is	 commonly	used	as	main	or	 adjuvant	 treatment	 for	 several	 types	of	 cancer.		
Radiation	leads	to	the	ionization	of	cellular	molecules	and	the	generation	of	free	radicals	and	reactive	
oxygen	 species.	 Consequently,	 DNA	 is	 directly	 or	 indirectly	 harmed	 and	 triggers	 a	 cellular	 response	
based	on	cell	cycle	arrest	and	DNA	repair.		
Unrepaired	damage	causes	necrosis	or	apoptosis.	Cell	death	is	not	an	immediate	event,	it	rather	occurs	
after	 replication	 attempt.	 Therefore,	 proliferating	 tumor	 cells	 are	more	 sensitive	 that	 quiescent	 cells.	
Additionally,	 the	 accumulation	 of	 genetic	 changes	 in	 tumor	 cells	 limits	 its	 repairing	 capacity	 (West,	
2011).	One	of	the	challenges	of	RT	is	to	maximize	the	radiation	dose	to	cancer	cells,	while	minimizing	
the	damage	caused	to	surrounding	tissue	(Barnett,	2009).	Current	radiation	approaches	take	advantage	
of	3D	imaging	technologies	to	deliver	more	potent	and	targeted	ionizing	radiation	to	the	tumor,	while	
reducing	the	exposition	of	healthy	tissue	(Baskar	et	al.,	2008).	However,	like	other	cancer	treatments,	a	
fraction	of	 patients	 experience	 adverse	 effects	 that	 can	 interrupt	 the	 continuity	 of	 the	 treatment	 and	
affect	 their	 life	 quality.	 Consequently,	 the	 development	 of	 predictive	 biomarkers	 for	 radiosensitive	
patients	 is	 necessary	 to	 develop	 tailored	 treatments	 with	 higher	 and	 more	 efficient	 doses	 for	 non-
sensitive	 patients	while	 sensitive	 patients	 can	 be	 treated	with	 lower	 doses	 or	 alternative	 treatments	
(Kerns,	2014).	
	
Radiation	dermatitis	is	one	of	the	most	common	side	effects	of	radiation	therapy	and	depending	on	its	
severity,	may	 limit	 the	delivered	dose	or	delay	the	treatment.	 Its	appearance	can	be	acute	or	chronic;	
the	former	occurring	within	the	first	90	days	of	treatment	while	the	last	appears	90	days	after	finalizing	
the	 treatment	 or	 years	 after.	 Symptom	 display	 of	 acute	 radiation	 dermatitis	 begins	 with	 a	 primary	
erythema	(some	patients	may	also	experience	skin	dryness,	hair	loss	or	hyperpigmentation)	and	a	later	
dry	desquamation	characterized	by	skin	pruritus,	scaling	and	flaking.	In	more	severe	cases	patients	will	
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experience	 moist	 desquamation	 characterized	 by	 edema,	 fibrinous	 exudates	 and	 sometimes	 bullae	
(Singh	et	al.,	2016),	with	a	high	risk	of	 infection	and	ulcer	formation	treatment	may	be	withhold	until	
the	 skin	area	 is	healed.	These	unwanted	effects	 take	place	because	of	 the	damage	caused	by	 ionizing	
radiation	 to	 the	 constantly	 dividing	 cells	 of	 the	 basal	 layer	 and	 underlying	 dermis	 along	 with	 local	
inflammatory	 reactions	 (Bray	 et	 al.,	2016).	 The	 prevention	 and	management	 of	 radiation	 dermatitis	
represents	 a	 clinical	 challenge	 with	 conflicting	 evidence	 available	 on	 topical	 and	 enzymatic	 therapy	
(Hegedus	et	al.,	2016).	
The	occurrence	of	skin	morbidity	has	been	associated	with	characteristics	of	the	treatment	such	as	type	
of	 radiation,	 dose	 per	 fraction	 delivered,	 total	 accumulated	 dose	 and	 area	 of	 the	 body	 irradiated;	
concomitant	 treatment	with	chemotherapy	and	patients	 	 	 such	as	age,	cigarette	use	and	co-morbidity	
with	 diabetes,	 hypertension	 and	 vascular	 and	 connective	 tissue	 diseases	 (Barnett	 et	 al.,	 2009).	
Nevertheless,	 identical	 treatments	 produce	 variable	 reactions	 among	 patients,	 and	 risk	 factors	
mentioned	above	explain	only	30%	of	the	total	patient-to-patient	variability	(Turesson	et	al.,	1966).		
Early	evidence	in	this	field	came	from	studies	with	extremely	radiosensitive	individuals	suffering	from	
ataxia	telangiectasia	(AT),	Nijmejen	breakage	syndrome	and	Fanconi	Anemia.	Gotoff	et	al	(1967)	were	
the	first	to	suggest	that	radio	sensitivity	in	AT	was	linked	to	mutations	in	ATM	gene.	It	 is	now	known	
that	the	previously	mentioned	syndromes	are	related	to	germline	mutations	in	genes	from	DNA	damage	
repair	pathways	(Gatti,	2001).			Therefore,	the	sensitivity	experienced	by	some	patients	during	RT	could	
be	associated	with	defects	in	DNA	repairing	mechanisms;	impairing	non-	cancer	cells	to	overcome	the	
damage	caused	by	exposition	to	ionizing	radiation.			
The	 above	 suggests	 that	 the	 remaining	 variability	 between	 radiosensitive	 and	 non-	 radiosensitive	
patients	can	be	explained	by	individual	genetic	variation	and	epigenetic	factors.	The	aim	of	the	present	
study	 was	 to	 analyze	 the	 relationship	 between	 polymorphisms	 in	 DNA	 repair	 genes	 and	 radiation	
dermatitis	 in	cancer-diagnosed	patients	being	treated	with	radiation	therapy	between	the	years	2014	
and	2016	at	Instituto	de	Oncología	Carlos	Ardila	Lülle	from	the	Hospital	Universitario	Fundación	Santa	Fé	
de	Bogotá.	
	
Methods	
	
Ethical	considerations	
	
Ethics	 Committee	 from	 Hospital	 Universitario	 Fundación	 Santá	 Fé	 de	 Bogotá	 and	 Ethics	 Committee	
from	 Universidad	 de	 los	 Andes	 approved	 this	 study.	 Informed	 consent	 was	 obtained	 from	 each	
participant	previous	to	the	collection	of	the	biological	sample.	
	
Study	design	and	population	
	
A	case	control	study	with	retrospective	sample	collection	was	carried	out	between	2014	and	2016	at	
Instituto	de	Oncología	Carlos	Ardila	Lülle	 from	the	Hospital	Universitario	Fundación	Santa	Fé	de	Bogotá,	
Colombia.	A	candidate	gene	approach	was	used	to	evaluate	the	association	between	12	genetic	variants	
in	9	genes,	involved	in	DNA	repair	pathways,	and	the	onset	of	radiation	dermatitis.	
Cases	were	defined	as	patients	with	a	clinical	cancer	diagnose	that	developed	acute	radiation	dermatitis	
during	 RT.	 Controls,	 on	 the	 other	 hand,	 were	 patients	 with	 a	 clinical	 cancer	 diagnose	 who	 did	 not	
developed	 signs	 of	 this	 morbidity	 during	 RT.	 Participants	 were	 selected	 by	 the	 following	 criteria;	
inclusion	criteria:	patients	with	a	primary	head	and	neck,	breast,	prostate	or	colorectal	tumor	with	any	
T	 and	N,	 and	M0	 (from	 the	 TNM	 classification	 of	malignant	 tumors),	 and	 exclusion	 criteria:	 patients	
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with	metastatic	 tumors	 or	 other	 primary	 tumors,	 patients	 previously	 treated	with	 radiation	 therapy,	
patients	with	collagen	synthesis	disorders	and	patients	with	genetic	syndromes	that	alter	sensitivity	to	
radiation	such	as	Fanconi	anemia,	Nijmegen	breakage	syndrome	or	Ataxia-telangiectasia,	patients	with	
concomitant	treatment	with	chemotherapy.	
A	total	of	65	cancer-diagnosed	patients	treated	with	RT	voluntarily	participated	in	the	study	(35	cases	
and	30	controls).	A	blood	sample	was	collected	from	each	individual	and	clinical	data	such	as	age,	type	
of	treatment,	radiation	dose,	comorbidities	and	tobacco	use	was	obtained	from	medical	records.	Clinical	
history	of	the	patients	was	followed	up	until	the	completion	of	the	treatment.	
Acute	 radiation	 toxicity	 was	 graded	 according	 to	 the	 European	 Organization	 for	 Research	 and	
Treatment	of	Cancer/Radiation	Therapy	Oncology	Group	(EORTC/RTOG)	morbidity	criteria	(Cox	et	al.,	
1995)	as	follows:	
	
Grade	0:	No	dermatitis.	
Grade	1:	mild	dry	dermatitis,	no	treatment	suspension		
Grade	2:	moderate	dry	dermatitis,	treatment	suspension		
Grade	3:	severe	dry	or	moist	dermatitis,	treatment	suspension	
Grade	4:	severe	dermatitis	with	ulcer	or	necrosis,	treatment	suspension	
	
Grades	2	or	higher	were	considered	as	high-grade	(HG)	adverse	response	while	level	1	was	considered	
a	low-grade	(LG)	adverse	response.		
	
DNA	Isolation	and	Polymerase	Chain	Reaction	(PCR)–	Restriction	Fragment	Length	Polymorphism	(RFLP)	
assay	
	
Genomic	DNA	was	isolated	from	peripheral	blood	lymphocytes	by	CorpoGen	DNA	2000	kit	(CORPOGEN,	
Colombia).	Participant’s	genotype	was	determined	by	PCR-RFLP	analysis	 from	genes	 involved	 in	DNA	
repair	 pathways.	 Primer	 sequences,	 fragment	 lengths	 and	 restriction	 enzymes	 are	 listed	 in	Table	 1.	
Polymerase	Chain	Reaction	(PCR)	was	performed	by	CorpoGen	PCR-100	2X	kit	(CORPOGEN,	Colombia)	
according	 to	 manufactures’	 protocol.	 Digested	 PCR	 products	 were	 analyzed	 in	 2-3%	 agarose	 gels	
stained	with	 GelRedTM	(Biotium,	USA).	 Genotype	 results	were	 confirmed	 by	 random	 repetition	 of	 the	
samples.	
	
Table	1.	Conditions	for	the	PRC-RFLP	assay	for	single	strand	and	double	strand	break	repair	genes.	

	
	
	

Gene	 SNP Forward	Primer Reverse	Primer PCR	product	(bp) Restriction	Enzyme Fragment	length	after	digestion	(bp)

XRCC1 Arg194Trp 5ʹ-GCCCCGTCCCAGTA-3ʹ 5ʹ-AGCCCCAAGACCCTTTCACT-3ʹ	 313 Msp	I Arg/Arg:	292	+	21,	Trp/Trp:	313
Arg399Gln 5ʹ-AGTAGTCTGCTGGCTCTGG-3ʹ	 5ʹ-TCTCCCTTGGTCTCCAACCT-3ʹ	 403 Msp	I Arg/Arg:	133	+	270,	Gln/Gln:	403

XPG Asp1104His 5′-GACCTGCCTCTCAGAATCATC-3′ 5′ -CCTCGCACGTCTTAGTTTCC-3′ 271 Nla	III Asp/Asp:	271		His/His:	227	+	44
APE1 Asp148Glu 5ʹ	-CTGTTTCATTTCTATAGGCTA-3ʹ	 5ʹ	-AGGAACTTGCGAAAGGCTTC-3ʹ	 164 Bfa	I Asp/Asp:	164,	Glu/Glu:		144	+	20
OGG1 Ser326Cys 5ʹ	-ACTGTCACTAGTCTCACCAG-3ʹ	 5ʹ	-CCTTCCGGCCCTTTGGAAC-3ʹ	 156 Ita	I Ser/Ser:	156,	Cys/Cys:	100+	56

Double	strand	break	repair	genes
XRCC3 Thr241His 5ʹ-GGTCGAGTGACAGTCCAAAC-	3ʹ	 5ʹ	-TGCAACGGCTGAGGGTCTT-3ʹ		 456 Nla	III Thr/Thr:	315	+	141,	Met/Met:	210	+	141	+	105
Ku80 IVS	19+6929G/A 5ʹ-ATGATGAGGAGTGATATGTGGAAGAG-3ʹ	 5ʹ-AGTGCTAAGTATCGTCTGCAACTGAT	-3ʹ 151 Alu	I A/A:	151	G/G:	
XRCC4 IVS7-1A/G 5ʹ-TCATTTCACTTATGTGTCTCTTCATT-3ʹ	 5ʹ-TGTTTCTCAGAGTTTCTAAAGACATG-3ʹ	 170 Tsp509	I G/G:	170,	A/A:	
Lig4 Thr9Ile 5ʹ-TCTGTATTCGTTCTAAAGTTGAACA-3ʹ		 5ʹ-TGCTTTACTAGTTAAACGAGAAGAT-3ʹ		 121 HpyCH4	III T/T:	121,	C/C:
p53BP1 T-885G 5ʹ-GAACGCCATGGAGTGTGCCG-3ʹ			 5ʹ-TGCACTTCCTGAGATCTGCGCC-3ʹ			 115 Msp	I T/T:	115,		G/G:	97+18

Glu353Asp 5ʹ-TCTGGTCAGAGGTCCCTTGTTCAGTA-3ʹ			 5ʹ-TCAGCCTTAGCCTAAGACTCTCAGGC-3ʹ			 103 Rsa	I Glu/Glu:	84	+	19,		Asp/Asp:	103
Gln1136Lys 5ʹ-ACCAGAAAGAAGGACGGAGTACTGAT-3ʹ			 5ʹ-ACAGTTTCTGGGACCCTCAAGG-3ʹ			 121 Bcl	I Gln/Gln:	121,	Lys/Lys:	98+23

Single	strand	break	repair	genes
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Literature	Search	
	
In	 order	 to	 increase	 the	 sample	 size,	 a	 comprehensive	 literature	 search	 using	 PubMed	 database	was	
performed	 for	 eligible	 studies	 between	 2004-2016	 reporting	 the	 two	 polymorphisms	 that	 showed	
statistical	 significance,	 OGG1	 and	 APE1.	 The	 following	 search	 strategy	 was	 used:	 “cancer”,	 “OGG1	
Ser326Cys/APE1	 Asp148Glu”,	 “polymorphism”	 and	 “mutation”.	 No	 restrictions	 were	 set	 for	 sample	
size.	 The	 selected	 studies	 met	 the	 following	 criteria:	 (1)	 case-control	 studies	 that	 evaluated	 the	
association	 between	 OGG1	 Ser326Cys/APE1	 Asp148Glu	 polymorphisms	 and	 skin	 morbidity	 as	
consequence	 of	 RT;	 (2)	 studies	 using	DNA	 extracted	 from	blood	 samples	 of	 cancer	 patients	 and	 also	
from	 healthy	 individuals	 used	 as	 controls	 for	 comparison.	 (3)	 Study	 population	 with	 similar	 ethnic	
origin	and/or	similar	allelic	frequencies	(4)	Studies	published	as	full	articles.	
	
Statistical	analysis	
	
Allele	 frequencies	 and	 genotypes	 were	 calculated	 manually	 and	 departure	 from	 Hardy-Weinberg’s	
equilibrium	was	evaluated	by	comparing	observed	and	expected	frequencies	using	the	chi-square	(X2)	
test	with	1	degree	 of	 freedom.	Odds	 ratio	 (OR)	with	 confidence	 intervals	 (CI)	 of	 95%	was	 calculated	
with	a	logistic	regression	to	assess	the	association	of	acute	radiation	dermatitis	and	genotype	for	each	
polymorphism.	 Cochran-Armitage	 trend	 test	 was	 further	 performed	 to	 evaluate	 the	 association	
between	 a	 polymorphysm	 and	 risk	 of	 radiosensitivity.	 Recessive	 and	 dominant	model	 of	 penetrance	
were	 evaluated	 with	 a	 chi-square	 (X2)	 test	 with	 1	 degree	 of	 freedom.	 The	 Akaike	 criterion	 of	
information	 was	 calculated	 to	 test	 12	 models	 involving	 the	 variables	 age,	 cigarrete	 use	 and	 total	
delivered	dose	along	with	each	of	the	two	genes	that	showed	statistical	significance,	APE1	and	OGG1.	All	
calculations	were	carried	out	in	R.	Statistical	significance	was	defined	as	P<	0.05.	
	
Results	
	
The	main	characteristics	of	the	two	groups,	cases	and	controls,	are	summarized	in	Table	2.	 	The	only	
variable	 that	 showed	 a	 statistically	 significant	 difference	 between	 patients	 with	 radiation	 dermatitis	
and	controls	was	 the	 total	dose	 received	during	 treatment	 (t=	2,22,	p=0,03).	While	 the	variables	age,	
sex,	 smoking	 history,	 type	 of	 cancer	 and	 implemented	 RT	 technique	were	 not	 significantly	 different	
between	the	two	groups.	Most	of	the	patients	that	participated	in	the	study	were	females	(N=53)	with	
breast	 cancer	 (N=42),	 and	 consequently	 received	 field-in-field	 therapy,	which	 is	mainly	used	 to	 treat	
this	 area	 (N=38).	 None	 of	 the	 participants	 was	 diagnosed	 with	 grade	 4	 dermatitis,	 therefore	 HG	
corresponds	to	patients	with	grades	2	and	3	and	LG	to	grade	1.		
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Table	2.	Cases	and	controls	characteristics.		

	
Two-sample	t-test	was	performed	for	sex	and	RT	technique	and	Chi-square	test	for	the	rest	of	the	variables.		

	
Genetic	association	with	acute	radiation	dermatitis	
	
Twelve	 reported	 polymorphisms	 from	 genes	 involved	 in	 single	 and	 double	 DNA	 strand	 break	 repair	
pathways	 were	 evaluated.	 Genotype	 for	 each	 polymorphism	 from	 each	 participant	 was	 established	
through	PCR-RFLP	analysis.	Table	3	 shows	allele	and	genotype	frequencies	 for	total	participants	and	
distribution	between	cases	and	controls.		
	
Table	 3.	 Allele	 and	 genotype	 frequencies,	 presented	 as	 percentages,	 for	 polymorphisms	 in	 DNA	 repair	 genes	 for	 total	
individuals,	cases	and	controls.	

	
	
Expected	 frequencies	 were	 calculated	 and	 compared	 to	 observed	 frequencies	 to	 evaluate	 Hardy	
Weinberg’s	 equilibrium	 for	 the	 radiosensitive	patients,	 and	 controls	 (Table	 4).	 	Deviations	 from	 this	
principle	 were	 found	 in	 APE1	 (Asp148Glu),	 XRCC4	 (IVS7-1A/G)	 and	 p53BP1	 (T-885G)	 for	 cases,	 in	
p53BP1	(T-885G),	p53BP1	(Gly1136)	for	controls.	Nevertheless,	equilibrium	is	not	expected	in	the	case	
group	(Zintzaras,	2010)	(Salanti	et	al.,	2005).			

Polymorphysm
A T A/A T/T A/T A T A/A T/T A/T A T A/A T/T A/T

93,1 6,9 88,5 1,9 9,6 88,9 11,1 80,8 3,8 15,4 97,9 2,1 95,8 0 4,2
A G A/A G/G G/A A G A/A G/G G/A A G A/A G/G G/A

53,9 46,1 34,6 26,9 38,5 50 50 29,6 29,6 40,8 58,4 41,6 41,7 25 33,3
C T C/C T/T C/T C T C/C T/T C/T C T C/C T/T C/T

75,4 24,6 59 9,8 31,2 70,3 29,7 53,1 12,5 34,4 81 19 65,5 6,9 2,6
G C G/G C/C G/C G C G/G C/C G/C G C G/G C/C G/C

81,5 18,5 69,2 7,7 23,1 77,1 22,9 66,7 8,6 25,7 86,7 13,3 73,3 6,7 20
A G A/A G/G G/A A G A/A G/G G/A A G A/A G/G G/A

51,6 48,4 39,1 35,9 25 50 50 44,1 47 8,9 53,3 46,7 33,3 23,3 43,4
S C S/S C/C S/C S C S/S C/C S/C S C S/S C/C S/C
80 20 63,1 3,1 33,8 88,6 11,4 77,1 0 22,8 70 30 46,7 6,7 46,6
G A G/G A/A G/A G A G/G A/A G/A G A G/G A/A G/A

91,1 8,9 83,9 1,6 14,5 92,4 7,6 84,8 0 15,2 89,7 10,3 82,8 3,4 13,8
G A A/A G/G A/G A G A/A G/G A/G A G A/A G/G A/G

66,4 33,6 17 49,2 33,3 30,9 69,1 21 58,8 20,6 37,9 62,1 14 37,9 48,2
C T C/C T/T C/T C T C/C T/T C/T C T C/C T/T C/T

76,2 23,8 60,7 8,2 31,1 75 25 59,4 9,4 31,2 77,6 22,4 62 6,9 31
T G T/T G/G T/G T G T/T G/G T/G T G T/T G/G T/G

64,8 35,2 53,2 23,4 23,4 68,6 31,4 57,1 20 22,9 60,3 39,7 48,3 27,6 24,1
C G C/C G/G C/G C G C/C G/G C/G C G C/C G/G C/G

65,6 34,4 46,9 15,6 37,5 68,6 31,4 51,4 14,2 34,3 62 38 41,4 17,2 41,4
A C A/A C/C A/C A C A/A C/C A/C A C A/A C/C A/C

65,4 34,6 50,8 20 29,2 64,3 35,7 48,6 20 31,4 66,7 33,3 53,3 20 26,7

p53BP1	(Glu353Asp)

p53BP1	(Gln1136Lys)

APE1	(Asp148Glu)

OGG1	(Ser326Cys)

Ku80	(IVS	19+6929G/A)

Lig4	(Thr9Ile)

p53BP1	(T-885G)

XPG	(Asp1104His)

XRCC4 	(IVS7-1A/G)

XRCC1	(Arg399Gln)

Allele	frequency	(%) Genotype	frequency	(%)

XRCC1	(Arg194Trp)

XRCC3 	(Thr241His)

Allele	frequency	(%) Genotype	frequency	(%) Allele	frequency	(%) Genotype	frequency	(%)

Total Cases Controls
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Table	4.	Chi-square	test	and	p-values	for	Hardy-Weinberg’s	(HW)	law	of	equilibrium.		

	
P-	values	below	0,05	are	not	consistent	with	HW	law	and	appear	in	bold	letters.	

	
Lower	 risk	 of	 developing	 radiation	 dermatitis	 was	 found	 in	 patients	 with	 heterozygote	 genotype	 in	
APE1	(OR=0,22,	p=	0,033)	and	the	heterozygote	in	OGG1	(OR=0,29,	p=	0,027).	On	the	other	hand,	serine	
homozygote	 patients	 for	 OGG1	 (OR=1,93,	 p=0,046)	 displayed	 a	 higher	 risk	 of	 developing	 this	 skin	
morbidity	 (Table	 5).	 The	 other	 evaluated	 polymorphisms	 showed	 no	 significant	 association	with	 p-
values	ranging	from	to	0,108	and	0,958.		
A	 two-sided	Cochrane-Armitage	 trend	 test	was	performed	 to	 further	analyze	 the	differences	between	
cases	 and	 controls	 regarding	 the	 average	number	of	 risk	 alleles	 in	 individual’s	 genotype.	Once	 again,	
significant	 association	was	 found	 between	 polymorphism	 in	 APE1	 (maxT=	 2,58,	 p=0,026)	 and	 OGG1	
(maxT=	2,51,	p=0,027)	(Table	5)	but	not	in	the	other	genes	analyzed	with	p-values	ranging	from	0,054	
and	0,907.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Polymorphysm X2 p-value X2 p-value
XRCC1	(Arg194Trp) 1,5782 0,2090 0,0109 0,9170
XRCC1	(Arg399Gln) 0,9259 0,3359 2,3706 0,1236
XRCC3 	(Thr241His) 0,9981 0,3178 0,0454 0,8314
XPG	(Asp1104His) 1,9554 0,1620 2,3520 0,1251
APE1	(Asp148Glu) 23,0503 0,0000 0,4656 0,4950
OGG1	(Ser326Cys) 0,5827 0,4452 0,3704 0,5428

Ku80	(IVS	19+6929G/A) 0,2217 0,6377 1,9066 0,1673
XRCC4 	(IVS7-1A/G) 9,1135 0,0025 0,5603 0,4541

Lig4	(Thr9Ile) 0,8889 0,3458 0,3363 0,5620
p53BP1	(T-885G) 7,7215 0,0055 7,1245 0,0076

p53BP1	(Glu353Asp) 1,4644 0,2262 0,4261 0,5139
p53BP1	(Gln1136Lys) 3,4851 0,0619 4,8000 0,0285

Cases Controls
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Table	5.	Acute	radiation	dermatitis	associated	to	genotype.		

	 	
Odds	Ratio	(OR)	with	95%	confidence	interval	and	p-values*.	Cochrane-Armitage	trend	test,	P-values**.	Statistical	significance	in	bold.	(#)	2	or	
less	individuals	per	genotype,	OR	not	calculated.	
	
Following	Clark	et	al.	(2011)	protocol	on	genetic	association	case-control	studies,	genetic	models	were	
tested;	 dominant,	 recessive	 and	 over-dominant	 for	 OGG1	 (Ser326Cys)	 and	 APE1	 (Asp148Glu).	 In	 a	
single	 biallelic	 locus	with	 alleles	a	 and	A,	 where	a	 is	 the	minor	 allele,	 the	 dominant	model	 tests;	AA	
against	Aa	+	aa,	the	recessive	model;	aa	against	Aa	+	AA	and	the	over-dominant	model	Aa	against	AA	+	
aa	 .	 The	 dominant	 model	 displayed	 statistical	 significance	 for	 OGG1	 (Table	 6)	 corroborating	 that	 a	
single	copy	of	allele	S	is	required	for	increasing	the	risk	of	developing	radiation	dermatitis.	On	the	other	
hand,	the	over-dominant	model	explained	a	possible	heterozygote	advantage	for		APE1.	
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Table	6.	Models	of	penetrance	for	APE1	(Asp148Glu)	and	OGG1	(Ser326Cys).		

	
	Chi-square	test	between	cases	and	controls	and	p-values.	DM=	dominant	model,	RM=recessive	model,	ODM=	over-dominant	model.	Statistical	
significance	in	bold.	
	

In	order	to	better	elucidate	the	association	between	skin	morbidity	and	the	polymorphism	in	APE1	and	
OGG1,	we	searched	for	other	studies	to	increase	our	population	number.	We	focused	on	Asp148Glu	and	
Ser326Cys	 variants	 and	 ended	up	with	 a	population	of	 1010,	 and	142,	 respectively.	 Individuals	 from	
each	of	 the	 genotypes	 and	 the	 sum	of	 individuals	 including	 those	 from	 this	 study	are	 summarized	 in	
Table	 7.	 For	 both	 polymorphisms,	 statistically	 significant	 association	 was	 observed	 with	 p-values	
under	0,05;	even	though,	no	association	was	observed	in	each	independent	study.	
	
Table	7.	Studies	that	evaluated	the	association	of	APE1	and	OGG1	with	skin	morbidity	induced	by	radiation	therapy.		

	
P-values	from	Cochrane-Armitage	trend	test,	calculated	with	the	sum	of	individuals.	

	
We	 further	 explored	 a	 suitable	 model	 that	 could	 explain	 the	 radiosensitive	 outcome	 in	 our	 study	
population.	 Genotype	 of	 the	 individual	 along	 with	 other	 variables	 was	 combined	 in	 twelve	 models.	
These	 models	 included	 the	 response	 variables	 polymorphism,	 total	 received	 dose,	 age	 and	 smoking	
history	and	were	evaluated	by	the	Akaike	Information	Criterion	(AIC).	As	shown	in	Table	8	and	9,	the	
model	 that	 best	 explained	 radiosensitivity	was	 the	model	 that	 included	 the	 variables	 genotype,	 total	
received	dose	and	 smoking	history	 for	APE1	 (AICc=	71,95,	ΔAIC=0,	w=0,45)	 and	OGG1	 (AICc=	73,54,	
ΔAIC=0,	w=0,41).		
	
Table	8.	Statistical	model	evaluation	through	Akaike	Information	Criterion	(AIC)	for	Asp148Glu	in	APE1.		

	
All	model	correspond	to	a	logistic	regression.	Best	candidate	model	highlighted	in	gray.	
	
	
	
	

X2 p X2 p X2 p
APE1 0,3915 0,5315 2,9343 0,08672 8,36 0,003823
OGG1 5,2 0,02259 0,6909 0,4059 3,09 0,0785

DM RM ODM

Study p
APE1	 Asp/Asp Asp/Glu Glu/Glu Asp/Asp Asp/Glu Glu/Glu
Chang-Claude	et	al.	2005 23 38 16 98 182 188
Chang-Claude	et	al.	2009 39 65 23 71 134 69
This	study 15 3 16 10 13 7
Total	 77 106 55 179 329 264
OGG1 Ser/Ser Ser/Cys Cys/Cys Ser/Ser Ser/Cys Cys/Cys
Sterpone	et	al.	2010 18 23 2 17 15 2
This	study 27 8 0 14 14 2
Total 45 31 2 31 29 4

Cases Controls

0,0035

0,0037

Model AICc ΔAIC W
Radiosensitivity	-->	APE1	+	dose 76,38 4,9 0,03887
Radiosensitivity	-->	APE1		+	age	 87,54 15,86 0,00016
Radiosensitivity	-->	APE1	+	smoking 73,35 1,67 0,19463
Radiosensitivity	-->	APE1	+	OGG1 84,45 12,78 0,00016
Radiosensitivity	-->	APE1	+	dose	+	age 78,45 6,78 0,0152
Radiosensitivity	-->	APE1	+	age	+	smoking 75,62 3,67 0,07191
Radiosensitivity	-->	APE1	+	dose	+	smoking 71,95 0 0,4507
Radiosensitivity	-->		dose	+	age	+	smoking 73,94 1,99 0,16663
Radiosensitivity	-->	dose	+	smoking 76,3 4,82 0,04046
Radiosensitivity	-->	age	+	smoking 81,97 10,49 0,07658
Radiosensitivity	-->	dose	+	age 78,33 6,65 0,00237
Radiosensitivity	-->	age	+	dose	+	smoking 82,26 10,78 0,00205
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Table	9.	Statistical	model	evaluation	through	Akaike	Information	Criterion	for	Ser326Cys	in	OGG1.		

	
All	model	correspond	to	a	logistic	regression.	Best	candidate	model	highlighted	in	gray.	

	
Discussion	
	
Even	under	highly	similar	 treatment	conditions,	a	variable	response	 is	observed	 in	 the	healthy	 tissue	
sensitivity	 among	 patients	 receiving	 radiation	 therapy.	 Finding	 predictive	markers	 for	 normal	 tissue	
toxicity	 is	 a	 priority	 on	 the	 running	 towards	 developing	 tailored	 and	 more	 effective	 treatments	 for	
cancer	 with	 fewer	 side	 effects	 for	 the	 patients.	 This	 study	 analyzed	 the	 association	 between	
polymorphisms	in	genes	involved	in	DNA	repair	pathways	and	acute	radiation	dermatitis.	Genes	from	
base	and	nucleotide	excision	repair,	homologous	recombination	and	non-homologous	end	joining	were	
analyzed	in	a	group	of	35	patients	displaying	the	morbidity	and	30	controls.			
	
Cellular	reactive	oxygen	species	 (ROS)	can	be	generated	by	exogenous	sources	 like	 ionizing	radiation	
and	 cause	 oxidative	 damage	 to	 the	 DNA	 molecule	 (Kassai	 et	 al.,	 1991).	 Base	 excision	 repair	 (BER)	
pathway	 is	 essential	 to	maintain	 stability	 of	 the	 genome	by	 repairing	 single	 strand	breaks,	 alkylative	
and	 oxidative	 damage.	 Human	 8-oxoguanine	 DNA	 glycosylase	 (OGG1)	 initiates	 the	 BER	 pathway	 by	
cleaving	 the	 N-glycosyl	 bond	 of	 the	 damaged	 base	 7,8-Dihydro-8oxoguanine	 (8-oxoG),	 generating	 an	
abasic	 site.	 Such	sites	are	posteriorly	 cleaved	by	 the	Apurinic/Apirimidinic	endonuclease	 (APE1)	and	
the	single	strand	gap	is	filled	by	polymerase	action	and	finally	ligated	by	a	ligase	(Karahalil	et	al.,	2012).	
In	the	present	study,	serine	homozygote	in	OGG1	polymorphism	Ser326Cys,	was	associated	with	higher	
risk	 of	 developing	 skin	 toxicity	 in	 response	 to	 RT,	 while	 the	 heterozygote	 genotype	 displayed	 a	
protective	effect	for	the	condition.	Cys	allele	in	Ser326Cys	polymorphism	in	OGG1	has	been	reported	to	
have	a	reduced	enzymatic	activity	(Wilson	et	al.,	2011)	(Park	et	al.,	2004);	limiting	cellular	capacity	to	
overcome	 oxidative	 stress,	 possibly,	 by	 altering	 the	 phosphorylation	 of	 the	 protein	 and	 changing	 its	
intracellular	 localization	 (Luna	 et	 al.,	2005).	 This	 polymorphism	 has	 been	 widely	 studied	 for	 cancer	
susceptibility,	with	the	premise	that	defects	in	BER	pathway	could	translate	into	accumulative	genomic	
mutations	that	can	lead	to	carcinogenesis.	A	higher	risk	of	developing	gallbladder	cancer	was	reported	
for	 the	 Cys	 allele	 in	 Japanese	 population	 (Arizono	 et	 al.,	 2008),	 and	 colorectal	 cancer	 in	 Taiwanese	
population	 (Lai	et	al.,	 2016).	But	 conflicting	 reported	evidence	has	been	 systematically	 reviewed	and	
meta-analyzed	with	no	significant	association	between	the	326	codon	and	risk	of	breast	(Moghadam	et	
al.,	 2016),	 bladder	 (Wenjuan,	 2016)	 and	 other	 types	 of	 cancer	 (Zou	 et	 al.,	 2016).	 Furthermore,	 the	
presence	of	 this	polymorphism,	with	 the	potential	of	 limiting	 the	cellular	DNA-repairing	capacity,	has	
been	studied	as	possible	susceptibility	marker	for	healthy	tissue	toxicity	in	radiosensitive	patients.	Our	
results	 suggest	 a	 significant	 association	 between	 radiation	 dermatitis	 and	 homozygote	 patients	 for	

Model AICc ΔAIC W
Radiosensitivity	-->	OGG1	+	dose 75,47 2,41 0,12199
Radiosensitivity	-->	OGG1		+	age	 87,64 14,38 0,00016
Radiosensitivity	-->	OGG1	+	smoking 76,23 2,96 0,09243
Radiosensitivity	-->	OGG1	+	APE1 84,45 11,19 0,00151
Radiosensitivity	-->	OGG1	+	dose	+	age 77,29 4,02 0,05451
Radiosensitivity	-->	OGG1	+	age	+	smoking 78,36 4,81 0,0366
Radiosensitivity	-->	OGG1	+	dose	+	smoking 73,54 0 0,4074
Radiosensitivity	-->OGG1	+	dose	+	age	+	smoking 73,94 1,83 0,16302
Radiosensitivity	-->	dose	+	smoking 76,3 3,23 0,08094
Radiosensitivity	-->	age	+	smoking 81,97 8,91 0,00473
Radiosensitivity	-->	dose	+	age 78,33 5,06 0,0324
Radiosensitivity	-->	age	+	dose	+	smoking 82,26 9,19 0,0041
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serine	in	codon	326	in	the	OGG1	protein	with	dominant	penetrance.	This	result	is	conflicting	with	the	
evidence	 presented	 above,	 were	 in	 vitro	 assays	 suggest	 that	 the	 presence	 of	 cysteine	 in	 codon	 326	
reduces	 the	 enzyme’s	 activity.	 Further	 studies	 with	 increased	 sample	 size	 and	 assays	 for	 repairing	
capacity	 of	 patients’	 cells	 are	 required	 to	 improve	 these	 results.	 We	 also	 found	 a	 lower	 risk	 of	
developing	 the	 morbidity	 in	 heterozygote	 patients.	 On	 the	 other	 hand,	 no	 relation	 between	 the	
polymorphism	 and	 skin	morbidity,	 on	 an	 Italian	 population,	 was	 reported	 by	 Sterpone	 et	 al.	 (2010)	
nevertheless,	 when	 their	 genotype	 frequency	 results	 were	 combined	 with	 our	 results,	 a	 statistically	
significant	 association	 was	 evidenced.	 Although,	 this	 results	 are	 not	 conclusive	 since	 population’s	
stratification	was	not	considered	in	the	analysis	and	the	difference	in	the	ethnic	origin	of	the	combined	
populations	can	be	a	confounding	factor	and	introduce	bias	to	the	results.	
	
Our	results	also	suggest	that	the	heterozygote	genotype	for	Asp148Glu	polymorphism	in	APE1	could	be	
associated	with	lower	risk	of	developing	radiation	dermatitis	in	this	study.	Besides	its	essential	role	on	
BER,	this	endonuclease	(also	called	Ref-1	and	APEX1)	has	other	important	cellular	functions;	it	acts	as	a	
redox	protein	that	regulates	the	DNA-binding	activity	of	several	transcription	factors	including	NF-κB,	
Egr-1	and	p53,	involved	in	the	promotion	and	progression	of	cancer	during	oxidative	stress	(Dyrkheeva	
et	al.,	2016),	and	also	has	anti-inflammatory	properties	(Jeon,	2016).	Unrepaired	purinic/apyrimidinic	
sites	are	mutagenic	and	block	DNA	replication	and	transcription	(Sengupta	et	al.,	2016)	therefore,	APE1	
has	 been	 associated	 with	 carcinogenesis	 and	 radiation	 sensitivity.	 Specifically,	 APE1	 Asp148Glu	
polymorphism	 has	 been	 associated	with	 higher	 risk	 of	 developing	 head	 and	 neck	 (Das	 et	 al.,	 2016),	
prostate	 (Zhou	 et	 al.,	2015)	 and	 lung	 cancer	 (Cai	 et	 al.,	2014),	 however,	 for	 gastrointestinal	 cancer	
results	have	been	conflicting	(Li	et	al.,	2016)	(Dai	et	al.,	2016).		Furthermore,	Chang-Claude	et	al.	(2005,	
2009)	 studied	 the	 association	 of	 APE1	 Asp148Glu	 polymorphism	 and	 skin	 toxicity	 in	 response	 to	
radiation	 therapy	and	 they	 found	a	protective	activity	of	 the	Glu	allele	 in	 female	patients	with	breast	
cancer	from	a	German	population.	When	the	results	of	these	studies	were	combined	with	our	results,	a	
statistically	 significant	 association	 was	 reported.	 However,	 conclusions	 from	 this	 results	 must	 be	
handled	carefully	since	stratification	from	both	populations	can	introduce	bias	to	the	results,	although,	
allele	frequencies	presented	in	the	studies	were	similar.		
	
Furthermore,	 the	analysis	 for	a	suitable	model	 that	explained	the	biological	phenomenon	of	radiation	
dermatitis	 as	 a	 consequence	 of	 radiation	 therapy	 reflected	 the	 multifactorial	 character	 of	 this	 trait.	
Although,	 restless	 efforts	 are	 essential	 to	 determine	 the	 genetic	 basis	 of	 radiation	 sensitivity,	 these	
should	always	be	match	with	a	spectrum	of	variables	that	contain	information	about	the	patient	such	as	
life	style	habits	and	physiological	traits	in	order	to	predict	the	onset	of	this	morbidity.	In	the	evaluated	
models	 the	 variables	 smoking	 history	 and	 total	 dose	 received	 along	 with	 the	 presence	 of	 the	
polymorphism	best	explained	the	variable	emergence	of	acute	radiation	dermatitis	among	patients.		
		
Regarding	the	distribution	of	variables,	total	delivered	dose	was	previously	reported	as	a	variable	that	
significantly	contributes	to	the	development	of	radiation	toxicity	(Barnett	et	al.,	2011).	In	our	study,	the	
total	 dose	 received	 by	 cases	 was	 significantly	 higher	 that	 the	 one	 received	 by	 the	 control	 group	
(p=0,0303),	which	can	in	part	explain	the	morbidity	outcome.	For	future	studies,	constant	dose	among	
patients	 and	 controls	 is	 recommended.	 For	 conclusive	 results	 in	 gene	 association	 studies,	 it	 is	
imperative	 that	 the	 control	 population	 conforms	 to	Hardy-Weinberg’s	 equilibrium	 (HWE)	 (Zintzaras,	
2008).	When	analyzing	HWE,	departure	from	this	law	was	observed	in	the	polymorphisms	p53BP1	T-
885G	and	p53BP1	Gln1136Lys.	This	result	suggests	that	there	could	be	a	selection	bias	for	the	control	
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population.	Since	radiation	dermatitis	can	be	chronic	and	appear	months	to	years	after	completing	the	
treatment,	the	patient’s	follow	up	for	this	study	was	not	long	enough	to	determine	if	some	of	the	control	
patients	 experienced	 chronic	 symptoms.	 Although	 our	 main	 interest	 was	 the	 acute	 form	 of	 the	
morbidity	that	has	the	potential	of	 interrupting	the	treatment,	a	prospective	cohort	study	with	longer	
follow	up	to	the	patients	could	reduce	such	bias.		
	
Conclusions		
	
This	study	showed	that	variants	in	genes	OGG1	and	APE1	from	the	base	excision	repair	pathway	might	
be	associated	with	acute	radiation	dermatitis	during	radiation	therapy	as	cancer	treatment.	This	is	the	
first	 report	 in	 Latin	 American	 population	 involving	 DNA	 repair	 genes	 and	 skin	 adverse	 effects	 to	
ionizing	 radiation	 and	 replication	 of	 the	 results	 is	 required	 to	 draw	 conclusions.	 Acute	 radiation	
dermatitis	 is	 one	 of	 the	 most	 common	 side	 effects	 of	 RT	 and	 has	 important	 consequences	 on	 the	
treatment	outcome	and	patient’s	 life	quality,	 therefore,	 finding	biomarkers	to	predict	susceptibility	 to	
this	morbidity	can	lead	to	improved	treatments	with	better	outcomes.	Prospective	studies	should	also	
analyze	 epigenetic	 regulation	 (promoter	methylation,	 histone	marks	 and	micro	 RNA)	 of	 these	 genes	
since	 the	 deficiencies	 on	 cell’s	 repairing	 capacity	 could	 be	 explained	 by	 changes	 in	 the	 expression	
patterns	between	patients	and	controls.		
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