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1.	Introduction

Aim:	 Peptidylarginine	 deiminase	 4	 (PADI4)	 gene	 encoding	 citrullinating	 enzyme	 gained	

momentum	after	citrulline	was	reported	to	be	an	antigenic	determinant,	a	target	of	anti-cyclic	

citrullinated	 peptide	 antibody	 (ACPA)	 being	 the	 most	 specific	 serological	 marker	 of	

rheumatoid	arthritis	(RA).	Thus,	we	explored	the	relationship	between	PADI4	polymorphism	

and	anti-CCP	and	anti-Sa	status	in	RA	patients	of	South	Indian	Tamil	population.	Methods:	207	

RA	patients	and	186	healthy	subjects	were	analyzed	for	rheumatoid	factor	(RF),	anti-cyclic	

citrullinated	peptide	(CCP),	anti-Sa,	C-reactive	protein	(CRP),	erythrocyte	sedimentation	rate	

(ESR),	 diseases	 activity	 score	 28	 (DAS28)	 and	 were	 genotyped	 for	 PADI4.	Results:	 Anti-

CCP+/anti-Sa+	RA	patients	illustrated	significant	ESR,	RF,	anti-CCP	and	DAS28	compared	to	

anti-CCP+/anti-Sa-	patients	(p<	0.05).	Severe	DAS28	in	anti-CCP+/anti-Sa+	patients	to	anti-

CCP	 positive	 alone	 patients	 (p=0.001),	 suggests	 anti-Sa	 has	 a	 propensity	 towards	 joint	

inflammation.	Polymorphisms	in	PADI4_92,	PADI4_94	and	PADI4_104	demonstrated	to	be	a	

susceptible	risk	locus	for	RA	(p<0.05).	CCC	haplotype	proved	to	be	an	extremely	linked	with	RA	

(p=0.0001).	Stratification	analyses	signified	high	 frequency	of	PADI4_92	genetic	variant	 in	

anti-Sa	 positive	 subgroups	 (p=0.004).	 Conclusion:	 Our	 findings	 conclude	 that	 PADI4	 gene	

confers	susceptibility	to	RA,	especially	PADI4_92	polymorphism	being	a	promising	candidate	

gene	for	anti-Sa	positive	patients,	suggesting	a	feed-forward	loop	between	PADI4_92	genetic	

variant,	anti-Sa	production	and	inflammation	in	South	Indian	Tamil	population.

	 Rheumatoid	 arthritis	 (RA)	 is	 a	 chronic	 inflammatory	

polyarthritis	with	an	autoimmune	milieu	characterized	by	joint	

swelling	 and	 tenderness	 that	 cause	 cartilage	 and	 joint	

destruction,	eventually	leading	to	severe	disability	and	premature	

mortality	of	the	patient	[1].	It	affects	approximately	0.5-1%	of	the	

World	population	[2]	with	a	female	predominance	[3].	A	complex	

interplay	 between	 genetic,	 immunologic	 and	 environmental	

factors	is	thought	to	be	involved	in	the	pathogenesis	of	RA,	but	the	

precise	 mechanism	 remains	 to	 be	 explored	 [4,5].	 Advanced	

studies	have	postulated	that	the	genetic	factors	may	contribute	up	

to	 50-60%	of	 its	 phenotype	 [6],	 shared	 epitope	 (SE)	 alleles	 of	

human	leukocyte	antigen	(HLA)-DRB1	among	HLA	class	II	region	

showed	strongest	genetic	risk	factor	for	RA	[7].	However,	HLA-

genes	accounted	for	only	one	third	of	the	RA	genetic	susceptibility,	

which	clearly	indicates	non-HLA	genes	are	also	involved	[8].	

	 Peptidylarginine	deiminase	 (PADI,	EC	3.5.3.15),	 a	prominent	

non-HLA	genes	has	gained	much	attention	in	RA	world	after	the	

discovery	of	ACPA,	a	specific	diagnostic	marker	for	RA	[9].	PADI	is	

situated	on	human	chromosome	1p36	[10],	five	isotypes	that	display	

tissue-specific	 expression	 pattern	 [11]	 and	many	 polymorphisms	

have	been	acknowledged	in	its	promoter	region.	PADI4	among	other	

isotypes	 is	 highly	 expressed	 in	 synovium	 and	 has	 unique	

characteristic	 feature	 of	 nuclear	 localization	 signal	 [12]	 and	

transcription	 co-regulator	 of	 various	 factors	 [13],	 makes	 it	 an	

interesting	 candidate	 gene	 for	 the	 association	 study	 in	 RA.	 It	

catalyzes	the	Ca2+	dependent	deimination	of	arginine	into	citrulline	

in	 autologous	 protein/peptide,	 termed	 as	 citrullination	 [14].	

Antibody	 responses	 against	 these	 proteins	 are	 the	 most	 critical	

event	for	the	initiation	and	progression	of	RA	[15,16].	

	 The	 first	 association	of	PADI4	haplotype	 and	anti-CCP	positive	

subgroup	of	RA	patients	was	documented	in	Japan	population	[10].	

Since	 then,	 many	 studies	 have	 reported	 PADI4	 gene	 was	 an	

important	 risk	 factor	 for	 ACPA	 positivity	 in	 RA	 [17,18].	 Since	

autoantibodies	are	synthesized	locally	by	plasma	cells	in	the	pannus,	

α-enolase	and	vimentin	present	in	the	inflamed	joint	and	synovial	

intracellular	are	considered	as	more	relevant	candidates	to	trigger	

the	ACPA	production	[19,20]	whereas	fibrin	and	CII	are	extracellular	

proteins	 and	 filaggrin	 is	 not	 present	 in	 the	 synovium.	 However,	
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vimentin	can	also	be	found	extracellularly	because	of	the	presence	

in	monocytes	and	activated	macrophages	and	TNF-α	induces	the	

secretion	of	vimentin	from	these	activated	macrophages	[21].	Its	

citrullinated	form	in	RA	synovium	is	a	target	antigen	for	anti-Sa	

autoantibodies	in	genetically	predisposed	individuals	[15].	

	 Emerging	 evidences	 have	 portrayed	 that	 anti-Sa	 has	 better	

prognostic	 marker	 than	 ACPA	 despite	 less	 prevalent	 in	 RA	

patients	 [22,23]	 and	 only	 a	 very	 few	 number	 of	 anti-CCP-

positive/anti-Sa	 negative	 healthy	 individuals	 would	 have	

developed	RA	later	[24,25].	Vimentin,	a	mammalian	intermediate	

filament	protein	[26]	plays	a	vital	role	in	cell	differentiation,	cell	

signalling	 and	 organelle	 positioning	 [27].	 Although	 anti-Sa	

antibodies	are	present	 in	40-	65%	of	RA	sera	[15,	28,	29],	 it	 is	

notable	for	its	high	specificity	of	nearly	100%	with	RA	in	Europe,	

Asia	and	America	[30]	and	strong	correlation	with	poor	disease	

outcomes	 including	 radiographic	 progression	 compared	 with	

anti-Sa	 negative	 patients	 [31].	 A	 relationship	 between	 PADI4	

polymorphisms	 and	 anti-Sa	 autoantibodies	 remains	 barely	

explored	and	evaluating	these	features	might	give	insight	into	the	

pathogenic	 mechanisms	 of	 the	 disease	 and	 also	 to	 develop	 a	

targeted	 drug	 therapy.	 Taking	 all	 these	 considerations	 into	

account,	 we	 have	 planned	 to	 determine	 whether	 the	

aforementioned	 polymorphism	 is	 well	 correlated	 with	 clinical	

utility	of	anti-Sa	in	RA	patients	of	Tamil	population	in	Chennai.

	 In	this	study,	South	Indian	population	with	Tamil	as	a	mother	

tongue	was	 included	 to	 avoid	 population	 heterogeneity.	 Blood	

samples	were	 collected	 from	patients	 visiting	 a	 Rheumatology	

clinic	 in	Chennai,	 Tamil	Nadu,	 India	during	 the	period	of	April	

2015	 to	 March	 2018.	 For	 each	 patient,	 details	 of	 age,	 sex,	

symptoms	 and	 duration	 of	 disease	 were	 obtained	 and	 also	

examined	the	number	of	swollen	and	tender	joints.	We	studied	

207	patients	who	satisfied	the	revised	2010	American	College	of	

Rheumatology	criteria	for	the	classification	of	RA.	A	total	of	186	

healthy	individuals	of	Tamil	ethnicity	without	any	family	history	

of	 rheumatoid	 arthritis	 or	 any	 other	 rheumatic	 diseases	 were	

enrolled	as	healthy	control	(HC)	group.	 	The	study	was	approved	

by	 Inst i tut ional 	 Human	 Ethics 	 Committee 	 ( IHEC) , 	

HDC/IHEC/002,	 Hitech	 Diagnostic	 Centre,	 Chennai.	 Informed	

consent	was	obtained	from	the	case	and	control	participants	prior	

to	enrolment	into	the	protocol.	Serum	separated	from	peripheral	

blood	samples	by	standard	protocol,	were	aliquoted	and	stored	at	

-70°C	until	further	analysis.

Calculation	of	Disease	Activity	Score	(DAS)	28	

	 DAS28	was	calculated	based	on	 the	number	of	 swollen	 joint	

count,	 tender	 joint	 count	 and	 erythrocyte	 sedimentation	 rate	

(ESR)	using	DAS	calculator.	A	DAS28	of	less	than	3.2	implies	low	

disease	activity,	3.2	-	5.1	moderate	disease	activity	and	more	than	

5.1	active	disease.

	 ESR	was	measured	by	westergren	method,	normal	 range:	5-

15mm/h	for	men;	5-20mm/h	for	female.	

Laboratory	parameters	

	 C R P 	 w a s 	 p e r f o r m e d 	 b y 	 p a r t i c l e 	 e n h a n c e d 	

Immunoturbidimetric	 method.	 Reference	 interval	 of	 CRP	 is	

MATERIALS	AND	METHODS

Patients	and	controls

<	5.0mg/L	and	all	values	�	5.0mg/L	were	considered	as	positive.	

All	 samples	 above	 the	 linearity	 limit	 of	 250mg/L	 of	 CRP	were	

diluted	further	to	get	the	absolute	value.	

	 RF	was	assayed	by	Immunoturbidimetric	method.	It	uses	latex	

bound	 heat	 inactivated	 IgG	 (antigen)	 that	 reacts	 with	 the	 RF	

antibodies	 in	 the	 sample	 to	 form	 antigen-antibody	 complexes	

based	 on	 latex	 agglutination	 model	 and	 measured	

turbidimetrically.	Values	>	14	IU/ml	were	considered	positive	for	

RF.	All	samples	above	the	linearity	limit	of	130	IU/ml	of	RF	were	

diluted	further	to	get	the	absolute	value.

	 Anti-CCP	was	performed	by	second	generation	Roche	anti-CCP	

kit	 which	 uses	 multiple	 citrullinated	 peptides	 on	 Automated	

Roche	 COBAS	 6000	 analyzer	 by	 Electrochemiluminesence	

Immuno	 Assay	 (ECLIA)	 method.	 Values	 >17U/ml	 were	

considered	positive	for	anti-CCP.	All	samples	above	the	linearity	

limit	of	500U/ml	were	taken	as	501U/ml.		

	 Bio-Rad	Liquicheck	 Immunology	quality	 control	 (RF	&	CRP)	

and	Roche	Preci	control	(anti-CCP)	was	run	daily.	All	the	assays	

were	 performed	 as	 per	 the	 respective	 pack	 insert	 of	 the	

manufacturer	(Roche	Diagnostics	GmbH	Sandhofer	Strasse	116,	

D-	68305	Mannheim).

	 Anti-Sa	 antibodies	 (Isotype	 IgG)	 were	 quantified	 using	 an	

enzyme-linked	 immunosorbent	 assay	 (ELISA)	 (EUROIMMUN)	

according	to	the	manufacturer's	instructions.	The	cut-off	value	for	

anti-Sa	positivity	was	20U/ml.	Values	above	the	linearity	limit	of	

200U/ml	were	further	diluted	to	get	the	exact	value.

Extraction	of	DNA	

	 Genomic	DNA	was	extracted	and	purified	from	200μl	Ethylene	

diamine	tetra	acetic	acid	(EDTA)	treated	frozen	whole	blood	using	

QIAamp®DNA	 mini	 spin	 columns	 (QIAGEN)	 according	 to	 the	

protocol	 provided	by	 the	manufacturer.	 The	 resultant	 genomic	

DNA	was	stored	at	-70ºC	until	sequencing.

Genotyping	and	sequencing	methods

	 2μl	of	genomic	DNA	extracted	from	EDTA	blood	was	amplified	

using	12μl	TaqMan	universal	master	mix	and	2μl	of	primer	mix	in	

16μl	reactions.	After	the	initial	denaturation	at	95°	for	15	minutes,	

the	reaction	mixture	was	subjected	to	35	cycles	of	denaturation	at	

95°C	for	30	seconds,	annealing	at	60°C	for	1	minute	and	extension	

at	72°C	for	1	minute	with	final	extension	at	72°C	for	5	minutes	and	

then	holding	at	4°C	for	10	minutes.	Amplified	DNA	product	was	

further	 treated	 with	 lysis	 buffer,	 extracted	 with	 70%	 ethanol	

followed	 by	 spinning	 to	 remove	 residual	 ethanol.	 DNA	

concentration	 verified	 using	 DNA	 nanodrop	 and	 brought	 to	

uniform	 concentration	 of	 12ng/μl.	 Second	 amplification	 was	

carried	out	with	sequence	specific	primer.	DNA	is	purified	again	

and	 sequencing	 of	 exon-3	 (padi4_92,	 rs874881),	 exon-4	

(padi4_104,	 rs1748033)	 and	 intron-3	 (padi4_94,	 rs2240340)	

were	performed	by	Sanger's	direct	sequencing	of	the	amplified	

products	using	Applied	Biosystems	Hitachi	3500	genetic	analysis	

capillary	 sequencing	 equipment	 as	 per	 manufacturer	

recommendation.	Primer	sequences	used	are	as	follows:
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respective	 negative	 group	 (p=0.001).	 Anti-CCP	 positivity	 in	 RF	

positive	and	anti-Sa	positive	RA	cases	were	167	(90.7%)	&	125	

(97.6%)	 respectively,	 while	 the	 anti-Sa	 positivity	 for	 anti-CCP	

positive	and	RF	positive	RA	cases	are	125	(70.6%)	&	124	(67.3%)	

respectively.	

Serological	 characteristics	of	RA	cases	defined	by	antiCCP	

and	antiSa	status	

Table	3	shows	the	clinical	and	serological	characteristics	of	RA	

cases	defined	by	 anti-CCP	and	 anti-Sa	 status.	RA	patients	with	

anti-CCP+/anti-Sa+	showed	a	statistically	increased	ESR,	DAS28	

and	 RF	 titers	 (p=0.001)	 compared	 to	 RA	 patients	 with	 anti-

CCP+/anti-Sa-,	but	no	marked	difference	existed	in	CRP	and	anti-

CCP	antibody	 titer	 (p>0.05).	Anti-CCP	 level	was	higher	 in	both	

anti-CCP	and	anti-Sa	positive	cases	compared	to	anti-CCP	positive	

and	anti-Sa	negative	group.	Both	positive	groups	again	displayed	a	

remarkable	 increase	 in	 the	mean	 value	 of	 ESR,	 DAS28	 and	 RF	

(p<0.05)	 when	 compared	 with	 their	 corresponding	 negative	

groups.	Anti-CCP	positive	and	anti-Sa	positive	patients	appeared	

to	have	significantly	(p=0.001)	elevated	DAS28	(4.9	±	0.4)	than	

anti-CCP	 alone	 positive	 patients	 (4.0	 ±	 0.4).	 	 This	 observation	

implies	 that	 the	 presence	 of	 anti-Sa	 antibody	 has	 contributed	

towards	 increased	 disease	 activity,	 eventually	 determines	 the	

progression	 of	 inflammation	 in	 RA.	 Noticeably,	 out	 of	 29	male	

patients	recruited	in	this	study,	25	patients	(86%)	were	anti-CCP	

and	anti-Sa	positive	indicating	increased	level	of	autoantibodies	

against	citrullinated	self-proteins	especially	vimentin,	while	only	

56.1%	of		female	RA	cases	had	double	positivity.

	 Comparison	of	genotype	and	allelic	frequencies	of	PADI4	

SNPs	(PADI4_92,	PADI4_104	and	PADI4_94)	in	RA	cases	and	

healthy	controls

	 The	 genotype	 and	 allelic	 frequencies	 of	 three	 PADI4	 SNPs	

examined	in	RA	patients	and	healthy	controls	are	represented	in	

Table	 4.	 The	 control	 group	 of	 studied	 PADI4	 were	 in	 Hardy-

Weinberg	 Equilibrium	 (HWE)	 (PADI4_92(C/G);p=0.076,	

PADI4_104(C/T);p=0.13,	 PADI4_94(C/T);	 p=0.093).	 For	

PADI4_92	gene	polymorphism,	 the	genotype	(OR:	0.30,	95%CI:	

0.16–0.56,	 p=0.0001)	 and	 allele	 (OR:	 1.78,	 95%CI:	 1.31–2.42,	

p=0.0002)	frequency	of	RA	cases	was	significant	when	compared	

to	 healthy	 controls.	 Similarly,	 we	 have	 observed	 marked	

differences	 in	 the	 distribution	 of	 genotype	 (PADI4_104,OR:	

0.31,95%CI:	 0.18–0.53,	 p=0.0001;	 PADI4_94,	 OR:0.41,95%	

CI:0.24–0.71,	 p=0.005)	 and	 allele	 (PADI4_104,OR:	 1.91,	

95%CI:1 .44–2 .54 ,p=0.0001; 	 PADI4_94 ,OR:1 .65 ,95%	

CI:1.24–2.19,p=0.0005)	frequencies	of	PADI4_104	and	PADI4_94	

polymorphisms	between	RA	patients	and	healthy	control	group.	

Interestingly,	a	novel	finding	is	that	each	PADI4	variant	has	C	allele	

is	the	risk	factor	for	RA	development	in	Tamil	population.	Then,	

we	constructed	haplotype	sequence	and	frequencies	based	on	the	

genotyping	results	of	3	PADI4	polymorphisms	obtained	from	RA	

patients	and	healthy	control	 individuals	as	depicted	in	Table	5.	

Five	different	 haplotypes	 such	 as	GTT,	 CCC,	GCC,	 CTT	and	GCT	

were	identified	in	our	population.	Among	them,	CCC	(p=0.0001)	

and	GCC	 (p=0.011)	were	 the	most	 frequent	and	were	 found	 in	

considerable	 difference	 between	 RA	 patients	 and	 the	 control	

group.	

Exon	3:	Forward	primer	5'-TAGGATGCTCTTCTGTAGCACC-3'

Reverse	primer	5'-TTAAAATTCCCCGCACCACCAC-3'

Exon	4:	Forward	primer	5'-CTCCTCTGAAGGACGGGAAG-3'	

Reverse	primer	5'-GTCGAGACCTGCCCACGAAT-3'

	 Primer	for	Exon-4	and	Intron-3	was	designed	together	since	

they	are	proximate	sequences	with	only	23	base	pairs	apart.	The	

obtained	 sequences	 were	 analysed	 for	 Single	 nucleotide	

polymorphisms	 (SNPs)	 in	 the	 Lasergene	DNAstar	 version	11.0	

and	 they	were	 also	matched	 and	 verified	with	 NCBI	 BLAST.	 A	

representation	 of	 obtained	 sequencing	 results	 of	 wild	 type,	

variant	 heterozygous	 and	 variant	 homozygous	 of	 PADI4_92,	

PADI4_94	and	PADI4_104	are	depicted	in	figure	1.	

STATISTICAL	ANALYSIS	

	 Continuous	variables	distributed	normally	were	expressed	as	

mean	±	standard	deviation.	Mann-Whitney	U	test	were	used	to	

evaluate	 differences	 between	 two	 groups.The	 Hardy-Weinberg	

equilibrium	(HWE)	for	the	SNP	was	calculated	with	the	chi-square	

test.	Allele,	genotype	and	haplotype	frequency	between	cases	and	

controls	 were	 analyzed	 using	 an	 online	 SNPSTATS	 program	

(https://www.snpstats.net/snpstats/analyser.php).	 Odds	 ratio	

(OR)	 and	 95%	 confidence	 intervals	 (CI)	 of	 all	 subjects	 were	

e x a m i n e d 	 w i t h 	 o n l i n e 	 m e d c a l c 	 s o f t w a r e 	

(https://www.medcalc.org/calc/odds_ratio.php).	 Statistical	

analysis	was	performed	using	SPSS	version	15.0.	 	p-value	<0.05	

was	considered	as	statistically	significant.	

RESULTS

	 Demographic	and	clinical	profile	of	RA	cases	and	control	

groups	

The	demographic	and	clinical	profiles	of	the	total	RA	patients	and	

age	matched	controls	are	depicted	in	Table	1.	The	mean	age	of	207	

RA	 patients	 was	 49.1	 ±	 11.8	 years.	 Among	 them,	 there	 was	 a	

preponderance	 of	 female	 178	 (86%)	 as	 compared	 to	male	 29	

(14%).	Moreover,	the	number	of	positive	cases	of	autoantibody	

phenotype	viz.,	RF	is	184	(88.8%),	anti-CCP	is	177	(85.5%)	and	

anti-Sa	is	128	(61.8%).		The	mean	RA	duration	was	6.7	±	4.3	years.	

With	 regard	 to	 diseases	 activity	measured	 by	DAS28,	we	 have	

observed	low	disease	activity	in	2.9%,	moderate	diseases	activity	

in	79.2%	and	severe	disease	activity	in	17.9%	of	RA	cases.	

Comparison	of	 inflammatory	markers	and	antibody	 status	

among	RA	subsets

	 Table	 2	 represents	 comparative	 analysis	 of	 inflammatory	

markers	and	antibody	levels	of	RF,	anti-CCP	and	anti-Sa	positive	

and	 their	 corresponding	 negative	 patients.	 In	 all	 stratified	 RA	

subgroups,	patients	had	a	mean	age	of	fifth	decade	and	most	of	

them	were	female.	CRP	showed	no	significant	difference	between	

all	 antibody	 positive	 and	 negative	 RA	 patients.	 Among	 the	 RF	

status,	positive	patients	had	 significantly	higher	mean	value	of	

DAS28,	anti-CCP	and	anti-Sa	(p=0.001),	whereas	ESR	(p=0.052)	

was	moderately	 significant	 in	 comparison	 to	negative	patients.	

There	was	a	significant	difference	between	anti-CCP	positive	and	

anti-CCP	negative	RA	patients	with	respect	to	DAS28	and	the	level	

of	ESR,	and	RF	(p<0.05).	Similarly,	anti-Sa	positive	patients	also	

had	 significantly	 elevated	 DAS28,	 anti-CCP	 and	 RF	 to	 their	
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Moreover,	the	present	study	yielded	even	low	frequent	CTT	haplotype	could	influence	RA	(p=0.035).	On	the	other	hand,	GCT	haplotypes	did	

not	influence	RA	risk	(p=0.29).	Out	of	3	risk	haplotypes,	CCC	is	the	most	susceptible	for	RA	in	Tamil	population.	

Stratified	analysis	of	genotypes	with	respect	to	antiCCP	and	antiSa	status	in	RA	cases

	 Since	PADI4	SNPs	displayed	the	strongest	association	with	RA	in	this	study,	we	analyzed	the	genotype	and	allele	frequencies	among	RA	

patients	stratified	by	anti-CCP	and	anti-Sa	status.		We	observed	both	anti-CCP	positive	and	negative	RA	patients	appeared	to	have	similar	

pattern	of	all	PADI4	genotype	and	allelic	frequencies,	which	indicates	PADI4	gene	are	associated	with	irrespective	of	anti-CCP	status.	For	

anti-Sa	stratified	group,	genotype	and	allelic	frequencies	of	PADI4_94	and	PADI4_104	gene	also	showed	no	marked	difference	between	

positive	 and	 negative	 patients.	 By	 contrast,	 the	 genotype	 (OR=2.288,CI=1.286-4.070	 with	 p=0.004)	 and	 allele	 frequency	

(OR=1.74,CI=1.14-2.67	with	p=0.009)	of	SNP	in	the	PADI4_92	was	significantly	present	in	anti-Sa	positive	patients	than	in	anti-Sa	negative	

patients.	Thus,	it	can	be	suggested	that	there	is	a	strong	relation	between	PADI4_92	gene	and	anti-Sa	positivity	of	studied	population.

RA=	rheumatoid	arthritis;	anti-CCP=	anti-cyclic	citrullinated	peptide	antibody;	DAS28=	diseases	activity	score	28;	CRP=C	reactive	protein;	

ESR=	erythrocyte	sedimentation	rate;	RF=rheumatoid	factor;	SD=standard	deviation.

Table	1:	Demographic	and	clinical	profile	of	RA	cases	and	healthy	control.	
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RA=	 rheumatoid	 arthritis;	 anti-CCP=	 anti-cyclic	 citrullinated	 peptide	 antibody;	 DAS28=	 diseases	 activity	 score	 28;	 CRP=C	 reactive	

protein;	 ESR=	 erythrocyte	 sedimentation	 rate;	 RF=rheumatoid	 factor;	 SD=	 standard	 deviation.	 *p	 values	 <	 0.05	 were	 considered	

statistically	significant.

Patients	positive	for	Anti-Sa	but	negative	for	CCP	were	not	included	in	this	analysis,	as	their	numbers	were	too	low	and	thus	lacked	

statistical	power.	RA=	rheumatoid	arthritis;	anti-CCP=	anti-cyclic	citrullinated	peptide	antibody;	DAS28=	diseases	activity	score	28;	

CRP=C	reactive	protein;	ESR=	erythrocyte	sedimentation	rate;	RF=rheumatoid	factor;	SD=	standard	deviation.	*p	values	<	0.05	were	

considered	statistically	significant.

Table	2:	Comparison	of	inflammatory	markers	and	antibody	status	among	RA	subsets.	

Table	3:	Serological	characteristics	of	RA	cases	defined	by	antiCCP	and	antiSa	status.	
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Table	4:	Comparison	of	genotype	and	allelic	frequencies	of	PADI4	SNPs	(PADI4_92,	PADI4_104	and	PADI4_94)	in	RA	cases	and	

healthy	controls.
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Table	5:	Structure	and	frequency	of	SNPs	haplotypes	of	PADI4	gene.

Table	6:	Stratified	analysis	of	genotypes	with	respect	to	antiCCP	and	antiSa	status	in	RA	cases.
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have	once	again	confirmed	that	positivity	to	both	anti-CCP	and	

anti-Sa	 patients	 showed	 a	 marked	 increase	 in	 the	 DAS28,	

inflammatory	 markers	 and	 RF	 level	 in	 comparison	 to	 anti-

CCP+/anti-Sa-	 and	 anti-CCP-/anti-Sa-	 patients.	 Significantly	

elevated	DAS28	in	anti-CCP	positive	and	anti-Sa	positive	patients	

to	anti-CCP	alone	positive	patients	may	be	attributed	to	vimentin	

containing	43	 arginine	 residues	 and	 each	 arginine	 residue	 can	

potentially	 be	 citrullinated	 by	 PADI	 resulting	 in	 a	 variety	 of	

citrullinated	 epitopes,	 ultimately	 leading	 to	 autoimmunity	 and	

inflammation	 [11].	 Apart	 from	 citrullination,	 vimentin	 being	 a	

native	 protein	 of	 synovium	 has	 been	 exposed	 to	 various	

pathological	processes	such	as	oxidative	stress,	inflammation	and	

mutation	[40].	Although	protein	citrullination	plays	a	central	role	

in	RA	manifestation,	 there	 is	 a	divergent	 in	disease	phenotype	

between	male	and	female	RA	cases	with	respect	to	risk	factors,	

prognosis	and	response	to	treatment	[41].	In	line	with	that,	our	

study	 expressed	more	 anti-CCP+/anti-Sa+	male	 (86%)	 against	

female	(56.2%),	which	clearly	enlighten	male	patients	were	more	

likely	to	have	specific	epitopes	linked	with	RA	risk	alleles.	

	 Given	the	current	evidence	of	NETosis	as	a	molecular	scaffold	

for	the	production	of	citrullinated	self	proteins	[42,43],	it	could	be	

suggested	that	PADI4	gene	play	a	key	role	in	the	pathogenesis	and	

manifestation	of	the	disease.	The	outcome	of	the	present	study	

revealed	all	SNPs	such	as,	PADI4_92	of	exon-3,	PADI4_104	of	exon-

4	and	PADI_94	of	intron-3	have	statistically	significant	association	

with	RA	in	South	Indian	Tamil	population.	Particularly,	exon-3	of	

PADI4_92	is	in	concordance	with	the	results	of	Mexico	[17],	Egypt	

[44],	China	[45],	Japan	[10]	and	Korea	population	[46],	but,	it	is	

not	 replicated	 in	 populations	 of	 other	 countries	 like	 Iran	 [47],	

Germany	[48],	UK	[49],	and	France	[50].	

	 The	 second	 most	 important	 association	 was	 detected	 with	

PADI4_104	 polymorphism,	 which	 is	 well	 correlated	 with	 the	

previously	 published	 data	 on	 other	 province	 of	 Indian	

populations,	and	represented	this	locus	as	a	promising	candidate	

for	a	role	in	RA	patients	of	Indian	descent	[51].	It	is	also	reported	

that	 PADI4_104	 polymorphism	 could	 be	 a	 risk	 allele	 for	 RA	

susceptibility	 in	 other	 populations	 like	 Japan	 [10],	 Korea	 [46],	

Iran	[52]	and	China	[53],	despite	some	studies	have	failed	to	show	

this	 association	 [45,48,54,55].	 Likewise,	 PADI4_94	 has	 been	

replicated	in	Japan	[10],	Singaporean	Chinese	[18],	Germany	[48],	

China	[56],	Sweden	and	North	America	[57]	and	failed	in	Spain	

[54]	 and	 UK	 [55].	 A	 possible	 explanation	 for	 the	 functional	

discrepancy	 of	 PADI4	 gene	 cluster	 with	 respect	 to	 RA	

susceptibility	might	be	attributed	to	ethnic	differences,	multiple	

environmental	 factors	 involved,	 variation	 in	 mRNA	 transcript	

stability	and	other	genes	or	nonsynonymous	SNPs	located	other	

than	active	region	affecting	protein	interactions	or	the	stability	of	

dimeric	PADI4.	Moreover,	we	found	C	is	the	risk	allele	for	all	PADI4	

polymorphisms	studied	in	this	population.	Our	findings	are	well	

correlated	with	a	meta-analysis	of	21	studies	which	has	reported	

PADI4	is	indeed	a	susceptible	risk	factor	for	the	development	of	

RA	in	Asian	populations	[58].

	 It	 is	 well	 established	 that	 PADI4	 mRNA	 of	 the	 susceptible	

haplotype	was	more	stable	than	non-susceptible	haplotype	[17],	

resulting	 high	PADI4	 activity	 in	 synovial	 tissues	 and	 increased	

DISCUSSION		

	 RA	 is	 a	 polygenic	 autoimmune	 disease	 comprising	 of	 ACPA-

positive	 and	 ACPA-negative	 subgroups	 revealing	 a	 complex	

mechanism	 between	 gene	 to	 gene	 and	 gene	 to	 environment	

interaction	involved	[4,32,33].	Although	many	RA	susceptible	loci	

have	been	recognized,	PADI4	gene	is	uniquely	connected	with	RA	

owing	 to	 its	 nuclear	 localization	 signal	 [12]	 generation	 of	 self	

citrullinated	 proteins	 [11]	 and	 inhibition	 of	 cell	 apoptosis	 in	

synovium	[34].	At	first,	Suzuki	et	al	(2003)	reported	PADI4	SNPs	

as	a	strong	susceptible	locus	for	RA	in	Japan	population	and	then	

several	 studies	 have	 clarified	 this	 in	 diverse	 ethnic	 groups.	

Particularly,	few	PADI4	SNPs	are	consistently	proved	to	be	a	risk	

locus	for	RA	via	ACPA	dependent	pathway	[18].	Among	ACPA,	anti-

Sa	antibody	complexed	with	 citrullinated	vimentin	 in	 inflamed	

synovium	has	a	better	prognostic	factor	for	RA	[22,23].	Studies	on	

linking	 between	 genetics	 and	 serology	 offer	 an	 opportunity	 to	

classify	patients	into	more	definite	homogeneous	subtypes.	This	

stratification	will	 allow	 clinicians	 to	 target	 treatment	 and	may	

eventually	lead	to	disease	management.	In	this	regard,	we	have	

planned	 to	 evaluate	 the	 putative	 correlation	 between	 PADI4	

polymorphisms	 and	 anti-Sa	 antibody	 in	 RA	 patients	 of	 South	

Indian	Tamil	population.	

In	 this	 case–control	 study,	 healthy	 control	 was	 age	 and	 sex	

matched	 to	 RA	 patients,	 We	 found	 RA	 preferentially	 affects	

women	at	a	ratio	of	6:1	are	concordant	with	prior	studies	

[35].	 A	 potential	 explanation	 includes	 changes	 in	 reproductive	

cycle	and	immunosenescence	of	the	aging	process	that	can	lead	to	

chronic	inflammation	and	immune-mediated	synovium	injury.	

	 It	 is	well	characterized	that	autoantibodies	could	be	present	

before	the	onset	of	RA	symptoms.	A	direct	role	of	these	antibodies	

in	production	of	structural	damage	such	as	bony	erosion	and	joint	

space	narrowing	is	widely	reported	[36,37]	and	thus,	diagnostic	

utility	of	anti-CCP	either	individually	or	as	an	adjunctive	strategy	

to	improve	the	diagnostic	value	of	RF	has	been	illustrated	in	many	

studies,	most	prominently	in	seronegative	RA.	The	results	of	these	

studies	are	supported	and	extended	by	the	present	study.	RF,	anti-

CCP	 and	 anti-Sa	 positive	 RA	 patients	 had	 significantly	 higher	

DAS28	and	ESR	as	compared	to	their	respective	negative	patients	

were	 in	 agreement	 with	 prior	 stuidies	 [35,38].	 This	 might	 be	

attributed	to	epitope	spreading	i.e	development	of	T	and	B	cell	

immune	 responses	 against	 different	 autoantigens	 could	 have	

occurred	several	years	before	the	clinical	onset	of	RA	[39].	Out	of	

23	RF	negative	patients,	10	were	anti-CCP	positive	 indicating	a	

very	 distinct	 immunological	 reactivity	 profile	 at	 disease	 onset.	

Elevated	levels	of	RF	were	associated	with	higher	anti-CCP	and	

anti-Sa	and	anti-CCP	positive	patients	had	significantly	higher	RF	

than	their	negative	patients.	Similarly,	we	also	found	considerable	

difference	in	anti-CCP	and	RF	level	between	anti-Sa	positive	and	

anti-Sa	 negative	 RA	 patients.	 From	 this	 observation,	 we	

emphasized	 a	 strong	 biological	 communication	 between	 these	

antibodies	 might	 cause	 impressive	 changes	 in	 the	 immune	

tolerance	to	citrullinated	proteins	of	our	population.			

	 The	presence	of	two	or	more	antibody	is	the	best	predictors	of	

RA	development	and	severity	than	single	antibody.	Our	results	
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generation	 of	 citrullinated	 proteins/peptides	 that	 perform	 as	

autoantigens.	 We	 assessed	 such	 a	 relationship	 through	 the	

haplotype	 analysis	 of	 alleles	 situated	 at	 linked	 loci	 on	 single	

chromosomes.	 The	 present	 study	 yielded	 significant	 positive	

association	of	PADI4	haplotypes	2,	3,	and	4	with	RA	patients	and	

not	found	in	haplotype	5.	Apart	from	transcript	stability,	PADI4	

activity	is	also	dependent	on	pro-inflammatory	cytokines	such	as	

IFN-γ	and	IL-	1β,	activated	T	cells,	monocytes	and	macrophages	

for	the	generation	of	ACPA	target	in	synovial	fluid	[59].	Moreover,	

it	is	postulated	that	the	generation	of	ACPA	target	is	not	necessary	

whenever,	 PADI4	 activity	 is	 increased,	 because	 protein	

citrullination	catalyzed	by	PADI4	could	be	regulated	at	all	stages	

of	molecular	 processing	 such	 as	 transcription,	 translation	 and	

activation	 [60].	 To	 unearth,	 we	 examined	 the	 strength	 of	

connection	between	PADI4	gene	and	autoantibodies	status.	Our	

results	indicated	no	marked	difference	in	the	distribution	of	allele	

and	 genotype	 frequencies	 of	 studied	 genes	 between	 anti-CCP	

positive	 and	 negative	 subsets.	 PADI4_94	 and	 PADI4_104	 gene	

variant	also	yielded	similar	result	with	anti-Sa	status.	Strikingly,	

the	 genotype	 and	 allele	 frequency	 of	 rs874881	 SNP	 in	 the	

PADI4_92	was	 remarkably	 present	 in	 anti-Sa	 positive	 patients	

than	in	anti-Sa	negative	patients,	signifying	this	 locus	to	be	the	

most	 specific	 for	 vimentin	 citrullination	 in	 our	 population.	

Another	important	finding	is	that	existence	of	minor	(C)	allele	in	

this	 locus	 alone	 has	 implicated	 in	 the	 pathogenesis	 of	 RA	 as	

evidenced	by	CTT	haplotype.	Since,	the	current	therapies	could	

not	provide	drug-free	remission	[61]	and	PADI4	gene	is	strongly	

linked	with	RA	in	various	ethnic	groups,	preclinical	studies	have	

been	focused	to	develop	PADI4	specific	inhibitor	for	the	treatment	

of	RA.	So	far,	many	preclinical	PADI4	inhibitors	have	emerged	such	

as	 F-amidine,	 Cl-amidine,	 Streptonigrin,	 GSK199	 and	 GSK484	

[62,63,64]	and	their	efficiency	in	clinical	phase	is	yet	to	be	proven.	

The	results	of	the	present	study	could	also	contribute	to	initiate	

such	 a	 study	 on	 PADI4	 inhibitors	 to	 emerge	 as	 a	 potential	

therapeutic	target	for	the	treatment	of	RA.	

Conclusion			

	 In	conclusion,	this	is	the	first	report	on	the	association	between	

PADI4	 SNPs	 and	 RA	 with	 respect	 to	 anti-Sa	 status	 in	 Indian	

population.	All	the	three	studied	PADI4	SNPs	demonstrated	to	be	a	

susceptible	risk	locus	for	RA.	We	observed	PADI4_92	gene	alone	

influences	 the	 development	 of	 RA	 through	 citrullination	 of	

vimentin	and	it	 is	 further	confirmed	by	the	significance	of	CTT	

haplotype.	 Anti-CCP+/anti-Sa+	 patients	 demonstrated	

significantly	higher	DAS28	than	anti-CCP	positive	alone	patients.	

Therefore,	 anti-Sa	 could	be	a	prospective	additional	diagnostic	

marker	considering	its	ability	to	identify	the	RA	cases	who	will	

progress	 into	disease	 faster	 than	 the	Sa	negative	patients.	 It	 is	

compelling	 to	 hypothesize	 that	 anti-Sa	 could	 be	 an	 important	

adjuncts	to	anti-CCP	testing	in	predicting	RA	progression	of	Tamil	

population.	Further	studies	that	explore	the	relationship	between	

PADI4_92	polymorphism	and	anti-Sa	 status	 in	other	 ethnic	RA	

population	would	be	useful	 for	providing	new	insights	 into	the	

complex	 genetic	 architecture	 and	 also	 design	 individualized	

intense	therapeutic	interventions	for	management	of	RA	patients.		

ACKNOWLEDGEMENTS

	 Authors	are	thankful	to	the	HOD	of	Zoology	and	the	Principal	of	

Pachaiyappa's	College	for	their	encouragement	and	support.	The	

6494
V	Malini	&	N	Shettu	/Int	J	Biol	Med	Res.9(4):6485-6496



[36]	Krol	A1,	Garred	P,	Heegaard	NH,	Christensen	AF,	Hetland	ML,	Stengaard-

Pedersen	K,	Junker	P,	Madsen	HO,	Lottenburger	T,	Ellingsen	T,	Andersen	LS,	

Hansen	I,	Pedersen	JK,	Svendsen	AJ,	Tarp	U,	Podenphant	J,	Lindegaard	H,	

Ostergaard	 M,	 Horslev-Petersen	 K,	 Jacobsen	 S.	 Interactions	 between	

smoking,	 increased	 serum	 levels	 of	 anti-CCP	 antibodies,	 rheumatoid	

factors,	 and	 erosive	 joint	 disease	 in	 patients	 with	 early,	 untreated	

rheumatoid	arthritis.	Scand.	J	Rheumatol	2015;44:8-12.		

[37]	Ghozlani	I,	Mounach	A,	Ghazi	M,	Kherrab	A,	Niamane	R,	El	Maghraoui	A.	

Influence	of	anti-cyclic	citrullinated	peptide	on	disease	activity,	structural	

severity,	and	bone	loss	in	Moroccan	women	with	rheumatoid	arthritis.	The	

Egyptian	Rheumatologist	2018;40:73-78.

[38]	Cheng	TT,	Yu	SF,	Su	FM,	Chen	YC,	Su	BYJ,	Chiu	WC,	Lai	HM.	Anti-CCP-positive	

patients	with	RA	have	a	higher	10-year	probability	of	fracture	evaluated	by	

FRAX®:	a	registry	study	of	RA	with	osteoporosis/fracture.	Arthritis	Res	

Ther.	2018;20:16.

[39]	 Sokolove	 J,	 Bromberg,	 R,	Deane	KD,	 Lahey	 LJ,	Derber	LA,	 Chandra	PE,	

Holers	 VM.	 Autoantibody	 epitope	 spreading	 in	 the	 pre-clinical	 phase	

predicts	progression	to	rheumatoid			arthritis.	PLoS	One	2012;7:e35296.			

[40]	 Bang	 H,	 Egerer	 K,	 Gauliard	 A,	 Luthke	 K,	 Rudolph	 PE,	 Fredenhagen	 G,	

Burmester	GR.	Mutation	and	citrullination	modifies	vimentin	 to	a	novel	

autoantigen	 for	 rheumatoid	 arthritis.	 Arthritis	 Rheum	 2007;56:2503-

2511.

[41]	van	Vollenhoven	RF.	Sex	differences	in	rheumatoid	arthritis:	more	than	

meets	the	eye...	BMC	Med.	2009;7:12.

[42]	Corsiero	E,	Pratesi	F,	Prediletto	E,	Bombardieri	M,	Migliorini	P.	NETosis	as	

source	 of	 autoantigens	 in	 rheumatoid	 arthritis.	 Front	 Immunol.	

2016;7:485.

[43]	Berthelot	JM,	Le	Goff	B,	Neel	A,	Maugars	Y,	Hamidou	M.	NETosis:	at	the	

crossroads	of	rheumatoid	arthritis,	lupus,	and	vasculitis.	Joint	bone	spine	

2017;84:255-262.

[44]	Abd-Allah	SH,	Amal	S,	Shalaby	SM,	Pasha	HF,	El-Saoud	AMA,	El-Najjar	AR,	

El-Shahawy	 EE.	 PADI4	 polymorphisms	 and	 related	 haplotype	 in	

rheumatoid	arthritis	patients.	Joint	Bone	Spine	2012;79:124-128.

[45]	Chen	R,	Wei	Y,	Cai	Q,	Duan	S,	Ren	D,	Shen	J,	Sun	S.	The	PADI4	gene	does	not	

contribute	to	genetic	susceptibility	to	rheumatoid	arthritis	in	Chinese	Han	

population.	Rheumatol	Int	2011;	31:1631-1634.

[46]	Kang	CP,	Lee	HS,	Ju	H,	Cho	H,	Kang	C,	Bae	SC.	A	functional	haplotype	of	the	

PADI4	gene	associated	with	increased	rheumatoid	arthritis	susceptibility	

in	Koreans.	Arthritis	Rheum	2006;54:90-96.			

[47]	 Shamsian	 E,	 Azarian	M,	 Akhlaghi	 M,	 Samaei	 M,	 Jamshidi	 AR,	 Assar	 S,	

Shakiba	 Y,	 Gharibdoost	 F,	 Nourijelyani	 K,	 Mahmoudi	 M.	 PADI4	

polymorphisms	 in	 Iranian	 patients	 with	 rheumatoid	 arthritis.	 Acta	

Reumatol	Port.	2016;41:338-343.

[48]	Hoppe	B,	 Haupl	 T,	 Gruber	 R,	 Kiesewetter	H,	 Burmester	 GR,	 Salama	A,	

Dorner	T.	Detailed	analysis	of	the	variability	of	peptidylarginine	deiminase	

type	4	in	German	patients	with	rheumatoid	arthritis:	a	case-control	study.	

Arthritis	Res	Ther.	2006;8:R34.

[49]	Barton	A,	Bowes	J,	Eyre	S,	Spreckley	K,	Hinks	A,	John	S,	Worthington	J.	A	

functional	 haplotype	 of	 the	 PADI4	 gene	 associated	 with	 rheumatoid	

arthritis	 in	a	Japanese	population	is	not	associated	in	a	United	Kingdom	

population.		Arthritis	Rheum	2004;50:1117-1121.

[50]	Caponi	L,	Petit-Teixeira	E,	Sebbag	M,	Bongiorni	F,	Moscato	S,	Pratesi	F,	 	

Cornelis	F.	A	family	based	study	shows	no	association	between	rheumatoid	

arthritis	and	the	PADI4	gene	in	a	white	French	population.	Ann	Rheum	Dis	

2005;64:587-593.

[51]	Panati	K,	Pal	S,	Reddy	VD.	Association	of	single	nucleotide	polymorphisms	

(SNPs)	of	PADI4	gene	with	rheumatoid	arthritis	(RA)	in	Indian	population.	

Genes	Genet	Syst	2012;	87:	191-196.

[52]	Hashemi	M,	Zakeri	Z,	Taheri	H,	Bahari	G,	Taheri	M.	Association	between	

peptidylarginine	 deiminase	 type	 4	 rs1748033	 polymorphism	 and	

susceptibility	 to	 rheumatoid	 arthritis	 in	 Zahedan,	 Southeast	 Iran.	 Iran	 J	

Allergy	Asthma	Immunol.	2015;	14:	255-260.

[53]	 Gong	 LL,	 Chang	 J,	 Yang	 YM.	 Association	 between	 peptidyl	 arginine	

deiminase	4	(PADI4)-104C/T	polymorphism	and	rheumatoid	arthritis:	a	

meta-analysis	 in	 the	 Chinese	 population.	 Genet	Mol	 Res.	 2016;	 15:	 doi:	

10.4238/gmr.15038750.

[17]	 Guzman-Guzman	 IP,	 Reyes-Castillo	 Z,	 Munoz-Barrios	 S,	 Ruiz-Noa	 Yf,	

Martínez-Bonilla	 GE,	 Parra-Rojas	 I,	 Munoz-Valle	 JF.	 Polymorphisms	 and	

functional	 haplotype	 in	 PADI4:	 further	 evidence	 for	 contribution	 on	

rheumatoid	 arthritis	 susceptibility	 and	 anti-cyclic	 citrullinated	 peptide	

antibodies	in	a	western	Mexican	population.	Immunol	Lett	2015;163:214-

220.

[18]	Goh	LL,	Yong	MY,	See	WQ,	Chee	EYW,	Lim	PQ,	Koh	ET,	Leong	KP,	TTSH	RA	

Study	 Group.	 NLRP1,	 PTPN22	 and	 PADI4	 gene	 polymorphisms	 and	

rheumatoid	arthritis	in	ACPA-positive	Singaporean	Chinese.	Rheumatol	Int	

2017;37:1295-1302.

[19]	Matsuo	K,	Xiang	Y,	Nakamura	H,	Masuko	K,	Yudoh	K,	Noyori	K,	Kato	T.	

Identification	 of	 novel	 citrullinated	 autoantigens	 of	 synovium	 in	

rheumatoid	 arthritis	 using	 a	 proteomic	 approach.	 Arthritis	 Res	 Ther.	

2006;8:R175.		

[20]	Tilleman	K,	Steendam	K,	Cantaert	T,	De	Keyser	F,	Elewaut	D,	Deforce	D.	

Synovial	 	 	detection	and	autoantibody	reactivity	of	processed	citrullinate	

disoforms	 of	 	 	 vimentin	 in	 inflammatory	 arthritides.	 Rheumatology	

2008;47:597-604.				

[21]	 Mor-Vaknin	 N,	 Punturieri	 A,	 Sitwala	 K,	 Markovitz	 DM.	 	 Vimentin	 is	

secreted	by	activated	macrophages.	Nat	Cell	Biol.	2003;5:59-63.				

[22]	Hayem	G,	Chazerain	P,	Combe	B,	Elias	A,	Haim	T,	Nicaise	P,	Meyer	O.	Anti-Sa	

antibody	 is	 an	 accurate	 diagnostic	 and	 prognostic	 marker	 in	 adult	

rheumatoid	arthritis.	J	Rheumatol	1999;	26:7-13.

[23]	 El-Gabalawy	 HS,	 Wilkins	 JA.	 Anti-Sa	 antibodies:	 prognostic	 and	

pathogenetic	 significance	 to	 rheumatoid	 arthritis.	 Arthritis	 Res	 Ther.	

2004;6:86-9.		

[24]	Boire	G,	Cossette	P,	de	Brum-Fernandes	AJ,	Liang	P,	Niyonsenga	T,	Zhou	ZJ,	

Menard	HA.	Anti-Sa	antibodies	and	antibodies	against	cyclic	citrullinated	

peptide	are	not	equivalent	as	predictors	of	severe	outcomes	in	patients	with	

recent-onset	polyarthritis.	Arthritis	Res	Ther.	2005;7:R592-603.

[25]	Ioan-Facsinay	A,	Willemze	A,	Robinson	DB,	Peschken	CA,	Markland	J,	van	

der	Woude	D,	Toes	RE.	Marked	differences	in	fine	specificity	and	isotype	

usage	 of	 the	 anti-citrullinated	 protein	 antibody	 in	 health	 and	 disease.	

Arthritis	Rheum	2008;58:3000-3008.

[26]	Hay	ED.	Extracellular	matrix,	cell	skeletons,	and	embryonic	development.	

Am	J	Med	Genet.	1989;34:14-29.

[27]	Ivaska	J,	Pallari	HM,	Nevo	J	Eriksson	JE.	Novel	functions	of	vimentin		in	cell	

adhesion,	migration,	and	signaling.	Exp	Cell	Res	2007;313:2050–2062.	

[28]	Hou	YF,	Sun	GZ,	Sun	HS,	Pan	WP,	Liu	WB,	Zhang	CQ.	Diagnostic	value	of	anti-

Sa	 and	 anticitrullinated	 protein	 antibodies	 in	 rheumatoid	 arthritis.	 J	

Rheumatol	2012;39:1506–1508.	

[29]	Prasanth	G,	 Padmaraj	 SR,	Mathew	R,	Vijayakumar	T.	Anti-Sa	Antibody,	

Cyclic	Citrullinated	Peptide	Antibody	and	Rheumatoid	Factor	As	Diagnostic	

Markers	Of	Rheumatoid	Arthritis.	Age	2013;212:249-64.

[30]	Menard	HA,	Lapointe	E,	Rochdi	MD,	Zhou	ZJ.	 Insights	 into	 rheumatoid	

arthritis	derived	from	the	Sa	immune	system.	Arthritis	Res.	2000;2:429-

432.			

[31]	 Mathsson	 L,	 Mullazehi	 M,	 Wick	 MC,	 Sjoberg	 O,	 van	 Vollenhoven	 R,	

Klareskog	 L,	 Ronnelid	 J.	 Antibodies	 against	 citrullinated	 vimentin	 in	

rheumatoid	 arthritis:	 higher	 sensitivity	 and	 extended	 prognostic	 value	

concerning	future	radiographic	progression	as	compared	with		antibodies	

against	cyclic	citrullinated	peptides.	Arthritis	Rheum	2008;58:36-45.			

[32]	Hatterer	E,	Shang	L,	Simonet	P,	Herren	S,	Daubeuf	B,	Teixeira	S,	Sokolove	J.	

A	specific	anti-citrullinated	protein	antibody	profile	identifies	a	group	of	

rheumatoid	arthritis	patients	with	a	toll-like	receptor	4-mediated	disease.	

Arthritis	Res	Ther.	2016;18:224.

[33]	Traylor	M,	Curtis	C,	Patel	H,	Breen	G,	Hyuck	Lee	S,	Xu	X,	Markus	HS.	Genetic	

and	environmental	 risk	 factors	 for	 rheumatoid	arthritis	 in	 a	UK	African	

ancestry	 population:	 the	 GENRA	 case–control	 study.	 Rheumatology	

2017;56:1282-1292.

[34]	Fan	T,	Zhang	C,	Zong	M,	Fan	L.	Hypoxia	induced	autophagy	is	inhibited	by	

PADI4	 knockdown,	 which	 promotes	 apoptosis	 of	 fibroblast	 like	

synoviocytes	in	rheumatoid	arthritis.	Mol	Med	Rep	2018;17:5116-5124.

[35]	El	Tanawy	RM,	Belal	KM,	Hassan	WA,	Said	EA,	Hafez	SM.	Assessment	of	

serum	 antimutated	 citrullinated	 vimentin	 antibodies	 in	 rheumatoid	

arthritis.	Egypt	Rheumatol	Rehabil	2015;42:62.

6495
V	Malini	&	N	Shettu	/Int	J	Biol	Med	Res.9(4):6485-6496



[60]	 Arita	 K,	 Hashimoto	 H,	 Shimizu	 T,	 Nakashima	 K,	 Yamada	 M,	 Sato	 M.	

Structural	basis	for	Ca2+-induced	activation	of	human	PAD4.	Nat	Struct	Mol	

Biol	2004;	11:777–83.

[61]	 Upchurch	 KS,	 Kay	 J.	 Evolution	 of	 treatment	 for	 rheumatoid	 arthritis.	

Rheumatology	2012;	5:vi28-36.

[62]	Luo	Y,	Arita	K,	Bhatia	M,	Knuckley	B,	Lee	YH,	Stallcup	MR,	Thompson	PR.	

Inhibitors	and	inactivators	of	protein	arginine	deiminase	4:	functional	and	

structural	characterization.			Biochemistry	2006;	45:11727–11736.						

[63]	 Knuckley	 B,	 Jones	 JE,	 Bachovchin	 DA,	 Slack	 J,	 Causey	 CP,	 Brown	 SJ,	

Thompson	PR.	A	fluopol-ABPP	HTS	assay	to	identify	PAD	inhibitors.	Chem	

Commun	(Camb).		2010;	46:7175-7177.	

[64]	Lewis	HD,	Liddle	J,	Coote	JE,	Atkinson	SJ,	Barker	MD,	Bax	BD,	Chung	CW.	

Inhibition	of	PAD4	activity	is	sufficient	to	disrupt	mouse	and	human	NET	

formation.	Nat	Chem	Biol.	2015;	11:189-191.			

[54]	Martinez	A,	Valdivia	A,	Pascual-Salcedo	D,	Lamas	JR,	Fernandez-Arquero	

M,	 Balsa	 A,	 Urcelay	 E.	 PADI4	 polymorphisms	 are	 not	 associated	 with	

rheumatoid	arthritis	in	the	Spanish	population.	Rheumatology	 	2005;	44:	

1263-1266.	

[55]	Harney	SM,	Meisel	C,	Sims	AM,	 	Woon	PY,	Wordsworth	BP,	Brown	MA.	

Genetic	 and	 genomic	 studies	 of	 PADI4	 in	 rheumatoid	 arthritis.	

Rheumatology	2005;44:869-872.

[56]	 Chang	HX.	 Association	 between	 the	 PADI4	 -94G/A	polymorphism	 and	

rheumatoid	arthritis:	a	meta-analysis	in	the	Chinese	population.	Genet	Mol	

Res.	2016;	15:doi:	10.4238/gmr.15017391.

[57]	 Plenge	 RM,	 Padyukov	 L,	 Remmers	 EF,	 Purcell	 S,	 Lee	 AT,	 Karlson	 EW,	

Gregersen	 PK.	 Replication	 of	 putative	 candidate-gene	 associations	with	

rheumatoid	arthritis	in	>	4,000	samples	from	North	America	and	Sweden:	

association	of	susceptibility	with	PTPN22,	CTLA4,	and	PADI4.	Am	J	Hum	

Genet	2005;	77:	1044-1060.

[58]	 Hou	 S,	 Gao	 GP,	 Zhang	 XJ,	 Sun	 L,	 Peng	 WJ,	 Wang	 HF,	 Sun	 YH.	 PADI4	

polymorphisms	and	susceptibility	to	rheumatoid	arthritis:	a	meta-analysis.	

Mod	Rheumatol	2013;	23:	50-60.		

[59]	Ferrari-Lacraz	S,	Sebbag	M,	Chicheportiche	R,	Foulquier	C,	Serre	G,	DayerJ-

M.	 Contact	 with	 stimulated	 T	 cells	 up-regulates	 expression	 of	

peptidylarginine	deiminase	2	and	4	by	human	monocytes.	Eur	Cytokine	

Netw	2012;	23:36-44.
	

All	rights	reserved.
Copyright	2010	BioMedSciDirect	Publications	IJBMR	-	ISSN:	0976:6685.c

6496
V	Malini	&	N	Shettu	/Int	J	Biol	Med	Res.9(4):6485-6496


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

