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Is There a Relation Between Insertion/Deletion
Polymorphism of the Angiotensin Converting

Enzyme Gene in Patients of Migraine with Aura
and Migraine without Aura in Region of

Eastern Turkey?

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  An gi o ten sin-con ver ting enz yme (ACE) is one of the key enz ymes in the re nin-an -
gi o ten sin-al dos te ro ne system which mo du la tes vas cu lar ten si on and blo od pres su re. Many aut hors ha ve
re por ted an as so ci a ti on bet we en ACE-D al le le and co ro nary he art di se a se and ot her car di o vas cu lar di se a -
ses. The mec ha nism un derl ying the po si ti ve as so ci a ti ons bet we en the ACE-D al le les and di se a ses are not
yet cle ar. Al te ra ti ons of the re nin-an gi o ten sin system ha ve be en imp li ca ted in the pat ho ge ne sis of va ri o us
di se a ses. Se ve ral an gi o ten sin I con ver ting enz yme in hi bi tors and an an gi o ten sin II re cep tor bloc ker we re
de mons tra ted to ha ve a cli ni cally im por tant proph ylac tic ef fect in mig ra i ne. Pre vi o us re ports sho wed an as-
so ci a ti on bet we en mig ra i ne wit ho ut au ra and ACE-D al le le poly morp hism. In this study it is ai med to eva l-
u a te whether the DD ge noty pe co uld al so be as so ci a ted with the fre qu ency and du ra ti on of mig ra i ne
wit ho ut au ra (Mo A) and mig ra i ne with au ra (MwA). MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  One hundred one mig ra i ne pa-
ti ents (37 Mo A, 64 MwA) and 101 he althy non-mig ra i no us con trols from the re gi on of Eas tern Tur key we -
re inc lu ded in this study. The ge noty pe cha rac te ris tics we re de ter mi ned by the PCR analy sis using DNA
ex trac ted from pe rip he ral blo od. RRee  ssuullttss:: The re was no sig ni fi cant dif fe ren ce in al le lic fre qu ency (I and D)
and ge noty pe poly morp hism (DD, DI and II) of the ACE ge ne in mig ra i ne pa ti ents and con trols (ge noty pe
fre qu ency: p= 0.08). ACE ge noty pe dis tri bu ti on was si mi lar in mig ra i ne pa ti ents and he althy con trol gro -
ups. Tur kish pa ti ents Mo A and MwA did not sho w any dif fe ren ce in in ci den ce of the ACE-DD ge noty pe.
CCoonncc  lluu  ssii  oonn::  We conc lu de that the I/D poly morp hism at the ACE lo cus do es not play any ro le in the pat -
ho ge ne sis and prog res si on of mig ra i ne.

KKeeyy  WWoorrddss::  Mig ra i ne with au ra; mig ra i ne wit ho ut au ra; he a dac he; poly morp hism, ge ne tic 

ÖÖZZEETT  AAmmaaçç::  An ji yo ten sing kon ver ting en zim (ACE), vas kü ler tan si yon ve kan ba sın cı nı dü zen le yen re -
nin-an ji yo ten sin-al dos te ron sis te min de anah tar en zim ler den bi ri dir. Bir çok  araş tır ma cı, ko ro ner kalp
has ta lık la rı ve di ğer kar di yo vas kü ler has ta lık lar ile (ACE)-D al le li ara sın da bir iliş ki nin ol du ğu nu bil dir -
miş ler dir. ACE-D al lel le ri ve has ta lık lar ara sın da po zi tif iliş ki nin te me li ni oluş tu ran me ka niz ma lar he nüz
açık de ğil dir. Re ni n- an ji yo ten sin sis te min de ki de ği şim ler, çe şit li has ta lık la rın pa to ge ne zin de gös te ril miş -
tir. Bir kaç an ji yo ten sin I kon ver ting en zim in hi bi tör ü ve bir an gi ten sin II re sep tör blok la yı cı sının mig ren -
de kli nik ola rak önem li bir pro fi lak tik et ki ye sa hip ol du ğu gös te ril miş tir. Ön ce ki ra por lar da, au ra sız mig ren
ve ACE –D al lel po li mor fi zi mi ara sın da bir iliş ki ol du ğu gös te ril miş tir. Bu ça lış ma da DD ge no ti pi nin, au -
ra lı (Mo A) ve au ra sız mig ren (MwA) sü re si ve sık lı ğı ile iliş ki si nin olup ol ma dı ğı nın de ğer len di ril me si
amaç lan dı. GGee  rreeçç  vvee  YYöönn  tteemmlleerr::  Tür ki ye’ nin do ğu böl ge sin de 101 mig ren has ta sı (37 Mo A ve 64’ü MwA)
ve 101 mig ren ol ma yan sağ lık lı kon trol ler bu ça lış ma ya da hil edil di. Ge no tip özel lik le ri, pe ri fe rik kan dan
eks trak te edil miş DNA kul la nı la rak PCR ana li zi ile tes pit edil di. BBuull  gguu  llaarr::  Mig ren has ta la rı ve kon trol ler -
de ACE ge ni nin al le lik in si da sın da (I ve D) ve ge no tip po li mor fiz min de (DD, ID, II) an lam lı fark lı lık lar
yok tu (ge no tip sık lı ğı p= 0.08). ACE ge no tip da ğı lı mı, mig ren has ta lar da ve kon trol gru bun da ben zer di.
Mo A ya da MwA’ lı Türk mig ren has ta la rın da ACE-DD ge no tip in si da sın da fark lı lık gös te ri le me di. SSoo  nnuuçç::
Biz ACE lo ku sun da ki in ser si yon/de les yon po li mor fi zi min mig re nin prog res yo nun da ve pa to ge ne zin de
her han gi bir rol oy na ma dı ğı nı dü şün mek te yiz.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Au ra lı mig ren; au ra sız mig ren; ba şağ rı sı; po li mor fizm, ge ne tik  
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ig ra i ne is the most fre qu ent pri mary he -
a dac he di sor der. It is a ne u ro vas cu lar di -
sor der in which the pri mary

ab nor ma lity is tho ught to be a ne u ro nal ex ci ta bi -
lity un der li ned by a comp lex ge ne tic sus cep ti bi -
lity. Epi de mi o ge ne tic stu di es ha ve shown that
mig ra i ne wit ho ut au ra (Mo A) and mig ra i ne with
au ra (MwA) are poly ge nic con di ti ons.1 The thre e
known mig ra i ne ge nes ha ve be en iden ti fi ed by the
study of the uni qu e mo no ge nic va ri ety of mig ra i -
ne, i.e. fa mi li al he mip le gic mig ra i ne. The se ge nes
all en co de ion trans por ters: the P/Q type cal ci um
chan nel, a cal ci um/po tas si um AT Pa se and a so di -
um chan nel. Ac cor ding to the lat ter hypot he sis
abo ut the mec ha nisms of mig ra i ne at tacks, po orly
known trig gers ini ti a te a cor ti cal wa ve of de po la -
ri sa ti on that is res pon sib le for the tran si ent au ra
symptoms. This cor ti cal spre a ding dep res si on in-
du ces se ve ral bi oc he mi cal chan ges which, by dif-
fu si on thro ugh the ex tra cel lu lar spa ce, sti mu la te
the tri ge mi no vas cu lar fibe rs. The se fib ers re le a se
va so ac ti ve ne u ro pep ti des that ini ti a te the ne u ro -
ge nic inf lam ma ti on. Tri ge mi no vas cu lar fib ers
trans mit no ci cep ti ve in for ma ti on cen trally vi a the
bra ins tem. The tri ge mi no vas cu lar fib ers al so ac ti -
va te the pa rasy mpat he tic system that is res pon sib -
le for the per sis ten ce of va so di la ti on in me nin ge al
ves sels.2

The pat hoph ysi o logy of mig ra i ne is not yet
fully un ders to od but may in vol ve pa in ful va so di la -
ta ti on of ce reb ral blo od ves sels and/or the re le a se of
va so ac ti ve ne u rot rans mit ters from the pe ri vas cu lar
axons in the du ra ma ter af ter ac ti va ti on of the tri -
ge mi no vas cu lar system. Paterna pro po sed the “tri -
ge mi no-vas cu lar the or y” of mig ra i ne he a dac he,
which cla ims that ne u ro ge nic inf lam ma ti ons of
me nin ge al blo od ves sels were evo ked by ex ci ta ti on
of tri ge mi no vas cu lar fi bers.3 An gi o ten sin I-con ver -
ting enz yme (ACE) is one of the key enz ymes in
the renin-an gi o ten sin-al dos te ro ne system, which
mo du la tes vas cu lar ten si on and blo od pres su re.4

The re nin-an gi o ten sin system (RAS) is a cir cu la -
tory cas ca de system pri ma rily in vol ved in the re g-
u la ti on of blo od pres su re and se rum elec troly tes.
The key enz yme in this system is ACE which con-
verts an gi o ten sin I to the po tent va so cons tric tor

an gi o ten sin II. The RAS has be en sa id to be in vol -
ved in the pat ho ge ne sis of se ve ral di se a ses inc lu -
ding fib ro sis in the he art, kid ney, lung and li ver
du ring chro nic inf lam ma ti on thro ugh the re gu la ti -
on of cell growth, inf lam ma ti on, oxi da ti ve stress
and fib ro sis. The ACE ge ne in ser ti on/de le ti on (I/D)
poly morp hism was first iden ti fi ed in 1990. The
ACE-D, a de le ti on poly morp hism of a 190-bp frag-
ment of in tron 16 of the ACE ge ne al le le, has be en
shown to re sult in hig her le vels of cir cu la ting enz -
yme in a do se de pen dent man ner.4 The ro le of the
ACE ge ne I/D poly morp hism as a risk fac tor has be -
en in ves ti ga ted in se ve ral di se a ses.5 Mig ra i ne is in
part as so ci a ted with the ce reb ral cir cu la ti on. The
mec ha nism un derl ying the po si ti ve as so ci a ti ons be-
t we en the ACE-D al le les and di se a ses are not yet
cle ar. Pre vi o us re ports sho wed an as so ci a ti on bet -
we en mig ra i ne wit ho ut au ra and ACE-D al le le
poly morp hism.6 We aimed to in ves ti ga te the ACE
ge noty pe as a pos sib le risk fac tor for MwA and
MoA in a po pu la ti on of the Ela zig Re gi on of East
Ana to li a, Tur key.

MA TE RI AL AND MET HODS
In our hos pi tal-ba sed ca se-con trol study, 101 mig -
ra i ne pa ti ents (90 wo men and 11 men) (64 MwA
and 37 Mo A) we re rec ru i ted from De part ment of
Ne u ro logy, Scho ol of Me di ci ne, Fırat Uni ver sity,
in Elazig re gi on of Eas tern Tur ki ye. The mig ra i ne
pa ti ent gro up con sis ted of 101 Tur kish mig ra i ne pa-
ti ents with their di ag no se ba sed on He a dac he Clas-
si fi ca ti on Sub com mit te e of the In ter na ti o nal
He a dac he So ci ety ICHD-2 cri te ri a.7 One hundred
one nor mal he althy vo lun te ers com po sed the con-
trol gro up (82 wo men and 19 men). Con trol sub-
jects did not suf fe r from mig ra i ne or ten si on-type
he a dac he. All the sub jects we re Tur kish. The me -
an ages and sex distribution did not dif fer sig ni fi -
cantly bet we en the two gro ups. Af ter the comp le te
des crip ti on of the study to the sub jects, all sub jects
ga ve in for med writ ten con sent which was in ac-
cor dan ce with the Dec la ra ti on of Hel sin ki and the
study was ap pro ved by the lo cal et hics com mit te e.

Ge no mic DNA was ex trac ted from ve no us blo -
od using the stan dard phe nolc hlo ro form met hod.3

The DNA samp les we re then sto red at 4°C un til
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used as a temp la te DNA in poly me ra se cha in re ac -
ti on (PCR). PCR was per for med on the ge no mic
DNA samp les with pri mers as pre vi o usly re por ted.8

The ACE ge noty pe was de ter mi ned by PCR 
amp li fi ca ti on of a ge no mic DNA frag ment on in-
tron 16 of the ACE ge ne as pre vi o usly des cri bed by
Ri gat et al and Sa i ki et al.8,9 The oli go nuc le o ti de pri -
mers we re sen se (for ward): 5’CTGGA GAC -
CACTC CCATCCTTTCT3’ and an ti sen se (re ver se):
5’GATGTG GCCAT CA CATTC GTCA GAT3’. Amp -
li fi ca ti on was per for med with 0.5 μmol of each pri -
mer. The PCR pro duct was a 190 bp frag ment in
the ab sen ce, and a 490 bp frag ment in the pre sen -
ce of the in ser ti on. The samp les we re amp li fi ed
using a ther mal cycler (Ep pen dorf) and the pro d-
ucts se pa ra ted on 1.5% aga ro se gel. PCR re ac ti ons
we re car ri ed out in a to tal vo lu me of 50 mL, using
ap pro xi ma tely 100 ng DNA, 2.5 mmol/L MgCl2,
200 mol/L dNTPs, 12.5 ng of each pri mer, and 0.5
units of Taq DNA poly me ra se (Pro me ga, Ma di son,
WI, USA) in the PCR buf fer pro vi ded by the ma n-
u fac tu rer (10 mmol/L Tris-HCl, pH 9.0, and 50
mmol/L KCl). PCR in vol ved a de na tu ra ti on at 94°C
for 1 min, an ne a ling at 58°C for 1 min, and ex ten -
si on at 72°C for 2 min for 30 cycles. Amp li fi ca ti on
was con fir med by elec trop ho re sing 5 mL of the
PCR pro duct on a 1.5% aga ro se gel con ta i ning et -
hi di um bro mi de and sub se qu ent vi su a li za ti on un -
der ul tra vi o let il lu mi na ti on.

Pa ti ents and con trol in di vi du als we re ge noty -
ped for the ACE ge ne pro mo ter poly morp hism.
The ACE ge ne con sists of eit her an in ser ti on (I) al-
le le or a de le ti on (D) al le le for ming thre e pos sib le
ge noty pes: II, ID or DD. Amp li fi ed ACE ge ne frag-
ments wit ho ut in ser ti on (D al le le) and with in ser -
ti on (I al le le) of ap pro xi ma te 190 and ap pro xi ma te
490 bp, res pec ti vely.

STA TIS TI CAL ANALY SES

The dif fe ren ces in the fre qu ency of ACE al le les and
ge noty pes bet we en gro ups we re eva lu a ted by the
ge ne-co un ting met hod and com pa ri son of gro ups
by the χ2 test. The le vel of sig ni fi can ce was set at
p<0.05. The odds ra ti os as so ci a ted with each ge no-
ty pe of ACE and the ir 95% con fi den ce in ter vals
we re de ter mi ned by using un con di ti o nal lo gis tic
reg res si on. Da ta are pre sen ted as me an ± SD. All
cal cu la ti ons we re per for med with the SPSS 15.0
sta tis ti cal pac ka ge (SPSS Inc, Chi ca go, IL, USA).

RE SULTS
In this study, mig ra i ne gro up con sis ted of 90 wo -
men and 11 men. Me an age in the pa ti ent gro up
was 33.40 ± 9.34 (min: 14, max: 53). In the con trol
gro up with 82 wo men and 19 men, me an age was
34.13 ± 8.45 (min: 15, max: 56). The re we re no sig-
ni fi cant dif fe ren ces bet we en the ca ses and con trols
for the me an age or gen der dis tri bu ti on, and this
sug ges ted that the matc hing ba sed on the se two va -
ri ab les was ade qu a te. Ge noty pes for over 90% of
the to tal ge no mic DNA samp les inc lu ded in the ca -
se and con trol gro ups we re ob ta i ned for the ACE
I/D poly morp hism. The al le le fre qu ency and ge no-
ty pe dis tri bu ti on of I/D poly morp hism in pa ti ents
and the con trols are pre sen ted in Tab le 1. The dis-
tri bu ti ons of the ACE I/D pro mo ter for mig ra i ne
pa ti ents and con trols did not de vi a te sig ni fi cantly
from Hardy-We in berg equ i lib ri um.

We did not ob ser ve any sig ni fi cant dif fe ren ce
in the al le le fre qu ency and ge noty pe dis tri bu ti on
of the I/D poly morp hism at ACE lo cus bet we en
pa ti ents and con trols (al le le: X2= 0.01, df= 1, p=
0.91, ge noty pe: X2= 5.05, df= 2, p= 0.08). The re was
no exis ten ce of a dif fe ren ce among the fre qu ency
and du ra ti on of he a dac he in each sub gro up of mi-

Group Genotype distributions (%) Allel frequency

D/D I/D I/I I D

Migraine (n-101)* 38 (37.6) 57(56.43) 1(0.99)) 0.34 0.66

Controls (n-101) 32(31.68) 68(67.32) 6 (5.94) 0.35 0.65

TABLE 1: Distribution of allele and genotype frequencies of the ACE I/D polymorphism in migraine patients and 
control groups.

*All migraineurs (MwA and MoA) are combined into one group. No significant differences were detected (Genotype: X2= 5.05, df= 2, p= 0.08; alleles: X2= 0.01, df=1, p= 0.91).
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g ra i ne pa ti ents stra ti fi ed by ACE ge noty pe. For the
DD ge noty pe, the re was no dif fe ren ce bet we en fe-
ma le and ma le in mig ra i ne pa ti ents. In 37.8% of
fe ma les and 36.4% of ma les we re de tec ted DD ge -
noty pe. 

DIS CUS SI ON
We did not ob ser ve any sig ni fi cant dif fe ren ce in
the al le le fre qu ency and the ge noty pe dis tri bu ti on
of the I/D poly morp hism at ACE lo cus bet we en the
pa ti ents and the con trols. We ha ve no da ta to cla -
rify this po int, however se ve ral aut hors we re po -
in ted out sig ni fi cant eth nic dif fe ren ces in the
fre qu ency of the I/D poly morp hism as well as the
as so ci a ted ACE ac ti vity. The al ter na ti on of ACE ac-
ti vity du e to the I/D poly morp hism wo uld re sult in
chan ged le vels of the ne u rot rans mit ters and vul ne -
ra bi lity to cra ni al vas cu lar ac ti vity. The se sta tes ap-
pe ar to be ana lo go us to tho se fo und du ring
mig ra i ne he a dac he or au ra. In ad di ti on, se ve ral
ACE in hi bi tors and an an gi o ten sin II re cep tor bloc -
ker we re de mons tra ted to ha ve a cli ni cally im por -
tant proph ylac tic ef fect in mig ra i ne. First, Ben der
re por ted that he suc cess fully used an ACE in hi bi -
tor for proph yla xis of mig ra i ne in a small gro up.
Then, one of the ACE in hi bi tor, li si nop ril, was de -
mons tra ted to ha ve a cli ni cally im por tant proph -
ylac tic ef fect in mig ra i ne in a ran do mi zed, pla ce bo
con trol led, cros so ver study.10 Mo re o ver, the an gi o -
ten sin II re cep tor bloc ker, can de sar tan, al so pro vi -
ded ef fec ti ve mig ra i ne proph yla xis in a rando mi zed
con trol led tri al.11 The se tri als sug ges ted that the
ren nin an gi o ten sin al dos te ro ne system must be
con cer ned at le ast in part in the pat ho ge ne sis of mi-
g ra i ne.

There are con tra dic tory re sults con cer ning the
as so ci a ti on bet we en ACE I/D poly morp hism and
mig ra i ne. In par ti cu lar, the ab sen ce of as so ci a ti ons
bet we en ACE poly morp hism and mig ra i ne re por -
ted in our stu di es are con sis tent with pre vi o us Tur -
kish stu di es.12

Ho we ver, ot her stu di es ha ve re por ted a sig ni -
fi cant as so ci a ti on bet we en ACE I/D poly morp hism
and mig ra i ne.3,13,14 This lack of rep li ca bi lity may be
related to po pu la ti on stra ti fi ca ti on, dis tinc ti ve en-
vi ron men tal and ge ne tic fac tors in dif fe rent po pu -

la ti ons and dif fe ren ces in di se a se de fi ni ti on cri te -
ri a bet we en stu di es. The ap pa rently conf lic ting re-
sults al so sug gest that the im pact of ACE ge ne
poly morp hism in mig ra i ne pa ti ents is li kely to be
inf lu en ced by the eth nic ori gin. The fre qu ency of
ACE ge ne poly morp hisms (I or D) dif fers among
va ri o us eth nic po pu la ti ons as shown in Tab le 2.15-18

If a D/D ge noty pe was a sig ni fi cant and in de pen -
dent risk fac tor for the prog res si on or de ve lop ment
of mig ra i ne, then mig ra i ne pa ti ents of an eth ni city
with a high pre va len ce of the D/D ge noty pe wo uld
be ex pec ted to ha ve a wor se prog no sis com pa red to
tho se of an eth ni city with a lo wer pre va len ce.

Cak mak et al. in an ear li er study re por ted the
fre qu ency of DD al le le was in cre a sed in ma le pa ti -
ents with mig ra i ne. Ho we ver, no sig ni fi cant as so -
ci a ti on was fo und bet we en ge noty pe and al le le
fre qu ency.12 In our study, DD ge noty pe fre qu ency
was fo und al most iden ti cal in fe ma le and ma le pa-
ti ents with mig ra i ne (37.8% vs 36.4%). Our re sults
are in ag re e ment with the Çak mak’s study in mig -
ra i ne pa ti ents, which sho wed that the in ser ti -
on/de le ti on poly morp hism in the ACE ge ne do es
not ma ke a sig ni fi cant con tri bu ti on to the pat ho -
ge ne sis and prog res si on of the di se a se.

We conc lu de that the D al le le and the D/D ge -
noty pe of ACE ge ne may not be a ge ne tic risk fac-
tor for mig ra i ne pa ti ents. In this study, le vels of
ACE cir cu la ting in con trols and sub jects with he a -
dac he we re not exa mi ned. Sin ce our da ta we re only
de sig ned to es ti ma te the fre qu ency of ACE ge noty -
pe, we ha ve no de fi ni te in for ma ti on on the eti o -
logy of dif fe ren ce bet we en MwA and Mo A. The re
se ems to be a pos sib le re la ti ons hip bet we en ACE

ACE polymorphism (%)

I/I I/D D/D

Switzerland16 25.0 46.0 29.0

South-Korea14 44.3 40.9 14.8

Israel15 10.2 50.9 38.9

Turkey11 13.7 38.3 48.0

Kuwait17 2.0 46.0 52.0

TABLE 2: Frequency of the angiotensin converting 
enzyme (ACE) polymorphism in the normal population 

in different countries.
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ac ti vity and pat ho ge ne sis of mig ra i ne in ot her stu -
di es.3,13,14 However, we did not find a sig ni fi cant re-
lation bet we en ACE ge ne I/D poly morp hism and
mig ra i ne in our study. 

We conc lu de that the in ser ti on/de le ti on poly-
morp hism at the ACE lo cus do es not ap pe ar to play
a ro le in the etiology and prog res si on of mig ra i ne.

The re sults of our study sug ges ted that the ACE-
DD ge ne poly morp hism co uld not ha ve an im por -
tant ro le in de ter mi ning mig ra i ne at tacks and the
fre qu ency of the se at tacks. Furt her eva lu a ti on in a
lar ger study po pu la ti on is re qu i red to exa mi ne the
re la ti ons hip bet we en ACE ge noty pe and he a dac he,
es pe ci ally on the bi o mo le cu lar le vel.
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