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Migraine associated enzymes and KEGG pathway analysis

HUANG Rui, ZHENG Heng"
(School of life science and technology ,China Pharmaceutical University, Nanjing 210009, China)

Abstract; We collected genes encoding enzymes associated with migraine susceptibility, and did KEGG pathway
analysis, to serve for migraine drug designing and genetic studying. First, we searched Pubmed using keywords
“gene name” AND migraine to collect target genes from original literatures, then we used an online tool called
DAVID for KEGG pathway analysis. Thirty-one genes were finally collected. Seven pathway lists were taken into
analysis ; Tryptophan metabolism, Tyrosine metabolism, Arginine and proline metabolism, One carbon pool by
folate, Drug metabolism, Metabolism of xenobiotics by cytochrome P450, Renin-angiotensin system. Six genes
(DDC, DBH, MTHFD1, TYMS, GSTM, REN) were claimed for further polymorphism research through our
analysis. One drug Citalopram revealed a rosy prospect in migraine treatment as a high selective serotonin reuptake
inhibitor. We also concluded that CYP450 and MAOA played important roles in migraine pathophysiology and
treatment. Through pathway analysis of disease associated genes/enzymes,we claimed that it can help to understand
the molecular basis of diseases and provide potential targets for drug development.
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FEAY LI ( Familial hemiplegic migraine, FHM) ,
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Table 1 Lists of migraine genes encoding enzymes

it 3 P fitz 43 7% 5 (EC) KEGG
ACE! Peptidyl-dipeptidase A 3.4.15.1 hsa: 1636
ATP1A2'¢] Sodium/ potassium-exchanging ATPase 3.6.3.9 hsa:477
comr!?! Catechol O-methyltransferase 2.1.1.6 hsa:1312
CYP1A2!8] Unspecific monooxygenase 1.14.14.1 hsa: 1544
1,8-cineole 2-exo-monooxygenase 1.14.13.157
—— Alb(?n(-iazole monooxygenase 1.14.13.32 hea 1576
Quinine 3-monooxygenase 1.14.13.67
Taurochenodeoxycholate 6-alpha-hydroxylase 1.14.13.97
C100rf2[1"] DNA helicase 3.6.4.12 hsa ;56652
DBH!' Dopamine beta-monooxygenase 1.14.17.1 hsa:1621
ppci?) Aromatic-L-amino-acid decarboxylase 4.1.1.28 hsa: 1644
F2013] Thrombin 3.4.21.5 hsa ;2147
GSTM1[14] Glutathione transferase 2.5.1.18 hsa ;2944
INSR!'3 Receptor protein-tyrosine kinase 2.7.10.1 hsa:3643
MAOQA!®] Monoamine oxidase 1.4.3.4 hsa ;4128
MEP1A[!7] Meprin A 3.4.24.18 hsa:4224
MMPp2L18] Gelatinase A 3.4.24.24 hsa ;4313
MMPp3[1] Stromelysin 1 3.4.24.17 hsa:4314
MMP9[20! Gelatinase B 3.4.24.35 hsa ;4318
Methylenetetrahydrofolate dehydrogenase ( NADP( +) ) 1.5.1.5
MTHFD1 2! Methenyltetrahydrofolate cyclohydrolase 3.5.4.9 hsa:4522
Formate-tetrahydrofolate ligase 6.3.4.3
MTHFR!? Methylenetetrahydrofolate reductase (NAD(P)H) 1.5.1.20 hsa ;4524
MTRR %! [ Methionine synthase ] reductase 1.16.1.8 hsa ;4552
NOS2!?*) (inducible) hsa:4843
NOS1t%) (neuronal ) Nitric-oxide synthase (NADPH dependent) 1.14.13.39 hsa ;4842
NO0S3'2%) (endothelial cell) hsa ;4846
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3-beta-hydroxysteroid-4-alpha-
NSDHL'?"] 1.1.1.170 hsa ;50814
carboxylate 3-dehydrogenase ( decarboxylating)
POLG 2! DNA-directed DNA polymerase 2.7.7.7 hsa ;5428
PTGS2!>! Prostaglandin-endoperoxide synthase 1.14.99.1 hsa:5743
REN[*! Renin 3.4.23.15 hsa ;5972
THY Tyrosine 3-monooxygenase 1.14.16.2 hsa ;7054
TPH1:%2 a:
Tryptophan 5-monooxygenase 1.14.16.4 hsa: 7166
TPH2'!
hsa ;121278
TREX1[3 Exodeoxyribonuclease TIT 3.1.11.2 hsa; 11277
TYMS ! Thymidylate synthase 2.1.1.45 hsa ;7298

2 KEGG i g Hr

KEGG i P — B & L P 20 A5 B AT e A
BB A 2 PATHWAY J04E T 4 58
AR RO SO R 2 N T A
2.1 DAVID 5#iTH

DAVID (the Database for Annotation, Visualization
and Integrated Discovery ) f&— 1> 4 T % 458 15 0] (1) 1)
BEIERE R G, Mk http : //david. abce. nciferf. gov/
FIH DAVID T.E43H1 KEGG pathway A DL W UL
) P 0 4 3 | b e PRDX 7 ) A P B RE LG
BT R — B A G BE R ID, WU AT AR 4E P-
VALUE(P<0.05 ) {E 8 € 52 (1) PATHWAY K47
AT, A BT TR Y 1 B IR R 2
TR S S H R AL
2.2 DAVID #{Eit 72

ARSCERXF 31 4> i Sk R AH 5C Gt %) il ik X, kAT
KEGG B34, B AT

STEP1 . 3 A R4l http : //david. abce. nciferf. gov/
summary.jsp;

STEP2; Uploade HE 42 H1 4l Il £ 4] 1D, 31 14>, 1

Sublist

N7

STEP3; 7E “ Select Identifier” F i1 #E H % £
“ENTREZ_GENE_ID” ;

STEP4 ; £ “list type” I 5.5 “ Gene List”

STEPS ; i i submit list” ;

STEP6; List HE4LH 1« USE” A1 W #4542 41 7 i
45 B, 16 “ Pathways 7 T $i HE p i i “ KEGG _
PATHWAY_Chart” TP B% 4251 3¢,

3 PR K

A DAVID 7EZE 4347 THXF 31 A k95 AH
WL Y KEGG B A2t AT 704,13 26 1D R o
TESE e rp 5 RAG 5 18 DEERE R 2 TE 7 AR B8 1S b
(WL 1) B2 R A1 B ( Tryptophan metabolism) |
i S R A i 8 1 ( Tyrosine metabolism ) | A 22 2 A1 i
SR X 1 ( Arginine and proline metabolism ) | I
fiR — e PR AV 7 BA AR 1 38 % ( One carbon pool by
folate ) . Zj¥ i 18 % ( Drug metabolism ) | #} R4 it
M3 2E P450 1] 2% ( Metabolism of xenobiotics
by cytochrome P450) . B % Ifil 8 & 5k 2 10} 18 %

( Renin-angiotensin system ) ,

KEGG_PATHWAY T han m lism

KEGG_PATHWAY 1% ine m i
KEGG_PATHWAY Arginine and proline metabolism
KEGG_PATHWAY n | |

KEGG_PATHWAY Drug metabolism

KEGG_PATHWAY M lism ioti h P4

O0Oo0O0OoOO

KEGG_PATHWAY Renin-angiotensin system

ene i % i P-Value ‘ Benjamini
RT w5 16.1 3.7E-5 1.56-3
RT mmmm 5 16.1 5.4E-5 1.1E-3
RT 4 12.9  2.1E-3 2.9E-2
RT 3 9.7  2.7E-3 2.8E-2
RT 4 12.9 3.36-3 2.76-2
RT m 3 9.7  3.5E-2 2.2E-1
RT = 2 6.5  8.0E-2 4.0E-1

1 {R3LJEHEXEE KEGG pathway B12513%
Fig.1 KEGG pathway lists of migraine related enzyme genes
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Yty 7 2 D Sk TR IR 282 R B0 i S A Tl 40 1) 551
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Table 2 List of seven KEGG pathways and relative genes

PR [SEne 4|

Tryptophan metabolism CYP1A2 . DDC MAOA \TPHI ,TPH2
COMT .DDC .DBH \MAOA \TH
MAOA \NOS1,NOS2 ,NOS3

MTHFR \MTHFD1 \TYMS
CYP1A2 CYPIA3 GSTM1 ,MAOA

Tyrosine metabolism
Arginine and proline metabolism
One carbon pool by folate
Drug metabolism
Metabolism of xenobiotics
by cytochrome P450

Renin-angiotensin system
3.1 BEEBAEER
CRERAENAREE T 5 A HREER WG
S v B H Y A O IV R Y AR ORI B AR

TPH(L14.164) DDC(4.1128)
_ _

CYP1A2 CYP3A4 GSTM1

ACE REN

tryptophan 5-hydroxy-L-tryptophan

_ MAOA(1434) ,
serotonin ——————5-hydroxyindole-acetaldehyde ,

A5 FRF2 AL ( tryptophan hydroxylase , TPH ) J&
I35 R A B BR # g, (245 TPH1 FI TPH2 1 Fl 55
R, 435l 11 S YA 12 5 5 Rk gmis | 3L
FEH—8tEl 71% , TPH1 T8 87570 W 5520,
iz LA Uz Jik B A SR A DA B R e 22 2R

Dopamine

alkaloid

Wasa]

HL—DOPA 411325 ; [.-Noradrenaline
: AT
[} 1.1.28 ) .m

Isoquinoline

biosynthesis

451 TPH2 WAL AE R 2 4 rh 263k, H TPH2 £E
AR 28 3R G P i Rk 4 L TPHI K, B4R TPH 1
LA 2 8GR b A AR E B A8 T LI TE R K
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R R IR SR IR 25, AT R Y i R R O Sk 9 1) I3 3R
KPS R 5~ e 2 AR I IR EL AR T B 1 v
R E B K, A #F5E s TPHI
(1s1800532) 2 25 1 5% e P4 1K 3 2% ( citalopram ) £}
AN VIR 22 S IR T I I ERRE 19 254, 7E I Sk
SRR A DR

Z M W R B ( dopa decarboxylase, DDC ) 4 fb
5P 0 TR AR HE ML T 2R () ) 7 1 2 A a8
e e 2 LA I W, P2 6T DDC 238
PE 5 03k 0 56 & B9 AF 98 KBk, A Corominas R
A5 1 BT 21 ( DDCrs2329340A—1s 11974297C —
1s2044859T-1511761683G ) 5 MA 45 5CHk

H A AL EE A (monoamine oxidase A, MAOA)Z:
ML 2R AR (5 MR AR R —5%) |, BIDRE 592
i [l 5 - R B | Dk 2 1%, 2 A PR AE 5T R
MAOA-u VNTR 512 M4k ( chronic migraine ,CM)
PR TGS JEVE M Sk 9 ( migraine without aura, MO) £
U I B 5 iE 2 2500, A4« sumatriptan |
rizatriptan .almotriptan .zolmitriptan 25" |
3.2 BREERAIGHE B
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Fig.2 Part of Tyrosine metabolism pathway ( stars highly concentrated region)
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Table 3 Target genes and corresponding frequency of

Tyrosine metabolism pathway

EC it 44 ik KIBRIERA RS
4.1.1.28  ZEES5 A R A BRI G DDC 1
2.1.1.6  JLASER AL AR AL 1l COMT 6
1.14.17.1 Z U B PR 4G DBH 1
1.4.3.4 Y S AL il MAOA 6

22 L B B A A 2 2 e 22 L ME — 19 R i
2, A AR A B2 DDC, 1F QN7 {5 28 i %
$2%| DDC W LAVE R T 22l 72 ik 60 2 R A M &
DL R AEA A e o 2 e A L L e . DDC H 7pl12.2 &
(K gty | H AT B = 41 % DDC 22 25 PR Fivi Sk ¢ &

L-Argino o
succinate Guanidino—
acetate

A lanine,aspartate and
glutamate metabolism

— Fumarate
o_ ——

O 2731 $—| 2112

FIBIESE , AN A 25 2 F 3 2 B, —FPIB Y7 i LR Y
254, W1 LAFIAE O Sk 9 1R F05

Z B B 2 1L M ( dopamine beta-hydroxylase,
DBH) H1 9q34 JE[H gmtd , #1220 U R A pig 25 B
IRE, ZAPEPFSE B DBH19bp ( -4784 ~ —4803)
JHAFNEL S - 1021C>T (rs1611115) 22 254 Ak
A 0 288 S 3% DBH K IR, 3 R 22 M e/
EHE ERRR BRI Ao 2 R G020, i 51
KAmLIa ., HETEN G £ B R G K B ST 259
YEFA S 22 . Z U Z R (DRD1/2) B IR
ZAR (BB FIRRZAR) &5 R 25 WA 2 Ff g
AW S ECTAE 43 i) F T S O B TR R T
R AT & LL DBH SHE s i 259, sl& DLl 2 B
e/ B 1 B LA 25 B 2590
3.3 EEEBESERNREHERE

ZIEMEE T 3 R ARG, Mg —
AL A A BE(nNOS, B NOS1) , 4345 T 25 5T 41 i
W 12 SR g e s T A — AL A A
it} (iNOS, 5 NOS2) | N J& 8 — 48 fb. & & T (eNOS,
o NOS3) , 45k 12 %5 17 5 |7 S Y iR g,
WE 3 Jros , —4 A0 R G Bl A 2 A 2 R R
NO, NO FER—F Rk 1 A bf 2838 5 98 75 v Al Je%
SAERE , FIRA EF 5K A W VE T, 35 5 RIE R,
AEEEEME NOS TR T3697 20t Sk I8 A &7 7K
ML B EIE BT AT % DL nNOS 356 85 1 410 441 5] mT
PLRYT ST 0 I A e Sk e s

259510}
o 35210
Guanidino— .
acetate Creatine Creatine—P
2732 ]—"O—g )Onlune()uﬁ_’ Creatinine
Sr Jous
[2141] [3533] Urea 3541][35421

Urea Cycle V o N—.Car'hamnyl—

N-Acety] Sarcosine Se—{3515} —o%—{z521a} S\ Methy
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33L16 QT e i ] ) ] ] *
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= Ornmetabolisry o o o S Yy J
. LP Excretion D—-Nopaline  D-Octopine L=Aroinine— anglr&le
35114 Omithine rea— 5 P [11413%] @@
o -1 »O———— —carboxylat,
3.5.1.16] O o CO, O
Nitric oxide

6.1.11 2.3.1.35] L 13515
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Fig.3 Arginine and proline metabolism ( part of pathway of NO synthesis and metabolism)
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PR A 5 R B12 A ¢, [ S s
MTHFR C677T 4l + 5 F M2 1R = KA 6,

3.4

It 2R (HCY ) 7K T i 51 & i =k A 1) 9 24 356 itk mT
fEJE « B1 HCY 7KF-52 Ml P R i im 48771 WL R,
S50t AT P T BB, DT Jed 38 e I I 3 1 1 SR
JoT, AN 2 L PR SC IR ( CGRP) (P W (SP) 4%,
XLy I fif 7 B KN 5K, AT 5 e Sk 0, T
AAEPEIR
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JIi 8 (EC 1.5.1.5;EC 1.5.1.15) ;5, 103V I KL PO &0H-R
MUK (EC 3.5.4.9) ;10— BEPU SR 5 B ( EC
6.3.4.3), VA I 3 FEEARAE IRk SO AE PR
L HEVERT, Pubmed & MTDFD1 22254 53k ¢
AT S RA —FS ,Agustin Oterino Ll TR Y 4k L

27K MTHFD1 R653Q £ 251 50 MTHFR T677 13
ik AwSkdrs S RRAGHE e R CSA G, T i 70
BT St 7R MTHFD S i ke S AF G REEE LA v S B -
FRARIAAFERA , if LA 56T MTHFD1 274515 3k 9
IRIFFE A REEIN

211148
21210
olate Laled ]
.
| Folate — IM‘ 5-Formyl-THF
I 25
| 2123
: 21232
| 5,10-Methylene—=THF
_ d “ e
I : $6343] G eoe—
7,8=Dihydrofolate /YY 10— Form - THF
5,6}7,8=Tetrahydrofolate ¥ 5,10 Methenyl THF
¥
E 1316 [4314] .m
2129
{21223}
2124 5-Methyl-THF &
L 5- formlmmo THF
21 1.13 |
2.1.1.19

4 MER—mRAHER

Fig.4 One carbon
TYMS K 2t g 2 & BB (EC 2.1.1.45)

A5, 1037 FF 2 U S M- 155 0 4l B DR, A SR
HIR T B, A= B IR , 2 5 DNA Sl Fi
5, MR A BB O AT 2y L R 2 — e
TUIRNRIEIE |5 S0 2 Ji S0 PR LR M IR IS AL f)
AAEFHIBLA . G TYMS Z350E 5 0 Sk i B 55 i
/b, Agustin Oterino 25" Bff 57 & /R 1% 2 K 3 1 Hf
AP 5 2245 5 MTHER T677 BV I T4 5
itk 98 S5 T XL
3.5 ZYHEHER

firs Sk Jr AH GG KEGG T8 #% 20 T 31 9 A 251K

pool by folate pathway
i 5 CYP450 MAOA £ &, 25915 ) KA SR T I
7 4, Citalopram B PUERE: =2 72367 i Sk 98 o o H
ANK ABNE R S B 1Y) SSRIs, HA B KAH AT A=
Wyl LAy O Sk g BT 2 PSSR B2 % . Sk R
e PR 2 AN U W) S8 R A R JE 3 g il aod
SR 25 AR 0 i Sk AOTRYTRSOR o i Sk e
BAMACIRYT P B MR AL TR R 5L | IF i
TP BN,

x4 BYRGBEERBTIHHEYER

Table 4 Nine drugs in

Drug metabolism pathway

P53 24 AR SCEEIE N (EC) 7 FH B
1 Tamoxifen!*?! CYP3A4 (1.14.13.—) TEBEME MENCERE SZ IR R BT 2ot i S SRR H 2R SR
Cyclophosphamide o
CYP3A4 (1.14.13.—)GSTM1 (2.5.1.18) Y1 B B e 24, A8 FH - S 0 R TP KR TR R
& Hosfamide!+
3 Citalopram!*/ CYP3A4 (1.14.13.—) MAOA (1.4.3.4)  Hifp a8tk SSRIs ™ | IAY7 51 EEAAR , 76 hi SR AT ot iz
4 Codeine& Morphine CYP3A4 (1.14.13.—) SR SR 24, 45 & oAb 24 ) i
5 Methadone 6 CYP3A4 (1.14.13.—) B - 3Z A4S s 70, 2t A Sk o B0 25
6 Lidocaine *”) CYP1A2 (1.14.1.1) CYP3A4 (1.14.13.—) SR Sk IR R 2 BUO 25
7 Felbamate!**! CYP3A4 (1.14.13.—) HIHUERIN 245 , AT e FH e =k 98 79 B
Carbamazepine .
8 CYP3A4 (1.14.13.—) = S A T B 24
& Oxcarbazepine *!
94 Valproic acid*! CYP2C9 CYP2B6 CYP2A6 BURIR 24 , M I8 T B FH 24

T SSRIs * ;LR I 775 3 BRI ;9 2 2 55 O /2540 D I R 1 £ e 1 G 2 R AR R AR BE DI

Notes:SSRIs * ; selective serotonin reuptake inhibitors 92 . Gene related to Valproic

acid metabolism was not concluded in our target gene lists.



224 £ #H A

& % %12 A&

3.6 SMNEMIRAEEER P450 FIGHE B

BWEH IKEERSE 1( GSTML) S AR P A= Ak B
ARG — AN P22 i 3= 2
FARYE, Kusumi M ZMEWF5T 2 GSTML 464 1
BRZ TS MO A K, BBk Z REEA T T AHRE
(population-based ) FJHF5Y . i =k I3 (1) A ALl 55 R 52
PRIZA G, DA 0 BRIR DORHSE T AN [ i AR
BRI AR EE | J PR T e A R o MR BT A O
LRI 22380 56, i) DL AR GE I Ot S 0 F8 il B 3R
G LR SR A B TSR Ry T RIS
3.7 BRENERKRERGER

W I B 2 178 5 5K K & B¢ (renin-angiotensin

system,RAS)Lﬁ{ﬁ%ﬁ%Iﬂj‘ﬁ?‘é[m Il RS H
PREEA : ACE .REN(ILIE 5) , Herh L ACE S #E i 2459)
A 1 /8 5 5K 2R B 1 77 (angiotensin-converting enzyme
inhibitors, ACEIs ) I IfiL 4 %% 5K & 11 3% A B s 571
(angiotensin II receptor blockers, ARBs ) , 1 i FH i sk
TRITBTRTT . BRI — R AW F K e, 1
PRI A8 B ok R IR A 4 Bk R L & RAS RS —
GOFARHGERE, HR BT 1 SY AR REN HP
Zfith , H Hir Bl = 12 DR 22 25 5 O K 19 IR IS

inactive peptide

(LCE

Angiotensin(1-9) [ yvE
&

O Angiotensin(1-5)

WACE

»[ MAS1]

ACE2
CTSA
[cPa3 |

THOFP1
NLN

/llAngiutensin( 1-7) i
\
|

Vasodilatation
> g antiproliferative

AGT >
@ Angiotensin [ SN Angiotensin [l
| by ENPEP
R

Kallikrein—kinin system
Il
vV

Complement and

oagulationcascades

Angiotensin Il

| apoptosis
)
,//_,y AGTRZ| ~
\—\‘\b Vasoconstriction
AGTRL| ——# sympathetic activation,
d roliferation, hypertrophy
P proliteration, hypertrophy
///
¥ .-

¥ .
Angiotensin [V'O —————— | INPEP — — [carning and memory,

E 5

bloodflow, natriuresis

BRI E KRR GHE B

Fig.5 Renin-angiotensin system pathway

%

4 5

AR SO I SRR 48 F A5 3 Ot Sk 9 AH G i
ML 31 A4, I KEGG @ BB Wi 7 5 Hbs
W, A E 6 AN Z A PEWFSHN T . DDC, DBH
MTHFD1  TYMS .GSTM .REN, L) | 6 /™ 3E K A5 £
Tt D S T A DG A B vh o A S A AT X
X PRI AT KPR AR SE R Z A RO A7 B F T
i S 88 1o FRAEA, , 5 A O Sk T BB TR T SR 2
% o AZBIEGER I 3 A O Sk S A OGP 53 A R AR )
A, KB T 4 T ARG 8 2 i 25 5 L, an hvs
Tk 2 R 25 WA 5T B3R, F & 5 2 6 Sk iR 97
() SSRIs, WeAh, B fHe 48 A0 Bl A 40 A 5 3R P450 X fi
SKIR 25 1 R0 A VR M5 S TR R AR A A R
YEH,

31 BARFEE P 13 43 AT o 4 3

B rp, ax s gk ] . ATP1A2, C10orf2 , F2, INSR |
MEP1A . MMP3, NSDHL, TREX1, MMP2, MMP9
MTRR ,POLG .PTGS2, J& A j& DAVID 4 #1 T H 4
Mt RARMERA 6 e A H PR BE B, B AR b, % i Sk
IR AE Gt L R A 738 8 o A 45 RAR SR A S B i,
Xof At 35 A5 gt AT AR A AT

2% ik ( References)

[1] LIMSS, VOS T, FLAXMAN A D, et al. Disability-
adjusted life years (DALYs) for 291 diseases and injuries
in 21 regions, 1990-2010; A systematic analysis for the
global burden of disease study 2010[ J]. The Lancet ,
2012, 380 2197-2223.

PRI ST i S B A R A TR A P [ ] R
BE2£ 2009, 38(4) ; 484-486.

LU Huayan, ZHOU Jiying. The genetic epidemiology
research of migraine[ J].Chongqing Medicine, 2009, 38



%3 4 %

% % A kR An £ #de KEGG 88 o #1

225

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(4) . 484-486.
T T A SRR 2 T0 R~ IR B i Sk R 5328 B a2 Wb
HELD] BRI 245, 2005, 28(4) : 1-3.

YU Shengyuan. The latest classification and diagnostic
criteria of migraine[ J]. J Postgrad Med, 2005, 28(4) .
1-3.

SHARMA N, MISHRA D. International classification of
headache disorders, 3rdedition; what the pediatrician
needs to know [ J]. Indian Pediatr,2014, 51(2) . 123-
124.

SCHURKS M, RIST P M, KURTH T. MTHFR 677C>T
and ACE D/I polymorphisms in migraine; a systematic
review and meta-analysis[ J]. Headache, 2010,50(4) .
588-599.

GRITZ S M, RADCLIFFE R A. Genetic effects of ATP1A2
in familial hemiplegic migraine type II and animal models
[J]. Hum Genomics, 2013,7: 1-8.

CEVOLI S, MOCHI M, SCAPOLI C, et al. A genetic as-
sociation study of dopamine metabolism-related genes and
chronic headache with drug abuse[ J]. European Journal
of Neurology, 2006, 13(9) . 1009-1013.

GENTILE G, BORRO M,LALA N, et al. Genetic poly-
morphisms related to efficacy and overuse of triptans in
chronic migraine[ J]. J Headache Pain, 2010, 11(5):
431-435.

STERNIERI E, COCCIA C P, PINETTI D, et al. Phar-
macokinetics and interactions of headache medications,
part IT; prophylactic treatments [ J]. Expert Opin Drug
Metab Toxicol, 2006, 2(6) : 981-1007.

BIANCHIN M M, LONDERO R G, LIMA J E, et al.
Migraine and epilepsy: a focus on overlapping clinical ,
pathophysiological, molecular, and therapeutic aspects
[ J]. Curr Pain Headache Rep, 2010, 14(4) : 276-283.
FERNANDEZ F, LEA R A, COLSON N J,

Association between a 19 bp deletion polymorphism at the

et al.

dopamine beta-hydroxylase ( DBH) locus and migraine
with aura[ J]. J Neurol Sci, 2006, 251(1-2) ; 118-123.
COROMINAS R, SOBRIDO M J, RIBASES M, et al.
Association study of the serotoninergic system in migraine
in the Spanish population [ J]. Am J Med Genet B
Neuropsychiatr Genet, 2010, 153B(1) . 177-184.
FERRARA M, CAPOZZI L, BERTOCCO F, et al.
Thrombophilic gene mutations in children with migraine
[J]. Hematology, 2012, 17(2): 115-117.

KUSUMI M, ISHIZAKI K, KOWA H, et al. Glutathione
S-transferase polymorphisms: susceptibility to migraine
without aura[ J]. Eur Neurol, 2003, 49(4) . 218-222.
NETZER C, FREUDENBERG J, HEINZE A,
Replication study of the insulin receptor gene in migraine
with aura[ J], Genomics, 2008, 91(6) : 503-507.
ISHII M, SHIMIZU S, SAKAIRI Y, et al. MAOA,

et al.

(17]

[21]

[24]

[27]

MTHFR, and TNF-Bgenes polymorphisms and personality
traits in the pathogenesis of migraine[ J]. Mol Cell Bio-
chem, 2012, 363(1-2) . 357-366.

NORBERG A, FORSGREN L, HOLMBERG D, et al.
Exclusion of the juvenile myoclonic epilepsy gene EFHC1
as the cause of migraine on chromosome 6, but associa-
tion to two rare polymorphisms in MEP1A and RHAG
[J]. Neurosci Lett, 2006, 396(2) : 137-142.
GONCALVES F M, MARTINS-OLIVEIRA A, LACCHI-
NI R, et al. Matrix metalloproteinase ( MMP ) -2 gene pol-
ymorphisms affect circulating MMP-2 levels in patients
with migraine with aura [ J]. Gene, 2013, 512(1) . 35—
40.

KARA I, OZKOK E, AYDIN M, et al. Combined effects
of ACE and MMP-3 polymorphisms on
development [ J]. Cephalalgia, 2007, 27(3) ; 235-243.
MARTINS O A, GONCALVES F M, SPECIALL J G, et

migraine

al. Specific matrix metalloproteinase 9 ( MMP-9 )
haplotype affect the circulating MMP-9 levels in women
with migraine [J]. J Neuroimmunol, 2012, 252(1-2) .
89-94.

OTERINO A, VALLE N, PASCUAL J, et al. Thymidy-
late synthase promoter tandem repeat and MTHFDI1
R653Q polymorphisms modulate the risk for migraine con-
ferred by the MTHFR T677 allele [ J]. Brain Res Mol
Brain Res, 2005, 139(1): 163-168.

AN Xingkai, LU Congxia, Ma Qilin, et al. Association of
MTHFR C677T polymorphism with susceptibility to
migraine in the Chinese population [ J]. Neurosci Lett,
2013, 549. 78-81.

MENON S, LEA R A, ROY B, et al. Genotypes of the
MTHFR C677T and MTRR A66G genes act independently
to reduce migraine disability in response to vitamin
supplementation[ J |. Pharmacogenet Genomics, 2012, 22
(10) : 741-749.

JIAS, NI J, CHEN S,
pentanucleotide repeat polymorphism in NOS2 promoter

et al. Association of the
region with susceptibility to migraine in a Chinese
population [ J]. DNA Cell Biol, 2011, 30(2): 117-
122.

BHATT D K, GUPTA S, JANSEN-OLESEN I, et al.
NXN-188, a selective nNOS inhibitor and a 5S-HT1B/1D
receptor agonist, inhibits CGRP release in preclinical
migraine models [ J]. Cephalalgia, 2013, 33(2). 87-
100.

GONCALVES F M, MARTINS-OLIVEIRA A, SPECIALI
J G, et al. Endothelial nitric oxide synthase haplotypes
associated with aura in patients with migraine [ J]. DNA
Cell Biol, 2011, 30(6) : 363-369.

MAHER B H, KERR M, COX H C, et al. Confirmation
that Xq27 and X28 are susceptibility loci for migraine in



226

£ #H A

e %12 A&

[28

[

(29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

independent pedigrees and a case-control cohort [ J].
Neurogenetics, 2012, 13(1): 97-101.

BIANCHIN M M, LONDERO R G, LIMA J E, et al.
Migraine and epilepsy: a focus on overlapping clinical,
pathophysiological, molecular, and therapeutic aspects
[J]. Curr Pain Headache Rep, 2010, 14(4) . 276-283.
DASDEMIR S, CETINKAYA Y, GENCER M, et al.
Cox—2 gene variants in migraine [ J]. Gene, 2013, 518
(2):292-295.

SCHURKS M, ZEE R Y, BURING J E, et al. Polymor-
phisms in the renin-angiotensin system and migraine in
women [ J]. Headache, 2009, 49(2) . 292-299.
KAGAN R, KAINZ V, BURSTEIN R, et al. Hypotha-
lamic and basal ganglia projections to the posterior thala-
mus: Possible role in modulation of migraine headache
and photophobia [ J]. Neuroscience, 2013, 248C; 359-
368.

ESTEVEZ M, ESTEVEZ A O, COWIE R H, et al. The
voltage-gated calcium channel UNC-2 is involved in
stress-mediated regulation of tryptophan hydroxylase [ J].
J Neurochem, 2004, 88(1) . 102-113.

JUNG A,HUGE A, KUHLENBAUMER G, et al. Genetic
TPH2 variants and the susceptibility for migraine:
association of a TPH2 haplotype with migraine without
aura [ J]. J Neural Transm, 2010, 117 (11). 1253 -
1260.

STAM A H, VAN DEN MAAGDENBERG A M, HAAN
J, et al. Genetics of migraine; an update with special
attention to genetic comorbidity [ J]. Curr Opin Neurol,
2008, 21(3) . 288-293.

OTERINO A, VALLE N, PASCUAL J, et al. Thymidy-
late synthase promoter tandem repeat and MTHFDI1
R653Q polymorphisms modulate the risk for migraine con-
ferred by the MTHFR T677 allele [ J]. Brain Res Mol
Brain Res, 2005, 139(1) . 163-168.

OBERHARDT F, FOX A W. Oral sumatriptan and al-
motriptan-delimiting the MAOI effect [ J]. Headache,
2012, 52(5) . 765-1772.

GENTILE G, BORRO M, LALA N, et al.Genetic poly-
morphisms related to efficacy and overuse of triptans in
chronic migraine [ J]. J Headache Pain, 2010, 11(5):
431-435.

HAM B J, LEE B C, PAIK J W, et al. Association
the A218C

polymorphism and citalopram antidepressant response in a

between tryptophan  hydroxylase-1 gene

Korean population [ J]. Prog Neuropsychopharmacol Biol

[40]

[41]

[44]

[49]

[51]

Psychiatry , 2007, 31(1) . 104-107.

COROMINAS R, SOBRIDO M J, RIBASES M, et al.
Association study of the serotoninergic system in migraine
in the Spanish population [ J]. Am J Med Genet B
Neuropsychiatr Genet, 2010,153B( 1) ; 177-184.
GHOSH J, PRADHAN S, MITTAL B. Identification of a
novel ANKK1 and other dopaminergic (DRD2 and DBH)
gene variants in migraine susceptibility [ J]. Neuromolec-
ular Med, 2013, 15(1): 61-73.

BARBANTI P, AURILIA C, EGEO G, et al. Future
trends in drugs for migraine prophylaxis [J]. Neurol Sci,
2012, 33(Suppl 1) : S137-S140 .

MAGGIONI F, PALMIERI A, TROPEA M, et al.
Influence of physiologic hormonal modification and of
hormonal treatment in a patient with a history of migraine
with aura [ J]. J Headache Pain, 2008, 9(2): 129-131.
ORR S L, DOS SANTOS M P, JURENCAK R, et al.
Central nervous system venulitis presenting as migraine
[J]. Headache, 2014,54(3) .541-544.

SPACCAPELO L, LESCHIUTTA S, AUREA C, et al.
Topiramate-associated acute glaucoma in a migraine pa-
tient receiving concomitant citalopram therapy: a case-re-
port [ J]. Cases J, 2009, 2(1) . 87.

WORTHINGTON I, PRINGSHEIM T, GAWEL M J, et
al. Canadian headache society guideline: Acute drug ther-
apy for migraine headache [ J]. Can J Neurol Sci, 2013,
40(5 Suppl 3) : S1-S80.

TRAFTON J A, RAMANI A. Methadone : A new old drug
with promises and pitfalls. [ J] Curr Pain Headache Rep,
2009, 13(1): 24-30.

GILMORE B, MICHAEL M. Treatment of acute migraine
headache [ J]. Fam Physician, 2011, 83(3): 271-280.
BIALER M. Chemical properties of antiepileptic drugs
(AEDs) [J]. Adv Drug Deliv Rev, 2012, 64 (10) ;.
887-895.

STRUPP M, DIETERICH M, BRANDT T. The treatment
and natural course of peripheral and central vertigo [ J].
Dtsch Arztebl Int, 2013, 110(29-30) ; 505-515.
LINDE M, MULLENERS W M, CHRONICLE E P, et
al. Valproate ( valproic acid or sodium valproate or a
combination of the two) for the prophylaxis of episodic
migraine in adults [ CD]. Cochrane Database Syst Rev,
2013, 6: CD0O10611.

NANDHA R, SINGH H. Renin angiotensin system: A
novel target for migraine prophylaxis [J]. Indian J Phar-
macol, 2012, 44(2) . 157-160.



