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TOM TAT

Di truyén la yéu té dong vai tro quan trong nhat gOp phan tao ra sy khéc biét trong dap g thudc
cé nhan. Pa dang di truyén cac gen dugc hoc cé thé dan dén két qua diéu tri khdng mong mudn hoic
tham chi gap phai cac phan @mg c6 hai cua thude. Cac gen duoc hoc ma hoa cho céc protein thuge 3
nhém chire ning chinh: enzyme chuyén héa thude, protein van chuyén thudc va cac thu thé 1a dich
tac dung cua thudc. Cac bién thé di truyén ciia cac gen ma hoa cho cac enzyme chuyén héa thudc pha
I (CYP450), pha Il (GSTs, UGT, TPMT) va céc protein van chuyén (ABC, SLCO) da duogc nghién cuu
rong rai o nhiéu quan thé ngudi, phan I6n cac bién thé & dang SNPs. Ngoai ra, anh huong cua mot s6
bién thé pho bién dén dap ung thudc ciing da duoc 1am rd. Mit khac, thdng tin vé céc bién thé thudc
nhom gen ma hoa cho cac thy thé 1a dich tac dung cua thudc ciing nhu anh huong sinh ly caa cac bién
thé nay van con rat han ché. Trong nhitng nam gan day, su phét trién cua cong nghé giai trinh tu gen
thé hé méi cung véi cac cong cu tin sinh hoc di thuc day manh me linh vuc nghién ctu di truyén
dugc hoc vai kha nang phat hién céac bién thé moi va hiém. Dit liéu vé bién thé di truyén cia cac gen
dugc hoc 1a nhitng théng tin quy bau trong viéc xac dinh kiéu hinh chuyén héa thudc, tao tién dé
trong t6i wu lidu thude va dan tién toi nén 'y hoc cé thé héa trong tuong lai.

Tir khoa: Bién thé, di truyén duoc hoc, gen duroc hoc, gidi trinh tu gen thé h¢ méi, phan iing c6 hai
cua thuac, y hoc ca thé.

hoi ung dung Di truyén duoc hoc 1am sang
(Clinical Pharmacogenetics Implementation
Consortium-CPIC) di cung cp cac thong tin vé
viéc xét nghiém di truyén co thé duoc sir dung
trong téi uru hoa phac do sir dung thude. DI Vo
mot vai cap gen-thude, CPIC ciing da dua ra
nhitng chi dan vé liéu dung cu thé. Ngay nay, vai
trd caa di truyén dugc hoc lién quan dén chuyén
héa thudc va tuong tac thudc trong lam sang
mang tinh cap béach va rt cin dau tu nghién ctu.

MO PAU

Su khac nhau trong dép ung thudc giita cac
c4 nhan 1a didu kho tranh khoi trong diéu tri,
trong d6 co cac phan ung c6 hai cia thudc
(Adverse drug reactions/ADRs). Cac ADRs la
mot trong nhirng nguyén nhan chinh cua céac
truong hop bénh nhan phai nhap vién, mot s6 c6
thé dan téi tir vong. Ingelman-Sunberg va dong
tac gia da ugc tinh ADRs lam tiéu ton khoang
100 ti d6 la My, day ciing 1a nguyén nhan dan toi

100.000 ca tir vong méi nam tai M. Khoang 7%
cac ca nhap vién tai UK va Thuy Dién ciing co6
nguyén nhén tir cac ADRs. Tiur nam 2009, Hiép

Sy phét trién cua di truyén dugc hoc di tao
ra nhitng hiéu biét va thong tin sdu rong hon vé
nhitng bién thé cta cac gen duoc hoc gay anh
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hudng dén dap tng thubc. Mot sé gen duoc hoc
guan trong (very important pharmacogene-VIP)
da dugc xac dinh c6 lién quan véi khac bi¢t trong
dap ung thudc, trong d6 ¢4 66 gen cing cac bién
thé cua chling da duoc bao céo trén Co so dit liu
PharmGKB (http://www.pharmgkb.org). Cac
gen dugc hoc duogc phan loai dya trén chirc nang
clia protein duoc ma hda bao gém 3 nhém chinh:
Cac enzyme chuyén hoéa thubc, protein van
chuyén thudc va céc thu thé 1a dich tac dung cua
thudc. Trong s6 nhiing enzyme tham gia chuyén
héa thudc thi cytochrome P450 (CYP450) da
duoc nghién ctu nhiéu nhat. Ho protein nay
chuyén hoa t6i hang ngan céac chat noi va ngoai
sinh. C4c protein quan trong tham gia van chuyén
thudc co thé ké dén nhu protein van chuyén két
hop voi ATP (ATP binding cassette-ABC),
protein mang chat tan (Solute carrier-SLC). Bén
canh dé, ¢6 13 thy thé quan trong 1a dich tac dung
cua thudc va hau hét cac thu thé nay thuoc nhom
thu thé két hop vé6i G protein (G-protein coupled
receptors-GPRCs). Nhitng bién thé trong c4c gen
ma héa cho cé4c thu thé 1a dich tac dung cuaa thude
c6 thé 1am thay ddi tuong tac thudc-thy thé, tir do
gay anh huong dén chudi tin hiéu ké tiép.

Nhitng nghién ciru vé h¢ gen dugc hoc da va
dang phat trién manh me cung Cap ngay cang
nhiéu nhirng dix li¢u vé mdi lién hé giira thude va
hé gen. Két qua cua cac nghién ciru nay 1am nén
tang cho muc tiéu cua y hoc cé thé, do 1a tdi da
hiéu qua dung thudc va giam thiéu cac nguy co
gap phai tac dung phu nghiém trong ddi vai ting
ca nhan.

DI TRUYEN DUQC HQC VA CAC PHAN
UNG CO HAI CUA THUOC

Céc phan &ng c6 hai ciia thudc va sw khac
biét trong dap wng thuoc

Céc ADRSs hién nay dang Ia mdi quan tam lon
trong lam sang, day ciing la mot trong nhitng
nguyén nhan chinh gy nén tu vong & cac nudc
phwong tdy. ADRs la mot dap tng voi thude dudi
dang ngd doc ngoai y mudn mac di ding thube
& liéu thong thuong phuc vu cho myc dich du
phong, diéu tri hay chan doan ciing nhu diéu
chinh chuc ning sinh Iy (Theo Té chic Y té Thé
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gioi). Tu nam 1945-2018, theo dir liéu thu dugc
tir PubMed, da c6 140.879 cong bé quéc té vé cac
phan &ng c6 hai cua thudc. ADRs c6 thé la két
qua tir viéc ké don thude khdng phi hop véi bénh
nhan, doc tinh c6 san trong thude, doc tinh trén
ting loai té bao ciling nhu mbi tuong tac giira cac
loai thubc khi bénh nhan dugc diéu tri theo phac
dd két hop cac loai thube khac nhau do méc cling
IGc mot s6 rdi loan. Van dé vé ADRs tré nén dic
biét quan trong trong truong hop cac bénh man
tinh, khi ma bénh nhan phai diéu tri 1au dai hoac
trong trudng hop bénh nhan 1on tudi va phai sir
dung nhiéu loai thusc mdi ngay. Nghién ctu
duoc thyc hién tai An Do da cho thiy anh huong
ciia ADRS Ién cac co quan trong co thé & nguoi
gia (>65 tudi) la cac bénh vé tim va & tré em (<12
tudi) 1a cac van dé vé da va hé tiéu hoa (Hinh 1)
(Amin et al., 2018). M6t s6 vi du dién hinh vé tac
dung c6 hai cia thudc & nguoi 16n tudi c6 thé ké
dén nhu: Biéu hién té nga lién quan t6i ding
thudc chong dong kinh, chong tram cam va thuée
ha huyét ap, dung nhiéu thubc cung lic gay nén
hién twong mé sang va ting ti 1& tr vong, nhiém
Clostridium difficile lién quan téi sir dung nhiéu
loai khang sinh khéng phu hop, tang nguy co dot
quy vai bénh nhan mat tri nhé phai sir dung thude
chdng loan than, nhitng véan dé vé ting huyét &p,
chay mau va tim mach noi chung c6 lién quan téi
cac thudc khang viém khéng phai steroid... Dé
giam nhe cac treong hop ADRS, ngay cang co
nhiéu céc thong tin vé thudc trong vong hai thap
ki gan day, dac biét 1a viéc thiét ké phan tich cac
tuong tac thudc va hd tro cac bac si trong viéc
quyét dinh st dung thudc ¢6 hiéu qua (Shoshi et
al., 2017).

Hién nay, su phat trién nhanh chéng trong
linh vuc di truyén duoc hoc di cai thién nhiing
hiéu biét vé ADRs dong thoi ting tinh chinh xac
trong viéc ké don thudc va giam thiéu nhiing
ganh nang khdng can thiét trong nhimng truong
hop chiu anh huong phu cua thubc. Di truyén
dugc hoc chiém hon 80% trong cac trudng hop
bién dong vé tinh higu qua va an toan cua thuéc.
Hon 400 gen di biét c6 anh hudng dén hiéu qua
va do an toan khi dung thubc va hon 240 gen c6
lién quan t6i ADRs (Zhou et al., 2015). Bén
canh cac chi dan vé liéu dung, céng tac quan ly
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thudc va nhirng huéng dan y té thuong quy, viéc
két hop &p dung di truyén duoc hoc ciing s& gop
phan giam thiéu cic nguy co khi bénh nhén
duoc chi dinh ding thudc khdng phu hop. Céc
quan thé ngudi trén thé gidi c6 sy khong dong
nhat vé mat di truyén, do ¢6 ma cong tac diéu
tri theo hudng ca thé hoa chinh 1a yéu t6 quyét
dinh dé giam thiéu cac truong hop ADRs. Céc
r6i loan vé tim mach, ung thu va hé thong than

kinh trung wong chiém khoang 80% sé ca bénh
va tir vong & cac nude phat trién. Viéc sir dung
thudc chiém 15-20% chi phi trong qué trinh diéu
tri, nhu vay c6 thé néi viéc tién hanh kiém tra di
truyén trude khi didu tri s& dem lai loi ich rat
Ién vé& mat kinh té, nang cao chit lwong cudc
séng cho ngudi bénh ciing nhu t6i wu hoa qua
trinh diéu tri (Reynolds et al., 2017; Osanlou et
al., 2018).

&
>

16%

s
>

= R6i loan hé tidu hoa

= R6i loan chuyén hoa

= R6i loan hé mién dich
R6i loan hé than kinh
Céc rdi loan khac

= Tbn thwong da

= R4i loan thi hre

= R4i loan tAm than

= R61 loan toan thé

= Tén thuong da

= R4i loan hé tiéu hoa

= Réi loan toan thé

= Réi loan hé than kinh

= Ri loan tai vi tri st dung thudce

= Cac roi1 loan khac

Hinh 1. Cac phan &ng c6 hai cia thubc t&i cac co quan trong co thé. (a) Nguoi I6n tudi (n=160, > 65 tudi), b)

tré em (n=231, <12 tudi) (Amin et al., 2018).

DA DANG DI TRUYEN MOT SO GEN MA
HOA CHO NHOM ENZYME CHUYEN HOA
THUOC PHA I-1l VA ANH HUONG TRONG
PAP UNG THUOC LAM SANG

Bo may hoat dong cua hé gen dugc hoc la sy
két hop cua nhiéu gen ma hda cho cac enzyme va

protein 1a dich tac dung cua thudc, ngodi ra con
c6 sy tham gia caa hé di truyén ngoai gen tham
gia vao qua trinh diéu hoa biéu hién cua gen. Cac
gen lién quan dén d4p @ng ciia hé gen dugc hoc
dbi voi thude duoc phan ra 1am 5 nhém: (i) Cac
gen gay bénh; (ii) Céc gen lién quan dén co ché
hoat héa thubc (enzyme, thu thé, chat dan truyén
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tin hiéu);, (iii) Cac gen lién quan dén chuyén hoa
thudc (cac enzyme chuyén hda thude pha | va pha
I); (iv) Cac gen lién quan dén cac kénh van
chuyén thuéc (ATPase, ATP binding cassette
transporters) va cac chat mang; (v) Cac gen da
hiéu tham gia vao nhiéu con duong tin hiéu va
nhiéu phan wng chuyén hoa (Cacabelos et al.,
2019). Trong d6, cac enzyme chuyén héa thudc
c6 mirc d6 da hinh rat cao trong biéu hién va hoat
tinh cua chang.

Nhom cac gen mé& héa cho enzyme chuyén héa
thuoc pha |

CYP450 - ho enzyme chuyén hoa thudc pha
| 12 ngudn gdc chinh gay ra su da dang trong
dugce dong hoc va dugc luc hoc cua thudc. Céc
protein CYP450 biéu hién manh nhat trong gan
bao gém CYP3A4, CYP2C9, CYP2C19,

Vi Phuong Nhung et al.

CYP2CS8, CYP2EI va CYP1A2. Trong khi do,
CYP2A6, CYP2D6, CYP2B6, CYP2C19 va
CYP3AG5 biéu hién it hon. Cac CYP450 khac nhu
CYP2J2, CYP1A1 va CYP1B1 biéu hién chu
yéu & ngoai gan. Céc kiéu da hinh di truyén khéac
nhau cia cac gen CYP450 s& quyét dinh vé mat
chic niang va kiéu hinh chuyén héa thudc
(chuyén héa thudc binh thuong, chuyén hoa
thudc trung binh, chuyén hda thudc yéu va
chuyén héa thuéc cuc nhanh). Nhitng CYP450
tham gia vao chuyén hda nhiéu loai thudc trén thi
truong nhat hién nay la CYP2C9, CYP2C19,
CYP2D6 va CYP3A4/5. Nam gen CYP450 néi
trén ma hda cho cac enzyme tham gia vao chuyén
héa 60 - 80% céc loai thudc thudng duoc ké don.
Vé chac niang chuyén hoa thubc, CYP3AA4/5
tham gia chuyén hoa nhiéu loai thudc trén thi
truong nhat, tiép theo Ia cac enzyme CYP2DS,
CYP2C9 va CYP2C19 (Hinh 2).

Cac da hinh don nucleotide (SNPs)

<

= 2D6
2A6
2B6
m3A4
mlA2
2C9
68 u2C19
= 1B1
m3A5

57

a)

Cic loai thudc dwoe chuyén hoa
17
S1
\'I 74
163

b)

= 2D6
2A6
2B6
= 3A4
m A2
2C9
= 2C19
= 1B1
m 3A5

Hinh 2. Da dang di truyén ctia cac gen CYP450 va vai trd trong chuyén hoa thubc. (a) S6 lvong da hinh don
nucleotide (SNPs) trong mét sb gen CYP450, (b) S6 lwong thudc dwoc chuyén héa béi cac CYP450 (Preissner

et al., 2013).

Gen CYP2C9

~Gen CYP2C9 nam & vai dai ciia nhiém sic
the so 10, ma hda cho protein ¢4 490 amino acid
va c0 khoi lugng phén tu 1a 55,6 kDa. Vung gen
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chira CYP2C9 ciing bao gom cac gen ma hda cho
CYP2C8, CY2C18 va CYP2C19. Trong sb 4 gen
nay, CYP2C9 la gen biéu hién manh nhat va tham
gia nhiéu nhat vao cac qua trinh chuyén hoa
thudc. Trén thuc té, dit liéu khdi phd cho thiy
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CYP2C9 chiém 20% tong s6 protein 450 trong
gan. Sau CYP3A4 va CYP2D6, CYP2C9 la
enzyme quan trong nhat thuéc ho cytochrome
450 tham gia vao cac phan ting oxi hda va chuyén
hoa khoang 15% cac loai thudc luvu hanh bao
gom ca mot sb thudc co chi sé tri lieu hep
(Isvoran et al., 2017). C&c phan ung tuong tac
thudc xay ra do su e ché hay kich hoat CYP2C9
va da hinh di truyén cua gen nay la nguyén nhan
gay nén su da dang trong hoat tinh cua enzyme &
cap dd in vivo.

CYP2C9 tham gia vao qua trinh oxi héa cua
nhiéu loai thudc, ddng thoi ciing tham gia chuyén
hoa nhidu hop chét ndi sinh trong co thé nhu acid
linoleic, acid arachidonic va cac chat ngoai sinh
khong phai 1a thudc khac (galangin, methiocarb,
pyrene, sulprofos). Phan Ién cac co chat cua
CYP2C9 la cac hop chéit & dang cid yéu, tuy
nhién CYP2C9 ciing chuyén hoa dang N-
demethylation mot sb céc loai thubc nhu
amitriptyline, fluoxetins va zopiclone. S-
flurbiprofen, S-wafarin, tolbutamide, phenytoin,
losartan va diclofenac déu la cac co chat cua
CYP2C9. Trong d6, diclofenac va tolbutamide la
cac co chét thuong xuyén duoc st dung trong cac
nghién ctru danh gia kiéu hinh hoat tinh cua
enzyme.

CYP2C9*2  (p.Argl44Cys) va  *3
(p.lle359Leu) la nhixng allele dwgc nghién ciu
nhiéu nhat, dong thoi day ciing 1a nhitng allele
phd bién nhit dugc biét cho toi nay. Nhiéu cac
allele khac it pho bién hon ciing da dwoc xac
dinh, tuy nhién ngay cang nhiéu di liéu vé cac
bién thé di truyén cia CYP2CO trén thé giéi nho
cac ki thuat hién dang phat trién manh m& nhu
giai trinh tu toan bo hé gen va hé gen biéu hién.
CYP2C9*3 la allele phé bién cua cac nuwéc Nam
A va CYP2C9*2 rat hiém khi xuat hién & cac
nudc Pong A. Trong khi d6, cac bién thé gay sai
nghia nhu CYP2C9*8 va *9 lai 1a cac allele phé
bién hon & cac quan thé chau Phi. Tuong tu,
CYP2C9*11 c6 tan sé xuat hién & chau Phi cao
gap 10 lan so véi chau Au, mac du *11 va *12 la
cac allele phd bién nhat & chau Au chi sau *2 va
*3. Nhu di noi, cac nudc khu vuc Pong A c6 *3
14 allele pho bién nhat va hiém khi xuat hign *2
& khu vuc nay. Trén thuc té, CYP2C9*52 - mot

bién thé hiém gay sai nghia la bién thé pho bién
nhat ¢ khu vuc Pong A, chi sau *3 (Dai et al.,
2014). Khu vyc nam An Do xuat hién céc allele
*2, *3 va *14 (2%) - day la allele rat hiém khi
xuat hién & céc quan thé khac trén thé gioi. Trong
mot nghién ciu trén 8 quan thé nguoi khac nhau
tai Mexico, allele CYP2C9*2 xuét hién & 2 quan
thé vai tan sé cao hon so véi khu vue Dong A va
CYP2C9*3 xuét hién ¢ 6 quan thé vai tan sb tur
3.7%-10.4% (Sosa-Macias et al., 2013). Ket qua
nay phl hop véi tinh trang dan toc ¢6 ngudn goc
pha tron gitra chau A va chau Au cua nhitng quan
thé khu vuc nay.

Cac bién thé gay dich khung rat hiém, trong
d6 allele CYP2C9*6 bi x06a 1 nucleotide ¢ exon
5 da dugc cong bd. Bién thé nay gay nén protein
duoc téng hop khdng hoan chinh va khéng cé
hoat tinh. Tan s xuat hién cua bién thé nay tai
chau Phi 12 1% va hiém thay hon & cac quan thé
ngudi khéc. Viéc giai trinh ty CYP2C9 & mot s6
quan thé doc lap da dugc tién hanh. Vi duy, trong
mot nghién ctru & nhitng nguoi Alaska ban dia va
An - My da cho thay CYP2C9*2 va *3 ¢ nguoi
Yupik xuat hién véi tan sé thap hop so véi nhiing
chung toc ngudoi khac ¢ Alaska. Trong khi d6 &
khu vuc Pong A, CYP2C9*29 chiém 2% & toc
ngudi Yupik, ngoai ra toc ngudi nay con xuat
hién 2 bién thé moi 1a MetllLeu (6%) va
Asn218lle (4%) (Fohner et al., 2015).

Sy phéan b6 cua mot s6 bién thé sai nghia va
dich khung cia CYP2C9 dugc thé hién chi tiét &
Hinh 3.

Céc bién thé trong viing khong ma héa va anh
hudong cua chdng téi chic nang cua protein duoc
quan tdm nhiéu nhét & nhiing c4 thé ma khong c6
da hinh nao dugc tim thiy & ving ma héa. Bién
thé -1188C>T (rs4918758) di duoc bAo c4o & mot
vai nghién ctru trén ngudi chau Au, Bic My va
Nhat Ban. Mac di vay, chua c6 bang ching nao
cho thay -1188C>T lam thay d6i qua trinh phién
ma cling nhu anh huong téi liéu dung cua warfarin
- thudc chdng dong mau duoc ding phd bién nhat
hién nay (Kramer et al., 2008). Bién thé -
2663del TG (rs71486745) nam trong vang trinh ty
két hop vai yéu tb phién ma Nrf2 xuét hién khé
phé bién & nhiing ca thé khong mang da hinh nao
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cua CYP2C9 trong vung ma hda (Chaudhry et al.,
2010). Xa hon vé phia ving 5’ cia CYP2C9, bién
thé -4302C>T (rs12251841) di duoc tim thiy &
nguoi Mexico nhung lai khéng xuat hién ¢ nguoi
Mi trang khdng ¢ ngudn goc Latin (Kramer et al.,
2008). Bién thé nay c6 lién quan téi su giam muc
do biéu hién cua gen. Mot nghién ciru trén nhiing
mau gan cta cac bénh nhan dugc diéu tri Voi
warfarin cho thiy c6 nhiéu kiéu sip xép trinh tu
I3p lai & vi tri -3979. C6 3 kiéu lap lai dwoc goi tén
dudi dang ngédn, vira va dai di duoc phét hién.
Kiéu lap lai vira la dang bién thé pho bién nhat,
trong khi d6 nghién ctru vé can bang allele va gen
bao céo cho thay dang lap lai ngén c6 lién quan toi

Vi Phuong Nhung et al.

sw giam mirc do phién ma cua CYP2C9 trong gan.
Hon nira, kiéu gen dong hop tu véi dang lap lai
ngin cd lién quan toi can giam liéu luong
warfarin, tuy nhién mac do anh huong téi liéu
warfarin cua bién thé dang nay khéng nhiéu nhu
anh huéng gay nén bai CYP2C9*2 va *3 (Wang
et al., 2012). Mot nghién ciu vé mdi lién quan
gita bién thé cua CYP2C9 va liéu lugng warfarin
& ngudi My-Phi cho thiy mat bién thé trong intron
3 (rs7089580) ¢ lién quan t6i ting liéu dung cua
warfarin. Bién thé ndy nam trong méi lién két voi
mot sb bién thé khac trong intron va mot trong céc
bién thé nay dugc cho 1a nam trong ving két hop
v6i yéu té phién ma (Perera et al., 2011).

449G>A

448C>T 817insA

(273frameshift)

334A>C 752A50

5

1073A>C
1076T=C
1010C>T

1003C>T,
1238T>C

1341A>C

—_—

3T1G=A 815A>G

430C>T

l UTR

.
3
LI
1465C>T

980T=C

1196A>G 1080C>G

1075A=C

Hinh 3. Cac bién thé sai nghia va dich khung ctia CYP2C9 (Zhou et al., 2009). CYP2C9 méa hoa cho protein bao
gom 490 amino acid (khoi lvong 55,6 kDa). Gen CYP2C9 nam trén cum gen bao gom mét s6 gen CYP450
thudc nhiém séc thé s6 10. D4 c6 478 SNPs sai nghia ctia CYP2C9 dwoc xac dinh trong co s& di liéu dbSNP

(https://lwww.ncbi.nlm.nih.gov/snp/)

Warfarin duoc str dung trong diéu tri chéng
réi loan dong mau. Mic du thude c6 hiéu qua cao
trong diéu tri bénh, liéu dung cua warfarin thuc
su 1a van dé dang quan tdm boi day 1a loai thudc
c6 chi s6 diéu tri hep va can c6 nhiing liéu ding
thich hop ddi véi cac bénh nhan khac nhau.
Nhing hau qua gay ra bsi st dung warfarin
khong ding liéu 1a mot trong nhitng phan ang cé
hai cuia thudc dugc bao cao thu:(yng Xuyén nhat
t6i Co quan Quan ly thuc pham va thuéc Hoa Ky
(U.S. Food and Drug Administration-FDA).
Dong thoi nhitng bién chang khi dung sai liéu
warfarin cling 1& mot trong nhitng nguyén nhan
thuong thiy nhéat khi bénh nhan téi phong cap
ctru.Viéc ké lidu lugng warfarin dya chu yéu vao
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kinh nghiém lam sang cua cac bac si: Pua ra mot
lidu dung khoi dau, sau do theo ddi chi s6 INR
(chi s6 phan anh mirc d hinh thanh cuc mau
d6ng) ctia bénh nhan hang tuan va dya vao do dé
diéu chinh liéu thudc cho phd hgp. Théng
thuong, liéu warfarin khoi dau thuong 1a 4-
5mg/ngay. Tuy nhién trong nhiéu truong hop,
liéu tan cong dugc sir dung & nhimg ngay diéu tri
dau tién, trong khi viéc xac dinh liéu phi hop mat
khoang vai tuan téi vai thang, bénh nhan s roi
vao nguy co bi chdy mau cao hodc khong dat hiéu
qua chéng dong mau trong thoi gian nay. Nhiing
két qua nghlen ctu in vitro va in vivo cho thay
CYP2C9*2 va *3 giam hoat tinh chuyén héa S-
warfarin 30-40% va 80-90% (Lee et al., 2002).
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So véi nhitng bénh nhan c6 kiéu gen dong hop tur
kiéu dai CYP2C9*1/*1 thi ngudi mang 1 hoic 2
ban sao cua *2 hoac *3 c6 nguy co cao khong
déng mau khi diéu trj véi warfarin, ho can duoc
st dung liéu warfarin thip hon dé c6 thé dat duoc
hiéu qua diéu tri, dong thoi ciing can thoi gian
dai hon dé dat duoc chi s INR can bang. Bén
canh CYP2C9*2 va *3, mét s bién thé khac nhu
*5, %6, *8 va *11 cling co lién quan tdi giam hoat
tinh enzyme CYP2C9, g6p phan tao nén nhu cau
dung liéu warfarin khac nhau gira cac bénh
nhan. Nhirng bién thé *5, *6, *8 va *11 nay dugc
tim thay véi tan s6 cao nhit & nguoi chau Phi.
Hién nay, hau hét nhiitng xét nghiém cho
CYP2C9 duoc cbng nhan boi FDA chi quan tdm
t6i cac bién thé *2 va *3, tuy nhién mot s cac
phong thl nghiém 1am sang da luu y t6i viéc mo
rong sé lugng bién thé CYP2C9 can sang loc
trudc khi bénh nhan sir dung thuéc.

D6i v6i phenytoin, CYP2C9 déng vai tro
chuyén héa 90% loai thudc nay, trong dé céac
allele CYP2C9*2 va *3 lam giam hoat tinh
enzyme trong phan tng chuyén hda phenytoin.
Bén canh d6, cac allele *4 va *6 da duoc bao céo
1a xuat hién & nhitng bénh nhan cé phan ang phu
khi diéu tri v&i phenytoin (Imai et al., 2000; Kidd

et al, 2001). Céac allele khiac nhu *5
(p.Asp360Glu, rs28371683), *8
(p.Arg150His, rs7900194) va *11

(p.ArgS35'!'rp, rs28371685) co lién quan dén
giam chuyén hoa phenytoin ¢ nguoi chau Phi.

Gen CYP2C19

Protein CYP2C19 c6 khdi lugng 55.92 kDa
vGi 490 amino acid, protein nay dugc ma hoa boi
gen CYP2C19 dai 90.21 kb. Gen md hda cho
CYP2C19 bao gdom 9 exon, thugc nhidm sic thé
s6 10 tai vi tri 10g24.1. CYP2C19 biéu hién trong
gan vai cac ban phién méa dai 1901 bp, 2395 bp va
1417 bp. Enzyme nay tham gia chuyén héa nhiéu
loai thudc, trong d6 c6 clopidogrel 1a thudc st
dung trong chdng két tap tiéu cau. Nhiing bién thé
di truyén cua CYP2C19 lan dau tién duoc chl y
cach day 46 nam. Ké tir thoi diém do, hon 50
SNPs da duoc xac dinh véi allele CYP2C19 kiéu
dai dugc quy wéc 1a *1. Sy phan bd cua mot s6
bién thé CYP2C19 duoc thé hién chi tiét & Hinh 4.

Cac bién thé dugc nghién ctiu nhiéu nhat tir
trude dén nay 1a CYP2C19*2 (rs4244285) va *3
(rs4986893). CYP2C19*2 (19154G>A, exon 5)
gay anh huong tiéu cuc dén cit néi mRNA va
CYP2C19*3 (17948G>A, exon 4) lam xuat hién
ma két thuc som thay cho bo ba ma hoéa cho
Tryptophan tai vi tri amino acid 212. Ca 2 bién
thé déu tao nén hau qua Ia hinh thanh protein
CYP2C19 ngan hon binh thuong, khéng cé chic
nang va khong c6 hoat tinh enzyme. Nhirng cé
thé mang kiéu gen dong hop tar CYP2C19*2/*2
hoac CYP2C19*3/*3 s& c6 kiéu hinh chuyén hoa
yéu cic co chat cua CYP2C19 (vi du:
clopidogrel), diéu ndy gép phan vao sy khac biét
trong dap tng thudc giira cac ca thé.

Mot bién thé 1am ting cuong chirc ning
CYP2C19 da duogc phat hién la CYP2C19*17 (-
806C>T, -3402C>T). Bién thé nay nim & ving
promoter cua gen CYP2C19. Bién thé trong viing
promoter thuong duoc cho 13 1am thay d6i twong
tac véi cac yéu t phién ma, tir d6 anh hudng dén
hiéu qua phién ma cua gen. Do d6, khong chi
nhitng bién thé trong viing ma hda ma ca nhirng
bién thé trong ving diéu khién cua gen ciing c6
thé gay anh huong Ién biéu hién cua protein va
tr @6 tao nén sy khac biét trong hoat tinh cua
enzyme. CYP2C19*17 lién quan téi hoat tinh
chuyén héa manh cia enzyme CYP2C19 thdng
qua tang cuong qué trinh phién méa caa gen nay.
Hoat tinh cia CYP2C19 phu thuéc vao mirc do
biéu hién cua gen nay trong gan, didu nay dugc
quyét dinh boi qué trinh diéu hoa phién ma cua
gen. B6i vay ma hoat tinh sinh hoc cua
clopidogrel ciing nhu nhitng loai thudc khéc
dugc chuyén hoa boi CYP2C19 sé& ting 1én &
nhiing ca thé mang allele CYP2C19*17. Két qua
Ia nhitng bénh nhan mang allele CYP2C19*17 s¢
¢6 nguy co cao bi chay mau khi duoc diéu tri véi
clopidogrel. Trong mét nghién cttu cac mau gan
cia nhiing c4 thé c6 kiéu gen di hop tu
CYP2C19*1/*17  va  dong  hop  tir
CYP2C19*17/*17, mirc do t6ng hop MRNA gap
1,8 va 2,9 lan trong mAu gan tir cac ca thé co kiéu
gen dong hop tir dai CYP2C19*1/*1 (Sanford et
al., 2013).

Kiéu gen ddng hop tir voi allele CYP2C19*2
va *3 da duoc béo céo la chiem 2% & céc quan
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https://www.pharmgkb.org/variant/PA166154082
https://www.pharmgkb.org/variant/PA166154175

thé nguoi da trang, 4% ¢ nguoi chau Phi va 14%
& nguoi Trung Québc (Desta et al., 2002). Kiéu
gen di hop tir CYP2C19*1/*2 chiém 30% ngudi
da trang, 40% & ngudi My-Phi va hon gan 50%
& khu vuc Pong A (Miao et al., 2009; Simon et
al., 2009; Hulot et al., 2010). Bién thé
CYP2C19*3 kém phd bién hon vai s6 liéu dugc
cong bé 1a dudi 1% & ngudi da tring va nguoi
My-Phi, 7-9% & nguoi chau A (Pereira et al.,
2016; Amin et al., 2017). CYP2C19*2 va *3 la
nhiing bién thé phd bién nhat va chiém hon 99%
kiéu hinh giam chtrc nang protein CYP2C19 &

Vi Phuong Nhung et al.

nhiéu quan thé trén thé gisi. Pang chu y, kiéu
hinh giam hoat tinh protein duoc xac dinh véi tan
sb cao & Vanuata (70% *2 va 13% *3) va Papua
New Guinea (40% *2 va 30* *3) (Hsu et al.,
2008; Helsby, Burns, 2012). Bién thé
CYP2C19%*17 ciing xuat hién vai tan s6 khéc
nhau & cac quan thé khéac nhau, tan sé cua bién
thé nay 1a dudi 5% ¢ ngudi Trung Qudc va Nhat
Ban (Myrand et al., 2008; Jin et al., 2016), trong
khi 6 & ngudi chau Au va chau Phi, bién thé nay
xuit hién véi tan sb c6 thé dén gan 30%
(Barysheva, Ketova, 2015; Dodgen et al., 2015).
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Hinh 4. Cac bién thé gay sai nghia trén gen CYP2C19 (Zhou et al., 2009). Gen CYP2C19 gém 9 exon, nam trén
cum gen bao gom mot so gen CYP450 thudc nhiem sac thé so 10. Tong so ¢d 470 SNPs sai nghia cla gen
CYP2C19 da dwoc cdng bo trén co s& dir liéu dbSNP (https://www.ncbi.nlm.nih.gov/snp/).

Céc bién thé cua CYP2C19 ¢4 lién quan toi
réi loan khang clopidogrel, ddy 14 tinh trang bénh
nhén sir dung thudc clopidogrel nhung khong dat
duogc hiéu qua diéu tri so véi nguoi khdng mang
da hinh cua gen nay. Nhing da hinh cua
CYP2C19 c6 lién quan dén khang clopidogrel
déu l1am giam hoat tinh ciia CYP2C19 trong phan
tng chuyén hoa clopidogrel sang dang hoat
dong. Néu nhu co thé c6 2 ban sao kiéu dai cua
CYP2C19 (*1/*1) thi s& c6 kha nang chuyén hoa
clopidogrel binh thudng. Nhu d n6i ¢ phan trén,
2 bién thé pho bién nhat da biét cua CYP2C19 ¢
lién quan dén khang colopidogrel la *2 va *3,
nhitng ngudi mang bién thé dang nay s& co
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protein CYP2C19 khéng c6 kha nang hoat héa
clopidogrel. Nhiing c& thé khang colpidogrel
dugc chia lam 2 nhém: Chuyén héa thuéc trung
binh (intermediate metabolizer-IM) va chuyén
héa thudc yéu (poor metabolizer-PM). Nguoi
mang kiéu gen CYP2C19*1/*2  hoic
CYP2C19*1/*3 s& ¢6 kiéu hinh IM. Nguoi mang
kiéu gen CYP2C19*2/*2 hoic CYP2C19*3/*3 s&
c6 kiéu hinh PM. Do viéc chuyén hda clopidogrel
sang dang hoat dong bi tc ché & nguoi khang
clopidogrel, thubc nay s& khong cé kha ning gay
trc ché 18n thy thé P2RY12. Do thiéu sy can thiép
cua clopidogrel, thu thé P2RY12 s¢ tiép tuc kich
thich su két tap cua tiéu ciu va hinh thanh nén
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c4c cyc mau dong. Didu nay vo clng nguy hiém
Vi ¢6 thé dan dén dot quy, dau tim hodc huyét
khéi tinh mach séu de doa tinh mang cua ngudi
bénh. Bbi véi thude chdng tram cam dang tc ché
tai hap thu serotonine (SSRIs), nhitng bénh nhan
¢6 1 hogc 2 ban sao mat chirc nang ciia CYP2C19
thuong sé phai dung liéu cao hon so véi ngudi ¢6
kicu hinh chuyén héa thudc binh thuong
(extensive metabolizer-EM). Déi véi kiéu hinh
chuyén hoéa thuéc cuc nhanh (ultra rapid
metabolizer-UM), vai trd caa CYP2C19*17 dbi
Vv6i nong @6 thude trong huyét twong van con
chua duoc 1am rd va can cd cac nghién ciu sau
hon.

Mot s6 loai thude khac ciing bi anh hudng
boi nhimg da hinh trong CYP2C19 c6 the ké dén
nhu cac thudc e ché bom proton (su dung trong
dleu trj loét da day), thubc Chong tram cam (dleu
tri rbi loan cam xuc), thudc hd tro giac ngu, thude
chdng co giat, thudc chéng lai sy nhan Ién cua
retrovirus (Scott et al., 2012).

Gen CYP2D6

Gen CYP2D6 nam trén nhiém sac thé sb 22
tai vi tri 22q13.1 va c6 12 exon, ma hoéa cho
protein c6 khéi lugng phan tur 1a 55.73 kDa va
day 1a gen co6 mirc d6 da hinh rat cao. CYP2D6
la enzyme quan trong thudc ho CYP450, enzyme
nay tham gia chuyén hoa hon 25% cac loai thudc
dang Iuu hanh. Trong s6 tat ca cac enzyme CYPs
chuyén hoa thuéc, CYP2D6 1a enzyme khdng
cam ung duy nhat va déng vai trd 16n trong da
hinh di truyén c6 lién quan dén cac dap tng thudc
khac nhau gitta céc cé thé. Céc kiéu hinh chuyén
héa thuéc cua CYP2D6 ciing dwoc phan lam 4
cip do tir chuyén héa thudc yéu dén chuyén hoa
thudc cuc nhanh: PM, IM, EM va UM. Trong d6
kiéu hinh EM mang it nhat 1 allele hoat dong, IM
mang 2 allele giam chirc nang hoac 1 allele kém
hoat dong kem theo 1 allele khéng hoat dong,
PM mang 2 allele khdng hoat dong. Trong khi
d6, kiéu hinh UM mang nhiéu ban sao hoat dong
ctia CYP2D6. S lugng ban sao ciia CYP2D6 c6
thé tir 2 dén 13 ban sao, su hién dién cua mdi ban
sao hoat dong s& lam ting toc dd chuyén hda cac
co chét cua enzyme ndy. Su phan bd cua cac
allele CYP2D6 khac nhau giira cac quan thé trén

thé gidi, trong d6 PM chu yéu phan b ¢ chau
Au, UM chi yéu phan bé & Bic Phi va chau Pai
duong va IM 1a kiéu hinh phan b nhiéu & céac
quan thé chau A do tan sé cao cua allele
CYP2D6*10.

CYP2D6 tham gia chuyén héa cac co chat
nhu thudc chbng tram cam (amitriptyline,
fluoxetine, paroxetine), thudc chdng co giat
(hlorpromazine, risperidone), thuéc chng loan
nhip tim (flecainide, propafenone), thudc giam
dau (codeine, tramadol), cac hoa chat chng ung
thu (debrisoquine, tamoxifen), va mot sé loai
thudc khéc. Anh huong cua cac da hinh CYP2D6
dén viéc diéu tri bang cac loai thudc néi trén c6
lien quan t&i kiéu hinh chuyén hda thuéc ma da
hinh d6 quy dinh, d6ng thoi ciing phu thudc vao
viéc thude dua vao co thé co can phai trai qua
qua trinh hoat hoa dé chuyén thanh dang hoat
dong hay khong. Néu nhu thudc ban dau di &
dang hoat dong thi kiéu hinh UM s& gap phai tinh
trang khong dat dwoc hiéu qua diéu tri, trong khi
d6 kiéu hinh IM va PM s& gap phai phan ung phu
cua thudc do ndng @6 thude trong huyét thanh
cao hon binh thuong. Trong trudng hop thude
ban dau can phai dugc chuyén sang dang hoat
hoa dé dat duoc hiéu qua diéu tri thi IM va PM
c6 thé khong dat duoc luong thudc ¢ trang thai
hoat hoa trong co thé dé c6 thé dat hiéu qua diéu
tri (Weinshilboum, 2003).

Céc da hinh cua CYP2D6 c6 thé dugc phan
loai theo anh huong 1€n chirc nang/hoat tinh cua
enzyme nhu: Lam mat, 1am giam, khéng anh
huong hodc tang cuong hoat tinh cua CYP2D6.
Trong sb cac bién thé caa CYP2D6, céc bién thé
quan trong nhat c6 thé ké dén 1a CYP2D6*2, *4,
*5, *10, *17 va *41.

CYP2D6*10 la allele phé bién nhit & nguoi
chau A véi tan s6 xuét hién 1a hon 50%, c6 thé
*10 ciing chinh 1a allele phd bién nhét trén thé
gidi cia CYP2D6. Bién thé nay c6 dot bién thay
thé p.Pro34Ser, tir d6 gay anh huong Ién trinh ty
PPGP-la mét trinh ty quan trong gidp protein gap
cudn, do vay ma ciu trdc protein duoc ma hoa s&
khong bén va ciing c6 ai luc thip véi cac co chét.
O nguoi da den, CYP2D6*17 la allele chinh dwoc
phét hién vao nam 1996. Bién thé nay c6 2 dot
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bién sai nghia lam thay d6i c4u triic ca vi tri hoat
dong cua enzyme va dan t6i thay doi tinh dac
hiéu vé co chat. Thong thuong, hoat tinh cua
enzyme dugc mé hoa boi CYP2D6*17 kém hon
so v6i enzyme kiéu dai. Allele CYP2D6*41
chinh 1a CYP2D6*2 c6 mang thém bién thé -
1584G>C va c6 mirc d6 biéu hién thiap hon so
véi CYP2D6*2. Banh gia chic nang in vivo cua
*41 cho thay khé rd rét 1a kiéu gen ddng hop tir
*41/%41 c6 kiéu hinh giéng nhu chuyén hoa
thudc trung binh véi 1 allele CYP2D6 khong hoat

Vi Phuong Nhung et al.

dong (zZanger et al., 2004). O ngudi da trang,
bién thé phd bién nhat 1a CYP2D6*1A, *3A
(9.2550delA), *4 (g.1847G>A), *5 (mat 1
allele), *6A (g.1708delT), *41 (g.2989G>A),
*1xN (nhiéu hon 2 ban sao cua allele *1). Tir d6
ma ti I¢ kiéu hinh chuyén héa thuc & nguoi da
tréng 1a 58,17% EM, 31,65% IM, 4,88% PM va
5,29% UM (Cacabelos et al., 2019).

Sy phan bd cia mot s6 bién the CYP2D6
duoc thé hién & Hinh 5.

N oz
|

N cvr:oor
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CYP2D6
CYP2D6
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Hinh 5. Cum gen CYP2D & ngudi va cac SNPs phd bién trén CYP2D6. (a) Pa hinh tang sb ban sao ctia CYP2D6
(2-13 ban sao), (b) Locus CYP2D6, (c) Cac SNPs va in/del da dwgc cong bd ctia CYP2D6. Gen CYP2D6 ciling

c6 xuét hién cac bién thé dang CNVs (Zhou et al., 2009).

Mot s6 anh huong cua da dang di truyén CYP2D6
trong 1&m sang

Trong diéu tri ung thu: Tamoxifen dugc
chuyén hoa sang dang hoat dong la endoxifen boi
CYP2D6. Nguoi ta thay higu qua diéu tri ¢
nhitng bénh nhan c6 kiéu hinh PM thap hon va
do d6 can can nhic viéc kiém tra di truyén
CYP2D6 trudc khi tién hanh diéu tri. Khi sir dung
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thubc chéng nén dbi khang thu thé 5-
hydroxytryptamine type 3 tropisetron va
ondasetron, tac dung cua thudc nay co ting 1én
va lién quan t6i kiéu gen caa CYP2D6. O nhiing
bénh nhan c6 nhiéu ban sao hoat dong cua
CYP2D6 thi ¢ nong do thudc trong huyét tuong
thip hon va mirc d6 ndn nang hon so véi nhiing
nguoi Khac.



Tap chi Céng nghé Sinh hoc 18(3): 393-416, 2020

Trong diéu tri cac r6i loan tdm than: Nghién
ctru cua Kirchheiner va dong tac gia (2004) cho
thay liéu dung cua 50% cac thudc huéng than
phu thudc vao kiéu gen CYP2D6 cua bénh nhan
(Kirchheiner et al., 2004). Trong s6 100 bénh
nhan mic réi loan tam than lién tuc hon 2 nam,
ngudi ta thy s6 lugng cac ca gap phai phan tng
c6 hai cua thudc cao nhit & nhitng bénh nhan c6
kiéu hinh PM va tiép theo d6 1a IM (Chou et al.,
2000). Chi phi tiéu ton cho cac bénh nhan c6 kiéu
hinh PM hoic UM mbi nam ting 4000-6000
USD so véi cac kiéu hinh IM va EM. Bén canh
d6 thoi gian diéu tri cho nhitng bénh nhan cé kiéu
hinh PM ciing kéo dai hon (Chou et al., 2000).
Nghién ctu cua Kirchheiner va dong tac gia
(2004) cho thay viéc chuyén hoa 50% cac thudc
chéng tram cam trong do c6 imipramine,
nortriptyline, maprotiline phu thudc vao kiéu gen
CYP2D6 (Kirchheiner et al., 2004). Cac dang
phan ung phu cua thube ciing dugc ghi nhan &
nhitng ngudi ¢6 kiéu hinh PM. Ngoai ra, nhiing
truong hop khong dap ung thudce diéu tri tram
cam thuong dan dén nhitng tinh huéng nghiém
trong va cling da dugc bao cao la cd lién quan
dén kiéu gen CYP2D6 ciia bénh nhan (Kawanishi
et al., 2004). Kiéu hinh UM thuong chiém tan s6
cao trong nhom nguoi bénh khong dap ng
thuéc. O chau Au, khoang 40-50 triéu nguoi
mang nhiéu ban sao cia CYP2D6 trén cung 1
allele, diéu nay c6 thé giai thich cho viéc quan
thé ngudi chau Au thudng khong co dap tng véi
thude diéu trj trim cam. Nhitng nghién ctu xa
hon trong linh vuc dap ung voi thude diéu tri
tram cam c6 tam quan trong Ién trong tuong lai.

Trong diéu tri réi loan tim mach: Khi diéu tri
dau tac nguc, qua trinh hydroxyl hoa thudc
perhexiline dwoc chuyén héa chu yéu boi
CYP2D6 va kha ning chuyén héa perhexiline &
ngudi ¢d kiéu hinh EM cao gap 100 lan so véi
ngudi ¢6 kiéu hinh PM (Sorensen et al., 2003).
Perhexiline & mot ngudng nao do6 c6 thé giy doc
cho gan va than kinh ngoai bién, do vay viéc xac
dinh kiéu gen cia CYP2D6 & bénh nhén diéu tri
s& hd tro cho viéc xac dinh lidu dung, tir do s&
giam thiéu nguy co ngd doc thudc do ndng do
thuéc khong phu hop (Barclay et al., 2003).
Trong mét nghién ctiu hdi ciu, Wuttke va dtg

(Wuttke et al., 2002) da xac dinh dugc 24 bénh
nhan dugc diéu tri véi metoprodol va gap phai
phan ung phu cua thudc nay. Két qua phan tich
kiéu gen cho thay nhom bénh nhan nay cé tan 50
kiéu hinh PM cao gap 5 lan (38%) so véi quan
thé binh thuong.

Trong diéu tri giam dau: Codeine 12 mot loai
thudc giam duge dwoc st dung rong réi trong 1am
sang. Thudc nay dugc chuyén hda boi enzyme
CYP2D6 va chuyén thanh chét c6 hoat tinh giam
dau/an than dbi v6i hé than kinh trung uong-
morphine. Kirchheiner va dong tac gia (2007) da
bao céo riang moi mot liéu codeine, nong do
morphine trong huyét tuong s€ tang nhanh chong
& ngudi ¢o kiéu hinh chuyén héa UM so vai kiéu
hinh chuyén héa EM (Kirchheiner et al., 2007).
Chinh lugng morphine trong huyét twong cao s&
dan dén mot s6 hau qua nhu huyét &p cao, suy hd
hip dic biét 12 ¢ tré nho. C6 mot s6 truong hop
d3 duoc béo cdo gap phai tac dung phu dan dén
tir vong ¢ tré nho va tré so sinh. Truong hop thu
nhat 12 mot bé trai 2 tudi sau khi phau thuat cat
amidan va sir dung liéu codeine thong thuong da
ta vong (Ciszkowski et al., 2009). Truong hop
tha hai Ia mot nguoi me sir dung codeine giup
giam dau sau sinh, nhung codeine duoc chuyén
hoa thanh morphine va di vao sita me, gay tir
vong cho con sau d6 2 tuan (Madadi et al., 2007).
Nguyén nhan dugc xac dinh ¢ ca 2 truong hop la
tré 2 tudi va ngudi me dang cho con b c6 kiéu
hinh chuyén héa thuéc UM.

Gen CYP3A5

O ngudi, trong ho cytochrome P450 thi phan
ho protein CYP3A déng vai trd 16n nhét trong
qua trinh chuyén héa thudc va cac hop chat hoa
hoc ngoai sinh khac. Cac thanh vién thugc phan
ho nay 1a nhiing enzyme dugc biéu hién nhiéu
nhat trong gan (chiém khoang 30% trén tong sé
cac CYP450), rudt non va than. Trong s 4 gen
thuoc cum gen CYP3A, hai gen tham gia chuyén
hoa thudc nhidu nhat 1a CYP3A4 va CYP3AS.
Trong khi CYP3A4 c6 cac bién thé xuat hién véi
tan s6 thap va chiic ning con chua duoc biét rd,
CYP3A5 biéu hién v&i mirc do da hinh cao hon &
nhitng ngudi trudng thanh va xuét hién véi tan
s6 khac nhau giira cac quan thé. CYP3AS la gen
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dau tién gan tam dong nhit cua cum gen CYP3A,
gen nay nam trén soi lién tuc (minus) cua nhiém
sac thé tai vi tri 7922.1, goém 13 exon ma hoa cho
mét protein c6 khéi luong phan tir 52,5 kDa gom
502 amino acid. Biéu hién cua CYP3A5 chiém

Vi Phuong Nhung et al.

khoang 10% dén 30% tong s6 CYP3A ¢ gan. Da
dang di truyén gen CYP3A5 duogc phan chia theo
cac bién thé thuoc cac ving khac nhau caa gen
nay va sy phan bd cua cac bién thé CYP3AS5
dugc thé hién & Hinh 5.

*1B
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Hinh 5. Phan b6 clia cac bién thé trén gen CYP3A5. Gen CYP3A5 gom 13 exon, hién nay c6 téng s6 10 allele
clia gen nay dwgc bao cdo trong co sé& di¥ liéu PharmVar. Theo quy wéec thi allele CYP3A5*10 dwgc xép vao

allele CYP3A5*3K (Xie et al., 2004).

Céc bién thé ving ma hoa ciia CYP3AS5:

CYP3A5*2: Bién thé di truyén dau tién cua
gen CYP3A5, CYP3A5*2, la mot dot bién thay
thé nham nghia trong exon 11 (27289C> A) dan
dén mot su thay doi tai vi tri amino acid 398
(p.Thr398Asn). Hau qua ctia SNP nay van chua
duoc lam rd trén ca moé hinh in vivo va in vitro
nhung dugc cho la tao ra mét protein khéng chuc
nang giéng nhu cac allele khéac (Xie et al., 2004).

CYP3A5*4 va CYP3A5*6: CYP3A5*4 la mot
SNP xuit hién trong exon 7 do su thay doi
nucleotide 14665A>G din dén su thay thé amino
acid ¢ vi tri 200 (p.GIn200Arg) (Chou et al.,
2001). Trong khi d6, CYP3A5*6 (14690G>A)
cling 1a mot dot bién trén exon 7, dan dén khi cat
néi pre-mRNA tao ra san pham mRNA bi thiéu
exon 7 (Rogan et al., 2003) kéo theo do lam thay
d6i khung doc ma va tao ra mot protein khong
hoat dong chirc ning bi cit ngan ¢ amino acid
184 .

CYP3A5*7, CYP3A5*8, CYP3A5*9 va
CYP3A5*10: CYP3A5*7 la do6t bién chén
nucleotide T ¢ exon 11 (27131-32insT). Hau qua
1a gay ra mét su thay dbi khung va két thic khung
doc m¢ cua CYP3AS tai codon 348, tao ra mot
allele khéng hoat dong. CYP3A5*8 (3699C>T)
Ia SNP xuat hién trong exon 2 dan dén thay doi
codon 28 tir CGT (Arg)>TGT (Cys). CYP3A5*9
cling gay ra bién doi amino acid ¢ codon 337, tir
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GCA (Ala)>ACA (Thr) 1a két qua caa dot bién
19386G>A & exon 10 (Lee et al., 2003).

Cé4c bién thé trén intron:

CYP3A5*3: Bién thé CYP3A5*3, 6986A>G
(CYP3A5*3C) trong intron 3 1a bién thé phd bién
nhét va cé chirc ning quan trong tim thiy ¢ tat ca
cac quan thé da nghién ctru. Bién thé ndy tao nén
vi tri cit an (cryptic splice site) & intron 3, két qua
1a tao nén cat ndi MRNA bat thuong. San pham
mRNA sau phan cit cua bién thé nay s& c6 doan
chén tir intron 3 va lam léch khung doc mo, dan
t6i hinh thanh ma két thic sém va protein duoc
tao ra khdng co6 hoat tinh (Lamba et al., 2002).
Nhiing c4 thé co6 kiéu gen ddong hop tu
CYP3A5*3/*3 duoc coi nhu 1a khong biéu hién
protein nay (CYP3A5 non-expressors).

CYP3A5*5: Pay la mot dot bién thay thé
nucleotide T>C ¢ wvung 5° cua intron 5
(12952T>C), anh huong tai trinh ty nam ké voi
vi tri cat ndi 5> (Lamba et al., 2002). Két qua dan
dén bat thuong trong cat noi mRNA, 1am dich
khung doc m¢ va tao nén mot peptide ngan hoic
giam sé luong cua protein dugc ma hda thong
qua su bat hoat vi tri cit néi 5° hozc trc ché hoan
toan qua trinh cat ndi MRNA.

Vé anh huong trong chuyén hoéa thubc 1am
sang, nhiing ca thé co kiéu gen CYP3A5*1/*1
hoac CYP3A5*1/%3 c6 biéu hién CYP3AS5 s& c6
tbc d6 chuyén hoa cic co chit cua CYP3A5
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nhanh hon so v6i nhitng ngudi ¢ kiéu hinh
khéng biéu hien CYP3A5 (vi du nhu
CYP3A5*3/*3) (Passey et al., 2011). Mot trong
nhitng loai thuéc quan trong duoc chuyén hoa
boi CYP3AS5 la tacrolimus, thude nay duoc su
dung nham &c ché mién dich sau ghép tang.
Trong nhiing truong hop 1y tuéng, ndng do cua
tacrolimus can phai dat da cao dé tranh tang méi
ghép bi dao thai do hé mién dich ctia nguoi nhan,
nhung ciing phai du thip dé khong giy doc véi
ngudi bénh. Liéu lugng tacrolimus dugc kiém
soat hang ngay sau khi bénh nhan dugc ghép tang
va duoc diéu chinh liéu cho phi hop. CPIC di c6
nhirng huéng dan cin ban trong viéc sir dung loai
thudc nay ddi voi ting kiéu hinh chuyén hoa
thudc & cac ca nhan. Trong d6, bénh nhan mang
kiéu gen CYP3A5*1/*1 (kiéu hinh EM) va
CYP3A5*1/*3 (kiéu hinh IM) can sir dung liéu
tacrolimus cao hon 1,5-2 1an so véi liéu chuén.
Trong khi d6 cac bénh nhan mang kiéu gen
CYP3A5*3/*3 (kiéu hinh PM) c6 thé st dung liéu
tacrolimus theo nhu khuyén céo thong thuong
(Birdwell et al., 2015).

CYP3A5*1/*3 da duoc chieng minh la cé lién
quan toi téc do dao thai thudc khang retrovirus
nhanh hon so véi kiéu gen *3/*3. O nhitng bénh
nhi mic bénh ting lympho bao B cap tinh va
dugc diéu tri véi vincristine, nhitng ngudi c6
biéu hién protein CYP3AS5 cho thay it bi ngo doc
thudc diéu tri hon (Egbelakin et al., 2011). Mot
nghién ctiu gan déay trén nhitng bénh nhan ung
thu biéu md than duoc diéu tri véi sunitinib,
CYP3A5*1 c0 lién quan téi nguy co bi ngd doc
thudc va can phai giam lidu (Garcia-Donas et al.,
2011).

Nhom cac gen mé hda cho enzyme chuyén hoa
thuoc pha ll

Céc enzyme chuyén hoa thuéc pha 1l bao
gom glutathione S transferases (GSTS),
thiopurine-S-methyltransferases (TMPT), UDP
glycurosyltransferases (UGT), N-acetyl-
transferases (NAT), NADH quinone oxidases va
mét sb enzyme khac.

GSTs la mot ho bao gém cé&c enzyme xdc tac
cho qua trinh thai doc cac chat gay ung thu, héa
chat tri liéu va mét s6 doc to méi truong. Enzyme

GST duoc ma héa bai 8 locus khac nhau bao gom
alpja, kappa, mu, omega, pi, sigma, theta va zeta.
Cac gen GSTM1 va GSTT1 lan luot ma hda cho
cac enzyme GST Mu-1 va Theta-1. Da hinh s6
ban sao cua 2 gen ndi trén kha phd bién & dang
mét hoan toan gen chirc nang. Cu thé, tan s6 kiéu
gen dong hop tir dang mét ca 2 ban sao cua
GSTM1 va GSTT1 & nguoi da tring la 50% va
30%. Trong khi d6 tan s6 ndy & ngudi chau A lan
luot 13 >22% va >14%, & nguoi chau Phi tan s6
nay lan luot 1a >27% va >37% (Garte et al.,
2001; Piacentini et al., 2011). Bén canh d6, da
hinh dang tang s6 ban sao cia GSTM1 ciing dugc
bao cao Vvéi ti 1& chi 1a 1/1320 nguoi da trang.
MGt bao cao cua Cho va dtg (2010) da phat hién
mdi lién quan giita hién tugng mat ban sao céac
gen GSTM1 va GSTT1 véi ngd doc liéu chuan
ciia R-CHOP trong phac do diéu trj bénh ung thu
hach trén 94 bénh nhan u té bao lympho B Ion
lan téa (DLBLC). St dung R-CHOP lam tang
nguy co ngd doc cap -1V vai cac triéu ching
nhu ha bach cau (OR=3,12), s6t (OR-5,27), viém
niém mac (OR=4,61) trén nhirng bénh nhan mat
ca 2 ban sao cuia GSTT1 so véi nhitng bénh nhéan
c6 kiéu gen binh thuong. Nhitng bénh nhan mat
ddng thoi 2 ban sao cua gen GSTM1 va GSTT1
tham chi co nguy co rdi loan giam tiéu cau cao
hon so véi nhitng bénh nhan khac (OR=7,75).

Enzyme TPMT x(c tac cho phan ung bat
hoat cac thudc thiopurine nhu azathioprine,
thioguanine va mercaptopurine, ddy la nhiing
tién chat (prodrug) sir dung trong diéu tri cac roi
loan ty mién, viém loét dai trang va ting lympho
bao 4c tinh. Cy thé, TPMT x(c tac cho qué trinh
methyl ha ciia cac tién chat nay va tao thanh céc
chat chuyén hoa dang bat hoat. Bién thé pho bién
nhat cia TPMT & cac quan thé ngudi chau Au dé
la TPMT*3A véi tan s6 xuat hién Ia 5%. Ctr 300
ngudi chau Au thi c6 1 nguoi mang kiéu gen
dong hop tir voi allele *3A-allele nay la két qua
cia 2 SNPs lam thay dbi 2 amino acid trén
protein TPMT. Protein ma héa boi TPMT*3A
dugc dich ma nhung gap cuon khong chinh xé&c
va nhanh chong bi phan huy, diéu nay dan dén
enzyme mat kha ning chuyén hoa thiopurine,
hau qua la khi bénh nhan c6 kiéu gen
TPMT*3A/*3A dugc didu tri vai lidu thiopurine
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chuan s& bj qué liéu gap 10 lan. Theo chi dan cua
CPIC, kiéu hinh PM (*3A/*3A) can giam 10 lan
liéu dau vao cia nhom thude thiopurine dé phong
ngtra tinh trang suy tay hoac tir vong do ngé doc
thudc (Relling et al., 2019).

Enzyme UGT xUc tac cho phan tng thai doc
(glucoronidation) cua rat nhidu cac chat noi sinh
va ngoai sinh tan trong lipid, khién cho cac chat
nay trd nén va nude hon va tu do tang cuong loai
thai khoi co thé. Cac UGTs dong vai trd kha quan
trong trong chuyén héa cac loai thuéc hudng than
bao gom c6 thuéc chng tram cam, mét s thude
gilp can biang cam xic va mot sé
benzodiazepine. Pa dang trong chuyén hda thudc
do thay doi hoat tinh enzyme UGT la két qua cua
cac bién thé di truyén thudc cac gen UGT1AL va
UGT2B7. Mét vi du vé bién thé tai hop trinh tu
TATA cua gen UGT1A1, gen nay ma hoa cho
enzyme chuyén hoa bilirubin va céc loai thudc
dung trong héa tri ung thu nhu irinotecan. Hau
hét mdi nguoi déu cd 6 trinh ty TA trong hop
TATA, nhung mét s6 nguoi lai ¢6 téi 7 trinh ty
TATA va trong co thé ho, mMRNA va UGT1A1
biéu hién kém hon. Khi dugc didu tri véi
irinotecan, nhiing bénh nhan c6 kiéu gen vai 7
trinh ty TATA trong hop TATA s€ c6 nguy co
cao gap phai tic dung phu cua thubc nhu tiéu
chay va suy tay. Vao nam 2005, FDA ciing da
kién nghi giam liéu lugng thudc irinotecan ban
dau ddi véi nhitng bénh nhan c6 kiéu gen dong
hop tir voi UGT1A1*28. Bén canh d6, da dang di
truyén cua UGT2B7 (UGT2B7*2) dé dugc chung
minh la c6 lién quan tGi ngd doc gan gay ra boi
thudc diclofenac (Daly et al., 2007).

DA DANG DI TRUYEN CAC GEN MA HOA
CHO THU THE LA DPiCH TAC DUNG CUA
THUOC VA ANH HUONG TRONG DAP
UNG THUOC LAM SANG

C6 nhiéu thu thé 1a dich tac dung cua céc loai
thudc thuong dugc ké don déu thudc nhém
GPCRs. Nhom thy thé ndy dong vai tro trung
gian anh huong dén higu qua sir dung cua khoang
34% céc loai thudc trén thi truong. Mot s loai
thudc hoat dong théng qua mot vai thu thé va
thuong la bao gom cac GPCRs. Do vay, GPCRs
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dong vai tro 1a cac dich tac dung cd tinh chat
quyét dinh dén dic diém dap wng thude. Mac du
cac nghién ctu da chi ra da hinh trong cac gen
ma héa cho GPCRs sé& dan dén da dang trong dap
tng thudc ciing nhu cac phan &ng ¢ hai cua
thudc, nhung ti 1¢ cling nhu anh huéng cua cac
bién thé di truyén trong cac gen nay con van con
chua duoc biét rd.

Mot khao sat trén dir ligu cua 2504 nguoi
khoe manh tir co sé dir liéu 1000 Genome da cho
thdy trung binh mdi nguoi c6 68 bién thé sai
nghia trong vung ma hoa cua 1/3 cac gen ma hoa
cho GPCRs (Auton et al., 2015). Vi du, dang di
hop tir cua bién thé p.Ala307Thr cua thy thé
FSHR duoc tim thay nhiéu hon & nhitng phu nit
méc hoi chiing budng tring da nang, dong thoi
c6 lién quan dén dap tng manh voi FSH ngoai
sinh (Dolfin et al., 2011). Bién thé p.Gly9Ser
thuoc thu thé dopamine 3-DRD3 c6 lién quan
dén ting nguy co ngd doc duong tieu hda khi
diéu tri thuéc Levopoda ¢ nhitng bénh nhan
Parkinson (Rieck et al., 2018). Mét cong bb nam
2018 d4 bao cao vé anh huong dén dap tmg thude
ctia c4c bién thé nam trong cac gen ma hoa cho 2
thu thé 1a dich tac dung cua thudc bao gom: p-
opioid va cholecystokinin A (CCKAR). Két qua
cho thiy cac bién thé nay (p.Met153Val va
p.Val302lle trén p-opioid, p.Argl39lle va
p.Arg150Trp trén CCKAR) lam thay doi dap tng
thudc hodc gay ra cac phan wng cd hai cua thube
(Hauser et al., 2018).

DA DANG DI TRUYEN CAC GEN MA HOA
CHO NHOM PROTEIN VAN CHUYEN
THUOC VA ANH HUONG TRONG DAP
UNG THUOC LAM SANG

Céc protein van chuyén thuéc biéu hién trong
nhiéu loai md khac nhau nhu gan, rudt non, than,
ndo va dong vai tro thiét yéu trong qué trinh hap
thy, phan bo va dao thai thudc. CAc protein van
chuyén 1 nhiing protein mang tham gia vao qué
trinh dua céc chat hda hoc vao trong hoac ra khoi
té bao theo co ché thy dong hoic chu dong.
Nhiing protein van chuyén nay ciing 1a yéu t6
quyét dinh v& ndng do6 thudc trong huyét tuong
va cac md ngoai bién, tir d6 c6 anh huong dén
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hiéu qua sir dung thudc hay tinh trang ngo doc
thudc. Cac da dang di truyén (dic biét 1a cac
SNPs) thuong xuat hién trong cac protein van
chuyén nay va mét s6 s& gay anh huéng dén hoat
tinh cua chdng.

C4c protein van chuyén két hop véi ATP
(ABC)

ABC la ho protein mang 16n nhat-cac protein
nay phu thuoc vao ATP va st dung nang lugng
thuy phan dé van chuyén cac chit qua mang té
bao. Céc protein nay dugc phan lam 7 ho (ABCA
dén ABCG) dua trén trinh tu nucleotide thudc
viing két hop (binding domain) va viing xuyén
mang (transmembrane domains). C6 it nhat 49
gen ma hoa cho cac protein ABC, nhung chu yéu
c6 ABCB1, ABCC1, ABCC2, ABCC3 va
ABCG?2 la tham gia vao qua trinh van chuyén
thudc. Céc co chat cua ho protein ABC bao gém
lipid, acid mat, cac chat ngoai lai va cac peptide
hoac khang nguyén.

Trong s6 cac protein van chuyén thudc ho
ABC, ABCB1 (P-glycoprotein) 1a kénh dugc
guan tdm nhiéu nhat trong 1am sang. Gen ABCB1
thugc nhiém séc thé s 7, gdm 29 exon va ma héa
cho mét protein xuyén mang lon cé kich thudc
141,48 kDa, chtra 1280 amino acid. Protein ABC
c6 vai tro 1am giam sy tich tu cua thudc trong cac
té bao da khang thudc. C6 1630 SNPs va hon 60
haplotype da dugc xac dinh trén gen nay
(Cacabelos, 2012)
(http://www.europharmagenics.com).  Nghién
ctu trén nguoi Mestizo tai ban dao Yucatan va
ngudi  Amerindian  thuoc 7  quan  thé
(Tarahumara, Mayo, Huichol, Purepecha,
Nahua, Tojolabal va Maya) cho thay céc bién thé
phd bién nhit cia ABCB1 la ¢.1236C>T,
¢.2677G>T/A va ¢.3435C>T. Bong thoi tai cac
quan thé nay, céc kiéu gen chinh xuit hién la dj
hop tor C/T (c.1236C>T va ¢.3435C>T) (30,8-
65,4%) va di hop tr G/T dbi véi bién thé
C.2677G>T/A (25,9-51,2%).

Nhiing c4 thé dong hop tir véi bién thé
€.3435C>T cua gen ABCB1 khi dugc diéu tri véi
1 liéu udng digoxin (thudc chéng loan nhip, trg
tim) thi ¢6 nong do thudc trong mau cao hon so
véi nhitng ca thé khdng mang bién thé nai trén.

Ngoai ra, clopidogrel ciing 1a mot co chat cia
ABCBL1, trong sb c4c bénh nhan nhdi mau co tim
dugc chi dinh ding clopidogrel thi nguoi dong
hop tir véi bién thé ¢.3435C>T c6 ti I¢ gap phai
cac bénh vé tim mach cao hon so véi nhitng ca
nhan mang allele kiéu dai (Simon et al., 2009).
Rt nhiéu loai thudc khac c6 thé ké dén nhu thude
trc ché HIV protease va thudc e ché mién dich
déu 14 co chat cia ABCBL. Bén canh d6, cac da
dang di truyén ¢ céac thanh vién khac thuoc ho
ABC ciing da dugc ghi nhan nhung anh huong
cua chung trong 1am sang con chua dugc lam rd.

Céc protein mang chat tan (SLC)

Cac SLC duoc tim thay khip co thé va co y
nghia quan trong ddi voi can bang ndi méi ciing
nhu sy phan b cac chit trong co thé. Cac SLC
dugc phan loai thanh 40 ho, trong do céc siéu ho
lién quan dén van chuyén thudc 1a SLC22A va
SLCO.

Protein SLCO1B1 (OATPB1) thudéc ho
SLCOI1, day la yéu t6 chia khoa trong qué trinh
van chuyén cac loai thuéc nhom statin nhu
pravastatin, rosuvastatin, simvastatin, lovastatin
va cerivastatin. Cho tgi nay c6 16 SNPs da duoc
bdo cdo ¢ gen SLCO1B1 (Niemi et al., 2011).
Mot bién thé sai nghia trén ving md hoa cua
SLCO1B1l (c.521T>C, p.Vall74Ala) co lién
quan téi duge dong hoc caa mét sb loai thude
thudng duoc ké don, ddng thoi bién thé nay ciing
c6 thé lién quan dén tinh trang phan ang c6 hai
gay ra bai nhém thudc statin. Cu thé, bién thé nay
lam cho OATPB1 giam kha ning van chuyén chi
dong simvastatin va mot sé statin khac, tir d6 gay
nén luong statin ting cao trong huyét tuong va
tang nguy co MAc cac bénh vé co.

CAC HUONG NGHIEN CUU HE GEN DUGQC
HOC HIEN NAY

Trong nhimg ndm gan déy, nhiéu trudng hop
khac biét dap tmg thudc gitra cc ca nhan da duoc
bao cao va dugc cong dong khoa hoc quan thm
nghién ctu. Hién nay, cac phuong phép tiép can
nghién ctru dua trén thyc nghiém va may tinh déu da
duoc thyc hién nham xac dinh cac bién thé di truyén
thudc cac gen lién quan dén duoc lec hoc va dugc
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dong hoc ciia thudc, tir d6 phat hién méi lién quan
gitra cac bien thé vai kiéu hinh chuyén héa thuoc.

Céc nghién ciu thuc nghiém

Sy xuét hién cta phuong phap giai trinh ty
thé hé mai (Next generation sequencing-NGS)
da cung cap kha nang dot pha trong giai trinh tu
toan bo hé gen (genome), hé gen ma hda (exome)
va hé¢ phién ma (transcriptome). Hai ki thuat
NGS chinh ¢6 kha ning phat hién cac bién thé di
truyén da dwoc ung dung rong rai la giai trinh tu
toan bo hé gen (Whole genome sequencing-
WGS) va giai trinh tu toan bo hé gen ma hoa
(Whole exome sequencing-WES).

Ki thuat WGS da giup cac nha khoa hoc
nghién ctu cac bién thé di truyén, trong d6 bao
gom ca cac bién thé thuc cac gen duoc hoc & ca
vung mé hda va vung khdng ma héa. Mac du day
1a ki thuat dem lai lwong thng tin vé cac bién thé
1a rat I6n nhung chi phi cao, ton nhiéu thoi gian
cho viéc giai trinh tu toan bo hé gen. Chinh vi
vay, tinh kha thi khi trién khai WGS trong thyc
tién va 1am sang 1a khéng cao.

Ki thuat WES da xuat hién thay thé WGS va
tap trung vao toan b cac vung gen ma héa cho
protein. O ngudi c6 khoang 180.000 exon, chi
chiém 2% toan bo hé gen va mang théng tin cua
khoang 85% cac bién thé gay bénh da biét. Thoi
gian va chi phi cua ki thuat NGS phu thuoc vao
kich thudc cua trinh ty can phan tich, chinh vi
WES da thu hep phan trinh tu quan tam (trinh tu
ma hoa) nén gia thanh cia WES hgp ly hon so
véi WGS. Trén thuc té, véi mac gia caa mot
WGS thi ¢6 thé tién hanh khoang 50 lan WES
trén exome, nhu vay tong thé dir liéu ma WES
dura ra 1 rat 16n va c6 thé dat dugc mirc y nghia
thdng ké khi tién hanh céc nghién ctu lién quan
dén bién thé (Petersen et al., 2017). Véi tiém
nang va nhitng thuan lgi cia WES, trong nhitng
nam qua cac du an WES da dugc thyc hién.
Trong d6, Exome Sequencing Project (ESP,
http://evs.gs.washington.edu/EVS/) va Exome
Aggregation Consortium (EXAC,
http://exac.broadinstitute.org) 1a hai du an WES
dugc tién hanh gan day. Ca 2 du 4n nay déu da
cung cAp mot ngudn dit liéu 16n vé trinh ty hé gen
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ma hoa clia nhidu quan thé trén thé gioi (Lek et
al., 2016). Cong dong khoa hoc dang trong qué
trinh tién t6i phan tich va danh gia twong quan vé
céc bién thé voi kiéu hinh chuyén héa thude. Tuy
vy, mot s6 bao cao da cho thdy hiéu suit cua
WES khong cao, WES nhay cam v&i thanh phan
GC trong trinh ty (Meienberg et al., 2016), két
qua khong dang tin cdy trong phat hién cac bién
thé dang CNVs ciing nhu nhimng bién thé thudc
vung khong ma héa cua cac gen dugc hoc quan
tdm (Yang et al., 2016).

Giai trinh ty hé phién ma (RNA-seq) da dugc
phat trién trong mot vai thap ki trude. Mot vai
nam gan day, RNA-seq 1a ki thut dugc st dung
trong cac nghién ctu vé hé gen dugc hoc, dac
biét quan tam dén cac bién thé, cac vung trinh tu
cit nbi luan phién va biéu hién cua cac gen dugc
hoc (Sa et al., 2018). RNA-seq da thanh cong
trong viéc phat hién nhiéu bién thé di truyén
trong cac gen dugc hoc va dong thoi lam giam
ganh ning vé kich thudc dit liéu cho ngudi phan
tich. Mot s6 nghién ctru vé di truyén dugc hoc
da ap dung cong nghé RNA-seq dé phat hién cac
marker sinh hoc lién quan dén dap ung thubc. Do
nhitng nghién ctru hé théng vé hé phién mi co
thé 1am sang to cac co ché dap tmg thudc, Mang
luoi nghién ciu Di truyén dugc hoc
(Pharmacogenomics Research Network-PGRN)
dugc hd trg boi Vién strc khoe qudc gia Hoa Ky
(National Institutes of Health-NIH) d& cung cip
nhitng ngudn lyc can thiét cho du an giai trinh tu
toan dién hé phién ma. Dy an nay da tong hop
dugc dit liéu vé nhiing thay doi vé biéu hién ciing
nhu cit ndi mRNA cua 389 gen dugc hoc thudc
cac md nhu gan, than, tim, mé md. Cac dir liéu
vé biéu hién gen va cat nbi mRNA di duoc cong
bd rong rai (http://pharmacogenetics.ucsf.edu/
expression/rnaseqdata.html). Nghién ctru hé
phién ma & cac md ung thu cling da dat dugc
nhitng thanh cong nhat dinh trong viéc dy doan
dap tmg thudc trong diéu tri ung thu. O ung thu
phoi khong té bao nho, sy biéu hién ciia 7 gen
(C8G, PSG7, ACOT6, DEPDC5, MMP16,
UBR1, CYP4F22) da duoc bao cao l1a nhay cam
v6i thube indolotriazine tong hop (Kim et al.,
2013). O cac bénh nhan ung thu va, HER2 1 mot
thy thé xuyén mang va ciing 1a dich tac dung cua
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thudc didu tri trastuzumab (Tz). Tuy vy co
khoang 30% céc bénh nhan ung thu vii ¢6 bicu
hién khang thude. Mot nghién ctru thuc hién nam
2016 c6 sur dung cong nghé RNA-seq trén cac
khéi u cia ngudi bénh ¢ biéu hién nhay hoic
khang véi Tz da phat hién dugc mot tap hop cac
mRNA va lincRNA ¢6 lién quan téi hién tugng
khang Tz (Merry et al., 2016).

Hién nay, c6 mot s6 hé thong da dugc phat
trién nham xac dinh kiéu gen cua mét sb gen
dugc hoc quan trong nhu: Amplichip CYP450
(Han etal., 2017), DMET-Plus array (Arbitrio et

, 2016)... Nhirng h¢ théng nay cung cip kha
néng xac dinh kiéu gen dua trén thong tin cia
nhitng bién thé pho bién da dugc cong bd (véi
MAF>1%). Do d6, gia thanh va thoi gian phan
tich ciing nhu khéi lwong dit liéu da dugc giam
tai dang ké. Mot han ché cua cac hé théng noi
trén 1a chi tap trung vao mot s6 bién thé nhit dinh
cua cac gen dugc hoc véi tan s6 16n hon 1%, do
vay khong co kha ning xac dinh nhiing bién thé
hiém khac. Hién nay, cac hé théng noéi trén da
duoc thuong mai hoa va dugc iing dung cho céac
muc dich chan doan. Mic du cac hé théng nay
moi chi tdp trung vao mét $6 gen dugc hoc nhét
dinh, nhung trong tuong lai s& c6 nhiéu hé thong
duoc phat trién va thuong mai hoa hon nira, tir
d6 sb luong cac gen dugc hoc dugc quan tam
phan tich s& ngay cang diy du va toan dién hon.

Cic nghién ctru trén hé thong may tinh

Sau khi dy an hé gen nguoi hoan thanh, cac
ngudn lyc va cach tiép can nghién ciru dua trén
co s¢ tin sinh hoc dé phat trién manh mé va cé
anh hudng séu rong den tat ca cac hudng nghién
ctru vé khoa hoc su song, trong d6 nghién ciru vé
cac gen duoc hoc cling khong phai 1a ngoai €.
Nhu da trinh bay & phan trude, cac du an giai
trinh ty toan bd hé gen, hé gen ma hoa va hé
phién ma duya trén nén tang NGS d4 tao ra luong
dir liéu rat 16n tir nhiéu quan thé ngudi trén thé
gidi. Chi trong mdt khoang thoi gian ngin, cac
nha khoa hoc da phai dbi mat véi thtr thach khi
phan tich khéi dir liéu 16n “Big data”. Viéc xir 1y,
duy tri ciing nhu phan tich nhitng khi luong dit
lidu nay tao ra nhu cdu can phai c6 phuong phap
tiép can dua trén nhimg cong cu tin sinh hoc

manh, h¢ théng phan tich hi¢u qua véi cac kha
nang nhu luu trr dir liu, pipeline phan tich tot,
cac phan mém. Hién nay, mot so co s¢ dir liéu,
pipeline va phan mém da dugc phat trién. Trong
s0 d6, nhidu cong cu tin sinh hoc di dugc ap dung
cho Iinh vuc nghién ctru cac gen dugc hoc, cu thé
la du doan chirc ndng/anh hudéng cua nhiing thay
thé amino acid dén chirc ning ciia cac enzyme
tham gia chuyén hoa thubc va cac protein van
chuyén thuéc (Zhou et al., 2018). Cac cong cu
nay bao gom du doan chirc nang cua nhiing bién
thé sai nghia dya trén thong tin vé trinh tu (SIFT,
Polyphen-2, PROVEAN, MAPP,
MutationTaster) hodc dya trén dic diém cAu tric
(SDM, I-Mutant, HOPE, STRUM). Ngoai ra con
c¢6 nhitng cong cu danh gia anh huong cua bién
thé dén cit n6i mRNA, muc d6 phién mi hay
dich ma (NMD Calssifier, GeneSplicer, Skippy,
BPP, PinPor). Bén canh d6, anh hudéng cua
nhitng bién thé nam trong vang khéng ma hoéa
tham gia diéu hoa hoat dong ciia gen (promoter,
enhancer, silencer, insulator) ciing dugc du doan
qua mot s6 cic cong cu dd dugc phat trién
(FATHMM, CADD, Genomiser, Eigen). Ngoal
ra, cac cong cu dy doan vé anh huong cua bién
thé dén stic bén clia protein va twong tac protein-
phéi tir ciing da duoc sir dung.

Nhirng nghién ctru dang chu y ciia PGRN

Trong mot vai thap ki trudc, cac nhém
nghién ctru khac nhau trén thé gidi da khoi dong
nhitng nghién ctru phdi hop vé di truyén duoc
hoc nham nang cao nhiing loi ich thu duogc tir cac
nghién ctru da nganh. Tir d6 cung cdp nén tang
cho viéc phén tich va kham pha sdu hon vé nhiing
bién thé di truyén cua cac gen dugc hoc. Mot )
lién hiép da duogc xay dung voi nhitng muc tiéu
va trach nhiém cu thé vé hé gen duogc hoc (Bang
1), vi du: CPIC PGRN dugc bao trg boi NIH.
Trén thyc té, CPIC d4 va dang dua ra nhitng chi
dan 14m sang va cac tiéu chuén trong dung thudc,
ddng thoi co nhimg khuyén cdo bd ich vé viée
sang loc mot sd gen dugc hoc va quan sat 1am
sang trong qua trinh st dung thudc (Relling,
Klein, 2011). Hién nay, CPIC da dua ra téng s6
24 chi dan cho cac cip gen-thudc, trong d6 phan
16n ¢6 lién quan dén cac gen tham gia chuyén hoa
thudc va van chuyén thudc (Bang 2).
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Bang 1. CAc hiép hdi v&i chirc néng nghién ctru di truyén duoc hoc (Katara, Yadav, 2019).

STT Lién hiép Tén tiéng Viét Muc tiéu

1 African American Hiép hoi Di truyén dwoc Phat hién cac bién th,é di truyén méi dac
Cardiovascular hoc trong cac bénh tim trung cho ngwdi My goc Phi, dwa ra nhirng
Pharmacogenetics mach & ngwoi My goc Phi khuyén cao trong lam sang.
CONsorTium
(ACCOUNT)

2 Clinical Hiép héi wng dung Di Duwa ra khuyén cao/chi dan dwa t(én nhirng
Pharmacogenetics truyén dwoc hoc 1dam sang  ching c khoa hoc. Cac lwu y vé sang loc

Implementation

gen dwoc hoc va chi dan dwoc cap nhat theo

Consortium (CPIC) thoi gian.

3 International Hiép hoi qudc té vé Di  Cung cép nén tang trong viéc thu thap lvong
Clopidogrel truyen dwoc hoc mau Ién va cac chuyén gia trén toan cau
Pharmacogenomics Clopidogrel trong viéc nghién ctru dap (ng khac nhau
Consortium (ICPC) v0i clopidogrel trén co s& di truyén.

4 PGRN-RIKEN Mang Iu6i nghién ciu di Thuc ddy cac méi lién két trong nghién ctru

truyén dwoc hoc-RIKEN di truyén dwoc hoc, str dung nén tdng NGS.

5 Pharmacogenomics Mang Iw6i nghién cteu Di - Tang cudng cac nghién ctru nham phat hién
Research Network truyén dwoc hoc cac bién thé quan trong cla hé gen dwoc

(PGRN)

hoc va chirc nang cia cac bién thé nay
nham tién t&i y hoc ca the.

Bang 2. Téng hop mot s6 cap gen-thudc da co6 chi dan cu thé cia CPIC (https://cpicpgx.org/guidelines/)

TT Thuébc Gen TT Thuébc Gen
1 lvacaftor CFTR 9 Warfarin CYP2C9,
VKORC1
2 Efavirenz CYP2B6 10 Atomoxetine CYP2D6
3 Clopidogrel CYP2C19 11 Codeine CYP2D6
4 Voriconnazole CYP2C19 12 Tacrolimus CYP3A5
5 Tamoxién CYP2D6 13 Simvastatin SLCO1B1
6 Mot sé thubc khang viem CYP2C9 14 Thiopurine TPMT
khong phai steroid (aspirin,
diclofenac, celecoxib,
ibuprofen, indomethacin...)
7 Thubc trc ché tai hap thu CYP2C19, 15 Atazanavir UGT1A1
serotonine (citalopram, CYP2D6
fluvodmine, paroxetine,
sertraline)
8 Thubc chdng trdm cam 3 CYP2C19,
vong (amitriptyline, CYP2D6

doxepine, imipramine)

PGRN d3 tao ra mot hé théng va moi trudng
hd trg nham két ndi tit ca cac nhom nghién ciru
vé di truyén dugc hoc trén thé gidi. Hién nay, do
cong nghé NGS c6 han ché vé gia thanh cao, thoi
gian va kich thudc dir 1iéu 16mn thi PGRN cling da
phat trién nhitng nén tang thay thé nham xéac dinh
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kiéu gen ctua mot sb gen dugc hoc (PGRNseq).
PGRNseq ciing 1a mét hé théng gidi trinh ty dya
trén nguyén tac ctia cong nghé NGS, c6 kha ning
xac dinh chinh x4c cac bién thé hiém va phd bién
ctia 84 gen dugc hoc khac nhau (Gordon et al.,
2016). PGRNseq di cung (g mot nén tang can
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bang hon v&i gia thanh ha (giam 8-10 1an so véi
WGS va 2-3 lan so véi WES), dit liéu dau ra co
kich thuéc nhé hon (giam gia thanh phan tich
cling nhu han ché hién tuong nhiéu loan dir liéu),
tang do bao phii va tir 46 nang cao chat lwong di
liéu thu duoc trong truong hop can tim kiém céc
bién thé hiém. Nhimng ki thuat nhu PGRNseq da
dem lai mot hudng nghién ctru gitip gidm chi phi
va tang tinh chinh xac trong viéc nghién ctru cac
gen duoc hoc, tao nén tang cho nhiling tha
nghiém lam sang dya trén hé gen duoc hoc kha
thi hon trong tuong lai.

KET LUAN

Da dang di truyén cac gen duoc hoc 1a nguyén
nhan gay nén nhiing khac biét trong dap tng thudc
c4 nhan. Linh vuc di truyén duoc hoc da tap trung
nghién ciru va phét hién nhiing bién thé thudc cac
gen nay, &p dung nhiing théng tin va d liéu thu
dugc dé xay dung mdi lién hé giira cac bién thé
v6i dap ung thude. Nhirng thng tin vé bién thé di
truyén c6 anh huong dén dap wng thudc ca nhan
s& 14 tién d& cho viéc tdi uu hoa liéu thudc/loai
thudc sir dung, tranh gap phai cac phan tng c6 hai
va dat dugc hiéu qua diéu tri. Trong khi mot sb
gen duoc hoc thuoc nhdm VIP da dugc nghién
clru rong réi, van con nhiéu gen duoc hoc khac ma
chire ning trong dap tng thude con chua duogc lam
rd. Trong nhitng nghién ciu xa hon, can phai c6
nhiéu phuong an tiép can va nd lec hon nira dé c6
thé 1am sang to méi lién hé giira cac gen nay voi
dap ng thudc c& nhan. Mit khac, nhitng nghién
ctru vé di truyén dugc hoc trong tuong lai s& can
tiép tuc Mo rong va dao sau hon trong viée husng
dén phan tich chtrc ning cua céc bién thé hiém
trong cac gen duoc hoc-vén chua dugc quan tam
nghién cau toan dién.

Loi cam on: Cong trinh duot hoan thanh véi su
ho tro cua Vién nghién cizu hé gen, Vién Han 1am
Khoa hgc va Céng nghé Viét Nam.
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SUMMARY

Patient specific response against a particular drug could be affected by various factors, in which
genetic factors are the most crucial contributor. The genetic variability in pharmacogenes might result
in variable drug response of individuals, which in turn can lead to unexpected treatment outcomes or
even adverse drug reactions. The pharmacogenes include of genes that encode for several proteins
which divided into 3 main functional categories: drug metabolizing enzymes, drug transporters and
receptor-drug targets. Genetic variants of genes coding for drug metabolizing enzymes phase |
(CYP450), phase Il (GSTs, UGT, TPMT) as well as drug transporters (ABC, SLCO) of numerous
populations in global have been extensively studied. Among these, SNPs are the major contributor
behind variants of pharmacogenes along with copy number variants. Furthermore, the clinical impact
on drug response of common variants belonging to several important pharmacogenes has been well
understood. On the other hand, information on the variant spectrum of genes encoding for receptor-
drug targets as well as their physiological effects have remained limited. In recent years, along with
computational methods, next generation sequencing technologies had been developed tremendously.
These high throughput methods had greatly promoted the field of pharmacogenetic research through
providing ability to detect novel and rare genetic variants. The data on genetic variants of
pharmacogenes would be valuable for determining the responder and non-responder to medication
during treatment. These are also significant basis which play a vital role in development of the field
of optimizing drug dose for individuals and personalized medicine in the future.

Keywords: adverse drug reactions, next generation sequencing, personalized medicing,
pharmacogenes, pharmacogenetic, variants.
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