Tap chi Y Duoc hoc - Trwong Bai hoc Y Dugc Hué - Tép 9, s6 5 - thdng 8/2019

THONG TIN Y DUOC

The Nobel Prize in Physiology or Medicine 2019
Téng hop va lugc dich: Tran Thi Minh Diém
Trudng Dai hoc Y Duwoc, Dai hoc Hué

The Nobel Assembly at Karolinska Institutet
has today decided to award the 2019 Nobel Prize in Physiology or Medicine jointly to William G. Kaelin,
Jr., Sir Peter J. Ratcliffe and Gregg L. Semenza. for their discoveries of how cells sense and adapt to oxygen
availability

Hdi Pong Nobel tai Vién Karolinska

HOm nay d3 quyét dinh trao gidi thwdng Nobel vé sinh Iy hoc hodc y hoc ndm 2019 choWilliam G. Kaelin,
Jr., Ngai Peter J. Ratcliffe va Gregg L. Semenza. “Vé nhitng kham pha phuong thirc cac té€ bao cdm rng va thich
nghi v&i lwgng oxy c6 san»

Uy ban trao giai Nobel Y hoc khing dinh mac du oxy tir 1au duwoc biét 13 cé vai tro thiét yéu d6i véi su s6ng;
tuy nhién cac co ché& phan tlr [am nén tang cho su cam rng va thich nghi cla t&€ bao khi ham lwong oxy ting
hodc gidm van la diéu bi 4n cho dén khi cac nghién cttu trén dwoc tién hanh.
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Hinh 1. Khi ndng dd oxy thap (thi€u oxy), HIF-1 a dwgc bao vé khoi sy gidng hda va tich Ity trong nhan té
bao, noi né lién k&t véi ARNT va lién két véi cac chudi DNA dic hiéu (HRE) trong cac gen cdm tng do thiéu
oxy (1). O mdrc oxy binh thwong, HIF-1a bj gidng héa nhanh chdng tai proteasome (2). Oxy diéu chinh qud
trinh gidng héa bédng cdch gdn cdc nhém hydroxyl (OH) vao HIF-1a (3). Protein VHL sau dé cé thé nhén biét
va tao thanh mét phirc hop véi HIF-1a dén dén sw gidng héa clia né theo cdch phu thuéc oxy (4).
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Oxy, véi cong thirc O,, chiém khoang 1/5 bau khi
quyén cla Trai dat. Oxy can thiét cho hau nhu tat ca
céc loai déng vat trén trai dat. Nhu cau |8y oxy dé ton
tai 1a 13nh viyc duoc nghién clru sdm nhat, tuy nhién
cac co ché phan tlr dua oxy vao té bao hau nhu chua
duoc biét dén....cho dén nay. Oxy duoc sit dung bdi
céc ty thé (Mitochondrion) cé mat trong hau nhu tat ca
céc té bao ddng vat dé chuyén hda thirc an thanh ning
lvgng hitu ich. Otto Warburg, ngudi nhan giai thudng
Nobel vé sinh Iy hoc hodcy hoc ndm 1931, d3 phat hién
rang su chuyé&n héa nay 1a mét qua trinh thuc hién bai
enzyme. Céc t& bao clia co thé ching ta cdm nhan va
thay déi theo v&i su bién ddng clia ndng dd oxy cé san
trong mauchuyén héa; dic biét 1a sy diéu chinh téc d6
diéu nay gilp giai thich sy ting hd hap sau khi tap thé
duc vat vd hodc séng & noi dd cao thi s6 luong hong
cau tang. Néi cach khdc, khi néng d6 oxy giam, cac té
bao can diéu chinh t6c d6 trao d6i chat dua trén luvong
oxy cé san cho chung.

HIF (Hypoxia inducible factor: yéu t6 cam rng
thiéu oxy) tai mé

Co thé ngoai viéc thich (rng nhanh khi ndng d6 oxy
thap (hypoxia: thi€u oxy md) nho cac thu thé & xoang
dong mach canh, ngoai ra con cé nhitng thich nghi
sinh Iy co ban khac. Mot phan &ng sinh Iy kinh dién
d&i véi tinh trang thiéu oxy 13 su gia tdng ndng dd ndi
tiét t8 erythropoietin (EPO), dan dén ting san xuat t&
bao mau (hdng cau). Viéc kim soat ndi tiét ¢ vai trd
quan trong d6i vdi sy tang sinh hdng cau da duoc biét
dén vao dau thé ky 20, nhung qua trinh nay duoc kiém
504t bdi chinh O, van con la mét bi an.

Gregg Semenza da nghién ctru gene EPO va cach
thirc né dugc diéu chinh bdi sy thay d6i ndng dé oxy.
Bang cach sir dung chudt bién d&i gen, cac doan DNA
d&c hiéu ndm canh gene EPO d3 duoc biéu 16 dé lam
trung gian cho phan &ng véi thiéu oxy. Peter Ratcliffe
cling nghién ctru sy diéu chinh cla gene EPO phu thudc
vao O,; va ca hai nhém nghién cru déu phat hién rang
co ch& cdm nhan oxy da c6 mat trong hau hét tat ca
céac loai m6, khéng chi trong cac té bao clia gan va than.
DAy 1a nhitng phat hién quan trong cho thay co ché nay
ndi chung va hoat déng & nhiéu loai t& bao khac nhau.

Semenza mudn xac dinh cac thanh phan té€ bao
lam trung gian cho phan &ng nay. Trong cdc nghién
ctru tr nhitng ndm 1990 6ng d3 s dung cac té bao
gan dé nubi cay, va phat hién ra mot y&u t6 phién ma
(Transcription factor) diéu chinh phan (ng phu thudc
oxy, va dat tén |a HIF (hypoxia inducible factor: yéu t&
cam ng thiéu oxy). Ndm 1995, 6ng da phién ban va
tinh khiét duoc HIF va nhan thay né gdm 2 thanh phan,
dugc dat tén la HIF-1a (nhay cdm oxy) va ARNT (Aryl
Hydrocarbon Receptor Nuclear Translocator), khong
nhay cdm vdi oxy. Cling vao ndm 1995, Semenza da
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6 thé cdng b6 mdt s6 phat hién quan trong clia minh,
bao gdbm c viéc xac dinh gen m3 hda HIF. Hién nay cac
nha nghién ctru cé thé hiéu nhitng thanh phan bé sung
nao cd lién quan va cach thirc hoat dong ctia bd may
diéu chinh thi€u oxy nay.

VHL: mdt ddi tac bat ngor

Khi ndng dd oxy cao, cac té bao chira rat it HIF-
1a. Tuy nhién, khi néng dé oxy thap, lvong HIF-1a
tang |én dé né cé thé lién k&t DNA va do d6 diéu
chinh gene EPO ciing nhu céc gene khdac c6 cac doan
DNA lién két HIF (Hinh 1). Nhidu nhédm nghién ctru
cho thay HIF-1a, thuwdng bi gidng héa nhanh chéng,
sy gidng hda nay dugc bao vé khi cd tinh trang thiéu
oxy. Mot s6 nhédm, c6 Caro va H. Frank Bunn da chirng
minh thém ring HIF-1o d3 bj gidng héa théng qua
con dudng ubiquitin-proteasome, va diéu nay xay ra
theo cach phu thudc oxy (Huang va cong su, 1998b;
Salceda va Caro, 1997). & murc oxy binh thudng,
mot tiéu thé bao twong duoc goi la proteasome
(gidi thudng Nobel vé hdéa hoc ndm 2004 cla Aaron
Ciechanover, Avram Hershko, va Irwin Rose), la noi
gidng hda HIF-1a; Trong diéu kién nhu vay, ubiquitin
la mdt peptide danh dau duoc gan vao céc protein cé
san gilp cho sy gidng hda tai proteasome. Lam thé
nao ubiquitin lién két véi HIF-1a theo cdch phu thudc
oxy van la mét cau hdi trong tam?

Khi thi€u oxy, enzyme ubiquitin E3 ligase cd lién
quan dén quad trinh gidng hda cta HIF-1o. Ndm 1999,
Ratcliff va cong su da cong b6 bai bdo chitng minh
phtrc hop VHL (von Hippel-Lindau’s Disease) lién
quan dén gidng héa HIF-1a. VHL hoat d6ng nhu mot
c4u tric nhan dién ubiquitin E3 ligase trong qua trinh
nay (Cockman et al., 2000; Kamura et al., 2000; Kneg
et al., 2000; Ohh et al., 2000; Tanimot, 2000).

Cung thoi gian vdi Semenza va Ratcliffe nghién
cru sy didu chinh cla gene EPO, thi nha nghién ctru
ung thuw William Kaelin, nghién ciru gene trc ché khai
u von Hippel-Lindau di truyén. Bénh di truyén nay
din dén nguy co ting mot s6 ung thu trong gia dinh
V@i sy dot bién cua gene VHL di truyén. Kaelin cling
chirng minh rang t& bao ung thu thiéu su biéu 16
gene VHL chirc nang, trong khi tang cao bat thuong
nhitng gene diéu chinh thiéu oxy t&€ bao; va khi gene
VHL duoc gan tré lai t& bao ung thu, ndng d6 protein
duoc phuc hoi. Ratcliffe chirng minh cé sy két hop
gitta VHL va HIF1a; va VHL diéu chinh su gidng hoa
cla HIF1la sau phién ma. Day 13 chia khda quan trong
cho thay cach thirc gene VHL phan &ng kiém soat doi
vdi thi€u oxy mo. Cac nghién ctru b6 sung dén tir mot
s6 nhdm nghién cru cho thay VHL la mét phan cda
phirc hop danh dau protein vdi ubiquitin, danh dau
ching cho s gidng hda cac protein khéng can thiét
hodc hu hai trong proteasome. Bing cach s dung
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chudt bién déi gene, doan DNA dic hiéu nam bén
canh gene EPO d3 duwoc bidu 16 d& |am trung gian
cho phan &rng vdi tinh trang thiéu oxy. Ratcliffe va
nhdm nghién cru cta 6ng sau d6 da thuc hién mét
phét hién quan trong: chirng minh rang VHL c6 thé
tuong tac vat ly v&i HIF-1a va can thiét cho sy thodi
héa clia né & murc oxy binh thudng. Diéu nay chirng
td su két hop VHL véi HIF-1a (Ratcliffe, nam 1999).

Ho HIF mé& réng

Mét protein cé lién quan nhiéu dén HIF-1a d3
duoc nhan ban doc 1ap bdi bén nhédm nghién ctru
khac nhau (Yoshiaki Fujii Kuriyama, Werner Risau,
Christopher Bradfield va Steven McKnight , 1997;
Ema et al., 1997; Flamme et al., 1997; Hogenesch va
cong s, 1997; Tian va cdng su, 1997); tén van duoc
sir dung phé bién (HIF-2a), nhung gene dugc mé ta
la EPAS1(Endothelial PAS domain containing protein
1) (PAS domain: molecular sensor, ving cam bién
phan tlr ). Gene EPAS1 m3a hda mot protein twong
ddéng cao véi HIF-1a va cling lién k&t véi ARNT, nd
chia sé d6 nhay cha HIF-1a dé&i véi tinh trang thiéu
oxy. Tuy nhién, cé su khéc biét dang ké vé chirc ndng
gitta HIF-1a va EPAS1. Viéc phd hdy gene HIF-1a
& chudt s& biéu 16 mot kiéu hinh 13 1am gidn doan
gitta thai ky (lyer et al., 1998; Ryan et al., 1998);
nhung viéc x6a gene EPAS1thi cé nhiéu kiéu hinh
rat khac nhau, cé thé |3 do sy thay d6i co ban di
truyén (Compernolle et al., 2002; Peng et al., 2000;
Tian et al., 1998). Ngoai ra, c6 rat nhiéu bang chirng
cho thay mét s& phan trng thi€u oxy dugc kiém soat
dodc quyén bdi mét hodc mét dang déng phan cda
HIF nhay cam véi oxy khéc; Cac nghién clru nay cling
xac dinh mién ciu tric cu thé trong HIF-1a chiju

Oxy dinh dang sinh ly va bénh ly
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trach nhiém cho sy giang hda phu thudc oxy, duoc
goi 1a vung ODD cla protein (oxygen-dependent
degradation) hién dién & ca HIF-1a va EPAS1. Nam
2001, phong thi nghiém cla Ratcliff va Kaelin déng
cong b8 qua trinh hydroxyl héa (gan -OH) & hai cin
proline trong ving ODD lam tang &i tinh su lién két
phirc hop VHL cla yéu t6 phién ma HIF. Sy hydroxyl
héa doi hdi oxy va trong truong hop khéng co du
oxy, hién tuwong nay khdng xay ra; VHL khéng nhan
dién HIF-1a do HIF-1a khéng duwoc gdn ubiquitin va
sé khong bi giang hda tai proteasome. HIF-1a tich
Ity va hoat hoa phién ma chuwong trinh biéu 16 gene
khai phét do thi€u oxy (hinh 1), vi du sdn xuat EPO.

Oxy dich chuyén s can bang

Nhém Kaelin va Ratcliffe ddng thoi cling chirng
minh rang su diéu chinh cla HIFla bdi VHL phu
thuéc vai sy hydroxyl héa cha HIFla. Nam 2001,
trong hai bai bdo duoc xuat ban déng thoi, ho da
chi ra rang dudi mic oxy binh thudng, cdc nhém
hydroxyl dwoc thém vao & hai vj tri cu thé trong HIF-
1a (Hinh 1). Su diéu chinh protein nay, duoc goi la
prolyl hydroxylation, cho phép VHL nhan biét va lién
k&t v&i HIF-1a va do d6 giai thich mirc d6 oxy binh
thuwong kiém soat sy giang héa nhanh HIF-1a véi
sy tro gilp clia cdc enzyme nhay cam vdi oxy (con
goi 1a prolyl hydroxylase). Nghién ctru sdu hon cuia
Ratcliffe va nhitng nguwai khac da xac dinh dwoc cac
prolyl hydroxylase chiu trach nhiém. N6 ciing cho
thdy chirc ndng kich hoat gene HIF-1a duwoc diéu
hoa b&i qua trinh hydroxyl héa phu thudc oxy. Hién
nay Nhitng ngudi doat gidi Nobel hién nay d3 lam
sang to co ché& cdm nhan oxy va da chi ra cach thic
hoat déng ctia nd.
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hoa cac chat, dap rng mién dich, va kha néng thich ing vdi tap thé duc. Nhiéu qua trinh bénh Iy cling cé
anh hudng. Nhitng nd lic nghién clru chuyén sau dang tiép tuc phat trién cac loai thudc méi, cé thé e ché
hodc kich hoat bd may diéu chinh oxy dé diéu tri thi€u mau, ung thuw va cac bénh khac.
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Nh& cong trinh dét pha cia nhitng nguodi doat
giai Nobel nay, ching ta hiéu biét nhiéu hon vé murc
dd oxy khac nhau diéu hoa cac quad trinh sinh ly co
ban. Cdm nhan oxy cho phép céc té bao thich (rng
sy chuyén héa clia ching véi mic oxy thap: vi du,
tai co bap cla ching ta trong qud trinh tap luyén
cudng do6 cao. Qua trinh thich nghi dugc diéu chinh
bang cdm nhan oxy bao gém viéc tao ra cdc mach
mau mai va san xuat cac hong cau. Hé théng mién
dich va nhiéu chirc ndng sinh Iy khac cling duoc diédu
hoa tinh t& b&i bd may cam nhan oxy. CAm nhan oxy
cling d3 dwoc chirng minh 13 rat can thiét trong qud
trinh phat trién cla thai nhi, d& kiém soat sy hinh

thanh mach mau binh thudng va sy phat trién cla
nhau thai. CAm nhan oxy la mau ch8t cia mét s6
cac bénh ly (Hinh 2). Vi dy, bénh nhan suy than man
thudng bi thi€u mau ndng do gidm san xuit EPO;
co ché bénh sinh trong ung thu. B& may cdm nhan
oxy duoc si dung dé kich thich sy hinh thanh mach
mau va dinh hinh lai qua trinh trao d&i chat dé tang
sinh hiéu qua céc t& bao ung thw. Nhitng nd luc
khong nglrng trong cac phong thi nghiém han lam
va cac cdng ty dugc pham hién dang tap trung vao
phat trién cac loai thudc cé thé can thiép vao cac
tinh trang bénh khac nhau bing cach kich hoat hodc
ngan chan bé may cdm nhén oxy da trinh bay & trén.
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