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CA VAN (DANIO RERIO) VA CA MEDAKA (ORYZIAS LATIPES) LAM MO
HINH NGHIEN CU’U BENH TREN NGUOI

T6 Thanh Thay", Vii Thj Thu', Tran Birc Long'
TOM TAT

Cé vén (Danio rerio) va c4 medaka (Oryzias latipes) Ia hai lodi ca xwong nhé séng tw nhién
& nhidng rudng lua, mét nwéc & Viét Nam, céc nwéc Nam A va Pong Nam A. Hai lodi c& nay cé
nhiéu uu thé cta dong vat thi nghiém, ¢ thé b4 tro va thay thé mét phan cho mé hinh déng vét
c6 vi. Ching c6 bo gen va co ché cua céc qua trinh sinh hoc rét giong véi ngudi nén da duge
st dung ngay cang nhiéu dé lam déng vat mé hinh cho céc nghién ctru y sinh va duwoc hoc, déc
bigt la Iam mé hinh hdu hét céc bénh trén ngudi nhw bénh than kinh, ndi tiét, tim mach, ung th,
mién djch, bénh xwong; cdc mé hinh bénh ndy da va dang dugc dung rét hiéu qué cho viéc
sang loc phat trién thubc. Nhiéu thanh twu khoa hoc ttr nghién ctru trén c& da dwoc ghi nhan.
Mot wu thé khéng nhé Ia chi phi nubi va duy tri c& cho nghién ctru thdp hon nhiéu so véi chi phi
cho dong véat c6 va. Tuy nhién, & Viét Nam, viéc ding céc loai ca nay lam mé hinh thi nghiém
con it dugc biét dén. Bai viét nay gi6i thiéu déc céc diém sinh hoc, ki thudt nghién ciru wu thé
va téng quan céc nghién ctru gan day str dung hai loai ca lam mé hinh cac bénh trén nguoi.
Qua day, chiing téi mong mudn gidi thiéu va phét trién viéc str dung hai loai ca mé hinh c6 hiéu
qua khoa hoc va kinh té cao nay t6i céng dong nghién ciu & Viét Nam.

Tir khéa: ¢4 van (Danio rerio), c4 medaka (Oryzias latipes), dong vat mé hinh bénh.

1. GIOI THIEU VE CA VAN VA CA tuong dong dang ké so voi ngwoi; hon nira
MEDAKA ching cdn ¢6 nhitng wu diém ndi trdi b thé
bd sung va thay thé phan nao cho mé hinh
ddng vat co vu [1], [2], [3], [4].

Ca van (Danio rerio), tén tiéng Anh la
zebrafish (Hinh 1 A, C-E), 1a loai c& nwéc
ngot kich thuéic nhd, sdng & cac rudng IUa,

M6 hinh dong vat a cong cu khong thé
thiéu cho cac nghién ctru tim hiéu cac bénh
trén nguwdi dé tim ra thudc va céc liéu phap
diéu tri bénh. Bong vat dwoc chon 1am mo
hinh phéi c6 mic do twong ddng véi nguoi
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Hinh 1. C4 van va ca medaka

C4 van trudng thanh (A); tring cé van khi méi duoc thu tinh (C), phéi (D) va &u trung méi né
(E); Cé4 medaka trudng thanh (B), trisng méi thy tinh két thanh chum (F), phéi (G) va 4u trung cé
1 tuén tuéi (H). 3 ca duc, Q cé céi. Scale bar & A (dung cho A, B): 1cm, Scale bar & C-H: 1mm

Medaka (Oryzias latipes), tén tiéng Anh
la “Japanese rice fish” hay “Japanese killifish”,
la loai ca xwong, kich thwéc khoang 3-4cm
(Hinh 1B, F-H), sbng ty nhién tai cac rudng
lua, m&t nwéc lang viung Déng A va Poéng
Nam A, trong d6 c6 Viét Nam. Cac dac diém
sinh hoc cua loai ca nay dwgc nghién clru tai
Nhat Ban tir hang tram nam trwéc [4]. Tuy
duoc st dung it va mudn hon ca van nhwng
medaka ngay cang dwoc dung nhiéu hon, bd
sung cho mé hinh c& van dé tim hiéu cac
bénh trén nguwoi. Cac co sé dir liéu cho
nghién ctru vé medaka da duoc téng két rat
day da trong bai tdbng quan cla S. Kirchmaier
va cong sy (cs.) nam 2015 [5], trong dé
NBRP medaka
(https://www.shigen.nig.ac.jp/medaka/) 1a tb
chirc bao gdm nhirng trung tdm nghién ctru
hang dau Nhat Ban c6 vai trd thu nhan, duy tri
va cung cap cac dong ca medaka chling dai
va bién ddi gen, cung cap d lieu va vat liéu
cho nghién ctru st dung cé [5].

Két qua gidi trinh ty so bd cho thay hé gen
cla ca medaka cé kich thwéc khoang 700
triéu cap nucleotide véi wéc tinh 20.141 gen,
trong d6 11.617 (57,7%) gen c6 chung ngudn
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gdc (ortholog gene) véi ngudi [6]. Hé gen cua
ca van da dwoc gidi trinh ty hoan chinh c6
kich thwéc khoang 1,41 ti cap nucleotide voi
26.206 gen ma hoa cho protein, trong doé
18.029 (69%) gen c6 it nhat mét ortholog &
ngudi [7]; dac biét, cé dén 84% gen lién quan
dén bénh trén ngudi cling dwoc tim thay & ca
van [7].

Tuy c6 vung phan bd tw nhién kha giéng
nhau, so v&i ca van thi cd medaka cé strc
séng tét hon, c6 thé ton tai & dai nhiét do rong
tlr 4-42°C, chju dwoc do mudi cao hon nhw &
cac vung nuwdc lo; yéu cau vé didu kien moi
truong sbéng cla medaka cling khéng qué
nghiém ngat [4, 5]. Hai loai ca nay déu co
nhitng dac diém sinh hoc rat wu viét dé lam
déng vat thi nghiém, cé thé khic phuc dwoc
nhwoc diém cla dong vat ¢ vi, nhw thoi
gian trwdng thanh sinh duc ngén (~3 thang),
thy tinh ngoai, phéi phat trién rat nhanh, phéi
trong sudt nén cé thé quan sat qua trinh phat
trién phoi dé dang; hon nira, céc ki thuat bién
dbi di truyén nhw chuyén gen, tao dét bién co
thé dwgc thue hién trén ca kha don gian [2), [4].

Céc thi nghiém thie hién chl yéu trén giai
doan phoi va 4u triing clia ca (Hinh 1D, E, G,
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H). Ca medaka dé tri’ng hang ngay, mdi ngay
mot ca cai co thé cho 20-30 tring. C4 vén dé
treng hang' tudn, mdi lAn 100-200 trirng.
Nhirng lgi thé khdng nho 1a chi phi duy tri ca
thap hon nhidu va cac quy dinh dao dirc sinh
hoc trén ca ciing don gian hon rét nhiéu so
dong vat cé va [2, 4]. Do vay, ca trd thanh mo
hinh ddc biét phu hgp cho nhirng nghién ctru
sang loc in vivo mét lwgng 16n cac chét tiém
nang dé phat trién thudc [8, 9).

2. MOT SO CONG CU, PHUONG PHAP
NGHIEN COU TREN CA VAN VA CA
MEDAKA

2.1. Phwong phép tao dét bién

* Phwrong phép tao dét bién ngéu nhién

Dot bién ngau nhién cé thé tao bang hoa
chat N-ethyl-N-nitrosourea (ENU). Ca dwc
dwoc xr ly véi ENU dé gay dot bién thay thé
nucleotide trong tinh trung, sau d6 dwoc lai
V@i ca cai chiing dai dé tao ra ca F1 mang réat
nhiéu dot bién nglu nhién. Hang ngan ca
medaka va ca van dot bién da dwoc xac dinh
tlr phéi thé hé F3. Phuong phap TILLING
(Targeting Induced Local Lesions IN
Genomes) dwoc dung dé sang loc dot bién,
trong dé ca F1 dwoc sang loc bang cach phan
tich trinh tw cac gen quan tam dé tim ra dot
bién, sau d6 kiéu hinh ctia ca mang gen dot
bién dwoc kiém tra [10]; cling c6 thé gidi trinh
tw toan bd exon clia hé gen ca dé xac dinh
hon 85 nghin dét bién gen khac nhau, chiém
khoang 75% s6 gen ma héa protein [11]. Hién
nay, dg an dot bién c& van (Zebrafish
Mutation Project) dang ¢6 ngudn ca véi gan
38 nghin alen dot bién va khodng mét nva sb
nay da s&n sang dé cung cap cho cac nghién
cru. NBRP Medaka dang cé gan sau tram
dong c4 dot bién, chuyén gen, chiing dai cac
loai va gln sau nghin mau ca dung cho
TILLING.

D6t bién ngau nhién ciing cé thé dwoc tao
ra béng retrovirus. Retrovirus d4 bj bién dbi
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lam mét kha nang nhan Ién trong té bao duoc
tiém vao phdi cé, chén hé gen ctia né vao hé
gen c4, gay ra dot bién & diém cheén [12]. Loi
thé cua viéc s dung retrovirus so vé&i ENU 1a
ADN cla retrovirus c6 thé diing Iam chi thj dé
xac dinh vj tri chén trong hé gen, cho phép
lwa chon cac dong dot bién & gen quan tam
[13]. B6 swu tap dot bién nay & ca van hién co
gan bdn nghin dét bién cta hon ba nghin gen
(Zebrafish Insertion Collection, truy cap
10/09/2019).

* Phwong phép tao dét bién dic hiéu

Trong nhirtng ndm gan day, véi sy phat
trién clia cong nghé chinh stra ADN in vivo
nhw TALEN (Transcription Activator-Like
Effector Nuclease) va RGEN (RNA-Guided
EndoNuclease), viéc chinh stra dac hiéu gen
c& don gidn hon nhidu [14, 15]. TALE Ia yéu
t6 hoat héa phién ma cla vi khuan véi nhiéu
domain lap lai, méi doan l&p dai ~34 axit
amin, trong dé sy da hinh & axit amin th& 12-
13 khién méi loai domain cé thé bam dac hiéu
véi mét loai nucleotide [16). Bang cach ghép
nhiéu domain lién k& thanh mét protein dai,
protein dwoc tao ra sé bam dac hiéu véi mét
trinh tw nucleotide nhat dinh [16]. Protein tai
td hop nay dugc gan véi Fokl endonuclease
dé tao thanh enzym gidi han c6 thé cit dac
hiéu trinh tw nucleotide theo mong muén [17].
RNA théng tin (mMRNA) ma hoéa cho TALEN
hodc TALEN protein duwoc tiém vao phdi ca
dé tao ra cac dut gay ADN & vi tri dac hiéu da
thiét ké trong hé gen. Bt gay mach kép sau
d6 dwoc té bao stra chira bing cach ghép ndi
ddu muat khong twong dong (NHEJ) gay ra
cac loai dot bién thém/méat nucleotide hodc
stra chiva bang co ché tai td hop twong ddng
(HDR) v&i cac trinh tw dwgc tiém cung dé dua
cac trinh ty mong muén vao hé gen. Co ché
stra chira ndi dau khéng twong dong tao ra
nhidu dot bién matthém nucleotide & vj tri
TALEN cét. Ngoai ra, TALEN cé thé thiét ké
dé cét bd hoan toan mét gen khai hé gen.
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Ki thuat CRISPR RGEN (CRISPR/Cas9)
dwoc phat trién tr hé théng mién dich
CRISPR/Cas9 ctia vi khudn [18). Vi khudn
tong hop CRISPR (Clustered Regularly
Interspaced Short Palindromic Repeats: cac
doan 13p xudi nguwoc gibng nhau ngan, cach
déu nhau va xép thanh cym) RNA dai va sau
d6 bién ddi thanh cac crRNA ngén ¢ trinh ty
nucleotide bd sung véi trinh ty ADN clia virus.
Cung véi mt RNA nhd khac 1a tracrRNA,
crRNA 1a dau do dé giip enzym Cas9 nhan
biét ADN cua virus, c&t va phan hly hé gen
cla virus [18]. Trong ki thuat CRISPR/Cas9,
crRNA va tracrRN dwoc thay thé bang mét
RNA khoang 100 nucleotide (guide RNA hay
gRNA) dwoc thiét ké va tdng hop nhan tao va
dé gan véi vj tri mong mubn trong hé gen cla
ca [19]. Guide RNA dugc tiém cung voi
mRNA ma héa Cas9 hodc protein Cas9 vao
phdi c& dé cit ADN tai cac vj tri dac hiéu va
tao ddt bién [14]. Nhirng phat trién gan day
cho phép diéu chinh stra chira dit gady ADN
mach kép bang tai td hgp twong déng, dua
gen thay thé vao hay tao ra dét bién dac hiéu
gidng véi cac dang dot bién gen & ngudi, tao mod
hinh bénh ngudi & c4 van va ca medaka [20].

2.2. Phwong phép tao ca chuyén gen

Cé medaka va c4 van chuyén gen c6 thé
dwgc tao ra bang transposon (gen nhay) hodc
enzym meganuclease v&i hiéu qua rat cao.
Meganuclease thuwéng dwgc ding dé tao ca
chuyén gen la Ia I-Scel. Gen chuyén dwoc
dwa vao gilra hai trinh ty nhan biét cua I-Scel
trong mot vecto chuyén gen va tiém cling véi
enzym |-Scel vao phdi ca, ti I&é F1 mang gen
chuyén c6 thé dat 50% & mot sé dong [21].
Khi str dyng transposon, gen chuyén dwoc
dwa vao transposon va plasmid tai t& hop
duoc tiém cung mRNA ma héa transposase
vao phdi ca. Mét sb transposon hay dung gém
Tol2 [22], Sleeping Beauty [23], Ac/Ds [24].
C4 chuyén gen tao ra nh& meganuclease
hoéc transposon thuwdng cd gen chuyén dwoc
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chén ngéu nhién vao hé gen. Tuy nhién, gen
chuyén cé thé dwgc chén vao vj tri xac dinh
nh& PhiC31 integrase [25] gay dit gay ADN
mach kép va sira chiva tai t hop twong ddng
[20]. Hién nay, hang nghin dong ca chuyén
gen dang dwgc cac phong thi nghiém, trung
tam tao ra, Iwu gitr va cung cdp cho nghién
chu. Trung tdm c& van Quéc té
(http://zebrafish.org/home/quide.php) hién cé
gan 12.000 dong c4 nay.

2.3 Phwong phap chup anh hién vi

Phai, 4u tring ca medaka va c4 vén trong
subt, rat thuan lgi cho ki thuat hinh &nh, dic
biét Ia anh hién vi huynh quang dé quan sat
cé4c qua trinh sdng in vivo tl ldc thy tinh, phat
trién phdi téi khi cac co quan hinh thanh va
hoat dong [26]. Anh c6 thé dwoc chup & céac
mirc dd phéng dai khac nhau dé& quan sat
toan bd co thé, mot hé co quan hay tirng té
bao, céu tric trong t& bao [27-29). Cac thi
nghiém chup anh phai, 4u trung ca cé thé tién
hanh trong th&i gian vai phat, vai gio hodc
tham chi vai ngay [27-29]. Phdi hodc 4u triing
ca duwgc gay mé (thwong bai tricaine, Sigma
MS-222) va gi* ¢ dinh trong agarose co6
nhiét 4o néng chay thap (low melting agarose)
trong subt théi gian chyp anh [27-29).

2.4. Phwong phap danh gia doc tinh va
hoat tinh cta céac chéat

Céa medaka va ca van dé nhidu trer, thy
tinh ngoai, phat trién nhanh chéng, phéi - 4u
trung kich thwéc nhdé nén thuan Igi che viée
danh gia dgc tinh hay anh hwéng ctia ch it ¢o
hoat tinh trong sang loc thudc, cé thé danh
gi4 & nhiéu giai doan phat trién khac nhau véi
quy mé Ién [30, 31]. Phéi, u tring dwoc gitr
trong nwéc nudi cd bd sung chat thir & tirng
giéng riéng 1& clia dia nudi 96 giéng hodc 384
giéng. Chung c6 thé séng vai ngay khong can
cho &n nhd dy tri* dinh dwéng trong noan
hoang. Véi sy phat trién cta cac ki thuat va
cdng nghé bién ddi gen, nhiéu mé hinh bénh
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da duoc tao ra trén ca medaka, ca van va
dung cho sang loc thuée [8, 9].

3. CAC MO HINH BENH NGUOI DPA
PUQ'C NGHIEN ClPU TREN CA MEDAKA

3.1. Bénh than kinh

Ca van va c4 medaka da va dang duwoc
dung 1d3m mé hinh nghién ctru cho rét nhiéu
bénh than kinh, tlr thodi héa than kinh dén
nhi*rng réi loan hanh vi va tdm than. Bénh
Alzheimer (Alzheimer's disease - AD) la bénh
thodi héa than kinh gay méat tri nhé phd bién
nhat da dwoc nghién ctru rét nhiéu trén md
hinh ca van. Ndm 2014, Newman va cdng s
(cs.) da théng ké dwoc 98 bai bao xuét ban
trong 10 nam trwéc dé6 kham pha vai trd cua
cac gen presenilin (PSEN1, PSEN2) va
amyloid beta precursor (APP) lién quan dén
bénh Alzheimer dang yéu t6 gia dinh FAD
trén ca [32]. Chirc nang va doc tinh cla
protein amyloid beta ma sy tich tu cla né &
néo duoc cho la nguyén nhan gay bénh dang
ngdu nhién (sporadic AD-SAD) ciing dwoc
danh gia. Cac nghién ctru nay da cho nhirng
két qua twong ddng ciing nhw khdng twong
déng véi két qua thu dwoc trén méd hinh
chugt; dac biét c6 nhirng két qua méi ma
nghién ctru trén moé hinh chudt khong tim ra
duoc [32].

R4t nhiéu md hinh bénh thodi héa than
kinh van dong cling da dwoc tao ra trén ca
van nh& cac ki thuat didu khién bidu hién céac
gen twong &ng v&i gen lién quan dén bénh
trén ngudi. Babin va cs. da phan tich, danh
gia chi tiét va tdng két cac mé hinh bénh nay
[33], trong d6 c6 thé ké dén bénh xo cirng teo
co mot bén (amyotrophic lateral sclerosis hay
bénh Lou Gehrig), bénh liét hai chi dwéi co
crng di truyén (hereditary  spastic
paraplegias), bénh thodi hdéa co tly (spinal
muscular atrophy) [33]. Pac biét, md hinh
bénh bénh teo co Mac (Charcot-Marie-Tooth)
do thoai héa day than kinh ngoai vi thiét 1ap
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thanh céng trén c4 van da moé phdng dugc
dang thoi diém phat bénh 13 ¢4 trwdng thanh
non twong dwong véi tudi thanh nién &
ngwdi, trong khi trén mé hinh chudt, bénh
xuét hién rat sém, gay khé khan cho nghién
ctru [34]. Hon ni¥a, mé hinh c4c bénh do réi
loan hanh vi va tdm than nhw trdm cam, tam
than phan liét, ting dong gidm kha nang tap
trung (Attention deficit hyperactivity) cling da
dwoc xay dyng trén cé van va dwoc tong két
& céc bai tong quan méi day [35].

Trén ca medaka, mé hinh bénh Parkinson
dwgc nhém nghién clru ctia Takahashi, Pai
hoc Kyoto Nhat Ban xay dwng, phat trién va
viét tong quan trong bai bdo nidm 2014 [36].
Céc triéu ching bénh cé thé dwoc tao ra trén
ca bang cach x& ly héa chét, hay 1am bién dbi
di truyén. Céac héa chét nhu 1-Methyl-4-
phenyl-1,2,3,4-tetrahydropyridine (MPTP), 6-
hydroxydopamine (6-OHDA), tunicamycin va
cac chat wc ché proteasomellysosome
(proteasome/lysosome inhibitors) c6 thé tao
ra mot so triéu chirng bénh nhw méat neuron
thugc hé dopamine, lam giam van dong tirc
thoi (spontaneous movement) va mét sé chat
lam xuét hién thé Lewy. Ca dét bién kép hai
gen PTEN-induced putative kinase 1 (Pink1)
va Parkin bi mat té bao hé dopamine va =
thé bj két dinh, mat chirc ndng. C4 &t b
gen ATP13A?2 ciing o6 thé a0 ra mdt £0 i
chirng bénh khae 120

3.2, Bénih ndi

Cac nghign ciru
ndng clia cae
vin twong dwong G cla
dwéi doi, tuyén yén, tuyin
tuyén gidp, tuyén can giap, luye
sinh duc [38, 39] da chi ra s
dang ké trong hoat dong chirc nang, céc té
bao tiét ciing nhw mang ludi cac gen diéu
khién phat trién cac tuyén noi tiét clia ca va
ngudi [39). Streptozocin (STZ) la chét doc voi
té bao beta cla tuy dwgc dung gady md hinh
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bénh dai thado dwong trén chudt cling duoc
ding dé gay mé hinh bénh nay trén ca van
trudng thanh bang cach tiém [40). Ca4 md
hinh c6 cac biéu hién bénh giéng nhw trén
ngwdi nhw bién chirng véng mac, than kinh,
réi loan qua trinh 1am lanh viét thwong va tai
tao vay duéi [40]. Hon nira, hién twong tai
sinh md tuy bj tdn thwong va khéi phuc tinh
trang duwdng huyét tré lai binh thwdng & bénh
nhan ghép tuy ciing c6 thé quan sat dugc
trén ca md hinh [40].

3.3. Bénh tim mach

Mét sb bai tdng quan da phan tich kha day
dd vé sy twong ddng trong sy phat trién tim
clia ca van va ngudi ciing nhw tdng két cac
md hinh bénh tim s dung ca van [41, 42).
Céc wu thé 16n 1a phoi ca co thé sdng khi
chirc nang tim mach bj suy gidm trdm trong vi
oxy c6 thé khuéch tan vao co thé ca do kich
thuwdc phéi nhd; hon nira, tim ca c6 kha nang
tai tao trong sudt cudc doi, cho phép thuc
hién nhiéu nghién ctru ma trén déng vat khac
khé c6 thé thic hién dwoc [41]. Ca van mang
gen ma héa cho enzym integrin-linked kinase
bi bién ddi c6 sy suy gidm chirc nang tim trdm
trong twong tw véi bénh phinh dai co tim &
ngudi [42]. Ca van co6 tén ‘gridlock’ hay ‘grl’
mang gen hey2 doét bién Idm md hinh bénh
hep eo dong mach chu & nguwdi [43] cling la
md hinh bénh trén ca dau tién dwoc st dung
dé sang loc dwoc chét in vivo.

3.4. Bénh ung thw

Hau hét cac loai ung thw trén ngudi déu cé
thé tao dwgc trén md hinh ca. Céc ki thuat dé
tao ca ung thw bao gdm x& ly bdi héa chét
gy ung thw, ghép té bao ung thu ngudi vao
phéi c4, dung ki thuat forward genetics tao va
sang loc dot bién hay reverse genetics bt
hoat gen bang cac ki thuat di truyén hoéc tao
cé chuyén gen biéu hién gen ngoai sinh [44].

Nam 2013, nhém nghién ctu cta Gong,
Pai hoc Quéc gia Singapo da tao duoc mé
hinh ca van bénh ung thw gan cé tén TO(Myc)
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bang cach chuyén gen Myc cua chudt dac
hiéu dén cac t& bao gan trén ca [45]. Biéu
hién qua mic gen Myc trén ca da lam tang
sinh té bao gan, d4n dén u tuyén va ung thw
t& bao gan (hepatocellular adenoma and
carcinoma), gibng nhw xay ra trén chudt va
nguwdi [45]; diéu nay khang dinh vai trd cla
gen Myc trong bénh sinh ung thw gan & cac
dong vat c6 xwong séng. Cac mé hinh ung
thw khac da duwoc tao trén cé van, co thé ké
dén ung thw mau (leukemia), ung thu té bao
héc t6 (melanoma) va ung thu mé lién két
(embryonal rhabdomyosarcoma) [46].

3.5. Bénh mau va mién dich

Thiéu mau nguyén hdng ciu bam sinh
(congenital sideroblastic anaemia) [47] 1a md
hinh bénh dau tién dwoc xay dwng trén dong
c4 van dot bién co tén “sau” (viét tat tr
sauternes), dwgc tao ra tir ki thuat forward
genetics. Béng ki thuat positional cloning, gen
dot bién gay bénh nay dwoc tim ra 1a ALAS2,
twong déng véi gen clia nguwdi, la gen ma héa
cho mdt enzym tham gia vao qua trinh tdng
hop hemoglobin cia héng cau. Nhidu phat
hién méi vé vai trd cla cac gen didu khién
qua trinh tao mau ciing dwoc tim ra va da
dwoc tdng quan [48]; ca dot bién gen c-cbl cé
thé 1am md hinh cho bénh téng sinh tly ac
tinh (Myeloproliferative neoplasms) [49]. Nam
2018, Rissone A va Burgess SM da téng két
nghién clru vé& cac bénh mau di truyén hiém
gap st dung mé hinh c& van, trong 6 cé
bénh thiéu mau Diamond Blackfan, chirng
thiéu mau “ma ca réng” (Erythropoietic
protoporphyria - EPP), bénh t& bao Mast
(Mast cell disease) va cac bénh thiéu hut
mién dich tién phat nhw bénh reticular
dysgenesis, hdi chirng Wiskott—Aldrich, hoi
chrng WHIM, bénh tao u hat man tinh
(Chronic Granulomatous Disease), bénh thiéu
hut két dinh bach cdu (Leukocyte Adhesion
Deficiency), bénh suy giam mién dich ZAP70
(ZAP70 deficiency) [50].
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Trén ca medaka, dong ca co6 tén “who”
mang dot bién gen alad [51] ma hoéa cho
enzym delta-aminolevulinic acid
dehydratase tham gia vao qua trinh téng hop
nhan Hem cé kiéu hinh cta bénh thiéu mau
nhuwoc sac (Hypochromic anemia) [51].

3.6. B&nh than

Tinh wu viét va hiéu qua cuta viéc dung ca
lam mé hinh nghién ctu vé chirc néng cua
than va bénh than, dac biét la cac bénh than
do di truyén duoc khang dinh qua sb lugng
ngay tang clia cac cong bé trén Pubmed [52].

Bénh than da nang (Polycystic kidney
disease) la mét trong nhirng nguyén nhan
chinh dan dén suy than giai doan cubi (End-

stage kidney disease). Dong c4 medaka ‘pc’
mang gen glis3 dot bién [53] hay ca bi bat
hoat/mét gen zmynd10 [54] cho théy Ia cac
mo hinh rat cé trién vong, dac hiéu cho bénh
nay vi ngudi bi dot bién cac gen trén con cd
c4c biéu hién suy gidm chirc ndng tuyén tuy
dan dén tiéu dwong [53]. Trén ca vén, Huang
va cs. da gay bat hoat gen wnt5a bang ki
thuat Morpholino (Morpholino knockdown) tao
dwoc mé hinh bénh nay [55].

C4a medaka mé hinh bénh than do béo phi
(Obesity-related glomerulopathy) tao duwoc
bang ché dd &n giadu chat béo [56] sé giup
hoan thién nghién ctru cac bénh do réi loan
trao ddi chét.

Hinh 2. Ca medaka séng va ca ¢ dinh dwoc danh déu té bao xwong va nhudm xuong (A-
D: Hinh anh cai bién tur [27])

A-D: Ca medaka chuyén gen ctsk:mGFP 3
tudn tudi (A) c6 té bao hily xwong trén céc
cung xwong quanh dét séng duoc danh déau
huynh quang mau xanh (B-D) bdng céch
chuyén gen va xuong duoc nhuém thubc
nhudém huynh quang mau dé (C,D). ns: gai
thdn kinh; na: cung than kinh; vb: than dét
sbng; ha: cung mach méu; hs: gai mach mau;
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wpf: tudn sau thy tinh; E, F: Au trung ca
medaka 11 ngay tudi duoc nhudém xuong co
dinh. E. ca chung dai binh thuong co cac
xuwong cung than kinh nguyén ven nam trén
cac dét séng (dau mdi tén den); F. ca chuyén
gen rankl:HSE:CFP bj sbc nhiét bj mat céc
cung xwong nay (dau mdi tén trdng)
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3.7. Bénh xwong

Nghién ctru ctia chung toi va mot sé nhém
trén thé gidi da cho thay ca medaka va c4 van
c6 thé 1am mé hinh rét t6t d& nghién ceu vé
Xwong va cac bénh lién quan dén xwong
[27-29, 57-59]. Céac két quad khing djnh co
ché phan t& va té bao cia qua trinh tao
xwong va hiy xwong & hai lodi ca nay va
nguwdi 1a rat twong ddng [27-29, 59). So voi
ca van, hé xwong clia ca medaka phat trién
nhanh hon. M6t diéu tha vj 1a sw gia hda & ca
medaka ciing di kém v&i suy giam estrogen
va suy gidm mét d, cau tric xwong; cot séng
(leng) ca bj cong khi ca gia, nhat 1a & ca cai,
twong tw nhw loang xwong do man kinh & phy
nir [60].

Phéi phat trién ngoai, trong subt, 4u triing
ca nhd, ki thuat chuyén gen dé& dang cho
phép danh dau cac té bao xwong bang huynh
quang va ghi lai hinh anh hoat dong cta cac
té bao tao xwong va hiy xwong in vivo [27-
29, 57]. Sun va xwong clGa au tring va ca
trwdng thanh cé thé dwoc nhudm in vivo trén
mau da dwoc cb dinh hay trén ca sdng bang
thuéc nhudém huynh quang rat dé& dang (Hinh
2, [27, 63]). Hon ni*a, xwong cla ca trwdéng
thanh ciing c6 thé phan tich dwoc bang ki
thuat micro CT [58] nhw trén ddng vat co6 vu.
Mb hinh ca do vay rét thich hgp cho viéc sang
loc cac dwoc chét diéu tri bénh xwong [9].

Ngoai mé hinh bénh xwong da [57], nam
2012, Té Thanh Thay va cs. tai Pai hoc Quéc
gia Singapo da tao ra dong cd& medaka
chuyén gen rankl:HSE:CFP biéu hién Rankl
(Receptor activator of nuclear factor kappa-B
ligand), yéu té kich thich biét héa va hoat
dong cua té bao hiy xwong dwédi tic dung
clia séc nhiét lam mé hinh bénh lodng xwong
(osteoporosis). O' dong ca nay, Rankl ngoai
sinh da kich thich tao té bao hly xwong pha
hily md xwong clia ca & giai doan phat trién
rat sém (Hinh 2F, [27]).
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Tl ndm 2013, dong c4 nay va mot sé dong
c4 chuyén gen danh du té bao xwong da
dwoc dwa vé& phong thi nghiém cla ching toi
tai Khoa Sinh hoc, Trwdng Pai hoc Khoa hoc
Tw nhién, Dai hoc Qudc gia Ha Noi dé tiép tuc
hoan thién va st dyng lam md hinh cho cac
nghién ctru v& xwong va sang loc chat c6
hoat tinh chéng lodang xwong. Ching t6i da
thiét 1ap dwoc hé thdng phong nudi, xac dinh
duoc sy dn djnh cta gen chuyén, duy tri 6n
dinh va tach dong dong céa ban dau thanh céc
dw6i dong cé mirc do tén thuwong xwong khéc
nhau [62-64], m& dau viéc dung ca lam md
hinh bénh & Viét Nam. Da c6 nhitng két qua
bwédc diu [65] va ching t6i hi vong sé khai
thac dwoc ngudn dwoc liéu ty nhién doi dao
clia 3t nwérc, tim ra nhirng chat cé hoat tinh cé
thé phat trién thanh thudc chéng loang xwong.

4. KET LUAN

Ca van va ca medaka da dwoc str dung
lam mé hinh cho hau hét cac loai bénh trén
nguwoi va da cho thdy nhitng wu thé so voi
cac dong vat mé hinh khac. Cung véi sy phat
trién va hoan thién rat nhanh clia céc ki thuat
nhw ki thuat lam bién ddi bd gen bang
CRISPR/Cas, Ki thuat hinh &nh, ki thuat sang
loc thudc, viéc nghién ctru trén ca sé ngay
cang dé dang va phat trién, cho hiéu qua
khoa va hoc kinh té cao, hira hen mang dén
céc kham pha méi vé thudc ciing nhw ligu
phap diéu trj bénh.

L&i cdm on

Cac tac gia xin cdm on Lé Thj Ngoc Hué
voi anh chyp cho Hinh 1, cdm on Pham Vin
Cuwong da doc va hiéu dinh ban thao. Bai viét
dwgc hd tre tir d& tai 106-YS.06-2014.15 cua
Qdy Phat trién khoa hoc va cong nghé Quéc
gia NAFOSTED.



Vietnam Journal of Physiology 24(4), 12/2020

ISSN: 1859 - 2376

TAI LIEU THAM KHAO

Hirata H, Atsuo lida (2018), Zebrafish,
medaka and other small fishes, new
model animal in Biology, medicine and
beyond. Springer.

Westerfield M (2007), The zebrafish
book, A guide for the laboratory use of
zebrafish (Danio rerio). University of
Oregon Press.

Bradford YM, Toro S, Ramachandran
S, Ruzicka L, Howe DG, Eagle A et
al. (2017), Zebrafish models of human
disease: Gaining insight into human
disease at ZFIN. ILAR J. 58(1):4-16.
https://doi.org/10.1093/ilar/ilw040
Naruse K, Tanaka M, Takeda H
(2011), Medaka - A Model for
Organogenesis, Human Disease, and
Evolution. Science.
http://doi.org/10.1007/978-4-431-
92651-7

Kirciimaier S, Naruse K, Wittbrodt J,
Loosli F (2015), The genomic and
genetic toolbox of the teleost medaka
(Oryzias latipes). Genetics. 199(4):905—
918. http://doi.org/10.1534/genetics
114.173849

Kasahara M et al. (2007), The medaka
draft genome and insights into
vertebrate genome evolution. Nature.
447:714-719. http://doi.org/10.1038/
nature05846

Howe K et al. (2013), The zebrafish
reference genome sequence and its
relationship to the human genome.
Nature. 496:498-503.
http://doi.org/10.1038/nature12111
Strange K. (2016), Drug discovery in
fish, fles, and worms. ILAR J.
57(2):133-143. http://doi.org/10.1093/
ilar/ilw034

98

10.

11.

12.

13.

16.

17.

Laizé V, Gavaia PJ, Cancela ML.
(2014), Fish: A suitable system to model
human bone disorders and discover
drugs with osteogenic or osteotoxic
activities. Drug Discov. Today Dis. Model.
13:29-37 .http://doi.org/10.1016/,.
ddmod2014.08.001

Taniguchi, Y et al.(2006), Generation
of medaka gene knockout models by
target-selected mutagenesis. Genome
Biol. 7, R116.

Kettleborough RN W et al. (2013), A
systematic genome-wide analysis of
zebrafish protein-coding gene function.
Nature. 496: 494-497

Amsterdam A, Varshney GK,
Burgess S (2011), Retroviral-mediated
Insertional Mutagenesis in Zebrafish.

Methods Cell Biol. 104:59-82.
http://doi.org/10.1016/B978-0-12-
374814-0.00004-5

Varshney GK et al. (2013), A large-
scale zebrafish gene knockout resource
for the genome-wide study of gene
function. Genome Res. 23:727-35
{2013). http://doi.org/10.1101/
gr.151464.112

B -+ WY of al, (2013), Efficient genome

emuryos. 38ne 543:28~33.
http://doi.org/10.1016/.gene 201404 L.
Boch J et al. (2009), Ercaling ihe 2

DNA binding specificity of A
effectors. Science. 326(5955). 15051012
http://doi.org/10.1126/scienc. /371
Christian, M et al. (2010}, Taigoi o 0N
double-strand breaks with TAL efiector
nucleases.  Genetics  186(2):757-61.

http://doi.org/10.1534/genetics.110.120717



Vietnam Journal of Physiology 24(4), 12/2020

ISSN: 1859 - 2376

18.

19.

20.

21.

22.

23.

24,

25.

Jinek, M et al. (2012), A programmable
dual-RNA-guided DNA endonuclease in
adaptive bacterial immunity. Science
(80-. ). 337:816-21.
http://doi.org/10.1126/science.1225829
Jinek, M et al. (2013), RNA-
programmed genome editing in human
cells. elLife. 2:e00471.
https://doi.org/10.7554/eLife.00471
Annekatrien B, Hanna DS, Wouter S,
Bert C et al. (2018), CRISPR/Cas9-
mediated homology-directed repair by
ssODNSs in zebrafish induces complex
mutational patterns resulting from
genomic integration of repair-template
fragments. Dis Model Mech.
11:dmm035352.
https://doi.org/10.1242/dmm.035352
Thermes V et al. (2002), I-Scel
meganuclease mediates highly efficient
transgenesis in fish. Mech. Dev. 118(1-
2):91-98.https://doi.org/10.1016/s0925-
4773(02)00218-6

Kawakami K, Shima A, Kawakami N.
(2000), Identification of -a functional
transposase of the Tol2 element, an
Ac-like element from the Japanese
medaka fish, and its transposition in the
zebrafish germ lineage. PNAS.
97(21):11403-11408.https://doi.org/10.
1073/pnas.97.21.11403

Davidson AE et al. (2003), Efficient gene
delivery and gene expression in zebrafish
using the Sleeping Beauty transposon.
Dev. Biol. 263(2):191-202.
https://doi.org/10.1016/j.ydbio.2003.07.013
Emelyanov A, Gao Y, Naqvi NI, Parinov
S (2006), Trans-kingdom transposition of
the maize Dissociation element. Genetics.
174(3):1095-1104.
https://doi.org/10.1534/genetics106.061184
Ishikawa T, Ansai S, Kinoshita M,
Mori K (2018), A Collection of

99

26.

27.

28.

29.

30.

31.

Transgenic Medaka Strains for Efficient
Site-Directed Transgenesis Mediated
by phiC31 Integrase. G3Genes,
Genomes, Genet. 8(8):2585-2593.
https://doi.org/10.1534/g3.118.200130
Keller PJ, Schmidt, AD, Wittbrodt J,
Stelzer EHK (2008), Reconstruction of
zebrafish early embryonic development
by scanned light sheet microscopy.
Science (80-. ). 322(5904):1065-9.
https://doi.org/10.1126/science.116249
g

To TT et al. (2012), Rankl-induced
osteoclastogenesis leads to loss of
mineralization in a medaka
osteoporosis model. Development.
139(1):141-150.
https://doi.org/10.1242/dev.071035

Yu T et al. (2016), Live imaging of
osteoclast inhibition by
bisphosphonates in a medaka
osteoporosis model. Dis. Model. Mech.
9(2):155-63.
https://doi.org/10.1242/dmm.019091
Bittner A, To TT, Winkler C, Chan SJH,
Renn J. (2013), A col10a1 nIiGFP
transgenic line displays putative osteoblast
precursors at the medaka notociordal
sheath prior to mineralization. Dev. Biol.
381(1):134-43.
https://doi.org/10.1016/j.ydbio.2013.05.030
Padilla S et al. (2009), Use of Medaka in
toxicity testing. Curmr. Protoc. Toxicol.
Chapter 1:Unit1.10.
https://doi.org/10.1002/0471140856.
tx0110s39

Ali S, van Mil HGJ, Richardson MK.
(2011), Large-Scale assessment of the
zebrafish embryo as a possible predictive
model in toxicity testing. PLoS One.
6(6):e21076.https://doi.org/10.1371/journal
.pone.0021076




Vietnam Journal of Physiology 24(4), 12/2020

ISSN: 1859 - 2376

32.

33.

35.

36.

37.

38.

Newman M, Ebrahimie E, Lardelli M.
(2014), Using the zebrafish model for
Alzheimer’s disease research. Frontiers
in Genetics. 5:189.
https://doi.org/10.3389/fgene.2014.00189

Babin PJ, Goizet C, Raldua D. (2014),
Zebrafish models of human motor neuron
diseases: Advantages and limitations.
Progress in Neurobiology. 118:36-58.
https://doi.org/10.1016/j.pneurobio.2014.0

3.001

. Chapman AL, Bennett EJ, Ramesh TM,

De Vos KJ, Grierson AJ. (2013), Axonal
Transport Defects in a Mitofusin 2 Loss of
Function Model of Charcot-Marie-Tooth
Disease in Zebrafish. PLoS One
8(6):e67276. https://doi.org/10.1371/
journal.pone.0067276

Fontana BD, Mezzomo NJ, Kalueff
AV, Rosemberg DB. (2018), The
developing utility of zebrafish models of
neurological and  neuropsychiatric
disorders: A critical review. Exp. Neurol.
299(Pt A):157-
171.https://doi.org/10.1016/j.expneurol.

2017.10.004

Matsui H, Uemura N, Yamakado H,
Takeda S, Takahashi R. (2014),
Exploring the pathogenetic

mechanisms underlying Parkinson’s
disease in medaka fish. J. Parkinsons.
Dis. 4(2):301-10.
https://doi.org/10.3233/JPD-130289.

To TT et al. (2007), Pituitary-Interrenal
Interaction in Zebrafish Interrenal
Organ Development. Mol. Endocrinol.
21(2):472-85.https://doi.org/10.1210/
me.2006-0216

Lohr H, Hammerschmidt M. (2011),
Zebrafish in Endocrine Systems:
Recent Advances and Implications for
Human Disease. Annu. Rev. Physiol.

100

39.

40.

41.

42,

43.

45.

46.

73:183-211.https://doi.org/10.1146/
annurev-physiol-012110-142320
McGonnell IM, Fowkes RC. (2006),
Fishing for gene function - Endocrine
modelling in the zebrafish. J.
Endocrinol. 189(3):425-39.
https://doi.org/10.1677/joe.1.06683
Intine RV, Olsen AS, Sarras MP Jr.
(2013), A Zebrafish Model of Diabetes
Mellitus and Metabolic Memory. J. Vis.

Exp. (72):50232.https://doi.org/
10.3791/50232
Bournele, D., Beis, D. (2016),

Zebrafish models of cardiovascular
disease. Heart Fail. Rev. 21(6):803-
813. https://doi.org/10.1007/s10741-
016-9579-y

Nguyen CT, Lu Q, Wang Y, Chen JN.
(2008), Zebrafish as a model for
cardiovascular development and disease.
Drug Discovery Today: Disease Models.
5(3):135-140. https://doi.org/10.1016/
j-ddmod.2009.02.003

Weinstein BM, Stemple DL, Driever
W, Fishman MC. (1995), Gridlock, a
localized heritable vascular patterning
defect in the zebrafish. Nat. Med.
1(11):1143-7.

. Regneri J, Kletz B, Schartl M. (2016),

Genomic and Transcriptomic
Approaches to Study Cancer in Small
Aquarium Fish Models. Adv. Genet.
95:31-63.

Li, Z et al
zebrafish  liver

(2013), A transgenic
tumor model with
inducible Myc expression reveals
conserved Myc signatures  with
mammalian liver tumors. Dis. Mode!
Mech. 6(2):414-23.
Yen J, White RM, Stemple DL. (2014),
Zebrafish models of cancer: Progress
and future challenges. Current Opinion
in Genetics and Development.



Vietnam Journal of Physiology 24(4), 12/2020

ISSN: 1859 - 2376

47.

48.

49,

50.

51.

52,

53.

54.

55.

24(100):38-45.

Brownlie A et al. (1998), Positional
cloning of the zebrafish sauternes
gene: A model for congenital
sideroblastic anaemia. Nat. Genet.
20(3):244-50.

Sood R, Liu P. (2012), Novel insights
into the genetic controls of primitive and
definitive hematopoiesis from Zebrafish
models. Adv. Hematol. 2012:830703.
https://doi.org/10.1155/2012/830703
Peng X et al. (2015), A point mutation
of zebrafish c-cbl gene in the ring finger
domain produces a phenotype
mimicking human myeloproliferative
disease. Leukemia. 29(12):2355-65.
https://doi.org/10.1038/leu.2015.154
Rissone A, Burgess SM. (2018), Rare
genetic blood disease modeling in
zebrafish. Front. Genet. 9:348.
Sakamoto D et al. (2004), A mutation in
the gene for &-aminolevulinic acid
dehydratase (ALAD) causes hypochromic
anemia in the medaka, Oryzias latipes.
Mech. Dev. 121:747-52.

Elmonem M et al. (2018), Genetic
Renal Diseases: The Emerging Role of
Zebrafish Models. Cells 7(9):130.
https://doi.org/10.3390/cells7090130
Hashimoto H et al. (2009), Polycystic
kidney disease in the medaka (Oryzias
latipes) pc mutant caused by a mutation
in the Gli-Similar3 (glis3) gene. PLoS
One. 4(7):6299.

Kobayashi D et al. (2017), Loss of zinc
finger MYND-type containing 10
(zmynd10) affects cilia integrity and
axonemal localization of dynein arms,
resulting in ciliary dysmotility, polycystic
kidney and scoliosis in medaka (Oryzias
latipes). Dev. Biol. 430(1):69-79.

Huang L et al. (2014), A Possible
Zebrafish Model of Polycystic Kidney

101

56.

57.

58.

59.

60.

61.

62.

Disease: Knockdown of wnt5a causes
Cysts in Zebrafish Kidneys. J. Vis. Exp.
(94):52156.

Ichimura K et al. (2013), Medaka fish,
Oryzias latipes, as a model for human
obesity-related glomerulopathy.
Biochem. Biophys. Res. Commun.
431(4):712-7.
https://doi.org/10.1016/j.bbrc.2013.01.0
53

To TT, Witten PE, Huysseune A,
Winkler C. (2015), An adult
osteopetrosis model in medaka reveals
the importance of osteoclast function
for bone remodeling in teleost fish.
Comp. Biochem. Physiol. Part - C
Toxicol. Pharmacol. 178:68-75.

Charles JF et al. (2017), Utility of
quantitative micro-computed
tomographic analysis in zebrafish to
define gene function during
skeletogenesis. Bone. 101:162-171.
Witten PE, Harris MP, Huysseune A,
Winkler C. (2017), Small teleost fish
provide new insights into human
skeletal diseases. Methods Cell Biol.
138:321-346.

Shanthanagouda AH et al. (2014),
Japanese medaka: A non-mammalian
vertebrate model for studying sex and
age-related bone metabolism in vivo.
PLoS One. 9(2):e88165.

Walker MB, Kimmel CB. (2007), A
two-color acid-free cartilage and bone
stain for zebrafish larvae. Biotech.
Histochem. 82(1):23-8.

Trdn Thj Thuy Trang, Pham Vin
Cwong va cdng sw. (2017), Thoi gian
sbc nhiét va mirc do tdn thwong xwong
cla 4u trung ca medaka chuyén gen
rankl: HSE: CFP dong c1c8 lam md
hinh bénh lodng xwong. Tap chi Khoa
hoc DPHQGHN Khoa hoc Ty nhién va



Vietnam Journal of Physiology 24(4), 12/2020

ISSN: 1859 - 2376

63.

Cong nghé. 33(2S):248-255.

Pham Vian Cwong, Pham Thj Thanh,
Nguyén Thiy Hoa, Trdn Dic Long,
T6 Thanh Thiy (2015), Tach dong ca

cta gen chuyén rankl & dong cé
medaka chuyén gen rankl:HSE:CFP
lam moé hinh bénh lodng xwong. Tap
chi Sinh ly hoc Viét Nam. 19:10-17.

medaka chuyén gen rankl:HSE:CFP
dung lam mod hinh nghién clru bénh
lodng xwong. Tap chi Khoa hgc Ty nhién
va Cong nghé BHQGHN. 31:24-34.

64. Lai Thi Nguyét, Pham Thj Thanh,
Pham Vin Cwéng, Tran Dic Long,
T6 Thanh Thuy (2012), Tinh &n dinh

65.Pham VC, Pham TT, Lai TT, Trinh CD
et al. (2020), Icariin reduces bone loss
in a Rankl-induced transgenic medaka
(Oryzias latipes) model for
osteoporosis. J. Fish Biol. 1-10.
https://doi.org/10.1111/jfb.14241

SUMMARY

ZEBRAFISH (DANIO RERIO) AND MEDAKA (ORYZIAS LATIPES) AS
ANIMAL MODELS OF HUMAN DISEASES

To Thanh Thuy, Vu Thi Thu, Tran Buc Long
Faculty of Biology, VNU University of Science, Vietnam National University, Hanoi

Zebrafish (Danio rerio) and medaka (Oryzias latipes) are small teleost fish native to the rice
paddies and small water bodies in South and Southeast Asia including Vietnam. These two fish
species have shown excellent experimental advantages that make their use as animal models
complementary to mammals. They share high similarity to human in protein coding genes and
biological processes, therefore have been increasingly used as animal models for research in
biology and biomedicine, especially as models for most of human diseases such as diseases
and disorders in the nervous, cardiovascular, endocrine, immune systems, cancer, and bone
diseases; these disease models have showed high effectivity in drug screening an?
development. There are numerous findings in biomedicine and drug discovery basc!
research using these fish models. It is noteworthy that the cost for laboratory mainialing o
these fish is much lower than that for traditional mammalian modals lico mice. Hovoow
Vietnam, the use of fish as animal models is still largely unknow:: Sere we dosoribe Dioies oo
characteristics, common experimental techniques and review reczr: human dis2ase mois
generated in these two fish. We would like to introduce the use of incso fsh o races,
community in Vietnam and hope for its development in near iuturs.

Keywords: animal models of human disease, medaka fish (Oryzias ialin::
(Danio rerio)
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