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(57) Sang ché dé cap dén mau dong vat duoc lay nhiém than kinh virut entero 71 va
phuong phéap san xuat san xuat mau dong vat nay. Mau dong vat duoc lay nhiém than kinh
virut entero 71 theo sang ché bao gdm chudt nhat 1én dén bén tudn tudi di duoc 1ay nhiém
& thoi diém gitra mot tun va hai tudn tudi bang virut entero 71 duogc cai bién dé 1ay nhiém
chudt nhit nay, trong d6 chudt nhit nay dugc lay nhiém bang cach tiém liéu lay nhiém
chung té bao trung nam trong khoang tir 105 dén 106 virut entero 71 duoc cai bién vao
khoang mang bung hoic mé co, trong d6 virut entero 71 dwoc cai bién nay la
EV71:TLLmv, ma (a) dugc luu gitt & Ngan hang giéng va vi sinh vat Trung Qudc véi ma
Iru giit 14 CCTCC V201438 hodc (b) dugc thu nhan bang phuong phéap di truyén nguoc
cai tién bao gdm budc tong hop ARN virut bang cach sir dung trinh ty nhu néu trong SEQ
ID NO.2 va trong d6 mau dong vat ndy bji bénh viém ndo tuy cdp tinh, tinh trang xuét
huyét khu tra va c6 dich protein trong phé nang phél nong do catecholamin trong huyét
thanh cao va ton thuong mo rong trong thén ndo, la du hiéu va triéu ching cta tinh trang
pht phoi c6 ngudn gbe than kinh.
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Linh vue k§ thuit dwoe dé cip
Sang ché d& cap dén miu dong vat dugc lay nhiém than kinh virut entero 71
(Enterovirus 71-EV71) va phuong phdp san xuét mau dong vat ndy.

Tinh trang ky thuit ciia sang ché

Céc cong bd va cac tai liéu chuyén nganh khac dung trong ban mé ta nay dé 1am
séng t6 tinh trang k¥ thuat clia sng ché, va cu thé 1a c4c trudng hop dé dua ra chi tiét hon
lién quan dén thuc té, dugc dua vao ban mo ta sang ché nay béng cach vién dan, va dé
thudn tién, duoc dua ra dudi ddy baoi tén tac gia va ngay va duoc liét ké theo thir tu bang

chir céi theo tén tac gid trong danh muc gan kém.

Virut entero 71 1a virut nh6 khong cé v bao c6 dudong kinh khoang 30 nm. Vo
capsit cua virut c¢6 tinh dbi xtng nhi thip dién va bao gdm 60 don vi gidng nhau
(protome), v6i mdi don vi dugc cAu thanh bdi bén protein cdu triic virut VP1-VP4. Vo
capsit bao quanh nhén 12 by gen ARN s¢i don ¢6 nghia duong dai 7.450 nucleotit (nt). B
gen ndy chira mot khung doc m& ma mé héa polyprotein ¢é 2193 axit amin (aa) va nim
bén sudn bdi ving khong dugce dich ma (untranslated region - UTR) 5 dai c6 745 nt va
UTR 3' ngén hon c6 85 nt v6i dai poly-A c¢6 chidu dai thay d6i & dau tan cung 3’ cia né.
Polyprotein dugc chia thanh ba vung, tirc 12 P1, P2 va P3. P1 md hoa bén protein cdu triic
virut 1A-1D (VP4, VP2, VP3 va VP1); P2 va P3 ma héa bay protein khong chu trac 2A-
2C va 3A-3D [1-3]. Phan tich phat sinh loai vé gen protein vo capsit chinh (VP1) chia
EV71 thanh sau kiéu gen (duoc ky hiéu boi tr A dén F) [66], va kiéu gen B va C con
dugc chia nho thanh céc kidu gen phu B1 dén B5 va C1 dén C5 [3].

EV71 giy ra mot loat bénh 1am sang bao gdm bénh tay, chan va miéng (hand, foot
and mouth disease - HFMD), bénh viém mang nfo v0 trung, bénh viém ndo va ching liét
gidng bénh viém tiy xam chu yéu & tré so sinh va tré nhé [4, 5]. Virut nay dau tién da
duQc phén 14p tir tré em bi bénh viém ndo cép tinh & California, USA vao ndm 1969, va
tiép theo d3a duoc md ta dic diém dudi dang mot kiéu huyét thanh mdi cua giéng
Enterovirus vio nim 1974 [6]. Vu dich HFMD c6 hoac khong c6 bién chimg than kinh
va céc ca tir vong dugc bdo cdo & cac vung khac nhau trén thé gigi [7-20]. Tir nim 1997,

su nhiém EV71 d3 tré thanh ganh nang stc khoe cong dbng chinh va ¢6 lo ngai dich t&
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hoc nhét dinh trong ving chau A-Théi Binh Duong. Vu dich HFMD do EV71 ¢4 tinh doc
nfo cao xuit hién & Malaysia giy ra 48 ca tr vong vao ndm 1997 [21, 22], tiép theo 12 vu
dich 16n hon xay ra ¢ Pai Loan vao nam 1998 véi hon 129000 ca HFMD, 405 ca nhiém
ning va 78 ca titr vong do bénh viém nio tiy than ndo cAp tinh vé6i su suy tim va phu phébi
¢6 ngudn gbe thin kinh [23-26]. G Trung Qudc, 488.955 ca HFMD véi 126 ca tir vong
dugc ghi nhan vao nam 2008 [27] va di tang dén 1.155.525 ca véi 353 ca tir vong vao
nim 2009 [28]. Vao nim 2010, Trung Qudc di trai qua dich HFMD 16n nhét chua timg
c6 v6i hon 1,7 triéu ca, 27000 bénh nhén c6 bién chirng than kinh nang, va 905 ca tr
vong [29].

Tuong tu cac virut entero khac ctia nguoi, EV71 khong thé nhiém vao bd(f)ng vat
khong phai ngudi, mic du khi nau va khi cynomolgous c6 thé bi nhiém trén thir nghiém
[30-32]. Piéu nay chi yéu 13 do su gin két khong hiéu qua cia EV71 véi thy thé ctia n6
d8 thao bd 16p v va xam nhdp vao cac té bao clia chudt nhit, thy thé ndy gin day s
dugc nhan dién 12 protein thu thé “thanh thai” nhom B thanh vién-2 (Scavenger Receptor
Class B Member-2 - SCARB2) [47]. Cac protein SCARB2 ciia ngudi va chudt chi c6 do
déng nhét trinh tu axit amin 13 84% va do do, thé hién mutrc d6 khac biét vé chu trac dang
ké [49, 67], vi vay sém tao ra sy khong twong hop virut-thy thé 1am co s& cho tinh khang
tu nhién cua cac t& bao khong phai cia ngudi v6i sy nhiém EV71. Ngay khi virut gin
thanh cong voi thu th8 SCARB2 trén bé mit té bao va thao bo 16p v, di vao trong té bao
chat, ARN virut dugc dich m3, dan dén su biéu hién cia cac protein khong cAu trac khac
nhau cua virut. Tiép theo, ARN virut dugc sao chép, dugc bao gbi trong vé capsit, va
duoc giai phong vao méi truong tu do dé nhidm lai vio céc té bao khée manh.

Viéc hiéu sinh bénh hoc ciia nd va sy phat trién cta céc phép tri liéu dic hiéu
chéng virut nay bi can tré boi su thiéu cic mau dong vat nhé thich hop, do EV71 khéng
thé nhiém mot cach tu nhién vao cic dong vat gim nhim nhé. NG luc dé thiét 1ap miu
chuodt nhét nhi®m va bi bénh do EV71 gay ra di duoc thuc hién, chi yéu théng qua su
thich nghi cia virut bing cach cdy chuyén theo chudi vao chudt nhit non con ba [33-39].
Mic di mot s& mAu c6 thé tém lugc cac triéu ching bénh 14m sang, nhung khong c6 mu
nio duoc bao cdo 12 gay ra bénh & chudt nhit ¢6 kha nang mién dich & do tudi 2 tuln tudi
hoidc nhiéu hon. Hon nita, cac ddu hiéu 1am sang cua bénh va bénh hoc cua su nhiém

EV71 & ngudi va khi thir nghiém khong thé dugc sao chép & chudt nhit, trir chudt nhit
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AG129 khong c6 thu thé interferon bi suy giam mién dich [35]. Gan d4y hon, chudt nhit
chuyén gen biéu hién cac protein PSGL-1 ctia nguoi [68] va SCARB2 nguoi [69, 70] da

c6, nhung chudt nay chi thé hién sy cai thién c4n bién vé tinh man cam véi nhiém EV71.

Céc virut ARN, nho¢ su sao chép dé bi sai ctia chiing va mic d6 dot bién cao [40-
42], sao chép dudi dang mot nhém céc trinh tu bién thé c6 lién quan da biét 13 gid loai
(quasispecies) [43, 44]. N6 bao gdm loai chu thé hién mirc d6 thich tng cao nhét trong
mdi trudmg nhit dinh, va c6 phd dot bién hop thanh tir viéc thu cac trinh tir dot bién co
lién quan gan c6 sir phan bd x4c suat nhét dinh [44, 45]. Diéu nay lam cho cac virut ARN
¢6 tinh mém déo v& bd gen, ma dugc phan anh & kha ning ctia ching thich tng mét cach

nhanh chéng v6i sir thay doi moi trudng.

Co ché ma nho d6 su nhifm EV71 gy ra bénh thin kinh nguy hiém dén tinh
mang khong dugc hiéu mot cach déy dd, vi vay mot s6 nhom nghién ciru d3 nd luc sao
chép bénh hoc ciia bénh nhiém trung & ngudi trong cac dong vat thir nghiém bao gbm khi
nau va khi cynomolgous [114-120], chudt nhét phong thi nghiém [112, 121-129], va cac
dong vat ¢6 vii khac [130-133]. Piéu khong may 1a khong cé méu ndo trong sb cac miu
nay thé hién phd ddy da cua cac déu hidu than kinh quan sat dugc trong trudng hop 1a
nguoi, dac biét 1a cac d4u hiéu ctia bénh viém than nio cép tinh v6i tinh trang phu phéi
c6 ngndn gdc than kinh (neurogenic pulmonary edema - NPE) bao phat [21, 22, 134-
137]. Thuc viy, ngay ca trong cac hé thit nghiém ma sao chép mot cach chinh xac hon
céc dAu hiéu va cac triéu chung cua bénh nhim EV71 & ngudi, cac co ché co s& hau nhu
12 khéc véi cée co ché gay bénh & ngudi. Cho dén nay, khéng mot miu dong vat ndo sao
chép chic chin NPE do EV71 giy ra. Su khac biét then chét 13 EV71 bi gi6i han & cac
m6 CNS & nguoi bénh [92-94, 111], con & cac miu ddng vat, virut cling cd thé duoc phat
hién trong cc md khong phai thin kinh bao gdm co xuong [33-36, 38, 98] va gan [119].
Trong khi cling ¢6 cac nd luc dé tao ra chudt nhiat chuyén gen ma biéu hién céc protein
thu th8 EV71 cua ngudi PSGL-1 (phdi tir glycoprotein P-selectin-1) va SCARB2 (thu thé
thanh thai S 66 nhém B, thanh vién 2) [68-70, 47, 138], khong mot mAu nio trong sb cac
mAu nay biéu hién NPE, vi vay, tinh hitu ich ctia chiing dé nhéan dién cac can thiép méi
d6i v6i nguoi bénh bi han ché.

Khong ton tai miu dong vt thich hop d nghién ctru sy nhiém bénh va tién trién

ctia bénh & cac dong vat duge lay nhiém EV71 hodc c6 thé duge st dung dé sang loc cac
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hop chit khang virut hoic cic vacxin khang virut. Viéc phat trién miu dong vat nham cac

muc dich nay 1a di€u mong mudn.
Bén chat ky thuit ciia sang che

Sang ché dé cap dén miu dong vit duoc lay nhi®m thin kinh virut entero 71 va
phuong phép san xuit miu dong vat ndy. Cu thé hon, sang ché d& ca_”ip dén phuong phap
phat hién ching virut entero 71 (EV71) ma dugc lam thich ing dé nhi®m vao dong té bao
ctia ddng vat gam nhdm hoic virut c6 ngudn gdc dong vo tinh virut entero 71 chira cac
dot bién trong VP1 c6 thé giy bénh & dong vat gdm nhém c6 kha ning mién dich va dong

vét gdm nham bi suy gidm mién dich.

Ngoai ra, sang ché dé cap dén phuong phap phat trién méu dang tin cdy trén 1am
sang ca bénh thin kinh do EV71 gy ra bing cach 1ay nhiém chudt nhit BALB/c bang
ching dugc cai bién (vi du, EV71:TLLmv) dugc 1am thich tmg d& nhiém nguyén bio soi
NIH/3T3 cua chudt nhit. Bang cach sir dung phuong phap nay, EV71 cai bién duoc sir
dung dé gy ra bénh viém nfo tuy cip tinh két hop véi tinh trang phu phéi c6 ngudn gbc
than kinh & chudt nhét, dugc dic trung bodi sung phdi va ting khéi lugng co quan so véi
phdi duoc 1ay nhidm gia. Mic di khong ¢6 su viém md phdi hodc tim, sy xuét huyét khu
tr va dich c6 protein trong tii phéi, ndng d6 catecholamin trong huyét thanh cao, va tn
thuong md siu rong trong than nfo, dic biét 1a hanh tiy ndo tuy di quan sat dugc. D
liéu nay chimg té ring mAu niy sao chép mot cach chinh x4c cac ddu hidu va cic tridu

chirng cua tinh trang phu phdi c6 ngudn gbc than kinh do EV71 gay ra & nguoi.

Do d6, theo mdt khia canh, sang ché @& cap dén mau dong vat bao gém dong vat
gam nham dugc 14y nhiém béi virut entero 71 c6 kha nang lay nhidm dong vat gam nhdm
ndy, trong ban md ta nay do6i khi con dugc goi 1a virut entero 71 cai bién. Theo mot
phuong 4n, virut entero 71 ndy 13 virut entero 71 dugc lam thich g v6i dong té bao clia
dong vat gam nhim. Theo mot phuong 4n khac, virut entero 71 nay 1a virut c6 ngudn gbc
dong vo6 tinh (clone derived virus - CDV) chira cac dot bién trong VP1. Theo mét sb
phuong é&n, cac dot bién trong VP1 cho phép CDV st dung céac protein SCARB2 cua
dong vat gam nhim d 14y nhiém cac té bao dong vat gam nhim. Theo mot phuong én,
dong vat gam nhim nay 1 dong vat gdm nhim c6 kha niang mién dich. Theo mdt phuong
an khac, dong vat gam nhdm nay la dong vat gdm nhim bi suy giam mién dich. Tt hon

13, cic dong vat thich hop dé sir dung 1am mAu 13 dong vat c6 v, tot nhat 1a dong vat thi
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nghiém thich hop nhu thé, chudt céng, chudt nhit, va cac dong vat tuong tu. Theo mot
phuong an, dong vat nay la chudt nhét. Theo mdt sb phuong &n, chudt nhét nay la chudt
nhit BALB/c. Theo mét phwong 4n khéc, dong té bao ctia dong vét gim nhim 13 dong té
bao ctia chudt nhét. Theo mot phwong 4n khac, dong té bao ciia chudt nhit nay 13 dong té
bao NIH/3T3 ctia chudt nhét. Theo mdt phuong 4n khac, dong té bao clia chudt nhit niy
12 dong té bao Neuro-2a cia chudt nhit. Theo mot phuong én, virut entero 71 dugc 1am
thich tmg v6i dong té bio clia dong vat gam nhim 13 EV71:TLLm. Theo mdt phuong 4n
khac, virut entero 71 dugc 1am thich tmg véi dong t€ bio cia dong vat gam nhim 13
EV71:TLLmv. Theo mdt phuong 4n, virut c6 ngudn gdc dong v tinh chira dot bién trong
VP1 13 CDV:BSyp;[K9SE/E145A/L169F]. Mau dong vat ndy 13 hitu ich dé nghién clru sy
phan tan toan thin clia virut va phd bénh & ngudi trong cac miu dong vat. Mau dong vat

nay cling hiru ich d€ sang loc cac dugc chat va cac vacxin khang virut.

Theo mot khia canh khac, sang ché d& cap dén phuong phép san xudt miu dong
vét ¢6 phd ddy da cia su nhiém, bénh va bénh hoc thin kinh do EV71 giy ra quan sat
dugc & ngudi. Theo mot sé phuong an, phuong phép ndy bao gbm viéc 14y nhiém déng
vét gdm nhidm dugc mo ta trong ban mo ta ndy bing virut entero 71 cai bién dugc mé ta
trong ban md ta nay va nudi dong vt gim nhim di dugc lay nhiém ndy trong thoi gian
1én dén khoang 4 tudn. Theo mot sé phuong 4n, tudi clia dong vat gim nhim cén lay
nhidm nim trong khoang tir 1 tudn dén 4 tudn. Theo c4c phuong 4n khéc, dong vat gdm
nhim d3 duoc 13y nhiém duoc nudi trong thoi gian nim trong khoang tir 1 tudn dén 4
tudn. Theo mdt sb phuong 4n, dong vat gdm nhdm 12 chudt nhit nhu dugc md ta trong
ban m6 ta nay. Theo cac phuong 4n khac, dong vit gam nhim dugc 14y nhiém bang cach
tiém virut entero 71 cai bién vao dong vét gim nhim nay. Theo mot phuong 4n, su tiém
13 tiém trong mang bung (intraperitoneal - I.P.). Theo mdt phuong 4n khéc, sy tiém la
tiém trong co (intramuscular - .M.). Theo mot s6 phuong 4n, lidu virut dugc tiém vao
dong vat gam nhim 13 lidu 13y nhiém 50% té bao (median cell culture infectious dose -
CCIDs) nim trong khoang tir 10° dn 10”.

Sang ché ciing mo ta phuong phap sang loc céc dugc chat khang virut. Theo khia
canh nay, phuong phap nay bao gdm cic budc sau: cung cp nhém dong vat thir nghiém
va nhém dong vat dbi ching trong d6 cac dong vét trong mdi nhém 1a céc dong vat clia

mau dong vat dugc md ta trong ban mo ta nay; cho nhém thir nghiém nay dung dugc chit
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khang virut chon loc; giam sat tién trién cta bénh trong nhém thir nghi€ém va nhém dbi
chimg; so sanh tién trién ciia bénh trong nhém thir nghiém véi tién trién ciia bénh trong
nhém dbi chirng; va chon loc dugce chét khang virut chon lgc ma lam gidm su tién trién
cua bénh trong nhom thir nghiém so véi nhém dbi ching. Theo m{t phuong 4an, dugc
chét khang virut truée tién duge sang loc trong dong té bao ctia déng vat gim nhim thir
nghiém di duoc 1ay nhiém virut entero 71 dugc 1am thich tng véi dong té bao clia dong
vat gdm nhdm truée khi sang loc ¢ cac dong vat. Theo mot phuong an khéc, dugce chét
khang virut truée tién duoc sang loc trong dong té bao ciia dong vat gim nhdm thir
nghiém dugc 1ay nhifm virut c6 ngudn gbc dong vo tinh (clone derived virus - CDV)

chita cac dot bién trong VP1 trude khi sang loc & cac dong vit.

Sang ché ciing mé ta phuong phap sang loc cic vacxin khang virut c6 hiéu qua.
Theo khia canh nay, phuong phép nay bao gbm céc budc sau: cung cip nhom dong vat
thir nghiém va nhém dong vét ddi chimg trong d6 cic dong vat trong mdi nhém 13 cac
dong vat ctia miu dong vat duge mo ta trong ban mo ta nay; cho nhém thir nghiém ny
dung vacxin khang virut chon loc; gidm sat tién trién ctia bénh trong nhém thir nghiém va
nhém dbi ching; so sanh tién trién cta bénh trong nhom thtr nghiém véi tién trién cua
bénh trong nhom dbi chiimg; va chon loc vacxin khang virut chon loc ma lam gidm su
tién trién cua bénh trong nhom thtr nghiém so v&i nhom dbi ching. Theo mt phuong én,
vacxin khang virut chon lgc trudce tién dugc sang loc trong dong té bao cua dong vat gdm
nhim thir nghiém dugc 1ay nhiém béi virut entero 71 dwoc lam thich g voi dong té bao
cua dong vat gam nhim truge khi sang loc & cac dong vat. Theo mot phuong an khéc,
vacxin khang virut chon loc truéce tién dugc sang loc trong dong té bao clia dong vat gdm
nhim thir nghiém dugc 14y nhiém béi virut cé6 ngudn gdc dong vo tinh (clone derived
virus - CDV) chita cac dot bién trong VP1 trudce khi sang loc & cac dong vit.
MBS ta vin tit cAc hinh vé

Fig.1A-Fig.10 thé hién céac tic dung giy bénh té bao (cytopathic effect - CPE)
quan st dugc sau khi nhiém virut ciia cac dong té bao dong vat linh truéng khac nhau.
Céc té bao dong vt linh truéng: Té bao RD (Fig.A1-1C), té bao HeLa (Fig.1D-1F), té
bao HEp-2 (Fig.1G-1I), té bao Vero (Fig.1J-1L), va té bao COS-7 (Fig.1M-Fig.10) bi
nhim 1 MOI (multiplicity of infection - hé sé nhiém) ctia mdi virut EV71:BS (Fig.1A,
1D, 1G, 1J va 1M), EV71:TLLm (Fig.1B, 1E, 1H, 1K va 1N), hodc EV71:TLLmv
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(Fig.1C, Fig.1F, Fig.11, Fig.1L va Fig.10) dugc quan sat & 48 hpi (hours post-infection -
gidr sau nhiém) vé tac dung gy bénh té bio hodc su chét cia 16p don té bao. Cac anh 13

dai dién cia céc két qua trong ba thir nghiém doc lap.

Fig.2A-Fig.20 thé hién su phat hién khang nguyén virut trong cac dong té bao da
duoc 1ay nhiém EV71:BS, EV71:TLLm va EV71:TLLmv. C4c dong té bao dong vat ¢6
vi duge nudi cdy qua dém: Hela (Fig.2A-Fig.2C), HEp-2 (Fig.2D-Fig.2F), CHO-K1
(Fig.2G-Fig.2LI, NRK (Fig.2J-Fig.2L), vdA TCMK (Fig.2M-Fig.20), bi nhiém 1 MOI
virut trong tmg. Cac té bao dugc thu hoach & 48 hpi, dugc phi 1én trén cac phién kinh
Teflon va duoc cb dinh trong axeton lanh. Céac t€ bao dugc do bing khang thé pan-virut
entero va dugc nhudm bang khang IgG cuia chudt nhit dugc tiép hop véi FITC. Cac anh
13 dai dién ctia hai thir nghiém doc 14p.

Fig.3A-Fig.3D thé hién dong hoc su sinh truéng ctia EV71:BS, EV71:TLLm, va
EV71:TLLmv duge xac dinh trong cic té bao NIH/3T3 va Vero. Dich ndi tir cac t& bao
clia dong vét ¢6 vii khac nhau bi nhiém 1 MOI virut trong tmg dugc thu & cac thoi diém
khac nhau va dugc chudn d6 va dém bing cach st dung phuong phap Reed va Muench.
Fig.3A: Ham luong virut EV71:BS x4c dinh dugc trong cac té bao Vero. Fig.3B: Ham
lwong virut EV71:TLLmv xac dinh dugc trong cac té bao NIH/3T3. Fig.3C va 3D: Ham
lwong virut EV71:TLLm xé4c dinh duoc trong cac té bao NIH/3T3. Pudng cong su sinh
truéng tir cac dong t€ bio ma khong thé hién sy nhiém sinh séi (productive infection)

khong diurgc thé hién.

Fig.4A-Fig.40 thé hién cac tac dung gy bénh té bao (cytopathic effect - CPE)
quan s4t dugc sau khi nhiém virut ctia cic dong té bao ciia dong vat gim nhdm khac
nhau. Cac té bao dong vat gam nhim: Té bao NIH/3T3 (Fig.4A-4C), t& bao Neuro-2A
(Fig.4D-4F), té bao TCMK (Fig.4G-4I), té bao CHO-K1 (Fig.4J-4L), va té bao NRK
(Fig.4M-40) bi nhifm 1 MOI cua mdi virut EV71:BS (Fig4A, 4D, 4G, 4] va 4M),
EV71:TLLm (Fig.4B, 4E, 4H, 4K va 4N), hoic EV71:TLLmv (Fig.4C, 4F, 41, 4L va 40)
duoc quan sat & 48 hpi vé tic dung gy bénh té bao hoidc su chét ciia 16p don té bao. Cac
anh 12 dai dién cta cac két qua tir ba thir nghiém ddc 1ap.

Fig.5A-Fig.5D thé hién thir nghiém danh gi4d phu hop virut cia EV7I:BS,
EV71:TLLm, va EV71:TLLmv trong NIH/3T3 dugc xéac dinh theo ty 1€ ham luong. Ham

lwong virut duoc xac dinh mot cach riéng ré trong cac té bao NIH/3T3 va Vero duge sir
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dung dé tinh muc dd thich tng virut dudi dang log[(ham lugng trong té bao
NIH/3T3)/(ham lwong trong t& bao Vero)]. Mic dd thich tng virut cia (Fig.5A)
EV71:BS, (Fig.5B) EV71:TLLmv, va (Fig.5C va 5D) EV71:TLLm dugc tinh tir cAc tri sd
ham luong virut duoc thé hién trén Fig.3A-3D. Cac thir nghiém d4nh gia sy phu hop virut
thu duoc tir cac dong té bao ma khong thé hién sy nhiém sinh sbi khong duge thé hién.

Fig.6A va Fig.6B thé hién qua trinh chuyén nap ctia NIH/3T3 bang ARN virut
EV71:BS gy ra su nhiém sinh si. Cac té bao NIH/3T3 va Vero dugc nudi cdy qua dém
duoc tiém dich ndi virut thu duoc tir cic té bao NIH/3T3 di dugc chuyén nap trudc béng
ARN virut chiét dwoc tix EV71:BS, EV71:TLLm, va EV71:TLLmv. Fig.6A: Céc té bao
duc_yc chup 4nh bing cach sir dung kinh hién vi quang hoc ddo ngugc & 24 hpi dé quan sat
CPE dugc giy ra. Fig.6B: Cac té bao dugc thu & 7 dpi (days post-infection - ngay sau
nhiém), duge phit 1én trén cac phién kinh Teflon, dugc do bang khang thé pan-virut
entero, Vé duoc nhudm bing khang thé khang chudt nhit duge tiép hop véi FITC.

Fig.7A va Fig.7B thé hién thir nghiém dénh gid phu hop virut cua EV71:BS,
EV71:TLLm, va EV71:TLLmv trong cac té bio NIH/3T3 va Vero & nhiét d6 30°C.Cac té
bao (Fig.7A) NIH/3T3 va (Fig.7B) Vero dugc nudi ciy qua dém bi nhiém EV71:BS (c4c
bang a; d, g), EV71:TLLm (cac bang b, e, h), hoac EV71:TLLmyv (cac bang c, f, 1) dugc 0
& nhiét dd 30°C va dugc quan sat dudi kinh hién vi quang hoc ¢6 su trong phan pha & 24
hpi (cac bang a-c), 48 hpi (cac bang d-f), va 72 hpi (cac bang g-i). Cac anh chup duoc la
dai dién cta hai thtr nghiém dc lap.

Fig.8A va Fig.8B thé hién thir nghiém dénh gid phu hop virut ctia EV7I:BS,
EV71:TLLm, va EV71:TLLmv trong cac té bao NIH/3T3 va Vero & nhiét d6 37°C.Cac té
bao (Fig.8A) NIH/3T3 va (Fig.8B) Vero dugc nudi cdy qua dém di duoc lay nhiém
EV71:BS (cac bang a, d, g), EV71:TLLm (cac bang b, e, h), hodc EV71:TLLmv (c4c bang
¢, f, 1) dugc u ¢ nhiét do 37°C va dugc quan sat dudi kinh hién vi quang hoc c6 su tuong
phéan pha & 24 hpi (cac bang a-c), 48 hpi (cac bang d-f), va 72 hpi (cac bang g-i). Cac anh
chup dugc 1a dai dién cuia hai thir nghiém doc 14p.

Fig.9A va Fig.9B thé hién thir nghiém danh gia phu hop virut cia EV7I:BS,
EV71:TLLm, va EV71:TLLmy trong céc t& bao NIH/3T3 va Vero & nhiét d6 39°C.Cac té
bao (Fig.9A) NIH/3T3 va (Fig.9B) Vero dugc nudi cdy qua dém di dugc lay nhiém
EV71:BS (cac bang a, d, g), EV71:TLLm (cac bang b, e, h), hoac EV71:TLLmv (cac bang
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¢, f, i) dugc u ¢ nhiét d6 39°C va dugc quan sat dudi kinh hién vi quang hoc cé su tuong
phan pha & 24 hpi (cac bang a-c), 48 hpi (cac bang d-f), va 72 hpi (cac bang g-i1). Cac dnh

chup dugc 1a dai dién ctia hai thir nghiém doc 14p.

Fig.10A-Fig.10L thé hién qua trinh chuyén nap ciia cac dong té bao ciia chudt
NIH/3T3, Neuro-2A, va TCMK bﬁng ARN virut EV71:BS 1am bang chimg ciia su sao -
chép cuia virut. Cac té bao NIH/3T3, Neuro-2A, va TCMK dugc nudi céy qua dém dugc
1ay nhidm 1000 CCIDs, virut EV71:BS (Fig.10A, Fig.10C, va Fig.10E) hoic dugc chuyén
nap bang cac luong trong dwong ciia ARN virut (Fig.10B, Fig.10D, va Fig.10F). va dugc
thu & 48 hpi dé phat hién khang nguyén virut. Cac virut trong dich ndi dugc thu & 7 dpi
va duoc cdy chuyén 1én trén céc té bao Vero (Fig.10G, Fig.10I, va Fig.10K) va NIH/3T3
(Fig.10H, 10J, va 10L) méi. Cac té bao dugc thu va duge nhudm cac khang nguyén virut
& 48 hpi.

Fig.11A-Fig.11D thé hién qua trinh x4c dinh vi tri trong VP1 va VP2 clia cac dot
bién phi hop trong cac bd gen ctia EV71:TLLm va EV71:TLLmv. Cac dot bién phu hop
quan sat dugc trong cac vung VP1 (Fig.11A va 11B) va VP2 (Fig.llC va Fig.11D) cua
EV71:TLLm (Fig.11A va Fig.11C) va EV71:TLLmv (Fig.11B va Fig.11D) dugc tao mau
bang cich st dung DeepView/SwissPDBviewer v3.7 va ciu tric 3D cta ving P1 vo
capsit cia EV71 (PDB ID 4AED). Céc dot bién dugc quan sat d& chi yéu xac dinh vi tri

doi voi cac vong ti€p xuc bé mét cta protein nhu dugce thé hién.

Fig.12 thé hién ty 1& ham luong trong cac té bao NIH/3T3 so v6i ham lugng trong
cac té bao Vero cua dich nbi virut thu duge tir cac té bao duoc chuyén nap béng ARN
virut EV71:BS hoic duoc lay nhiém bang virut séng. Dich ndi tir NIH/3T3, Neuro-2A,
Vero, va TCMK dugc chuyén nap bang ARN virut hoic duge lay nhiém bang virut sdng
duoc thu lai va duge dém virut bang phuong phap Reed-and Muench. Ty 1 cia log(ham
luong) xéc dinh dugc trong cac té bao NIH/3T3 so v6i ham luong xac dinh dugc trong
cac té bao Vero duogc thé hién. 373-TRANS: cac té bao NIH/3T3 dugc chuyén nap ARN;
3T3-INF: cac té bao NIH/3T3 duoc 1y nhiém virut. Cac d4u hoa thi biéu thi phép kiém
dinh t Student v&i tri s6 p <0,05.

Fig.13A va Fig.13B thé hién su phan tich su sdng cta cac dong vat dugc l1ay
nhiém. Cac dong vét d3 duoc 14y nhiém duoc quan st va duge xac dinh thé trong hing

ngay. Fig.13A: Do thi Kaplan-Meier cua cac dong vét dugc lay nhiém thé hién sb luong
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chét & cac ngdy sau khi bénh khac nhau. Fig.13B: Mirc do thay ddi thé trong duoc vé dd

thi dé x4c dinh strc khoe tong quat ciia cac dong vat.

Fig.14A-Fig.14D thé hién cac triéu chirng va bénh hoc cia cdc dong vat da duogc
lay nhiém. Phan 16n cic dong vat d3 duogc 14y nhiém biéu hién cAc triéu chimg cta bénh.
Fig.14A: Ching liét chén sau (mii tén). Fig.14B: Giai phAu toan bd phdi bi phdng sau
khi giai phau (cac mili tén). L4t cit mb ciing duoc nhudm bing Hematoxylin va Eosin
(Fig.14C & 10x va Fig.14D & 20x). Cac mili tén mau den chi vao chat nhiy thdm nhiém
khoang phé nang.

Fig.15A-Fig.15E thé hién ring qué trinh chuyén nap cia ARN bd gen cua virut
vao trong cac t€ bao cia ca dong vat linh truéng va dong vat gdm nhim thu duoc virut ¢é
thé séng dugce. Fig.15A: ARN bd gen chiét dugc tir mdi EV71:BS, EV7I :TLLm, hoac
EV71:TLLmv dugc chuyén nap mot cach riéng ré vao trong cac t& bao Vero, NIH/3T3, va
Neuro-2a (P0). Dich ndi chuyén nap duge thu lai va dugc tiém 1én trén mdi té bao Vero
hodc NIH/3T3 (P1) dé danh gia kha ning sdng cta virut con chau. Su nhidm cia cac té
bao PO duoc dénh gia bing cach quan sat tac dung giy bénh té bao (CPE) (Fig.15B) va
su phat hién huynh quang mién dich ciia cac khang nguyén virut (Fig.15C). Tuong tu, su
nhim ciia cac té bao P1 tir cac té Bao duoc chu‘yén nap ARN EV71:BS dugc danh gia
bang cach gy ra CPE (Fig.15D) v su phét hién huynh quang mién dich cta cac khang
nguyén virut dugc biéu hién (Fig.15E).

Fig.16A-Fig.16F thé hién ring ving mi héa vé capsit cia EV71:TLLm duogc lam
thich tmg v&i té bao chudt nhat didu khién sy nhiém sinh s6i cta cac té bao chudt nhit c6
EV71:BS. Fig.16A: Cac dong vo tinh cADN nhiém c6 bo gen day du cia EV71:BS duoc
tao ra, va ving P1 duoc thay thé bang cac trinh tu tir vo capsit EV71:TLLm dé tao ra virut
kham, EV71:BS[M-P1]. Fig.16B: Cac té bao dugc 1ay nhiém bang virut c6 ngudn gbc
dong vo tinh (CDV) tir EV71:BS hoic EV71:BS[M-P1], va su nhiém duoc danh gia bing
cach gay ra tac dung giy bénh té bao (CPE) tan bao (Fig.16C) va su biéu hién khang
nguyén virut (Fig.16D). Dich ndi dugc tiém lai 1én trén cac té bao méi, va ham luong
virut dugc do tir té bao cdy chuyén (P1 va P2) thu dugc tir t& bao Vero dugc 14y nhiém
(Fig.16E), ciing nhu té bao cdy chuyén P1 cta NIH/3T3 (3T3) va Neuro-2A (N2a)
(Fig.16F). C4c thanh sai s6 biéu thi SD. * p<0,05.
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Fig.17A-Fig.17G thé hién rang su dot bién thay thé axit amin VP1-L169F trong vé
capsit 12 du d& cho phép EV71:BS xAm nhap vao trong cac té bao clia chudt. Fig.17A:
Céc dong vo tinh cADN dot bién khac nhau dugc tao ra béng cach két hop cac dot bién
thay thé axit amin trong VP1: K98E, E145A, va L169F; va VP2: S144T va K149]; vao
trong bd gen EV71:BS c6 chidu dai ddy da. Cac dot bién tuong Gng véi cac dot bién thay
thé axit amin dugc viét trong diu ngodc don. Su nhiém cta cac dong t€ bao khac nhau
béi virut c6 ngudn gbc dong vé tinh (CDV) dugc giam st bang cach dénh gia su giy ra
tac dung gy bénh té bao (CPE) tan bao (Fig.17B va 17C) va su biéu hién cia cac khing
nguyén virut (Fig.17D va 17E). Ham luong virut tir cac té bao Vero di duoc 1ay nhiém
(Fig.17F) va cac té bao NIH/3T3 va Neuro-2a (Fig.17G) duoc x4c dinh dé danh gia su

san sinh virut con chéu cé thé song dugc. Céc thanh sai so biéu thi SD.

Fig.18A-Fig.18E thé hién ring virut EV71:BS c6 cac dot bién thay thé axit amin
VP1 duoc két hop trong vé capsit thé hién su nhiém Aduc_rc cai thién cta cac t& bao chudt
nhét. Fig.18A: Cac dong vo tinh cADN d6t bién khac nhau dugc tao ra bang cach két hop
cac td hop cia cac dot bién thay thé axit amin trong VP1 va VP2 vao trong bd gen
EV71:BS ¢ chiu dai ddy du. Cac dot bién twong tng v6i cac dot bién thay thé axit amin
duogc viét trong ddu ngoic don. Sy nhidm cia cic dong té bao khac nhau béi virut c6
ngudn gbc dong vo tinh (CDV) duoc giam sat bang cach danh gia tic dung gay bénh té
bao (Fig.18B), su biéu hién cia khang nguyén virut (Fig.18C), va hiéu sut virut tir cc té
bao Vero dd duoc 1ay nhiém (Fig.18D), va céc té bao NIH/3T3 (3T3) va Neuro-2a (N2A)
(Fig.18E). Céc dong vo tinh khac khong c6 hiéu suét virut khong dugc thé hién. Cac
thanh sai s6 biéu thj SD. |

Fig.19A-Fig.19C thé hién ring virut EV71:BS c6 cac dot bién thay thé axit amin
VP1-K98E, E145A, L169F duoc két hop trong vé capsit c¢6 thé duoc cdy chuyén mot
cach 6n dinh trong dong té bao than kinh cia chudt nhit Neuro-2a. Céc virut ¢c6 ngudn
gbc dong vo tinh duge cdy chuyén hai 14n trong cac té bao Neuro-2a va NIH/3T3. O mbi
lan cdy chuyén, su nhiém dugc gidm sat bang cach danh gia su biéu hién cia khang
nguyén virut (Fig.19A) va ham lugng virut dugc do trong cac té bao Vero (Fig.19B). Céc
thanh sai s6 biéu thi SD. * p < 0,05; ** p <0,005; *** p < 0,0005. Fig.19C: C4c trinh tu
bo gen cia CDV:BSyp,[KISE/E1454/L169F] dai dién dugc x4c dinh dé dénh gid bing
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chimg ciia c4c dot bién thay thé axit amin K9SE (A2734G), E145A (A2876C), va L169F
(C2947T). Vi tri dot bién dugc danh d4u bing déu hoa thi

Fig.20A-Fig.20F thé hién rang EV71:TLLmv st dung SCARB2 d¢ 1ay nhiém céc
té bao ctia ca dong vit linh truéng va chudt. Viéc u trudce cac t€ bao NIH/3T3 (Fig.20A)
va cac té bao Vero (Fig.20B) dugc cb dinh 1én trén cac phi_én kinh Teflon bang khang
huyét thanh SCARB2 cua chudt (nSCARB2) tic ché su gan két EV71:TLLmv, nhu duoc
x4ac dinh béi sy giam cac tin hiéu huynh quang. Cudng d¢ huynh quang trén cac mang
duoc do bing cach sir dung phdn mém tao anh Imaris (n = 100). NSP (huyét thanh cia
thd khong dic hiéu). Viéc u truée EV7I1:TLLmv bing protein hoa tan tai td hop cla
mSCARB?2 (Fig.20C) hoac SCARB2 ctia nguoi (hSCARB2j (Fig.20D) truédc khi tiém 1én
trén cac té bao NIH/3T3 1am giam mirc do nghiém trong cua su nhiém virut, nhu duge
d4anh gia bang thir nghiém huynh quang mién dich. Viéc 1 trude cac té bao NIH/3T3 sdng
bing khang huyét thanh hSCARB2 (Fig.20E) hodc mSCARB2 (Fig.zoF) truée khi gay
bénh bang EV71:TLLmv 1am gidm ham lugng virut trong dich nbi méi trudng nudi ciy. *

p<0,05; ** p<0,005; *** p<0,0005.

Fig.21A-Fig.21D thé hién ring viéc U cc té bao Neuro-2A biang khéng huyét
thanh thé SCARB2 cua chudt 1am gidm muc dd nghiém trong cﬁé su nhiém boi thé dot
bién CDV. Mitrc d nghiém trong ctia su nhiém trong cac té bao duoc U truéc bang khang
huyét thanh thd mSCARB2 trudc khi 14y nhiém bang CDV:BSyp;[K9SE/E1454/L169F]
(Fig.21A va 21B hodc CDV:BS/M-P1] (Fig.21C va 21D) duoc giam sat bang cach danh
gia su gy ra tac dung gdy bénh té bao (CPE) (Fig.21A va 21C) va hiéu suét virut & 7
ngdy sau nhifm (Fig.21B va 21D). C4c thanh sai s6 biéu thi SD; * p < 0,05; ** p < 0,005.
Mire d6 ctia CPE: 1 (0-25% chét té bao), 2 (25-50%), 3 (50-75%), 4 (75-100%).

Fig.22a-Fig.22c thé hién ring EV71:TLLmv c6 tinh doc nhit trong s ba ching
virut duoc cai bién nhu dugc ching minh bsi viéc gdy ra bénh ning & chudt nhit
BALB/c 1 tudn tudi. Fig.22a:Hiéu gi4 khang thé trung hoa trong huyét thanh dugc gom
lai tir chudt nhit dugc l1iy nhiém (trong mang bung; LP.) bang EV71:BS (n=6),
EV71:TLLm (n=5) hoac EV71:TLLmv (n=7) nhu dugc dénh gia & cubi giai doan quan sat.
Fig.22b va 22c:Pudng cong thoi gian sdng Kaplan-Meier ctia chudt nhit dugc tiém 10°
CCIDs, (lidu 1ay nhidm 50% té bao) cta EV71:BS, EV71:TLLm, hogc EV71:TLLmy thong
qua duong I.P. (Fig.22b) hodc trong co (I.M.) (Fig.22c). Y nghia théng ké dugc xac dinh
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bing cach st dung phép kidm dinh t véi hidu chinh Welch dbi véi phuong sai khong
bing nhau (Fig.22a) hoic phép kiém dinh log-rank Mantel-Cox (Fig.22b va 22c).
*p<0,05, **p<0,005, ***p<0,0005.

Fig.23a-Fig.23h thé hién ring su nhiém EV7I:TLLmv & chudt nhat duge dic trung
boi bénh ning cép tinh gibng v6i phd bénh ciia ngudi. Fig.23a va 23b:Kha nang gay chét
phu thudc liéu cta sy nhiém EV71:TLLmv & chudt nhit 1 tun tudi. Fig.23a: Puong cong
thoi gian séng Kaplan-Meier ciia chuot nhét con 6 ngay tudi dugc tiém LP. bang cac lidu
EV71:TLLmv khac nhau. Fig.23b:Diém cudi nhin dao trung binh (median humane
endpoint - HD50) twong duong v6i lidu virut 12 3,98 x 10° CCIDs,. Fig.23c:Pudng cong
thoi gian sbng Kaplan-Meier ctia chudt nhat 1 tun tudi dugc tiém E V71:TLLmv thong
qua duong I.P. hodc I.M.. Fig.23d:Kh4 nang géy chét phu thudc vao tudi va duong tiém
gAy ra béi sy nhidm EV71:TLLmv & chudt nhit dugc tiém lidu virut bing 10° CCIDs,.
Fig.23e va 23fDau hiéu 1am sang quan sit dugc & chudt nhit 5m dén chét, mot sé trong
sb d6 duge biéu hién boi chimg liét chan sau (miii tén mau xdm) va/hoic chan trude. Cac
dAu hiéu khic con 13 cac ton thuong nho trui 16ng trén than minh (miii tén mau den).
Fig.23g va 23h:Su phan loai bénh cia chudt nhit 1 tudn tudi dugc tiém EV71:TLLmvy
théng qua duong LP. (Fig.23g), hoac duong I.M. (Fig.23h). '

Fig.24a-Fig.24e thé hién rang mtrc d6 nghiém trong cla s nhiém EV71:TLLmv &
chudt nhit BALB/c phu thudc vao tudi ctia vat chu, lidu virut, va dudng ding. Fig.24a va
24b:C4c nhém gdm 8-10 chudt nhit duoc tiém 10° CCIDs, cua virut qua dudong LP.
(Fig.24a) hoic duong .M. (Fig.24b) va dudng cong thoi gian séng Kaplan-Meier dugc
xac dinh d6i véi cac chudt thude cac nhém tuéi khac nhau. Fig.24c va 24d:Hi¢u gia
khang thé trung hoa trong huyét thanh thu dugc & cubi giai doan quan sat tir chudt nhat
6 cac dd tudi khac nhau duge tiém qua dudng L.P. (Fig.24c) hoic duong I.M. (Fig.24d);
1 tudn (LP. n=7; LM. n=4), 2 tudn (n=5, n=7), 3 tuin (n=4; n=8), va 4 tuin (n=4; n=6).
Fig.24e:Hiéu gi4 khang thé trung hoa trong huyét thanh thu duge tir chudt nhit dugce tiém
(IP.) v6i cac liéu khac nhau ctia EV71:TLLmv; CCID50 102 (n=5), 103 (n=4), 104 (n=4),
105 (n=5), hogc 106 (n=7). Y nghia théng ké dugc xac dinh bang phép kiém dinh log-
rank Mantel-Cox (Fig.24a va 24b) hoic phép kiém dinh t v6i hiéu chinh Welch dbi véi
phuong sai khong bang nhau (Fig.24c, 24d va 24e). *p<0,05, **p<0,005, ***p<0,0005.
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Fig.25a-Fig.25k thé hién c4c déu hiéu cia tinh trang pht phdi cé ngudn gbc thin
kinh (neurogenic pulmonary edema - NPE) do EV71 giy ra & chuot nhit nhém IA.
Fig.25a-25d:Bénh hoc toan bd dai dién ciia phdi thu dugc tir chut nhét dugc 13y nhiém
gia (Fig.252), hodc chudt nhit dugc 14y nhidm EV71:TLLmy thé hién céc déu hidu cua
bénh nhém IA (Fig.25b), nhém IB (Fig.25¢), hoac nhém II (Fig.25d). Cac anh thé hién
g6c nhin tir trén xubng va tir bén canh. Luu y su xep khong hoan toan cia phdi 16 rét trén
Fig.25b (cde miii tén mau tring). Fig.25e:Su so sanh khéi lwong w6t cia phdi thu duoc tir
chudt nhét duge lay nhidm gia (n=4), hoic chudt nhit dugc 14y nhiém béi EV71:TLLmy
biéu hién cic ddu hiéu cta bénh nhdém I4 (n=8), nhém IB (n=9), hodc nhém II (n=4).
(Fig.25£-25i:Céc anh dai dién ciia cAc 14t cit md cia phdi (Spum) dugc nhudm bang
hematoxylin & eosin (H&E). Pugc thé hién 13 c4c 4nh c6 d6 phéng dai thip va cao ciia
phéi thu dugc tir chudt nhit dugc 14y nhidm gia (Fig.25f) hodc chudt nhat dugc 14y nhiém
b&i EV71:TLLmy bidu hién cic ddu hiéu cia bénh nhém IA (Fig.25g), nhém IB (Fig.25h),
hodc nhdém II (Fig.251). Luu ¥ sy ¢ mat cia dich cé protein mau héng trong khoang phé
nang (céc ddu hoa thi trén Fig.25g, d0 phong dai cao), mot s6 trong ching con chira ddy
hdng cdu (cac miii tén mau xam trén Fig.25g, d0 phong dai cao). Fig.25j va 25k:Ham
luong adrenalin/epinephrin trong huyét thanh (Fig.25j) va noradrenalin/norepinephrin
(Fig.25k) nhu dugc xéc dinh & chudt nhit dugc liy nhiém gia (n=9), hodc chudt nhit
duge 18y nhim boi EV71:TLLmv biéu hién cac déu hiéu clia bénh nhdém I4 (n=8), nhom
IB (n=9), hodc nhém II (n=3). Céc thanh sai sb biéu thi SEM. Y nghia thong ké dugc xac
dinh bang phép kiém dinh Mann-Whitney (Fig.25€) hodc phép kiém dinh ¢ v6i hiéu chinh
Welch ddi voi phuong sai khong bang nhau (Fig.25j va 25k). *p<0,05, **p<0,005.

Fig.26a va Fig.26b thé hién viéc khong c6 su sao chép virut hodc ching viém
trong md phdi va tim cua chudt nhit nhém IA. Fig.26a:Céc anh dai dién cia 14t cit md
phéi (5 um) thu dugc tir cdc nhém khéc nhau cua chudt nhit duoc 1ay nhiém béi
EV71:TLLmv va dugc nhudém bing Hematoxylin & Eosin (H&E) dé kiém tra mo6 bénh
hoc, hodc duge danh diu bang cach st dung huyét thanh thé khang cac khang nguyén
EV71 (EV71 IHC) dé xac bdinh vi tri khang nguyén virut. Fig.26b: Cac anh dai dién cua
14t c&t mé tim (5 pm) dugc xir ly ddi véi H&E va EV71 THC.

Fig.27a-Fig.27d thé hién ban dd dai dién minh hoa vi tri va sy phan bd ciia cac

khéng nguyén EV71 va cc tén thuong do virut gdy ra & cic ving khac nhau cua nfo
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chu6t nhét nhdm I4 va nhém IB. V6 tidu ndo (CTX) (Fig.27a, 27b va 27¢); dudi d6i (HY)
(Fig.27a va 27b); hdi hai ma (HP) (Fig.27b va 27c); ddi ndo (TH) (Fig.27b); nio gitra
(MB) va cdu nio (P) (Fig.27c); va tiéu ndo (CBX) va hanh tiry ndo tiy (MY) (Fig.27d)
duge chi ra. Cac ving & d6 cac khang nguyén virut va ton thuong bénh hoc duoc phat
hién duge danh déu phu hop. Cac chdm 16n hon biéu thi cac tin hidwkich thuéc tdn
thuong manh hon. Cac 4nh miu dugc tai xudng tir brainstars.orgl va dugc cép phép cua
Creative Commons ctia Nhit Ban. Ban dd 14t cit vong ddu mé nio duoc thu tir tip ban dd
ndo chudt nhit twong tac (http colon slash slash mouse dot brain-map dot org slash static
slash atlas) [113].

Fig.28a-Fig.28n thé hién ring sy nhiém EV71:TLLmv & chudt nhét lién quan dén
su ph4 hity md than kinh va su sao chép virut su rong. Fig.28a-281:C4c anh dai dién ciia
cac 14t cit mo6 ndo (Sum) dwoc nhudém bing hematoxylin va eosin (H&E) hoic dugc
nhudm mién dich bing huyét thanh thd khang cic khang nguyén EV71 (EV71 IHC). Céc
14t cét thu duge tir chudt nhit biéu hién cic diu hidu ctia bénh nhdm IA (cac bang bén
trai), hodc nhém IB (cic bang bén phai). Cac tdn thuong bénh hoc trong nio bao gém
chimg phii (c4c 6 nét dut), tham nhidm té bao (ving chéo trong géc phén tu phia trén bén
trai ca bang bén trai va ving chéo trong géc phan tu phia dudi bén phai cia Fig.28k),
thuc bao thin kinh (trong cic bang bén trai cia Fig.28a-28¢), thoai héa than kinh (cac
ddu hoa thi mau den), va thoai héa cac t& bao Purkinje (cac diu hoa thi mau xam).
(Fig.28m va 28n:Ban dd dai dién cua cac 14t cit vong tiry sdng tir chudt nhét bi bénh
nhom IA (Fig.28m) hoac nhom IB (Fig.28n). Puoc t6 sang la cac vung & do cic khéng
nguyén virut va cac ton thuong bénh hoc dugc phat hién. Kich thuéc chdm 16n hon biéu

thi cac tin hiéu/tén thuong sau rong hon. V, mit bung; D, mit lung.

Fig.29a-Fig.29¢ thé hién c4c khang nguyén EV71 va cac ton thuong do virut gay
ra trong cac vung khac ctuia ndo sau cia chudt nhit nhém IA . Fig.29a:Cac anh dai dién
clia nhén ring dugc nhudm biang Hematoxylin va Eosin (H&E) d kiém tra m6 bénh hoc
hodc huyét thanh thé khang céc khang nguyén EV71 (EV71 IHC) dé xac dinh vi tr
khang nguyén virut. Cac ving dugc dong khung duge thé hién phéng dai trong ban dd
16ng. Fig.29b:C4c 4nh dai dién ctia phin dudi than ndo tir chudt nhat nhém I. Cac anh thé
hién v6 tidu nfo (CBX) va hanh tiy ndo tiy (MY). Ving sau (area prostrema - AP; déu
hoa thi) va nhan cta bo don ddc (nucleus of the solitary tract - NTS; vong tron dirt) cling
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duoc danh déu @& tham khao. Cac ving & d6 cac khang nguyén virut va cac tdn thuong
~ bénh hoc dugc phat hién dugc chi ra. Cac chdm 16n hon thé hién cac tin hiéu/kich thudc
tén thuong manh hon. Cac 4nh méu duoc tai xubng tir brainstars.orgl va dugc cip phép
ctia Creative Commons ctia Nhat Ban. Ban d 14t cét vong d4u mé ndo duoc thu tir tap
ban d6 ndo chudt nhit (http colon slash slash mouse dot .brain-map dot org slash static
slash atlas) [113]. Fig.29¢:Céc anh dai dién cta hanh tiy tir chudt nhét nhém IA minh
hoa cac miu nhuém H&E va EV71 THC trong AP va NTS.

Fig.30a-Fig.30f thé hién céc 14t cit md hoc clia cic md than kinh tir chudt nhét
duoc 1ay nhi®m gia (d6i ching khoe manh). Cac anh dai dién cta cac lat cit mé chudt
nhit binh thudng (5 pm) duoc nhudém bing Hematoxylin & Eosin (H&E) @ kiém tra mé
bénh hoc hoic huyét thanh thé khang céc khang nguyén EV71 (EV71 IHC) @& xac dinh
vi trf khang nguyén virut. C4c 14t cit ndo thé hién cc noron thap CA3 trong hdi hai mi
(Fig.30a); cac noron luéi trong ving duéi doi (Fig.30b) va ddi ndo (Fig.30c); cac noron
trong chit xam quanh dudng thong nio thit (Fig.30d); 16p té bao Purkinje trong v6 tiéu
ndo (Fig.30e). Luu ¥ hinh thai hoc té bao Purkinje binh thudong (ddu hoa thi mau den
trong bang bén trai cia Fig.30e); va cac noron ludi trong hanh tuy ndo tdy (Fig.30f).

Fig.31a-Fig.31e thé hién bénh hoc do EV71:TLLmv giy ta va su phan bd khang
nguyén virut trong cac md than kinh khéc. Cac anh dai dién cia 14t cit mo ciia chudt nhét
(5 um) duoc nhudm bing Hematoxylin & Eosin (H&E) dé kiém tra mé bénh hoc hodc
huyét thanh thé khang cac khang nguyén EV71 dé phan tich héa mé mién dich (EV71
IHC). Cac m6 ndo thu dugc tr chudt nhit dugc 14y nhidm boi EV71:TLLmv hodc duge
lay nhiém gia. Cac lat cit vong dau ndo thé hién cac noron thip vé ndo van dong
(Fig.31a); noron chit x4m cdu ndo (Fig.31b); va cac 14t cit vong tiy séng tir cot sdng cd
(Fig.31c), nguc (Fig.31d), va thit lung (Fig.31e). Luu ¥ su tham nhiém té bio (gbc phan
tu phia dudi bén phai ciia bang bén trai trén Fig.31a) va chig hoai tir noron than kinh
(d4u hoa thi mau den trong bang thtr hai ciia Fig.31a) rd rét trong vo ndo van dong. Cac
viing duoc dong khung trén Fig.31c-31e dugc thé hién phéng dai trong ban o 16ng twrong
ung.

M5 ta chi tiét sang ché
Sang ché @ cap dén mAu dong vat duoc 14y nhiém virut entero 71 va sang loc cic

hop chét khang EV71 chon loc. Cu thé hon, sang ché @ cap dén phuong phap phat hién
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chiing virut entero 71 (EV71) ma duoc 1am thich tng ¢ nhiém vao dong té bao cua dong
vét gam nhdm hodc virut cé ngudn gbc dong vo tinh virut entero 71 chira cac dot bién
trong VP1 c6 thé gay bénh & dong vat gim nhim cé kha nang mién dich va dong vat gim
nh4m bi suy giam mién dich. Trong bin mé ta nay, d6i khi cac ching EV71 nay dugc goi

1a virut entero 71 cai bién.

Ngoai ra, sang ché @& cap dén phuong phéap phat trién miu déng tin cdy trén 1am
sang cua bénh thin kinh do EV71 giy ra bing cach 1y nhiém chuot nhit BALB/c bang
ching duoc cai bién (vi du, EV71:TLLmv) dugc 1am thich tmg dé nhiém nguyén bao soi
NIH/3T3 cua chudt nhit. Bing cach sit dung phwong phap nay, EV71 cai bién dugc sir
dung dé gy ra bénh viém nio tity cAp tinh két hop véi tinh trang phu phdi c6 ngudn gbc
than kinh & chudt nht, dwoc dic trung béi sung phdi va ting khdi hwgng co quan so véi
phdi duoc 13y nhiém gia. Mic du khéng cé sy viém mb phéi hodc tim, sy xut huyét khu
tr va dich c6 protein trong tii phdi, ndng do catecholamin trong huyét thanh cao, va tén
thuong mé siu rong trong than ndo, diac biét 1a hanh tiy nio tiy da quan sat dugc. D
liéu nay ching t6 ring méiu nay sao chép mot cach chinh x4c cac du hiéu va cac triéu

chimg cia tinh trang phil phdi c6 ngudn gbc than kinh do EV71 ghy ra & ngudi.

Do d6, theo mot khia canh, sang ché @ cap dén mau dong vat bao gém dong vat
gam nhim dugc 14y nhiém béi virut entero 71 c6 kha nang 14y nhiém dong vat gdm nhim
nay, trong ban md ta nay do6i khi con dugc goi 1a virut entero 71 cai bién. Theo mot
phuong an, virut entero 71 virut entero 71 cai bién nay 1 virut entero 71 dugc 1am thich
g v6i dong té bao cia dong vat gim nham. Theo mdt phuong én khéc, virut entero 71
c4i bién nay 13 virut c6 ngudn gbc dong vo tinh (clone derived virus - CDV) chira cac dot
bién trong VP1. Theo mdt s& phuong an, cac dot bién trong VP1 cho phép CDV st dung
cac protein SCARB2 cua dong vat gdm nhidm @& 14y nhim céc té bao dong vat gim
nhdm. Theo mot phwong 4n, dong vat gim nhdm nay 14 dong vét gim nhim c6 kha ning
mién dich. Theo mdt phuong an khac, dong vat gim nhdm nay la dong vat gdm nhim bi
suy giam mién dich. Tt hon 14, cac dong vét thich hop dé s dung lam mau 13 dong vat
6 vu, tdt nhét 12 dong vat thi nghiém thich hop nhu thé, chudt cdng, chudt nhit, va cac
dong vat tuong tu. Theo mt phuong &n, dong vat nay la chudt nhét. Theo mot phuong an
khac, dong té bao cia dong vat gam nhdm 13 dong té bao cua chudt nhit. Theo mot

phuong 4n khac, dong t& bao ciia chudt nhét nay 13 dong t& bao NIH/3T3 clia chudt nhit.
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Theo mdt phuong 4n khac, dong té bao ctia chudt nhit nay 13 dong té bao Neuro-2a clia
chu6t nhit. Theo mot phuong an, virut entero 71 dugc lam thich Urng véi dong té bao cua
dong vat gdm nhdm 13 EV71:TLLm. Theo mot phuong 4n khéc, virut entero 71 dugc lam
thich tng v6i dong té bao ciia dong vét gam nham 13 EV71:TLLmv. Theo mot phuong 4n,
virut c¢6 ngudbn gbc dong vO tinh chia dot bién trong VPI 1a
CDV:BSyp;[K9SE/E1454/L169F]. MAu dong vat ndy 1a hitu ich dé nghién ctru sy phan
t4n toan than cta virut va phd bénh & ngudi trong cic miu dong vat. Mau dong vat nay

cling hitu ich dé€ sang loc cac dugc chat va cac vacxin khang virut.

Mau dong vat ndy duoc tao ra dua trén co s& can thiét. Dung dich géc 16n dugc
chudn héa cta chimg EV71 dwoc 1am thich tng v&i dong té bao clia dong vat gim nhim
dwoc tao ra, duge chuin do va duge gift trong ti lanh sau (&m 80°C). Sé lugng “dugce
chudn héa” (trén co s& tinh toan théng ké) cia dong vat gim nhim, nhu chudt nhit
BALB/c hodc chudt nhit NSG, dugc 14y nhidm bing ching virut véi ham luong duoc
chuin hoa dé tao ra miu dong vat. Mau dong vat theo sang ché phat trién cac tridu chiing
than kinh (twong ty cac triéu chimg ma c6 thé phat trién & nguoi) khi lay nhiém. Nhu
duoc thé hién trong ban mé ta nay, virut entero 71 cai bién, nhu ching virut EV71 dugc
lam thich Gng véi dong té bao ciia déng vét gam nhim, anh hudéng dén nio va nhiéu bénh

than kinh dugc biéu hién & chudt nhit.

Theo mot sb phuong an, virut entero 71 dugc lam thich tmg voi dong té bao cia
dong vat gam nhdm 13 EV71:TLLm. EV71:TLLm thu dugc sau khi céy chuyén theo chudi
ching EV71 BS ctia ngudi trong dong té bao chudt nhit NIH/3T3 trong t6i thidu 60 chu
ky. Thed mot phuong an, EV71:TLLm dugc luu giit vao ngay 12 thang Giéng ndm 2015
theo cdc didu khoan ciia Hiép udc Budapest & Ngan hang gidng va vi sinh vat Trung
Quéc nim & Truong dai hoc Wuhan, Wuhan 430072 Peoples Republic of China, va ¢6 sb
hiéu luu gitt CCTCC V201437. Theo mét phuong &n khac, EV71:TLLm co thé duoc thu
lai bing cach sir dung di truyén nguoc cai tién néu ARN virut duoc tong hop bang cach
str dung trinh ty ARN virut (M2 ngan hang gen KF514879; SEQ ID NO.1). Cac k¥ thuat
@& di truyén nguoc cai tién 1a d3 biét trong linh vurc nay [84-87].

Theo mot phuong 4n khac, virut entero 71 dugc lam thich ng vé1 dong té bao cia
dong vat gam nhdm 13 EV7I:TLLmv. EV71:TLLmv thu dugc tir viéc cdy chuyén tiép
EV71:TLLm trong dong té bao chudt nhat NIH/3T3 trong 40 chu ky nita. Theo mot
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phuong an, EV71:TLLmy dugc luu gift vao ngay 12 thang Giéng nam 2015 theo céc didu
khoén cua Hiép udc Budapest & Ngan hang giéng va vi sinh vt Trung Qubc nim &
Trudmg dai hoc Wuhan, Wuhan 430072 Peoples Republic of China, va ¢6 s6 hidu Iuu gitt
CCTCC V201438. Theo mdt phwong an khac, EV7I1:TLLmv c6 thé dugc thu lai bing
cach sir dung di truyén nguoc cai tién néu ARN virut dugc tdng hop bang cach sir dung
trinh tu ARN virut (M4 ngin hang gen KF514880; SEQ ID NO.2). Cac ky thuét dé di

truyén nguoc céi tién 1a da biét trong linh vuc nay.

Theo mdt phuong an khéc, virut entero 71 céi bién 13 virut c6 ngudn gbc dong vo
tinh (CDV) ¢6 cac dot bién trong protein vo capsit VP1 ma cho phép virut entero 71 cai
bién st dung cac protein SCARB?2 dong vat gim nhim dé 1ay nhiém céc té bao dong vat
gam nhdm. Virut entero 71 cai bién c6 cac dot bién trong VP1 duogc tao ra b?mg cach
chudn bi dong v6 tinh cADN bd gen cé chiu dai ddy du bang cach sir dung céc k¥ thuat
& bidt déi véi ngudi ¢ hidu biét trung binh hodc nhur duge mo ta trong ban mé ta nay.
Cac dot bién trong VP1 hoidc cac protein khac cua virut entero 71 dugc tao ra béng cach
géy dot bién dinh hudng vi tri hodc cdng nghé CRISPR (xem, vi dy, céng bd don PCT s6
W02014/127287). Virut sdng (virut cé ngudn gbc dong vé tinh (CDV)) dugc tao ra tir
cic dong vo tinh cADN bing cach st dung cac k¥ thuét d4 biét dbi véi ngudi c6 hiéu biét
trung binh hoac nhu dugc mé ta trong ban md ta nay. CDV c¢6 cac 4ot bién hoidc bd suu
tap cac dot bién khac nhau sau d6 dugc thir nghiém kha nang ctia ching 14y nhiém cac té
bao dong vat gdm nham. Theo cach khac, CDV cé cac dot bién hoic bd suu tap cac dot
bién khac nhau sau d6 duoc thir nghiém kha ning cta ching gin két véi cac protein
SCARB2 dong vét gim nhim dudi dang sang loc ban diu. Cac ching virut entero 71
thich hop bat ky c¢6 thé dugc sir dung dé phat trién cac CDV c6 céc dot bién trong VP1.
Sé lugng cac dot bién c6 thé va cac dot bién cu thé thay d6i dbi véi mdi ching dé tao ra
cac CDV ma du dé tao ra sy nhiém phat trién manh trong té bao dong vat gdm nham dich.
Do d6, nhidu ching EV71 ¢6 tinh doc dong vat gam nhdm c6 thé dugc tao ra ma cé thé
1y nhi®m mdt sb, nhidu hoac tit ca cac loai dong té bao clia dong vét gim nhim, vi dy,
chudt nhit. Theo mot phuong 4n, ching EV71 dugc st dung dé tao ra CDV c¢6 cac dot
bién trong VP1 13 ching virut entero 71 BS. Theo mdt phuong 4n, virut entero 71 cai
bién 12 CDV:BSyp,[K9SE/E1454/L169F].
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Theo mét khia canh khac, sang ché d& cap dén phuong phép san xuit miu dong
vat ¢co phé dﬁy du cua sy nhiém, bénh va bénh hoc than kinh do EV71 gay ra quan sat
dwoc & ngudi. Theo mot sb phuong an, phuong phap nay bao gém viéc 1ay nhiém déng
vét gim nhdm dugce mé ta trong ban md ta niy bing virut entero 71 cai bién dugc mé ta
trong ban mé ta nay va nudi dong vat gim nhim di duoc lay nhiém ndy trong thoi gian
1én dén khoang 4 tudn. Theo mét phwong 4n, virut entero 71 cai bién 13 EV7I:TLLmv.
Theo mot phuong an khac, virut entero 71 cai bién 12 EV71:TLLm. Theo mot phuong an
khéc, virut entero 71 cai bién 1a CDV:BSyp;[K9SE/E1454/L169F]. Theo mdt sé phuong
4n, tudi cia dong vat gim nhdm can 14y nhifm nim trong khoang tir 1 tudn dén 4 tuan.
Theo cac phuong 4n khéc, tudi ciia dong vat gam nhdm cin 1iy nhiém nim trong khoang
tir 1 tudn dén 3 tudn. Theo céc phuong &n khéc, tudi cia dong vat gdm nhdm cén lay
nhidm nim trong khoang tir 1 tudn dén 2 tudn. Theo mdt phuong 4n, tudi cia dong vat
gira nhdm can 14y nhiém 12 khoang 1 tudn. Theo mdt phuong 4n khéc, tudi clia dong vat
gam nhim can 1y nhiém 13 khoang 2 tudn. Theo mdt phwong 4n khéc, tudi ctia dong vat
gim nhim can 14y nhim 13 khoang 3 tudn. Theo mot sé phuong 4n, déng vat gim nhim
d4 duoc lay nhidm dugc nubdi trong thoi gian nim trong khoang tir 1 tudn dén 4 tuan.
Theo cac phuong 4n khéac, dong vat gim nhidm di dugc 1y nhiém dugc nudi trong thoi
gian ndm trong khoang tir 1 tudn dén 3 tudn. Theo cic phuong 4n khac, dong vat gim
nhdm di dugc 14y nhiém duoc nudi trong thoi gian nim trong khoang tir 1 tudn dén 2
tudn. Theo mot phuong &n, dong vat gdm nhdm d3 duogc ]ay nhiém dugc nudi trong thoi

gian khoang 1 tudn. Theo mdt phuong an khac, dong vat gam nhdm di dugc 1ay nhiém
duoc nudi trong thoi gian khoang 2 tudn. Theo mdt phuong an bd sung, dong vat gim
nhdm d3 dugc l1ay nhiém dugc nudi trong thoi gian khoang 3 tudn. Theo mdt phuong an
khac, dong vat gim nhim di duoc 14y nhiém dugc nudi trong thoi gian khoang 4 tuan.
Theo mdt sb phuong an, dong vat gadm nhdm 13 dong vat gam nhim bi suy giam mién
dich. Theo mét sb phuong 4n, dong vt gdm nham 13 chudt nhit nhu dugc mo ta trong
ban mo ta nay. Theo mdt phuong &n, chudt nhét bi suy giam mién dich 1 chudt nhit
BALB/c. Theo cac phuong 4n khéac, dong vat gam nhim duoc 1y nhiém bang cach tiém
virut entero 71 cai bién vao dong vat gam nhim nay. Theo m{t phuong éan, su ti€m la
tiém trong mang bung (intraperitoneal - I.P.). Theo mot phuong an khéc, su tiém la tiém
trong co (intramuscular - L.M.). Theo mot s phuong 4n, lidu virut dugc tiém vao dong

vat gam nhim 13 liéu 1y nhiém 50% té bao (median cell culture infectious dose -
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CCIDso) nim trong khoang tir 10> @én 107. Theo cac phuong 4n khéc, lidu virut duoc
tiém vao dong vat gim nhdm nay 12 CCIDs, nim trong khoang tir 10° dén 10°. Theo mot
phuong éan, lidu virut duoc tiém vao doéng vat gim nhim nay 1a CCIDs, nim trong
khoang tir 4 x 10° dén 10°. Theo mét phuong an khéc, lidu virut duoc tiém vao dong vt
gam nhim nay 13 CCIDs, nim trong khoing tir 10* dén 10°. Theo mot phuong 4n b
sung, lidu virut dugc tiém vao dong vat gim nhim nay 13 CCIDs, ndm trong khoang tir
10° dén 10°. Theo mét phuong 4n, lidu virut duge tiém vao dong vat gam nhim nay 13

CCIDs, khoang 10°.

MaAu dong vat dugc tao ra theo cach nay la mau chudt nhit dang tin cdy bi bénh
thin kinh do nhidm EV71 ma thé hién do gi4 tri truc dién, fifc ld cac con vat niy biéu
hién céc ddu hiéu 14m sing & pham vi todn bd c¢6 thé quan sit dugc qua phé ddy du cua
bénh thin kinh do sy nhi®m EV71 giy ra & ngudi bénh, bao gdm NPE. MAu dong vat niy
con thé hién do gia tri cAu trac dbi voi ddc didm toan bd va mo bénh hoc ciia bénh, ma
gin gibng v6i cac dic diém dugce bio cdo trong cic ca nguy hiém dén tinh mang & ngudi.
M&u in vivo méi nay thé hién 12 cdng cu co6 hiéu luc dé nhén dién céc su kién then chdt
trong sinh bénh hoc than kinh EV71, dé phan tich k¥ co ché ctia NPE do EV71 gy ra,
phat trién phuong thirc diéu tri méi va phép tri liéu khang virut tiém ning, va dé thuc
hién danh gia tién 1Am sang cac vacxin méi.

Sang ché cling mo ta phuong phap sang loc cac duc_rc chat khang virut. Theo khia
canh nay, phuong phap nay bao gdm cac budc sau: cung cp nhém dong vat thir nghiém
va nhém dong vat dbi ching trong d6 cac dong vat trong mdi nhoém 1a cac dong vat cla
mau dong vat duge md ta trong ban mo ta ndy; cho nhom thir nghiém nay dung duoc chét
khang virut chon loc; giam sat tién trién cta bénh trong nhém thir nghi€ém va nhém dbi
chimg; so sanh tién trién cta bénh trong nhém thir nghiém vdi tién trién cia bénh trong
nhém d6i ching; va chon loc dugc chét khang virut chon loc ma 1am giam su tién trién
cia bénh trong nhém thi nghiém so v4i nhom dbi ching. Theo mét phuong 4n, dugc
chét khang virut trudc tién duge sang loc trong dong té bao clia dong vat gim nham thir
nghiém duoc 1ay nhiém béi virut entero 71 dugc lam thich tng véi dong té bao clia dong
vét gam nhim trude khi sang loc & cic dong vat. Theo mot phuong én khac, duge chét

khang virut trude tién dugc sang loc trong dong té bao clia dong vat gam nhdm thir
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nghiém dugc 14y nhidm bdi virut ¢6 ngudn gbc dong v6 tinh (clone derived virus - CDV)

chira cac d6t bién trong VP1 trudc khi sang loc & cic dong vit.

Sang ché ciing m6 ta phuong phap sang loc cac vacxin khang virut c6 hidu qua.
Theo khia canh nay, phuong phap nay bao gém cc budc sau: cung cip nhém dong vat
thir nghiém va nhém dong vat dbi ching trong d6 cac dong vat trong mdi nhém 13 céac
dong vat ciia miu dong vat duoc md ta trong ban md ta ndy; cho nhém thir nghiém nay
ding vacxin khang virut chon loc; gidm sat tién trién ciia bénh trong nhém thir nghiém va
nhém dbi ching; so sanh tién trién cta bénh trong nhém thir nghiém vdéi tién trién cia
bénh trong nhém ddi chimg; va chon loc vacxin khang virut chon loc ma 1am giam sy
tién trién ctia bénh trong nhém thir nghiém so v&i nhém ddi ching. Theo mot phuong an,
vacxin khang virut chon loc trude tién dugce sang loc trong dong té bao cua dong vat gam
nhdm thir nghiém duoc 14y nhidm boi virut entero 71 duge 1am thich tmg véi dong té bao
cua dong vat gdm nhim trude khi sang loc & cac dong vat. Theo mot phuong 4n khéc,
vacxin khang virut chon loc true tién duoc sing loc trong dong té bio cia dong vét gim
nhdm thir nghiém dugc 1ay nhidm boi virut ¢6 ngudn gbc dong vo tinh (clone derived

virus - CDV) chtra cac d6t bién trong VP1 truée khi sing loc & cac dong vat.

Theo céc phuong phap theo sang ché, dung dich gbc 16n dugc chudn héa cua
ching EV71 dugc 1am thich tng véi dong t& bao ciia dong vat gam nhim duoc tao ra,
duoc chuin do va dugc giir trong ti lanh sau (Am 80°C). Theo cach khac, dung dich gbc
16n duoc chuén héa ciia chung virut ¢6 ngudn gbc dong vo tinh (CDV) chira cac dot bién
trong VP1 duogc tao ra, dugc chuén d6 va duoc gilr trong tu lanh sau (am 80°C). ) lugng
“duoc chudn héa” (trén co so tinh toan théng ké) ciia dong vat, nhu chudt nhit Balb/c
hodc chudt nhit NSG, duoc 14y nhiém bing ching virut v6i ham luong dugc chuin héa.
Dugc chét khéang virut hodc vacxin khang virut chon loc duqé diung cho dong vat gdm
nhim dugc 14y nhiém & cac lidu duoc chuén héa khac nhau vao trude khi xudt hién bénh
(d6i v6i thir nghiém vé tac dung phong ngira) hodc vao lic khoi phat bénh (d6i véi thir
nghiém vé thc dung diéu tri bénh cta dugc chﬁ't). Theo mdt phuong 4n, viéc sang loc in
vitro hiu suat cao cac hop chit khang EV71 duoc thuc hién bang cach st dung cac dong
t& bao nudi cdy mo dé bj nhiém giy tan bao bdi ching virut EV71 duge 1am thich g
v6i dong té bao cua dong vat gam nhim, nhu cic chiing duge mo ta trong ban md ta nay,

bao gdém céac ching dugc md ta trong phén Vi du thuc hién sang ché. Theo mdt phuong
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4n khac, viéc sang loc in vitro hiéu suét cao cac hop chat khang EV71 dugc thuc hién
bing céch st dung cac dong té bao nubi cAy md dé bi nhiém gy tan bao béi chiing virut
c6 ngudn gbc dong vé tinh (CDV) chita cac dot bién trong VP1, nhu cac chiing duge mo
ta trong ban mo ta nay, ké ca trong phﬁn Vi du thuc hién sang ché. Viéc sang loc in vitro
duoc thyuc hién bing cic k§ thut d3 biét trong linh vuc nay. Cac hop chét day trién vong
dugc chon tir viée sang loc in vitro sau d6 dugce sang loc in vivo trong mau dong vat dugc
md ta trong badn mo ta nay.

Nhu duoc thé hién trong cac vi du 2-8, viéc cdy chuyén ldn lugt thé phan lap
EV71 ctia ngudi (EV71:BS) tac ra cac chiing virut ma dat duge kha ning 18y nhiém in
vitro cac dong té bao cua doéng vat gdm nhim dugc nu6i céy. Dong té bao nguyén bao sgi
bam dinh cta chudt nhit NIH/3T3, ma c6 ngudn gdc tir phdi chudt nhat NIH/Swiss [46],
duoc st dung dé 1am thich tng v6i chimg EV71 ciia nguoi dé 1ay nhidm cac té bao dong
vét gam nham. Hai ching dwogc 1am thich tmg NIH/3T3 nay dﬁ:qc mé tad - EV71:TLLm va
EV71:TLLmv, trong 46 EV71:TLLm thé hién giai doan ban dau (sb lugng cdy chuyén 60)
va EV71:TLLmv thé hién giai doan mudn (sé lugng cdy chuyén 100) ctia qué trinh 1am
thich tng. Trén co s& su xuat hién CPE do virut gay ra, két qua do cac gia tri ham lugng
cao, va su phat hién duong tinh ctia khang nguyén virut théng qua viéc nhudém mién dich,
céc tac gia sang ché d3 phén loai sy nhiém do virut giy ra trong cac té bao dudi dang sinh
261 hoac khong sinh sbi. Su nhiém sinh s6i biéu hién sy phét hién khang nguyén virut
duong tinh ciing nhu ham lugng virut cao, khong phu thudc vao su quan sat CPE. Mt
khéc, su nhiém khong sinh s6i duoc dic trung bdi ham lugng virut khéng do duge & gisi
han thir nghiém ngudng mic du sy phat hién khang nguyén virut va/hodc sy quan sat
CPE.

Con thé phén 14p 1am sang EV71:BS chi nhiém c4c dong té bao dong vit linh
truéng, EV71:TLLm nhiém mot cach cé sinh sbi cac dong t€ bao cla ca dong vat linh
truéng va dong vat gim nhdm. Péang luu ¥ ring mic du virat EV71:TLLm di dat dugc
mdt cach thanh cong kha ning 14y nhiém céc té bao dong vét gim nhdm, mic d9 thich
ung véi cac té bao NIH/3T3 13 it rd rét. Ham luong virut duge xéc dinh béng cach st
dung cé4c té bao Vero 1 cao hon nhiéu so véi ham lugng xac dinh dugc trong cac té bao
NIH/3T3, nhu dugc biéu thi béi céc tri s6 4m tinh trong thir nghiém danh gid mac dg sao
chép tuong ddi (relative replication rate - RRR) (Fig.5C va 5D). Ngoai ra, EV71:TLLm
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1ay nhidm thanh céng cac té bao Vero din dén CPE diy dt & cac nhiét d i khac nhau
con né chi ¢6 thé dat dugc CPE dﬁy da trong NIH/3T3 bi nhiém & nhiét 46 37°C (Bang
1). Su pht hop hon trong cac té bao chudt nhat, da thu dugc virut EV71:TLLmv, 1a ching
virut ma biéu hién mirc d¢ thich Gtng cao hon véi cac té bao chudt nhét (Fig.5B) nhung
v6i c4i gid phai tra 1 thu hep phd cia cac té bao vat chi cho phép nhi€m. EV71:TLLmv
khong 1ay nhiém cac dong té bao dong vat linh trudng mot cach co hiéu quéa bang cac té
bao chudt nhit mic di né thé hién sy nhidm thanh cong din dén CPE ddy du cua cac té
bao NIH/3T3 dugc 0 & pham vi nhiét d rong hon (Bang 1). Tuy nhién, so voi virut tim
ra truéc EV71:TLLm, EV71:TLLmv dudong nhu bj mit kha ning xdm nhdp vio va sao
chép trong cac té bao COS-7 than khi, cling nhu céc té bao HeLa va Hep-2 ctia ngudi
(Fig.3B-3C; Fig.2B-2C, 2E-2F, va 2H-2I). N6 con bi mAt kha ning sao chép mot cach cé
hiéu qua trong c4c t& bao CHO-K1 ciia chudt ddng va NRK ctia chudt cbng (Fig.3B-3D;
Fig.2K-2L va 2N-20). Céac quan sat nay cho thdy ring viéc cdy chuyén tiép virut nay
trong céc t& bao NIH/3T3 lam ting mirc d9 thich tng trong cac té bao chudt nhit véi cac
gi4 phai tra 13 mat kha ning nhiém trong cac dong té bao c6 ngudn gbc khac.

Mic di khong thé chi ra cac dot bién thay thé axit amin ndo 14 phu hop véi té bao
vat chi NIH/3T3 cua chudt nhét, viéc giai trinh tu toan b bd gen cua virut cé thé téa
sang cac co ché phu hop tiém ning. Hau hét cac dot bién thay thé axit amin dugc nhan
dién thudc vé protein P1 (vo capsit) va ARN polymeraza (ving 3D) (Bang 2, 3), goi ¥
hoat tinh protein virut dugc bién dbi kha thi trong viéc xam nhap va sao chép té bao vat
chi. Sy tich tu cac dot bién trong ving P1 duge ky vong tir kha ning nhan dugc cta cac
ching EV71:TLLm va EV71:TLLmv & lay nhiém cac té bao vat chii méi. Protein vo
capsit tao ra thudc tinh cu tric ma nho d6 virut bét diu twong tac vai té bao vat cha cho
phép nhiém théng qua thu thé virut, thu thé nay gén day da dugc nhén dién 1a thu thé
“thanh thai” nhém B thanh vién 2 (SCARB2) [47] va sau dugc mo ta dic diém dudi dang
thu thé thio b6 16p v6 virut chinh cia EV71 [48] va protein vo capsit ndy con dugc dung
béi mot sb thanh vién thude loai virut entero A ctia nguoi (Human Enterovirus A - HEV-
A). Protein SCARB2 cua ngudi c6 d6 ddng nhit trinh tu gin 99% so véi protein
SCARB?2 cua cic dong vat linh trudng khac. Mat khac, protein SCARB2 cua chudt nhét
c6 d6 khong trong dong trinh tu 15% so véi protein cia dong vt linh trudng [49], ngu ¥
do 18ch céu triic dang ké so véi SCARB2 ctia dong vat linh trudng va c6 1& gop phén vao

kha ning chdng lai ciia cac té bao dong vat gim nhim véi su nhidm EV71 nguyén thé.
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C6 vé hop 1y 12 cac dot bién phu hop trong vo capsit clia virut c6 thé 1am cho virut c¢6 kha
ning gin két vai thu thé té bao chudt nhit va din dén sy xAm nhép va liy nhiém thanh

cong vat chu mdi.

Viéc 1ap ban dd cac d6t bién cia protein vo capsit cho thiy ring phan 16n cac dot
bién thay thé axit amin dugc nhan dién trong ving P1 cla virut nim & ving duoc _tiép
xuc cua protein (Fig.11A-11D), dic biét, trong cac vong B-C, D-E, E-F, va G-H trén bé
mit cia VP1. Cac gbc VPI 150-180 chira hém vé capsit virut ma gin v6i protein
SCARB2. Vung nay c6 tim & Gln-172 chira epitop trung hoa VP1 chinh & céc axit amin
163-177 [32]. Ca hai EV71:TLLm va EV71:TLLmv cé cac thay thé E167D va L169F
trong vong E-F ctia h&m VP1 (Fig.11A-11B), c4c locus ma chua dugc bao céo truc’ré day.
Céc dot bién thay thé axit amin quan trong khac gan vi tri tiép giap SCARB2 bao gdm
N104D trong vong B-C va S241L trong vong G-H, ma nim trong vong ban kinh 20 A tir
Gln-172. Dot bién VP1 S241L, ciing véi K244E, trude day d3 duge bao cdo tir viée ciy
chuyén EV71 duoc 1am thich émg v6i dong t& bao CHO vao chudt nhat [50]. Dot bién
ndy, cing véi VP2 K1491, d3 thdy 14 c6 lién quan dén kiéu hinh khong c6 tinh doc &
chudt nhét con 5 ngdy tudi. Tuy nhién, d6t bién ngugc & VP1 241 tir Leu thanh Ser [51]
d4 dugc bao céo tir su phi hop trong md nfo chudt nhat NOD/SCID va da thiy 13 ¢6 lién
quan dén kiu hinh c6 tinh doc cta chudt nhit. Dot bién VP1 E145A, ma & xa so véi vi -
tri tiép gidp SCARB2 va nim trong vong D-E, 12 mot dot bién chon loc khac dé mang lai
kha ning 14y nhiém cac té bao ctia chudt. Dot bién VP1 145 trudc ddy da duoc bao céo
[34, 37] va dot bién E145A don tao ra doc luc & chudt nhit NOD/SCID [51]. Mdt dot
bién khéc trong VP1 cua EV71 kiéu gen C4, QI45E, c6 lién quan dén doc luc & chudt
nhét 5 ngdy tudi [52]. Cac dot bién phit hop vai té bao chudt nhét trong VP2, dic biét 1a
cac dot bién trong epitop trung hoa cia cac gbc 136-150 [53], cling c6 thé gép phan vao
khé4 ning 14y nhifm cac té bao dong vat gim nhim cta virut. Hai thay thé trong vong E-F
ctia VP2 dugc quan sat thdy trong EV71:TLLm (Fig.11C), trong khi ba thay thé c6 mit
trong EV71:TLLmv (Fig.11D). Khong d6t bién nao trong s6 cac dot bién nay da dugc md
ta truée day, mac du locut 1an can & VP2 149 trong vong E-F da duoc dé cap trong cac 4n
phdm [34, 50, 54] va dugc mo ta 1a dot bién phi hop dé ciy chuyén trong céc t€ bao biéu
hién qua mtrc PSGL-1 [55].
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Pé khao st vai trd c6 thé cia cac dot bién trong ving P1 trong viéc gin két véi
thu thé virut dé xAm nhap vao t& bao vat chii, ARN virut EV71:BS dugc chuyén nap vao
trong cac té bao ctia chudt. Viéc dua truc tiép ARN EV71:BS vao trong té bao chat té bao
chuot nhit din dén sy nhidm sinh s6i trong cac t& bao NIH/3T3, nhu dugc goi y boi su
quan sat thiy CPE do virut gdy ra va ham lugng virut c6 thé do duoc trong dich nbi mdi
trudmg nudi cdy nhu dugc thir nghiém trong cac té bao Vero (Fig.12). Tuy nhién, viéc
tiém lai dich ndi virut 1én trén cac té bao NIH/3T3 méi khong gy ra su nhiém sinh s6i
(Fig.6A) va khong c6 khang nguyén virut duoc phét hién (Fig.S4H). Tuong tu, qua trinh
chuyén nap ARN EV71:BS vao trong cac té bao Neuro-2A, nhung khong phai sy nhiém
virut truc tiép, din dén két qua nhudm khéng nguyén duong tinh trong céc té bao Neuro-
2A (Fig.10C va, 10D) va ham lugng virut ¢6 thé do duge (Fig.12). Dich noi virut dugc
chy chuyén lén trén céc té bao Vero va NIH/3T3 méi din dén két qui nhudm khang
nguyén duong tinh trong t€ bao Vero (Fig.10I) nhung khong phai trong té bao NIH/3T3
(Fig.10J). Dt liéu nay cho thdy riang viéc pha v& yéu ciu gin két thu thé d6i véi sy xAm
nhap té bao vat chi din dén sy nhiém va san sinh thanh céng virut con chau trong céc té
bao NIH3T3 va Neuro-2A. Dit liéu nay con minh hoa ring EV71:BS cta ngudi khong thé
xam nhép thanh cong vao céc té bao NIH/3T3 va Neuro-2A ciia chudt nhit thong qua thu
thé té bao clia chudt. Hon nira, dit liéu ndy goi ¥ ring céc dot bién trong ving P1 cia bd
gen EV71:TLLm va EV71:TLLmv dem lai cho virut kha néng ghn két thu thé c6 hidu qua,

va do d6, xdm nhép té bao vat chu.

Mot sb dot bién axit amin cling duoc quan sat trong cic ving P2 va P3, ma ma héa
céac protein cua virut cé tinh quyét dinh trong viéc sao chép virut va chiém doat b may
dich ma protein cia té bio vat chu [56]. Cac dot bién thich tmg ndy c6 thé c6 chirc ning
trong viéc t8i wu hoa su sao chép va sy dich ma b gen EV71 trong céc t& bao chudt nhit.
Chi ¢6 protein 3D ctia virut tich liiy 8 d6t bién thay thé axit amin trong EV71:TLLmv va 4
trong EV71:TLLm, va ca hai ching ma mdi ching thé hién 1 dot bién trong 3B va 2 dot
bién trong 3C. Viéc tiém truc tiép ARN virut vao trong cic té bao TCMK gitp hiéu vai
trd ¢6 thé ctia cac dot bién thich 1’mg trong céac protein khong cAu tric cta virut. Mic du
cac té bao TCMK d3 thé hién 13 c6 thé cho phép nhiém EV7I1:TLLm va EV71:TLLmy
(Fig.3B va 3D; Fig.4Q va 4R), qua trinh chuyén nap ctia ARN virut EV71:BS vao trong
c4c té bao TCMK khong dat duge su nhiém thanh cong. Cac tin hiéu khang nguyén virut
khong dugc phat hién trong cac té bao d3 dugc 1ay nhiém va duoc chuyén nap (Fig.10E-
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10F), va viéc cdy chuyén dich nbi virut 1én trén cac té bao NIH/3T3 va Vero méi khong
thu dugc sy phat hién khang nguyén virut duong tinh (Fig.10K va 10L). Hon nifa, khong
c6é ham lugng virut cé thé thir nghiém dugc trong ca hai té bao d3 dugc lay nhiém va
duoc chuyén nap (Fig.12). Dir liéu ndy goi ¥ ring ngoai cac dot bién trong viing vo capsit
ra, cac dot bién trong cac vung P2 va P3, ma dugc tim théy trong EV71:TLLm va
EV71:TLLmv, 14 cn thiét d 1ay nhiém thanh cong cac té bao TCMK.

Tin tuéng rang day 14 béo cdo thir nhat vé ching EV71 ban du c6 ngudn gbe tir
mAu 14m sang cta ngudi ma di dat dugc thanh cong kha ning 1ay nhiém sinh s6i mot s6
dong t& bio cua dong vat gam nhim sau khi cy chuyén lién tiép trong dong t& bao chudt
nhit. Cac mirc do dot bién tuong ddi cao trong qua trinh sao chép ARN dén dn cac bd
gen bién thé ma c6 chirc nang nhu kho di truyén céc tinh trang kiéu hinh cho tiém ning
thich tmg twong lai, va su sao chép két qua nhu 13 sy phan bd gia loai [57, 58] din dén
tinh mém déo dong luc cta bd gen ARN virut truyén kha nang thich tmg véi su thay dbi
mdi truong [59, 60]. Mac du EV71 lay nhiém chudt nhit con ba [34, 37, 38, 51] va cac
dong vat gam nham khac (vi du, chuét nhay) [39] da dugc bao cao trude day, khong tai
liéu nao dugc bao cio 13 1y nhiém sinh sbiin vitro cic té bao dong vat gam nhdm duge
nudi cdy. Diéu nay c6 thé 12 do hang rio di truyén cao lién quan dén cac thay dbi chu yéu
trong kiéu hinh va pham vi vét chu [58]. Thu vi 1a, day 1a bdo cdo thi nhéit vé mot sb
luong 16n cac dot bién thich Gng trong trinh tw bd gen ddy du lién Gng ctia EV71. Con
EV71 duoc 1am thich tng v&i chudt nhit dugc néu trong tai lidu trude day béao cdo it hon
10 dot bién thay thé axit amin trong bd gen [34, 38, 51], cac tac gia sang ché bao cao 21
thay thé trong EV71:TLLm va 36 thay thé trong EV71:TLLmv, vin nhiu hon sé luong
16n nhét cac dot bién thich tmg duoc x4c dinh trude day [37]. Piéu nay goi y rang vai lin
cdy chuyén cua virut trong mé chudt nhét [34, 36, 37] ¢ thé khong di dé pha v& hang
ra0 di truyén va 1am thich Gng thanh céng virut dé 1ay nhiém céc té bao chudt nhit dugc
nudi cdy. Thay vao d6, hang tram 1an ciy chuyén lién tiép c6 thé can thiét, nhu dugc tién

hanh trong nghién ctru nay.

Su gidi han té bao vat cha cia EV71 gén day da duoc gidi thich véi luan chung
ring EV71 st dung thu thé “thanh thai” nhém B thanh vién-2 (SCARB2) 1am thu thé
chirc ning ciia n6 dé xam nhap té bao vat chi [47] va thdo bod 16p vo virut trong thé noi

bao [72]. Cac protein SCARB2 clia ngudi va chudt chi ¢6 d6 dong nht trinh tu axit amin
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84% [67] goi ¥ su khéc biét cAu tric gifta hai protein ndy. Tinh hubng nay giai thich su
khong c6 kha nang néi chung cua céac thé phan 1ap 14m sang EV71 dé 1ay nhi®m cac té
bao c6 ngudn gbc chudt nhit, ciing nhu tinh khéng néi chung ctia chudt nhdt va cac dong
vét gam nhim khac v&i sy nhiém EV71 tht nghiém, ma lam phuc tap cac nd luc trong
viéc phat trién cac miu dong vat nhé nhi€ém EV71. Tuy nhién, mac du su khoéng tuong
hop virut-thy thé nay, céc tac gia sing ché d4 cho thy ring mot sb t& bao clia chudt hd
trg cho sir nhiém EV71 khi giai doan ban d4u cta sy nhiém, #zc la qué trinh xAm nhap té
bao gian tiép qua thu thé, dugc tranh thong qua qua trinh chuyén nap ARN virut vao
trong té bao. EV71:BS khong lay nhidm cac té bao Neuro-2a va NIH/3T3 [71], nhung qué
trinh chuyén nap cia ARN bd gen virut din dén su biéu hién ciia cac protein EV71, viée
gay ra tac dung gdy bénh té bao (CPE) tan bao, va san sinh virut con chau cé thé sbéng
dwge. Tuong tu, virut sdng truée day d duoc tao ra sau khi chuyén nap ARN virut giy
bénh viém tiy xam (Poliovirus) vao trong cac té bao ciia dong vat c6 via [73-75], mic du
cic té bao duge st dung (HeLa) da biét 13 cho phép su nhiém virut gdy bénh viém tiy
xam. Trong cac thir nghiém theo sang ché, c4c té bao Neuro-2a va NIH/3T3 nguyén bao
soi clia noron than kinh chudt nhét khong cho phép nhiém dugc chirng minh 13 hd trg cho
su sao chép virut va tao ra virut sdng con chau khi chuyén nap ARN EV71:BS vio trong
t€ bao chét, goi ¥ rang mdi trudng bén trong clia cac t€ bao ctia chudt chura cac yéu t6 vat
chit can cho sy nhiém EV71 va hd trg sy hoan thanh chu trinh nhiém virut, va réng cac
protein EV71 cé chirc nang trong chét nguyén sinh cia chudt. Két qua ndy con ham y
rang sy khong nhiém té bao NIH/3T3 va Neuro-2a khi tiém virut ¢4 thé do sai sét trong
viéc xAm nhap té bao vat chi gian tiép qua thu thé va thao bo 16p v6, ma chu yéu 1a chire
nang cua protein vo capsit. Cac két qua nay 13 twong tu nhu cic quan sat trude day cua
c4c tac gia (trén day hodc [71]) va dan dén gia thuyét ring cac dot bién thay thé axit amin
nhét dinh trong protein vé capsit EV71:BS ¢ thé cho phép né gin két véi thu thé ciia nd,
tir 6 dAn dén su xAm nh4p cla virut va thao bo 16p vo, va tiép theo 1y nhiém cac té bao
chudt nhit. Hai cong cu duy nhét - cac ching EV71 dugc 1am thich Gng v6i dong té bao
chudt nhit (NIH/3T3) (EV71:TLLm va EV71:TLLmv) va hai dong té bao chudt nhat
(Neuro-2a va NIH/3T3), dua ra co hdi khdo sat gia thuyét nay.

Kiéu hinh nhifm cta virut kham cé ngudn gdc dong vo tinh thé hién protein vo
capsit EV71:TLLm nhung biéu hién protein khong céu trac EV71:BS (CDV:BS[M-PI])

x4ac nhén ring “ki€u hinh xAm nhép t€ bao chut nhat” cé thé duoc dem lai boi protein vo
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capsit c6 ngudn gbc tir ching EV71 dugc 1am thich tng véi dong té bao chudt nhiat. CDV
kham nay dbi xir twong tu nhu ching EV71 duge 1am thich ung véi té bao chudt nhét va
gay ra sy nhidm sinh s6i trong cac té bao Vero, cling nhu NIH/3T3 va Neuro-2a, véi bang
chimg truc tiép dé hoan thanh chu trinh nhiém virut, #c Id san sinh virut con chau c6 thé
séng duge. Hon nita, viée gdy dot bién VP1 EV71:BS dé dua cic dot bién thay thé axit
amin K98E, E145A, va L169F va trong VP2 S144T va K1491 dan dén sy nhiém giéi han
cac té bao ciia chudt. Chi CDV c¢6 su thay thé ving PI EV71:TLLm (CDV:BS[M-P1]) v
CDV c¢6 c4c dot bién thay thé axit amin két hop VPI1-K98E/E145A/L169F
(CDV:BSypi[K9SE/E1454/L169F]) c6 thé dugc cAy chuyén thanh cong trong céc té bao
Neuro-2a va NIH/3T3 dé tao ra virut con chu cé thé séng duoc trong dich ndi méi
trrdmg nudi cdy thu duoc. Phan con lai cia CDV chira cac dot bién thay thé axit amin
khac, mét cach riéng r€ hodc trong cac Két hop khac nhau, thé hién su xam nhdp gidi han
vao trong cac t& bao cta chudt ddn dén mét chu trinh sao chép, nhu dugc minh hoa bdi sy
quan sat thiy CPE va su phét hién cac khang nguyén virut trong cc té bao dugc tiém.
Virut con chiu séng khong c¢6 mit trong dich ndi méi truong nubi ciy té bao di duogc lay
nhiém, do viéc tiém lai ctia n6 1én trén cac té bao chudt nhit khde manh khong gay ra su
nhi®m bénh. Ly do thiic dy su that bai ciia viéc san sinh virut con chau c6 thé séng duoc
trong dich ndi méi truong nudi ciy clia cic té bao duge lay nhiém bdi CDV nay 13 khong
13, nhung mot kha niang c6 thé do su khéng 6n dinh chu tric cia vo capsit thu duoc sau
dot bién. Cac tac gia sang ché nghi ngd ring cic axit amin dugce dua vao c6 thé khéng
twong hop véi cac axit amin khac ké ca protein, do d6, anh hudng dén viéc gip cudn toan
b protein vé capsit va thay déi céu trac vo capsit. Gia thiét nay néu bat sy phirc tap cia
viée lap rap protein vo capsit, trong d6 bdn protein virut (VP1-4) ciing nhau tuong téc dé
~ tao ra vo capsit chirc nang. Do d6, cac dot bién thay thé axit amin ma c6 thé cho phép
virut gén két voi cac thu thé méi cling c6 thé c6 két qua thé tham, dic biét 1a néu néd vo
tinh 1am mét n dinh phtrc hop vé capsit do khong twrong hop véi cac gde axit amin khac
trong protein.

Céc két qua duogc thé hién trong cac vi du 10-17 cho thdy ring ba thay thé VPI:
K98E, E145A, va L169F 1a can va du dé gin két v6i thu thé clia nd trén cac té bao chudt
nhét va cho phép su xam nhép cia EV71. Mic du, trude ddy gdc VP1-169 khéng duoc
néu trong cac tai liéu chuyén nganh, cac géc VP1-98 va VP1-145 truée day da dugc ngu

¥ 1am céc chit danh déu dé gén két cac protein thu thé PSGL-1 ciia ngudi trén bach cau
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[76]. Phan tich 1.702 trinh tur VP1 cta c4c thé phan 1ap 1am sang EV71 dugc cong bd
trong Ngan hang gen xac nhan kha ning séng, mic 'dﬁ, hiém c6, ciia thé dot bién VP1 két
hop 98E/145A, ma xuét hién chi trong 5 thé phéan 18p (0,3% co s& dir liu). Mat khac,
bién thé VP1-169F khong quan sat dugc trong co s¢ dit liéu dugce diéu tra cta céc trinh tu
VP1 EV71, ching to su hiém c6 dic biét cia nd. CDV:BSyp;[KISE/EI454/L169F] c6
thé duoc céy chuyén mot cach dn dinh 1én trén cac t& bao Neuro-2a va san sinh xuét mot
cAch nhét quan virut con chau séng trong khi duy tri dugc cac dot bién dugc dua vao
trong bd gen virut trong ba 1an cdy chuyén, goi y ring virut ndy cé thé séng dugc va én
dinh it nhat 12 trong cac té bao Neuro-2a. Do d6, c6 thé ring viéc dwa ba gbc nay: VP1
98E, 145A, va 169F, vao trong céc thé phan 14p 14m sang EV71 khac c6 thé cho phép né
lay nhiém cac té bao cia chudt, mic du didu ndy van can duge chimg minh.

Tudng tir nhu céc két qua trude d6 ma EV71 sit dung protein thu thé “thanh thai”
nhém B thanh vién-2 (SCARB2) 1am thy thé ctia n6 dé x4m nhap vio té bao vat chi va
thao bo 16p vé vao trong chit nguyén sinh [47, 72, 77], dit liéu trong sing ché nay con
chiing t6 rang EV71:TLLmv dugc 1am thich tmg v6i té bao chudt nhit st dung SCARB2
ciia chudt nhit (mSCARB2) dé lay nhifm céc té bao cua chudt. Virut gin két truc tiép
véi mSCARB2 hoa tan tai td hop in vitro, va viée 0 trude virut sdng bing protein trudc
khi tiém 1én trén cac té bao khoe manh 1am gidm mirc dd nghiém trong cla su nhiém té
bao. Hon nita, viéc phong bé cac bé mit tu do cia mSCARB2 trén céc té bao vat chu
bang cach gin két véi cac khang thé da dong khang mSCARB2 1am giam ca su gén két
virut trén cac té bao cb dinh va tc ché sy nhidm cua cac té bao sdng. Cac két qua niy con
thé hién EV71:TLLmv gin két véi protein SCARB2 clia ngudi (hRSCARB2), ma virut skt
dung dé 13y nhiém cac té bao ctia dong vét linh trudng. Viéc gn két v6i va sy nhidm cac
t& bao cua dong vat linh truéng boi EV7I:TLLmv con bi phong bé bsi cac khang thé
khing hSCARB2. Trong khi dir liéu dugc néu trong ban mod td nay chi thé hién
EV71:TLLmv, cic két qua con dugc mé rong dbi v&i EV71:TLLm. EV71:TLLmv c6
ngudn gbc tir qua trinh cdy chuyén tiép ctia EV71:TLLm trong cAc té bao NIH/3T3c, va
chi vai dot bién thay thé axit amin dugc quan st thdy gifta hai ching EV71 duoc 1am
thich tmg véi dong té bao chudt nhét. Do d6, diéu nay chi ra ring ca EV7I1:TLLm va
EV71:TLLmv st dung mSCARB2 té bao dé 1ay nhiém cac té bao dong vat gim nhim.

Tuong tu, ca CDV:BS[M-PI1] va CDV:BSyp;[K9SE/EI1454/L169F] su dung
mSCARB? dé 1ay nhiém céc té bao ctia chudt. U truée cac té bao Neuro-2a bang khang
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huyét thanh mSCARB2 phong bé su nhiém té bao boi virut, nhu dugc minh hoa bdi muc
do6 gay ra CPE giam va ham lugng virut thip hon so vé6i d6i ching. Dit liéu gan day cho
thdy SCARB2 gén két v6i hém EV71 kich hoat su gii phong “yéu t6 tii”, lipit trong
h&m v6 capsit ma 1am 6n dinh virion truéng thanh va dugc gia dinh 13 sphingosin trong
EV71, [78], thic déy mdt chudi cac su kién trong viéc thio bd 16p vé virut: mé rong vo
capsit (dé tao ra 135-S hoic hat A), d4y VP1 dau tdn cing N va VP4 tir mdi nbi vo capsit
truc gép cudn nam lan vio trong mang thé noi bao, va giai phéng ARN bd gen virut vao
trong t& bao chét cua té bao vat chii [78-81]. Dir liéu cAu triic tinh thé SCARB2 clia ngudi
gln day con phat hién ra ng lipit di qua toan bd protein [67], ma trong trudng hop chirc
ning SCARB2 1a phan phdi B-glucocerebrosidaza dén lysosom 13 khong thich hop,
nhung Dang va cac ddng tac gia [72] da d& cap dén ring n6 cé chirc ning nhu éng dan aé
loai bo va van chuyén sphingosin tir hém v capsit trong qua trinh gin két SCARB2. Céc
gbc axit amin 140-151 ciia SCARB2, ma trinh tu cua chung khéc nhau cao giifa cac
protein clia ngudi va chudt, 13 vi tri gén két chii yéu cho EV71 [49]. Ving giéng nhau
nay cé vai trd nhu cdng kiém soat viéc mé va déng bng lipit SCARB2, su kién dugc kich
hoat bdi d6 pH axit trong qué trinh théo bé 16p v6 virut. Gdc VP1-169 nam trong hém vo
capsit, va c6 thé co chirc ning truc tiép trong viéc gin két SCARB2. Su thay d6i manh
mé tir leuxin sang phenylalanin & vi tri nay c6 thé bién dbi cdu trac hém din dén khop t6t
hon véi protein SCARB2 cuia chudt. Mit khac, cac géc 98 va 145 caa VP1, nam trén ria
bao quanh h&m vé capsit va cd thé ¢6 chirc nang khac ngoai viéc gin két SCARB2. Day
13 gia thuyét don gian, va né can thiét @ phan tich cu tric ctia protein SCARB2 ciia
chudt va vach ra sy trong tac v6i vo capsit clia virut dé 1am 13 co ché chinh xac ma nho
d6 ba dot bién thay thé axit amin trén VP1 c6 thé dem lai “kiéu hinh xam nhép té bao
chu6t nhit.”

Tin tudng ring day 1a khao sat khoa hoc ddu tién vé cac dot bién dic hiéu vi tri
trén v6 capsit EV71 ma giy ra su nhiém sinh s6i cia cic té bao ciia chudt khong cho
phép nhiém mdt cach tu nhién. C4c nghién ctru trude ddy da nd luc khéc phuc su gi6i han
vat chi cua virut thong qua su thich g virut chon loc, nhu trong trudng hop ciy chuyén
trong dong vat séng dé tao ra céc thé dot bién cé kiéu nhiém dugc cai thién & chudt nhét
[34, 37, 38, 82], hoic su bién ddi té bao bang cach biéu hién 1éch vi tri cla protein
SCARB2 cua nguoi [47, 69, 70, 83]. Su khong tuong hop cia EV71 véi SCARB2 cta
chudt nbi chung giai thich cho tinh khang cua chuft nhat véi sy nhiém EV71, do d6, can
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tr& su phat trién ctia mAu chudt nhit nhiém EV71. Didu ndy con cé thé giai thich tai sao
hiu hét miu chudt nhit nhiém EV71 ma st dung ching virut kiéu dai hodc dugc 1am
thich tmg v6i chudt nhat khong tém luge duge phd cia cac bénh quan sat dugc trong su
nhiém ning & nguoi [34, 37, 38]. Mat khac, chudt nhét chuyén gen biéu hién SCARB2
cua nguoi thé hién cac d4u hiéu nhim EV71 sau rong hon ma khong can sy thich ung
clia virut v6i chudt nhit, nhung phd diy da vé cic bénh cla ngudi van khong thé dugc
mo phong rd rang [69, 70]. Luén ching trong ban mo ta nay 1a cac dot bién thay thé axit
amin nhat dinh trong EV71 cho phép né 1ay nhidm cac t& bao ciia chudt tao ra bude dau
trong viéc hidu co ché phan tir ma cho phép EV71:TLLm va EV71:TLLmv dugc lam thich
frng v6i déng té bao chudt nhit 14y nhiém mot cach c¢6 hiéu qua cac té bao dong vat gim
nhim dugc nudi ciy. Ngoai ra, c6 thé dwa ra mot phuong phap khac dé tao ra mau chuot
nhét nhidm EV71 @ nghién ctru sinh bénh hoc chi tiét va sao chép phd diy du cta cac
bénh than kinh dugc thiy trong viéc nhiém & nguoi.

Trong céc vi du 22-25, 1an dAu d3 ching minh dugc ring chudt nhit BALB/c con
duoc tiém virut entero 71 (EV71) dugc lam thich tng véi t& bao chudt nhit thé hién bénh
viém nio tuy cip tinh lién quan dén tinh trang phi phdi c6 ngudn gbc than kinh (NPE)
ma gén giéng v&i bénh hoc quan sat duge ¢ ngudi bénh bi nhiém. Cac dong vat dugc lay
nhi®m bang ching virut thich tng EV71:TLLmv th hién mtrc do ton thuong mé do virut
gdy ra thay dbi trong ca ving té bao thap va ngoai thap cua nio, biéu hién duéi dang liét,
mét diéu hoa va run, va phu hgp véi bénh hoc & CNS dugc nhén dién trong céc trudng
hop nhiém EV71 nguy hiém dén tinh mang [91-95]. Hon thé nita, mot s chuot nhit biéu
hién suy ki¢t hd hip phu hop v6i sy loan chirc nang than kinh tu dong. Dua trén su biéu
hién bénh tai thdi diém lam chét khong dau don, cac chudt c6 thé dugc phan loai dé dang
vio bbn nhém: Nhém IA, nhém IB, nhém II va Séng sét. Trong khi Séng sét khong thé
hién cac d4u hiéu cta bénh, chudt nhat trong nhom II thé hién chung liét mém dai déng
v giam cin ning, con chudt nhit nhdém I4 va nhém IB con bi bénh than kinh cap tinh ma
gy chét toan bd trong vong 3-7 DPL. Chudt nhat Nhém I4 con thé hién su suy kiét ho
hép ning rd rang ma khong phai do suy tim sung huyét hodc viém phéi. Thay vao do, cac
con vat trong nhém IA thé hién tén thuong mo sau rong trong than ndo phia dubi, dic biét
13 hanh tiy, cing v6i ndng do catecholamin trong huyét thanh cao, goi ¥ rd rang rang cac
d4u hiéu ho hép quan sat dugc trong cic chudt nhit duoc 1a két qua cta tinh trang phu
phéi c¢6 ngudn gbc than kinh (NPE). Sy so sanh toan bd bénh ly ctia phéi tir chudt nhit
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nhém IA v&i bénh 1y ctia phdi tir cic nhém khéac phat hién ra sy xep phdi chua hoan toan
khi giai phdu, ciing nhu khéi lugng uét cla phéi duge ting mot cach déng ké, c6 kha
ning do su xuit huyét va ro dich vao trong khoang phé nang. Cac d4u hiéu nay gan gidng
v6i cac ddu hiu quan sat dugc trong cdc miu dong vat thit nghiém bi NPE khéng phai do
virut gdy ra va cac truong hop nguy hiém dén tinh mang & nguoi bi NPE bao phat [96,
97]. Thuc vay, phan tich mé bénh hoc cia cac chudt nhom I4 con phat hién cac vung b
ctia khoang phé nang c6 day protein va chét ri ra chira hong ciu, phi hop véi cac quan sat
trong céc truong hop nguy hiém dén tinh mang & ngudi [21, 98-100].

Tinh trang phu phéi (PE) thuong dugc xac dinh dudi dang su ting ngoai mach
méau vé ham luong nudc cia phdi, 48 va cé thé dugc phan tiéu loai dua trén ngudn gbe
tim hodc than kinh. Vi cac md tim cia chudt nhét nhém I4 thé hién md hoc binh thuong
va hién nhién khong c6 cac ddu hiéu ciia bénh, cac tac gia sang ché c6 thé loai trir PE c6
ngudn gde tim, va viéc khong c6 sy sao chép virut hodc ching viém trong nhu mb phdi
loai trir tdn thuong mé do virut giy ra truc tiép. Thay vao d6, cac tac gia sng ché d3 phat
hién ndng dd catecholamin trong huyét thanh cao trong chuot nhit nhém IA, 16 rang
chimg té ring nhém nay th8 hién PE c6 ngudn gbc thin kinh (NPE), ma trudc diy da
duoc chimg minh 13 két qua 13 ctia con bio catecholamin gy ra boi su phéng giao cam
nang [96, 101]. Trong tinh hubng ndy, su loan chiic ning hé than kinh tu chi kich hoat
con bio catecholamin, gdy ra su co mach phdi va toan than. Diéu nay dan dén su thay dbi
thé tich mAu tir hé tudn hodn toan than sang phdi, ma lén dén cuc diém 13 su thoat huyét
tuwong va su xuit huyét vao trong khoéng phé nang thong qua co ché thuy tinh hoic do
tdn thuong ndi mo phdi truc tiép [101-104]. Trong khi mot s6 miu dong vt thir nghiém
bi NPE khong phai do virut gy ra da dugc nghién ciru trong nhitng ndm gan day (xem
Sedy [103] and Davison [104] dé xem xét), mau dong vt trong sang ché nay 13 mau dau
tién gay ra thanh cdng cac diu hiéu kinh dién cta tinh trang phu phéi chi bang cich
nhidm EV71. Do d6, mAu méi theo sang ché tao nén su céi tién dang ké trong qua trinh
fim kiém céc phép tri liéu va ché do didu tri khang virut ma c6 thé han ché sy nhiém
EV71 va phong ngtra sy khoi phat cia NPE bao phat ¢ nguoi bénh. Méc du, ¢6 thé rang
tinh trang phu phdi ciing c6 thé duoc giy ra bdi con bio xytokin ctia vat chi trong dap
Gng v6i su nhiém EV71 [105-107], dir liéu nay goi ¥ o rang rang co ché chu yéu cia
NPE do EV71 géy ra khong lién quan dén d4p ung viém 0 at va thay vao d6 c6 lién quan

dén ton thuong mé trong cac ving cu thé cua nio.
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Céc ving n3o lién quan dén su giy ra NPE di dugc chi dinh 12 cic ving kich hoat,
bao gdm nhan cin nio thit va nhan lung dudi dbi [101, 103], va hanh tiy bung bén va
mit lung, ké ca cac ving NTS va AP [96, 104, 108-110]. NPE do EV71 gy ra trugc day
da duoc cho 1 do ton thuong siu rong cua moé than ndo [21, 22, 93, 111], va trong mau
chudt méi theo sang ché, cac tac gia di phat hién dugc ca cac khang nguyén virut va t6n
thuong sdu rong trong than nio va tuy sbng. Trong khi chudt nhat nhém IA v nhém IB
thé hién sy phan bd cac tén thuong va khang nguyén virut tuong ty trong than ndo va tay
sdng, cling nhu sy diéu chinh 1én twong dwong clia catecholamin trong huyét thanh, su
khong ¢6 NPE trong cac chudt nhém IB c6 thé dugc giai thich boi sy giam sb lugng va
mirc dd nghiém trong cia tén thuong nio va/hodc cudng do khang nguyén virut thap hon
trong NTS, nhéin ludi tiy xwong (medullary reticular nuclei - MdRN), va cac vung AP
clia hanh tiy, nhan ring trong tiéu nfo, va nhan lung cla duéi dbi trude. Do d6, céc tac
gid sang ché @ cap dén réng su hiy hoat ning, cép tinh cia md than nio, dic biét 13 su
hiy hoai lién quan dén chc vung van mach, gy ra con béo catecholamin & vat chu bi
nhiém EV71, va diéu nay co thé tién trién thanh NPE néu céc vung kich hoat da biét bi
tbn thuong du.

Toém tai, sang ché 14 miu dong vat dang tin cdy bi bénh than kinh do nhiém EV71
ma thé hién d6 gia tri truc dién [112], tic 13 cAc con vat nay biéu hién cac du higu 1am
sang & pham vi toan bd ¢ thé quan sét dugc qua phd day du cta bénh than kinh do su
nhiém EV71 giy ra & ngudi bénh, bao gdbm NPE. Viéc quan sat ddu hiéu xac nhan &
chudt nhét bi nhidm EV71:TLLmv thé hién cac dau hiéu nhém I4 cua bénh dugc thyc
hién bang video bao gdm hai doan video clia hai chudt nhém I4 khac nhau. Ca hai chudt
déu khong thé tir gifr thang bing va & trong trang thai hon mé. Su suy kiét ho hép ning
thé hién dudi dang nhip thd nhanh véi su suy thoai dudi sudn rd rang & chudt nhit thir
nhét. Thé hdn hén, sy suy thoai duéi sudn va dich cé bot chay ra tir 16 miii duoc thiy &
chuot nhit tht hai. Viéc quan sat ddu hiéu x4c nhan & chudt nhét bi nhi€m EV71:TLLmy
thé hién cac diu hiéu nhém IB cua bénh dugc thuc hién biang video clia mot chudt nhat
nhém 1B. Chudt nay khong thé tu git thing bing va & trong trang théi stng so. Chung
liét cung bén cia chan phai va run dai ding cta chan trai sau cling dugc quan sat thay.
Ma2u ndy con thé hién do gia tri cAu trac [1 12]d(§i v6i dic diém toan bd va md bénh hoc
clia bénh, ma gan giéng véi cac dic diém duoc bao céo trong cac ca nguy hiém dén tinh

mang & ngudi. Mau in vivo méi ndy thé hién 13 cong cu c6 hiéu luc dé nhan dién cac su

-35-



37344

kién then chét trong sinh bénh hoc than kinh EV71, & phan tich k§ co ché ctia NPE do
EV71 gy ra, phét trién phuong thirc didu tri méi va phép tri liéu khang virut tiém ning,
va dé thuc hién danh gia tién 14m sang cac vacxin méi.

Viéc thuc hién sang ché st dung, trir khi c6 chi din khac, cac k¥ thuit thong
thudong v& hoéa hoc, sinh hoc phén tir, vi sinh vat hoc, ADN tai tb hop, di truyén hoc, mién
dich hoc, sinh hoc té bao, sinh hoc nudi ciy té bao va chuyén gen, ma nim trong pham vi
k¥ ndng cia linh vuc nay. Xem, vi du, Maniatis et al., 1982, Molecular Cloning (Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, New York); Sambrook et al., 1989,
Molecular Cloning, 2nd Ed. (Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
New York); Sambrook and Russell, 2001, Molecular Cloning, 3rd Ed. (Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York); Green and Sambrook, 2012,
Molecular Cloning, 4th Ed. (Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
New York); Ausubel et al., 1992), Current Protocols in Molecular Biology (John Wiley
& Sons, including periodic updates); Glover, 1985, DNA Cloning (IRL Press, Oxford);
Russell, 1984, Molecular biology of plants: a laboratory course manual (Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y.); Anand, Techniques for the Analysis
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Vi du thwe hién sing ché

Sang ché duge mo ta béng cach dua ra céc vi du sau, cac vi du nay dugc dua ra chi
nham muc dich minh hoa, va khong dugc du dinh gidi han pham vi cla sang ché theo
cach bat k. Cac k¥ thuat chuin d3 biét trong linh vuc niy hoic cac k¥ thuat dugc mé ta

cu thé duéi day duoc ding
Vidul
Nguyén li€u va phuong phép trong céc vi du 2-8

Céac dong t& bao va cac chung virut: Tat ca cac dong té bao duoc sir dung trong
nghién ctru ndy dugc mua tir Ngan hang giéng va vi sinh vat Hoa Ky (American Tissue
Type Culture Collection) (ATCC, USA). C4c nghién ciru dugc thuc hién biang cach sir
dung céc dong té bao dong vat c6 vii khac nhau; cac dong té bao caxinom tuyén cia
nguoi HeLa (CCL-2) va HEp-2 (CCL-23), va sacom co van RD (CCL-136); Vero than
khi xanh chau Phi (CCL-81), va COS-7 nguyén bao sg¢i than khi Vervet (CRL—1651);
Neuro2A u nguyén bao thin kinh chudt nhat (CCL-131), NIH/3T3 nguyén bao s¢i phoi
(CRL-1658), vdA TCMK biéu mé than (CCL-139); CHO-K1 gidng biéu mb budng trimg
chudt ddng (CCL-61), va NRK biéu mé than chudt céng binh thuong (CRL-6509).

Ching EV71 BS cua nguoi (EV71:BS) truée ddy da dugc phéan 14p tir than ndo cta
bénh nhan d3 chét bi nhifm EV71. Virut ndy duoc cdy chuyén trong cic té bao Vero
trong bdn chu ky trudc khi bao quan & nhiét d -80°C cho dén khi sir dung tiép. Ching
EV71:TLLm dugc 1am thich tng véi té bao chudt nhat (NIH/3T3) c6 ngudn gdc tir ching
EV71:BS thong qua su ciy chuyén theo chudi lién tuc (>60 chu ky) trong cac té bao
NIH/3T3 cua chudt nhit. Ching EV71:TLLm dugc cy chuyén tiép (40 chu ky) trong cac
té bao NIH/3T3 dé tao ra ching c6 tinh déc dugc lam thich tng véi té bao chudt nhit
(EV71:TLLmv).

Duy tri dong t& bao va lay nhiém bang virut: T4t ca cac dong té bao duogc phat
trién trong méi trudmg Eagle cii bién ctia Dulbecco (DMEM, Gibco, USA) dugc bd sung
10% (thé tich/thé tich) huyét thanh thai bo (FBS, i-DNA Singapore) va 0,22% (khdi
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luqng/thé tich) natri bicacbonat (NaHCO;, Sigma Aldrich, USA) va dugc 4 & nhiét d
37°C va 5% CO,, trir khi ¢6 chi din khéac. T4t ca cac té bao di duoc l1ay nhiém dugc @
trong moi trudong duy tri (DMEM duoc bb sung 1% FBS va 0,22% NaHCOs).

Céc té bao (2,5-5,0x10° té bao mdi giéng) dugc nudi ciy trong dia sdu 15 dugc xir
1y bang moéi trudng nudi ciy mod (Nunc, Fisher Scientific) qua dém, dugc 18y nhiém bing
500 pl huyén phu virut (MOI 1), va dugc 0 & nhiét 46 30°C, 37°C, hoic 39°C trong 2
gid. Cac té bao dugc rira hai l4n trong dung dich nuéc mudi dém phosphat v tring
(PBS, d6 pH=7,4) trudc khi bd sung méi truong duy tri méi (DMEM, 1% FBS). Cac té
bao di duoc 14y nhiém duoc quan sat hing ngay vé su xuat hién tac dung gay bénh té bao
(CPE) tan bao khac biét.

Déi vdi cac nghién ciru dong luc sy sinh trudng clia virut, cac dia chira cac té bao
dd duoc 1ay nhiém duoc 1am déng & nhiét do -80°C & cac thoi diém khac nhau: 0, 6, 12,
24, 36, 48, va 54 gity sau khi nhiém (hours post-infection - hpi). Cac dia dugc dua vao ba
chu ky 1am dong va lam tan, va dich tan dugc thu lai va dugc lam trong bang cach lic
manh tiép theo ly tdm & téc dd 1,500xg (15,000 m/s?) trong 10 phut. Dich ndi di trong
duoc bao quan trong dng cryovial (6ng bao quan nguyén liéu & nhiét do rit thdp) (Nunc,

Fisher Scientific) & nhiét d6 -80°C cho dén khi st dung tiép.

Déi voi cac thr nghiém danh gid su pht hop vé nhiét do, cac té bao Vero va
NIH/3T3 d3 dugce tiém duge 0 & nhiét do 30°C, 37°C, va 39°C va dugc quan sat héng
ngay vé& su xuét hién ciia CPE. Dich ndi méi truong nudi cdy twong tmg duoc thu & 48

hpi va dugc bao quan trong cac éng cryovial & nhiét d -80°C cho dén khi st dung tiép.

Céc dong té bao dong vat c6 via khac nhau, tirc 13 cac té bao RD, HeLa, va HEp-2
(ctia nguoi), Vero va COS-7 (cta khi), NIH/3T3, Neuro-2A, va TCMK (cta chudt nhit),
CHO-K1 (cua chudt ddng), vd NRK (cta chudt cbng), dugc 1y nhiém bing ching
EV71:BS gbc hoic ching EV71 duge 1am thich ung véi NIH/3T3 thu dugec & MOI
(multiplicity of infection - hé s& nhiém) bang 1 va duoc U & nhiét d6 37°C trong 10 ngay.
Céc moi trudng nudi cdy duoc quan sat hing ngay vé su xuét hién caa CPE.

X4c dinh ham luong virut va mirc d6 sao chép tuong dbi (relative replication rate -
RRR): Dich ndi virut dugc dem chudn do diém cubi va duoc thir nghiém trong ca hai té
bao NIH/3T3 va Vero. Ham luong virut dugc tinh bang cach st dung phuong phap Reed
and Muench [61] va may tinh Reed and Muench [62]. N6i ngén gon, cac té bao NIH/3T3
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(1x10* t& bao mdi giéng) va Vero (4x10° té bao mdi giéng) dugc nudi cdy qua dém trong
dia 96 giéng. Virut déng di duoc 1am tan dén nhiét do trong phong dugc pha lodng (107
trong nudc natri deoxycholat 1% vd trung (Sigma Aldrich, USA), va dugc tron manh
trong 15 phut dé 1am phan ra virut. Virut d phéan ri dugc pha lodng theo bac muoi 1an
trong moi truong duy tri, va 100 pl virut da pha loang tir 4 pha lodng 107 tr& di dugc bd
sung lén trén mdi giéng chita cé4c té bao. Cac dia dugc 0 & nhiét do 37°C va dugc quan
sat hing ngay bing cach soi bang kinh hién vi quang hoc dao ngugc vé su xuét hién cia
CPE khac biét. Him lwong virut duoc bo céo dudi dang liéu 1ay nhim 50% té bao trén

thé tich (50% cell culture-infectious doses per volume - CCIDso/ml).

Dé d4anh gia mic do thich tng ctia EV71:TLLm va EV71:TLLmyv trong cac té bao
NIH/3T3, dich ndi virut thu duoc thu tir cac dong té bao dong vat linh truéng va dong vat
gam nhdm d3 duoc 14y nhiém tir trudc dugc dua vao thu rmghiém xac dinh ham lugng
virut bang cach sir dung ca hai té bio NIH/3T3 va Vero. Ty 1&¢ ham luong dugc sir dung
@8 do mirc d6 sao chép twong dbi (RRR) trong cac t& bao NIH/3T3 va Vero dugc tinh

béng cach st dung cong thirc sau:
RRR =log (A/B)

trong d6 4 12 ham luong virut dugc thir nghiém trong cac té bao NIH/3T3, va B 1a

ham lugng virut duge thir nghiém trong cac té bao Vero.

Phat hién khang nguyén virut bing thir nghiém huynh quang mién dich: Déi véi
céc t& bao di dugc 1ay nhiém ma khong thé hién CPE dang ké, viéc nhudém huynh quang
mién dich (immunofluorescence - IF) dugc thuc hién dé kiém tra sy nhiém. Céc té bao
duoc trypsin héa & 72 hpi, duoc rira hai 1an trong PBS vo tring, va dugc phi 1én trén cac
phién kinh Teflon (Erie, USA). Céc phién kinh dugc 1am khd bing khong khi bén trong
td an toan sinh hoc va dugc xtt Iy bang UV trong 15 phut dé 1am bét hoat virut séng trudc
khi c¢b dinh trong axeton lanh & nhiét d6 4°C trong 10 phut. Cac phién kinh dugc do bang
khang thé pan-virut entero (Merck Millipore, USA) va tiép theo bang IgG ctia chudt nhit
duoc tiép hop véi FITC (DAKO Cytomation, Pan Mach) da dugc trén véi 0,01% (khéi

lwong/thé tich) chat phan nhudm mau xanh da troi ctia Evan.

Chuyén nap cac t& bao bing ARN virut EV71: Cac té bao Vero va NIH/3T3
(3x10* t& bao mdi giéng) duoc nuodi cdy qua dém trong dia 24 giéng dugc chuyén nap

béng ARN virut dugc chiét tir 4x10% CCIDs, virut béng cach st dung Lipofectamine
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2000 (Life technologies, USA) theo quy trinh cua nha san xudt. ARN tir EV7I:BS,
EV71:TLLm, va EV71:TLLmv duogc chiét bang cach st dung kit ARN virut (Qiagen,
Puc) va dugc 1 bang Lipofectamine 2000 trén cic té bao trong 6 gid & nhiét 46 37°C.
Céc té bao d3 duoc chuyén nap dwoc quan sat hing ngay vé su xuét hién ciia CPE. O 7
dpi, dich ndi dugc thu tir cac té bao di dugc 1y nhiém va duoc ciy chuyén Ién trén cac té
bao Vero va NIH/3T3 méi dugc nudi cdy. Cac té bao dugc quan sat hing ngay vé su xuét
hién ctia CPE, va & 7 dpi, c4c t& bao dugc trypsin hoa va duge xtr Iy ¢ phat hién khang

nguyén virut bang huynh quang mién dich.

Giéi trinh tu bd gen ddy du va 14p ban dd di truyén ciia cic ching EV71: ARN
virut ctia cac chung EV71:BS, EV7I1:TLLm, va EV71:TLLmv dugc chiét bang cach sur
dung kit ARN virut (Qiagen, Puc) va dugc phién ma nguoc bang cach st dung
Superscript II (SII-RT, Life Technologies, USA). cADN thu dugc duge khuéch dai bang
GoTaq Green (Promega, USA) va cac doan mdi EV71 thoai héa (cac trinh ty cia doan
mdi 12 c6 sén khi yéu ciu). Amplicon dugc tinh ché bing cach st dung kit PCR 1am sach
(PCT clean up kit) (Geneaid Biotech, Pai Loan) va dugc tich dong vao vecto pZero2
(Lifetech, USA). Cac dong v tinh dugce chon tir cdc dia Kanamycin, dugc tiém vao canh
LB (50 pg/ml Kanamycin) va dugc dé phat trién qua dém & nhiét do 37°C dé chiét
plasmit bang kit QiaSpin Miniprep (Qiagen, Dtc). Tiép theo, cac plasmit dugc giai trinh
tu bang phuong phap trinh tu két thic BigDye (Applied Biosystems, USA) bang cach st
dung cac doan mdi giéng nhau. CAc trinh tu manh dai 500 bp thu dugc dugc bét cip bang
chch st dung BioEdit v7.0.9.0 [63] déi véi trinh tu toan bd bd gen cia thd phan lap
Singapore EV71 3799-SIN-98 (M4 ngan hang gen. DQ341354.1) dé ciu tric lai cac trinh
tur bd gen ddy da ctia EV71:BS, EV71:TLLm, va EV71:TLLmv. Viéc tao m6 hinh phan ti
cla cac protome cia EV7I1:TLLm, va EV71:TLLmv dugc thuc hién béng cach s dung
Deepview/Swiss pdbviewer ver. 3.7 (http colon slash slash expasy dot org slash spdbv
slash) va may chu SWISS-MODEL [64, 65].

Vidu?2

Céac dong té bao dong vat linh truong chir khong phai cac dong té€ bao cta dong
vét gam nhim c6 thé cho phép nhiém EV71:BS

T4t ca cac dong té bao dong vat linh trudng dugc st dung trong nghién ctru nay l1a

c6 thé cho phép nhidm virut EV71:BS. Céc t& bao RD ctia ngudi, ciing nhu céc té bao
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Vero va COS-7 cua khi, thé hién tac dung gy bénh té bao (CPE) tan bao diy du trong 48
gid sau nhiém (hpi) (Fig.1A, 1J, va IM), va cac khang nguyén virut dugc phat hién trong
cac t& bao d3 dugc lay nhidm di dugc ¢b dinh (Fig.2A-Fig.2L; sb liéu khong dugc thé
hién dbi voi cac té bao RD, COS-7 va Vero). Pudng cong dong hoc su sinh truéng cua
virut thu duge tir dich ndi cia cac dong té bao d3 dugc 1ay nhiém khéac nhau xac nhén su
nhiém sinh s6i trong céc té bao RD, Vero, va COS-7 (Fig.3A). Virut thu dugc tir cac té
bao RD va Vero di dat ham luong diém cubi 13 3x10° CCIDsy/ml, trong khi ham lwong
virut tr COS-7 bang 10° CCIDsy/ml (Fig.3A). EV71:BS khéng gy ra CPE day du trong
cac té bao HeLa va Hep-2 (Fig.1D va 1G), va ham lugng virut thu dugc khong do duge
trong giéi han ngudng thi nghiém. Tuy nhién, khang nguyén virut duoc phat hién bing
c4ch nhudm huynh quang mién dich gian tiép trong ca hai té bao HeLa (Fig.2a) va Hep-2
(Fig.2D) cho thdy su xam nhép thanh céng cla virut vao trong cac té€ bao nhung su sao

chép khoéng hiéu qua hoic khiém khuyét c6 thé d4n dén ham lugng virut khéng do dugc.

T4t ca cac dong té bao cua dong vat gim nhim duoc thir nghiém duge x4ac dinh 12
khong cho phép nhim EV7I:BS. CPE tan bao clia cic té bao 13 khong thiy sau khi
nhiém (Fig.4A, 4D, 4G, 4] va 4M), ham luong virut tir dich ndi 1a khong do dugc, va cac
khang nguyén virut khong thé dugc phat hién trong cac té bao dugc tiém (Fig.2G, 2J va
2M; Fig.10A, 10C va 10E).

Vidu3

C4 hai dong té bao dong vat linh truéng va dong vat gam nham bi nhiém mét cach

c6 sinh sdi virut EV71:TLLm duoc 1am thich tmg vé6i t& bao chudt nhit (NIH/3T3)

EV71:TLLm thu dugc sau khi cdy chuyén theo chudi EV71:BS trong dong té bao
chudt nhit NIH/3T3 trong tdi thiéu 60 chu ky. TAt ci cac dong té bao dong vat linh
truéng va dong vat gdm nhim dugc thir nghiém, ngoai trir céc té bao NRK, 14 c6 thé bi
nhiém c6 sinh s6i boi EV71:TLLm. CPE dy du duoc quan sat trong cac t& bao RD, Vero,
va COS-7 (Fig.1B, 1K, va 1N), ciing nhu NIH/3T3 va Neuro-2A (Fig.4B, E) ¢ 48 hpi.
Ham luong virut cao c6 thé do dugc trong dich ndi thu dwoc tir tit ca cac dong té bao da
duoc 1ay nhiém ngoai trirt NRK (Fig.3C va 3D), va cac té bao dd dugc lay nhiém duoc
thir nghiém 1a duong tinh v&i khang nguyén virut bang thir nghiém huynh quang mién
dich gian tiép (Fig.2B, 2E, 2H, 2K va 2N). CPE ddy du va ham luong virut c6 thé do
duoc khong quan sat duoc trong cac té bao NRK (Fig.4N; Fig.3D), nhung céc khéng
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nguyén virut co thé dugc phat hién (Fig.2K), cho thiy su xAm nhap thanh céng cua virut
vao trong cac t& bao NRK béi EV71:TLLm nhung su sao chép virut khong hi€u qua co

thé din dén ham luong virut khong do dugc.
Vidu4

Céc dong & bao ciia dong vat gim nhdm nhung khong phai tat ca cac dong t€ bao
dong vat linh trudéng bi nhiém mot cach c6 sinh sdi bai virut EV71:TLLmv duge lam

thich tmg v&i té bao chudt nhit (NTH/3T3)

Chiing virut EV71:TLLmv thu dugc tir viée cdy chuyén tiép EV71:TLLm trong cac
té bao NIH/3T3 trong 40 chu ky nita. EV71:TLLmv giy ra CPE tan bao trong mot sb
lugng dong té bao it hon - cac té bao RD, Vero, NIH/3T3, Neuro-2A, va TCMK
(Fig.3B), va CPE ddy du chi quan s4t duge trong cc té bao RD, NIH/3T3, va Neuro-2A
(Fig.1C; 4C, F). Céc t bao TCMK, CHO-K1 va NRK con dugce luu ¥ 1a ¢6 thé cho phép
nhidm ma khong tién tridn thanh CPE diy da (Fig.4l, L, O), nhu dugc thé hién béi su
phat hién khang nguyén virut duong tinh trong cac té bao dd dugc l1ay nhiém (Fig.2L, 20,
va 2R).

Mit khac, cac dong té bao dong vt linh truéng HeLa, Hep-2, va COS-7 duoc
quan sat thdy 13 khong cho phép nhiém EV71:TLLmvy, nhu dugc thé hién béi su khong c6
CPE (Fig.1F, 11, va 10), ham lugng virut khong do duogc (Fig.3B), va sy phat hién khang
nguyén virut Am tinh (Fig.2C, 2F, va dit liéu khong duoc thé hién).

Vidu5

Virut EV71:TLLmy thé hién muc do thich tng cao hon véi céc té bao NIH/3T3,
trong khi EV71:TLLm phu hop hon dé sao chép trong cac té bao Vero

Luong virut cd thé séng dugc trong dich ndi thu duge tir cac té bao da duoc lay
nhidm & cac thoi diém khac nhau duge xac dinh bang cach tinh ham lugng virut trong ca
hai t& bao Vero va NIH/3T3. Ty 1¢ sinh san twong dbi (RRR), dugc tinh bang cach ldy ty
1€ cua tri s6 ham luong virut duge thir nghiém trong NIH/3T3 va tri s6 ham lugng duoc-
thir nghiém trong Vero, dugc st dung 1am bién phap do thay thé muc d6 thich tng cla
virut véi cac té bao NIH/3T3. Virut EV71:BS gbc thé hién tri s6 RRR am cao dbi véi RD,
Vero, va COS-7 (Fig.5A), cho thdy rang ham lugng virut dugc thir nghiém trong cac té
bao Vero vuot xa ham lugng dugc thir nghiém trong cac t& bao NIH/3T3. Céc tri sb ty 1€
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sinh san tuong d6i ddi voi cac dong té bao khac khong thé x4c dinh dugc vi ham luong
virut khong thé do dwoc. Mt khac, virut EV71:TLLmv thé hién céc tri s& RRR duong
tinh, ngoai trir virut dugc nhan gidng trong cac té bao Vero (Fig.5B). Céc tri s6 RRR
duong tinh 1a chi bao su sao chép cé hiéu qua hon, va do do, cic tri s6 ham luong cao
hon, trong cac t& bao NIH/3T3 so véi cac té bao Vero. Tri sb RRR am duogc xac dinh dbi
v61 EV71:TLLmv thu duoc tir cac té bao Vero 1 nhit quan véi dong hoc su sinh truéng
cham (Fig.3B) va ham lugng virut thip hon quan s4t dwoc. EV71:TLLm thé hién cac tri
s RRR Am tinh (Fig.5C va 5D), mic di mirc d6 nho hon so véi céc tri s RRR dbi véi
EV71:BS. Pidu nay goi ¥ ring mic du EV71:TLLm c6 thé 1ay nhiém mdt cach cé sinh s6i
vai dong té bao caa dong vat gam nhdm, né vain phu hop dé sao chép trong cac té bao

Vero hon so véi cac té bao NIH/3T3.
Vidu6

EV71:TLLm thé hién kha ning thich Gng véi su thay ddi nhiét do tét hon so voi
EV7I1:TLLmv

Cac té bio Vero va NIH/3T3 dugc lay nhidm EV71:BS gbc va cac ching
EV71:TLLm va EV71:TLLmv duoc lam thich ung véi NIH/3T3 thu duge duoc U & cac
nhiét d6 khac nhau -30°C, 37°C, va 39°C, dé x4c dinh kha nang thich tmg cua virut véi
su bién thién hodc sy thay ddi nhiét 5. EV71:BS thé hién kha nang thich (ng bi han ché
nhit, v6i CPE diy du chi dugc quan st trong cac té bao Vero dugc 0 & nhiét do 37°C
(Fig.8B; Bang 1). EV71:TLLmv thé hién kha ning thich (g trung binh, dua trén viéc giy
ra CPE diy du quan sat duoc trong cac té bao Vero & nhiét d§ 37°C (Fig.S2B) va trong
céc té bao NIH/3T3 & ca hai nhiét do 37°C va 39°C (Fig.8A, Fig.9A; Bang 1). Mt khac,
EV71:TLLm thé hién kha ning thich Gmg 16n nhét, trong d6 né gay ra CPE day du trong
céc té bao Vero dbi véi tht ca cac nhiét d6 u (Fig.7B, Fig.8B, Fig.9B) mic du chi & nhiét
d6 37°C trong cac té bao NIH/3T3 (Fig.8A; Bang 1).

Béang 1

Panh gia kha nang thich ung cta virut EV71:BS, EV71:TLLm va EV71:TLLmv
dugc phat trién trong cac t€ bao NIH/3T3 va Vero véi cac nhiét d6 i khac nhau

Gay ra tac dung gy bénh té bao (CPE) diy du trong vong 48 gid sau khi nhiém’
Nhiét do u EV71:BS EV71:TLLm EV71:TLLmy
°O) Vero NIH/3T3 Vero | NIH/3&3 Vero NIH/3T3
30 2 - + (30%)’ - -
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39 (20%)" - + (<10%)° - +

! Cac té bao di duge 1ay nhidm dugce quan sat hing ngay vé cac ddu hidu chét té

bao tan bao va thoi diém xuét hién CPE day du.
2 Bidu thi su khong c6 CPE diy du trong cac té bao di dugc 1ay nhiém.
3 Bidu thi su quan sat thiy CPE diy du.

4 Biéu thi s khong c6 CPE diy di, dong thoi sb trong ngoic don biéu thi mirc d6

CPE 16n nhét quan sat duoc trong cac té bao.
Vidu 7

Céc bd gen virut ciia EV7I:TLLm va EV71:TLLmv tich lily nhidu dot bién sai
nghia nhu 13 két qua cta su phi hop véi cac t& bao NIH/3T3

ARN virut cta EV71:BS, EV71:TLLm, EV71:TLLmv dugc giai trinh tu Sanger dé
xéc dinh trinh tw b gen lién (tng va nhan dién cac dot bién phi hop co thé nay sinh tir
qua trinh lam thich tmg trong cac té bao NIH/3T3. Céc trinh tu lién Ung ciia cac bd gen
thé hién quan thé chiém wu thé cia gia loai di duge luu gitr trong Ngan hang gen, NCBI
(National Center for Biotechnology Information - Trung tdm thong tin cdng nghé sinh
hoc qudc gia). Su bit cip cac trinh tu bd gen ddy da cia EV71:TLLm (M4 ngan hang gen
KF514879; SEQ ID NO.1) véi EV71:BS (Ma ngan hang gen KF514878; SEQ ID NO.3)
phat hién 60 dot b_ién nucleotit, 21 trong s6 d6 dan dén su dot bién thay thé axit amin
(Béang 2). Mit khéc, 83 dot bién voi 36 dot bién thay thé axit amin, duge luu ¥ giita cac
bd gen cia EV71:TLLmv (M2 ngan hang gen KF514880; SEQ ID NO.2) va EV71:BS.
Phén 16n cac dot bién sai nghia ndm trong ving P1 (cac gen protein vo capsit) (Bang 2),

dac biét 1a trong gen protein VP1 (Béang 3).

Céc thay dbi axit amin ciing duoc quan sat thdy trong c4c viing P2 va P3, dang luu
¥ nhét 13 trong ARN polymeraza phu thuéc ARN (ving 3D). EV71:TLLm tiép nhan bén
thay ddi axit amin, hau hét trong cac mién gan ban tay va ngén tay cai ciia enzym (Béang
4). Mat khac, EV71:TLLmv tich lily tdm cac thay d6i axit amin, ciing cha yéu trong cac
mién gan ban tay va ngén tay cai ctia polymeraza. Céac dot bién nucleotit ciing duoc quan
sat thiy trong ving khéng dugc dich mi (untranslated region - UTR) 5’ cia bd gen.
Ngoai céc thay ddi bazo ra, su cai xen 1 bazo dugc thdy trong EV71:TLLm, trong khi su
cai xen 4 bp \}é su mat doan 20 bp dugc quan sat thiy trong 5'UTR EV71:TLLmv (cic

-44-



37344

bang 2 va 3). Mat khac, khong c6 dot bién thay thé axit amin nao dugc quan sat thiy
trong cac vung VP3 va 3A cua EV71:TLLm, cing nhu trong 3'UTR cua ca hai
EV71:TLLm va EV71:TLLmv.

Béng 2

Céc thay d6i nucleotit va axit amin trong bd gen

cua EV71:TLLm va EV71:TLLmyv so v61 EV71:BS

EV71:BSsovoi EV71:TLLm EV71:BS so véi EV71:TLLmy
Vimng bd gen S6 luong th:.iy doi | sé hroyg thgy d5i | S6 luong thgy d6i | Sb luc.n}g thgy doi
nucleotit axit amin nucleotit axit amin
5’ UTR 11 NA 11 NA
Caixen 1 bp Cai xen 4 bp
Mat doan 20 bp
P1 22 12 39 22
P2 11 2 11 2
P3 16 7 22 12
3" UTIR 0 NA 0 NA
Téng sb 60 21 83 36
Béang 3

Céc d6t bién phu hop quan sat duoc trong cac vimg 5°UTR va P1 cia cac bo gen

virut EV71:TTLm va EV71:TLLmy

EV71:BSsovoi EV7I:TLLm EV71:BS sovoi EV71:TLLmy
Céc thay doi axit amin Céc thay d6i axit amin
\ A . 2. Protein Cac thay Protein
Ving b9 Cac 'dllay im Polyprotein' trudng doi Polyprotein truéng
gen nucleott thanh’ | mucleotit thanh
Cloverleaf C140G
IRES’ Al141G Al41C
G195C T209C
T209C G258A
G258A C370T
C370T G448A
G448A A502C
T502C G675T
C709T T677C
A671T C687T
G675T C709T
Cai xen Cai xen
T678 678-681
Mait doan
726-745
VP4 A809G E21G E21G A809C E21G E21G
VP2 G1359A - V2041 V1351 G1359A V2041 V1351
G1385C S213T S144T G1385C S213T S144T
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A1400T K2181 K1491 A1400T K218I K1491
T1428C E228P E159P
G1429C E228P E159P
VP3 G1900C A385P A62P
A2287G 7514A T191A
A2421G I558M 1235M
VP1 T2462C V572A V7A T2462C V572A VT7A
C2725T L660F L9SF C2530A Q595K Q30K
A2734G K663E K98E A2719G 1658V 193V
A2752G N669D N104D T2724A D659E D64E
A2876G E710A E145A C2725T L660F L95F
A2943T E732D E167D A2734G K663E K98E
C2947T L734F ~ L169F A2752G
C3165 S806L S241L A2753G N669G N104G
A2876C E710A E145A
A2943T E732D E167D
C2947T L734F L169F
C3165T S806L S241L
T3175C Y810H Y245H
G3148A V813l V2481
G3319T A858S A2938

" Panh s axit amin trong polyprotein chua dugc phén cit trude khi truéng thanh.

? Panh b axit amin trong protein truéng thanh.

3 <7 r A A b A
* Vi tri xam nhdp ribosom bén trong.

Céc dot bién dua trén co sd su bét cap voi bc} gen EV71:BS tham chiéu.

Bang 4

Céac dot bién phu hop quan sat dugc trong cac ving P2 va P3 cla cac bd gen virut

EV71:TTLm va EV71:TLLmv

EV71:BSsovéi EV71:TLLm EV71:BS so véi EV71:TLLmv
Céc thay d6i axit amin Céc thay dbi axit amin
\ N , 2. Protein , 2. Protein
Ving b Céc thay .dOI Polyprotein' trudéng Céc thay .dOI Polyprotein truéng
gen nucleotit ; thanh? nucleotit thanh
2A G3772A G992E G130E G3772A G992E G130E
2C A4366G T1207A T96A A4366G T1207A T96A
3A C5117T A1457V A17V
3B T5357C L1537P L119 T5357C L1537P L119
3C A557G 11604V 156V A557G 11604V 156V
A5569G 11608V 160V A5569G 11608V 160V
3D A6211G N1822D N91D A6070T T1775S T44S°
T6835A S2030T S299T° T6137C V1797A V66A
A7128G R2127S R396S A6211G N1822D N91D
T7247C V2167A V436A C6404G S1886C S155C
T6592G W1949G W218G’
T6835A S2030T S299T
A7128G R2127S R396S°
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| | | | T7247C | V2167A | V436A |

! Panh b axit amin trong polyprotein chua duoc phan cit truée khi trudng thanh.
> Panh s axit amin trong protein truéng thanh.

3 Pot bién ndm trong mién ngén tay Ring ciia ARN polymeraza phu thuéc ARN.
* Dot bién nim trong mién gan ban tay cia ARN polymeraza phu thuéc ARN.

> Pot bién nim trong mién ngén tay cai cia ARN polymeraza phu thudc ARN.
Céac d6t bién dua trén co sé su bat cap v6i bd gen EV71:BS tham chiéu.

Vidu 8

Qué trinh chuyén nap ctia ARN virut EV71:BS vio trong cac té bao ciia chudt din
dén sy nhifm sinh s6i nhung virut con chau khong thé nhiém lai vao cung cac té bao

chudt nhit nay

Céc té bao Vero va NIH/3T3 dugc chuyén nap bang ARN virut thé hién CPE ddy
da & 7 ngdy sau khi chuyén nap (day post-transfection - dpt) (dit liéu khéng dugc thé
hién). Céc khang nguyén virut duoc phét hién trong cac té bao NIH/3T3 da dugc chuyén
nap bang ARN virut cia EV71:BS (Fig.10B), nhung khéng dugc phat hién trong cac té
bao NIH/3T3 dugc 1ay nhiém boi virut nay (Fig.10A). Dich ndi virut duoc tiém lai 1én
trén céc té bao Vero va NIH/3T3 méi din dén sy nhiém sinh s6i (100% CPE) chi trong
céc té bao Vero nhung khong phai trong cac té bao NIH/3T3 (Fig.6A), va su phat hién
khéng nguyén virut xac nhén sy nhiém trong céc té bao Vero; nhung khong phdi trong
cac té bao NIH/3T3 (Fig.6B).

Vidu9

Nguyén li€u va phuong phép trong céc vi du 10-17

Plasmit, virut, vi khuén, va dong té bao: Plasmit md héa cADN SCARB2 cia
chuot (pMD18-mSCARB2) (M3 ngan hang gen NP 031670.1) dugc mua tir Sino
Biological, Inc. (Beijing, Trung Qudc). Vecto pQE30 (Qiagen, Ptic) dé biéu hién tai t6
hop protein mSCARB2 hoa tan trong céac té bao E. coli 13 qua ting hao phéng tir Dr. Kian
Hong Ng (Temasek Lifesciences Laboratory, Singapore). Cac plasmit ma héa cADN cé
chiu dai ddy da ciia EV71 dugc tao ra bang cach sir dung plasmit cé sd luong ban sao

thdp pACYC177 (New England Biolabs, Singapore). C4u tric plasmit biéu hién T7
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polymeraza (pCMV-T7pol) 1a qua ting hao phéng tir Dr. Peter McMinn ctia University
of Sydney, New South Wales. Plasmit pZero-2 dugc dung dé giai trinh tu méanh cua céac

virut ¢6 ngudn gbc dong vo tinh dirge mua tir Invitrogen (Life Technologies, USA).

Thé phan l4p 14m sang EV71:BS (M4 ngan hang gen KF514878), EV71:TLLm (M4
ngan hang gen KF514879.1), va EV71:TLLmv (M ngan hang gen KF514880.1) dugc

dung trong nghién ciru ndy dugc mo ta trén day hodc trude day [71].

T4t ca cac dong té bao duoc ding trong nghién ctru nay - cic té bao Vero than khi
xanh chiu Phi (CCL-81); Neuro-2a u nguyén bao than kinh chudt nhit (CCL-131), va
NIH/3T3 nguyén bao sgi (CRL-1658) dugc mua tir Ngan hang gidng va vi sinh vt Hoa
Ky (ATCC®, USA). Cac té bao dugc phat trién va dugc duy tri nhu d duge mo ta trén
day hodc trudce day [71].

Céc té bao E. coli ching BL21 (New England Biolabs, Singapore) dugc st dung
dé biéu hién protein véi mirc do cao, ching TOPI10 (Life Technologies, USA) dé giai
trinh tr manh cda cac dong vo tinh riéng, va si€u ching XL-10 Gold (Stratagene, USA)
dé tao ra cac dong v tinh cADN bo gen c6 chiéu dai diy du.

Chu tric cua cac dong vo tinh cADN bd gen c6 chidu dai ddy da EV71:BS, cac
dong vo tinh kham-vo capsit, va cac dong vo tinh dot bién VP1/VP2: Cac dong vo tinh
cADN EV71:BS dugc tao ra béng cach tao dong gém hai budc. Viée chiét ARN virut
(Qiagen Viral RNA kit, DPac) va chuyén hoéa thanh cADN (Life Technologies
Superscript-II RT, USA) da dugc md ta trén day hodc trude day [71]. Manh & gin bo gen
ma hdéa cac vung 5'UTR va Pl dugc khuéch dai béng cach st dung cdp doan mdi:
EV71 BamHI-PfF va EV71 Pf-AatlIR (Bang 5), ma chua cac vi tri cit gioi han BamHI
va Aatll 3 tao dong vao trong plasmit pACYC177. Ménh & xa m héa P2, P3, va 3'UTR
duoc khuéch dai bang cap doan mdi EV7I_HindIII-DF va EV71 D-BamHIR, ma con
chtra céc vi tri cét gi6i han HindIII v BamHI dé tao dong. Méanh & gin chira ving trinh
tu khoi dong T7 polymeraza phia trude cua 5'UTR dé tao thuan loi cho su phién ma.
Manh & gan nay duoc ndi v6i manh & xa sau khi phan cit bang Eagl va Aatll, va dong vo

tinh EV71:BS c¢6 chiéu dai dﬁy da duogc tao ra.
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Cac doan moi

Tén doan moi Trinh tr (SEQ ID NO.) Lwru §
EV71_BamHI- | CTAGGGATCCTAATACGACTCACTATAGGTTCA | D tao dong manh & gan
PfF AACAGCCTGTGGGTTGCACCCACTCACAGG (4) | cia EV71:BS (cic ving
EV71 Pf- | CTAGGACGTCCGGCCGAACTTTICCAAGGGTAGT |  5'UTR-PI) vao trong
AatlIR AATGGCAGTACGACTAGTGCC (5) plasmit pACYC177
EV71_Hindlll- | TAATAAGCTTCGGCCGGCAGTCTGGGGCCATCT | Dé tao dong manh & xa
DF ACGTG (6) ciia EV71:BS (P2-3'UTR)
EV71_D- GCGCGGATCCTTTTTTTTTTITTTTTITTITTTGCTAT vao trong plasmit
BamHIR TCTGGTTATAACAAATTTACCCCCAC (7) pACYC177
GGTGTCCACTCAACGCGTCGGCTCCCACGAGAA | o
SDM_MIulF CTCCAATTCAGCTACAGAAGGCTCC (8) }])\;lg}m NG han
oM Miuir | CAAGCATGGGCTCACAGGTGTCCACTCAACGCG tﬁﬁmgé gogf vo
~ TCGGCTCCCACG (9)
Miul-TLLm- | ACTCAACGCGTCGGCTCCCACGAGAACTCCAAT | Dé khuéch dai cac trinh fu
PIF TCAGCTACAGAAGGC (10) gen PI cia EV71:TLLm
Eagl-TLLm- | ACTGCCGGCCGAACTTTCCAAGGGTAGTAATGG | ) 7or g; ‘ﬁiﬁ“&;ﬂ
PIR CAGTACGACTAGTGCC (11) -
VP2 _GI385C-F CAGAGGACA‘XZ:&CT%CGnggg fﬁ‘f‘AACAAACAC Pé dua dbt bién G1385C

GGAGGGTGGGTGTCCTCTGTTCCTGTACCGCCT

vao

VP2 GI385C-R G (13) (thay thé VP2 S144T)
VP2_A1400T-F CTCCTTACAT. ACAAA(;?ZSAACCTGGCGCCGACG Dé dua dot bién A1400T
= — vao
VP2 A1400T-R TGT(JTTTGTATGTA??SCA(CI}%GTGGCTGTCCTCTG (thay thé VP2 K1491)
‘ CTCCCTCTTGAGGGTACCACCAATCCAAATGGT 2 Y
VPI _A2734G-F TATGCCAACTGGG (16) bé dua dc_)tv};loen A2734G
TGGTACCCTCAAGAGGGAGATCTATCTCTCCTA £
VP1 _A2734G-F CCAAACCTGCCC (17) (thay thé VP1 K98E)
CTACTGGTGCGGTTGTTCCACAATTACTCCAGTA 2 e 1 A
VPl _A2876C-F TATGTTTGTTCCCCCTGG (18) Dé dua dc_)tv l;loen A2876C
GGAACAACCGCACCAGTAGGAGTGCACGCAAC £
VP1_A2876C-R AAAGTGAATT (19) (thay thé VP1 E145A)
VPl C29471-F | AOAGAATCATT TGngg%%/;‘GACAGCCAQ MAAC | B2 dua dot bién C2947T
vao
GCCAAGCAAATGATTCTCTAGACTCTGGTTTGG £
VPI _C2947T-R GAGCACC (21) (thay thé VP1 L169F)
pOE- ATTAGGATCCGTCTTTCAGAAGGCGGTAGACCA | Dé tao dong gen SCARB2
mSCARB2F G (22) cua chudt nhét vao trong
PpOE- TATAAAGCTTCGACACGCCAGCCACGTGAAAAC | plasmit bi€u hién protein
mSCARB2R CAAGCCAAAG (23) pQE30

D4 thay thé ving PI ctia EV71:BS biang PI ciia EV71:TLLm, vi trf cit giéi han
Mlul dugce xtt 1y k§ thuat trong ranh gidi gitta 5'UTR va P (cidp doan mdi SDM_MIulF
va SDM_Mlul-R). Trinh tu cADN P/ cua EV71:TLLm duoc khuéch dai (cap doan mdi
Milul-TLLm-PIF va Eagl-TLLm-PIR), dugc phin cét bf?lng Miul va Eagl, va dugc tach
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dong vao trong cdu tric mang manh ¢ gan. Tiép theo, manh & gan dugc cai bién nay

dugc ndi véi manh ¢ xa nhu da duge mo ta.

Dé tao ra cac dong vo tinh cé cac dot bién thay thé axit amin trong cic protein
VP2 va VP1, viéc gay dot bién dinh hudng vi tri dugc thuc hién trong manh & gan trude
khi ndi v6i manh & xa. Su dot bién thay thé axit amin VP2 S144T (nt G1385C) dugc dua
vio méanh & gn bing cip doan mdi dic hidu VP2_GI385C-F va VP2_GI1385C-R. VP2
S144T (nt G1385C), VP1 K98E (nt A2734G), E145A (nt A2876C), va E167D (nt
C2947T) ciing duogc tao ra theo cach tuong tu bang cach sir dung cac cip doan mdi khac
nhau (Bang 5).

Dénh gia “kiéu hinh su x4m nhép vio té bao chudt nhit”: Dé tao ra virut séng, cac
dong vo tinh cADN dugc dong chuyén nap v6i mét cdu tric khac biéu hién T7 ARN
polymeraza (pCMV-T7pol) vao trong cac té bao Vero bang cach sit dung Lipofectamine
2000 (Life Technologies, USA) theo quy trinh dugc khuyén céo clia nha san xuat. Dich
1ndi chuyén nap dugc thu lai 7-10 ngly sau khi chuyén nap va dugc tiém qua dém 1én trén
c4c dong té bao duoc nudi cdy & 1 MOI nhu ¢ duge mo ta trén day hodc trude déy [71].
Céc t& bao duogc @ bing dich ndi virut & nhiét d 37° C trong 1 git va dugc rira hai 1in
bang PBS truréc khi thay thé moéi truomg bang DMEM, 1% FBS méi.

D& danh gia kiéu hinh nhifm, sy tién trién cta viéc gy ra tic dung gay bénh té
bao (CPE) tan bao dugc ghi lai, va cac anh dugc chup & cac thoi diém khéac nhau. Cac té
bao di duoc 1ay nhiém cling duoc thu hoach va duoc xt 1y dé phat hién huynh quang
mién dich céc protein virut nhu d3 dugc mé ta trén ddy hodc trudc diy [71]. N6i ngan
gon, cac t€ bao bam dinh duoc trypsin hoa va duge két hop véi cac té bao dugc tao hat tir
dich ndi mdi trudng nudi cdy, duge rira hai lan trong dung dich mubi dém phosphat
(phosphate buffered saline - PBS) v6 trung, va dugc cb dinh 1én trén cac phién kinh
Teflon. Cac t& bao di cb dinh duoc 0 bing cic khang thé don dong pan-virut entero
(Merck Millipore, USA) va dugc phat hién bing khang thé khang IgG cia chudt nhit
dugc tiép hop vé6i FITC tiéu chudn. Dich ndi méi trudng nuéi cdy t€ bao da dugc lay
nhiém ciing duoc thu lai, duge 1am trong, va dugc pha loang theo bac dé xac dinh ham
lwong virut bang cach st dung phuong phap Reed and Muench [61]. Ngay khi ham luong

duoc biét, dich ndi dugc cdy chuyén 1én trén cac té bao NIH/3T3 va Neuro-2a méi duge
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nudi cdy & 1 MOI, va kiéu hinh nhim dugc dénh gié lai bang cach st dung phuong phép

dugc mo6 ta trong ban mo ta nay.

Su bidu hién protein t4i t hop clia cac protein SCARB2 hoa tan va san sinh khang
huyét thanh thé SCARB2: Plasmit pMD18-mSCARB2 ma héa mién ngoai bao cia
SCARB?2 chudt nhit (aa Arg27 - Thr 432) dugc khuéch dai b.%lng cdp doan modi POE-
mSCARB2F va pOQE-mSCARB2R dé dua cac vi tri cit giéi han BamHI va HindIII vao dé
tao thuin loi cho viéc tao dong vao trong vecto biéu hién protein pQE30. Cac dong v
tinh duogc bién nap vao cac té bao E. coli BL21, va su biéu hién protein dugc gy ra béng
1mM IPTG qua dém. Céc té bao thu dugc dugc phan cit bang lysozym (1 mg/ml), va
phﬁn chiét thd duoc tinh ché béng cach str dung cot Ni-NTA (Qiagen®, Durc). Dich tan
trong dugc G qua dém trong 1 ml huyén phu dic Ni-NTA 50% & nhiét do 4°C két hop lac
nhe. Protein dugc rira 5 14n trong dung dich dém rtra (50 mM NaH,PO,, 300 mM NaCl,
20mM imidazol, d6 pH=8,0) va duoc rira gidi bang dung dich dém rira gidi (50 mM
NaH,PO,, 300 mM NaCl, 250mM imidazol, 6 pH=8,0.

Hai th6é duc khée manh dugc giy mién dich b%lng 1,4 ng protein SCARB2 chuft
nhit tinh ché dugc tron v6i ta chit Freund ddy da (Sigma-Aldrich®) & ngay 0. Liéu ting
cuong chira 0,8 pg khang nguyén dugc tron voi ta chét Freund khong day da (Sigma-
Aldrich®) dugc tiém & cac ngdy 21, 42, 63, 84, va 105. Viéc ldy mau cudi cling bang
cach chich tim duoc thuc hién ¢ ngay 117, va mau gom dugc dugce u qua dém & nhi€t do
4°C trudc khi ly thm & tde do 3000 vong/phit trong 30 phit. Huyét thanh d3 dugc 1am
trong dugc gom lai va dugc bdo quan & nhiét do -20°C cho dén khi str dung tiép. Su san
sinh khang huyét thanh thé SCARB2 dugc phé chuin bdi Temasek Lifesciences
Laboratory Institution Animal Care and Use Committee (TLL-IACUC) [s6 phé chuin
047/12].

Thir nghiém canh tranh cta virut véi protein SCARB2 ctia chudt: Cac thir nghi€ém
gin két in vitro dugc thuc hién dé xac nhén sy twong tac cta EV7I:TLLmv véi cac
protein SCARB2 ctia chudt nhit va ngudi. Cac té bao NIH/3T3 (6000 mdi giéng) dugc
nudi cdy qua dém 1én trén cac phién kinh duoc phu Teflon vd trung (Erie, USA). Trudc
khi tiém virut, 100 MOI EV71: TLLmv dugc u béng cac protein SCARB2 ctia chudt nhat
(mSCARB2) hoic SCARB2 ciia ngudi (h\SCARB?) tai 6 hop véi cic ndng @ khac nhau
(4,0 pg, 2,0 pg, 1,0 pg, 0,5 pg, 0,25 ug, 0,125 pg, va 0 ug) trong 2 giv & nhiét do 37°C
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trén bé 1ic. Cac té bao d3 duoc 14y nhidm dugc quan sat hing ngly vé cac ddu hiéu CPE
va dugc cb dinh & 48 gidr sau nhidm trong axeton tuyét ddi (4°C, 10 phut). Cac té bao da
c¢b dinh duoc thir nghiém huynh quang mién dich bing khang thé pan-virut entero (Merck
Millipore®, USA). Céc phién kinh dugc chup anh bing kinh hién vi huynh quang thing
ding (Nikon, Nhat Ban).

Céc thir nghiém gin két virut-SCARB2: Céc thir nghiém phong bé SCARB2 gi4n
tiép qua khang thé dwoc thuc hién trén cac t€ bao cb dinh dé danh gia xem viéc che gidu
c4c protein SCARB2 bé mit té bao cé anh huéng dén viéc gin két véi virut hay khong.
Céc té bao NIH/3T3 va Vero dugc nubi cdy trén cac phién kinh Teflon duge cb dinh (4%
PFA, 25 phut, nhiét d6 phong), va dugc phong bé bing 5% BSA trong PBS trong 1 gid &
nhiét do 37°C. Céc phién kinh dugc 0 trong huyét thanh tho da dong dugc tao ra khang
mSCARB?2 (1:100) trong 1 gio & nhiét d6 37°C. Péi véi cac ddi chitng am tinh, cac té
bao duoc U bang huyét thanh thé da dong duoc tao ra khang protein Saffold Virus L. Cac
phién kinh duoc rira trong PBS truée khi o bang EV71:TLLmv sng (1000 MOI) trong 1
gir & nhiét d6 37°C va duoc dod bang khang thé pan-virut entero va duge phat hién bing
Ab duoc tiép hop véi FITC. Cac phién kinh dugc chup anh bang kinh hién vi laze dong
tiéu dao ngugc Zeiss LSM 510 Meta (Zeiss, Purc), va cac cuong dd huynh quang dugce do
bing cach st dung phdn mém tao anh Imaris (BitPlane Scientific Software, Dirc). Phan
tich thdng ké vé su khac biét cudng d6 huynh quang duoc thuc hién bang cach sir dung
Prism GraphPad phién ban 6.01 (GraphPad Software, Inc., USA).

Thir nghiém bao vé té bio khéi su nhidm virut bing cach st dung huyét thanh da
dong thé khang SCARB2: Cac thir nghiém phong bé SCARB2 gian tiép qua khang thé
cing duoc thuc hién trén céc t€ bao sdng dé danh gia tic dung ctia né 1én sy nhiém vio té
bao. Céc té bao NIH/3T3 dugc nudi ciy qua dém (1x10* t& bao mdi giéng trong dia 96
giéng) duoc 1 bang dich pha loing theo bac hai 1an (1:20 dén 1:640) ctia huyét thanh da
dong thé duogc tao ra khang cac protein SCARB2 cua chudt nhit hoic ngudi trong 1 gid &
nhiét d6 37°C. Tiép theo, cac t bao dugc tiém 100 MOI EV71:TLLmv hodc thé dot bién
virut ¢6 ngudn gbc dong vo tinh CDV:BS[M-P1] va CDV:BSyp,[K9SE/E1454/L169F]
trong 1 gid & nhiét d6 37°C. Cac té bao duoc rira hai 1an trong PBS truéc khi thay thé
bing DMEM méi (1% FBS). Cac té bao dugc quan sat hing ngay vé cac d4u hiéu CPE,

va dich ndi méi truong nudi cdy té bao di dugc 1ay nhiém duoc thu lai & 3 ngdy sau

-52-



37344

nhiém (day post-infection - dpi). Dich ndi dugc chudn d6 virut bang quy trinh 1am phan
13 virut trude bang cach lic manh trong 15 phut & nhiét d6 trong phong trong 1% natri
deoxycholat, nhu di dugc mé ta trudc ddy [6, 71]. Ham luong virut duoc tinh bing
phuong phap Reed and Muench [61] va dugc bao cdo dudi dang CCIDsy/ ml bing dung
cu tinh kha ning iy nhiém [62].

Vidu 10

Qua4 trinh chuyén nap cia ARN bd gen EV71:BS vio trong noron than kinh chudt
nhét

Céc té bao Neuro-2a va NIH/3T3 nguyén bio soi tao ra virut con chau cé thé séng

duoc

Céac té bao NIH/3T3 nguyén bao soi va Neuro-2a u nguyén bao than kinh cia
chudt da duoc minh hoa truée day dudi dang khong cho phép nhiém EV71:BS, trong khi
cac t€ bao Vero c6 cho phép nhifm EV7I:BS (trén day hoic [71]). Hai chung,
EV71:TLLm va EV71:TLLmv, ca hai ¢6 ngudn gbc tir EV71:BS d4 xam nhap va sao chép
thanh cbng trong cac té€ bao ciia chudt nay. Pé xé4c dinh xem bd gen EV71:BS c6 thé sao
chép trong cac té bao khong duoc phép nay khong, ARN bd gen tir EV71:BS dugc chiét
va dugc chuyén nap vao trong céc té bao Vero, NIH/3T3, va Neuro-2a. Tuong tu, ARN
bd gen tit EV71:TLLm va EV71:TLLmv dugc chuyén nap vio trong ba dong té bao nay dé
so sanh. Pé danh gia kha nang séng ctia virut con chau duoc tao ra, dich nbi qua trinh
chuyén nap tiép theo dugc tiém lai 1én trén cac té bao méi (Fig.15A).

Qua trinh chuyén nap ARN bo gen ciia tit ca ba ching virut vao trong cac té bao
Vero dan dén tac dung gdy bénh té bao (CPE) tan bao trong 16p don té bao dugc chuyén
nap (Fig.15B). Sy biéu hién khang nguyén virut cling dugc quan sat trong cac té bao bi
chét (Fig.15C), cho thdy su sao chép virut thanh cong. Tuong tu, cac két qua dugc quan
sat tir qua trinh chuyén nap ARN virut cia EV71:TLLm hogc EV71:TLLmv vao trong 16p
don té bao NIH/3T3 va Neuro-2a (Fig.15B va 15C). Mit khac, qua trinh chuyén nap cua
ARN EV71:BS vao trong céac té bao NIH/3T3 va Neuro-2a dan dén su chét mdt sb té bao
thé hién su biéu hién khang nguyén virut, nhung khéng giy ra CPE day du cta 16p don té
bao. Viéc cdy chuyén tiép dich ndi qué trinh chuyén nap ctia EV7I:BS tir ca hai té bao
NIH/3T3 va Neuro-2a Ién trén céc té bio Vero méi din dén gay ra su tan 16p don té bao

day da (Fig.15D) va su phat hién cta cac khang nguyén virut trong cac té bao bi chét
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(Fig.15E). Tuy nhién, viéc cdy chuyén dich ndi qua trinh chuyén nap 1én trén cac té bao
NIH/3T3 méi khéng thu duoc CPE (Fig.15D) hay su biéu hién khang nguyén virut
(Fig.15E).
Vidu 11
~ Ving P1 ma héa vé capsit ctia EV71:TLLm duoc 1am thich tng véi dong té bao
chudt nhit chiu trach nhiém vé sy xdm nhdp virut thanh coéng vao trong cac té bao
NIH/3T3 va Neuro-2a cia chudt
Phén tich truéc day goi ¥ ring protein v6 capsit ciia EV71:TLLm va EV71:TLLmv
c6 thé chiu trach nhiém vé su xAm nhap thanh céng vao trong cac té bao NIH/3T3 va
Neuro-2a trén dy hodc [71]). Pé xac nhan didu ndy, cac dong vo tinh cADN c6 chiéu dai
day d ctia bd gen EV71:BS duoc tao ra bang cach di truyén nguoc chudn. Ving PI (vo
capsit) ciia dong vo tinh cADN c6 chiéu dai ddy da cua EV71:BS tiép theo dugc thay thé
bing trinh tu di truyén cia EV71:TLLm PI dé tao ra dong vo tinh plasmit kham
(Fig.16A). Dong v6 tinh cADN EV71:BS dugc chuyén nap vao trong cac té bao Vero dé
tao ra virut ¢6 ngudn gbc dong v6 tinh (CDV:BS). Tuong tu, dong vé tinh kham dugc
chuyén nap dé tao ra CDV:BS[M-PI1] ma thé hién protein vé capsit cia EV71:TLLm va
- biéu hién céc protein khéng ciu trac cia EV71:BS. CDV nay duoc tiém lai 1én trén cac
dong té bao khac nhau dé danh gia kiéu hinh nhiém (Fig.16B).
Virut ¢6 ngudn gbc dong vo tinh EV71:BS (CDV:BS) gy ra CPE trong cac té bao
Vero nhung khong trong cac té bao NIH/3T3 va Neuro-2a, con CDV:BS[M-PI] gay ra
. CPE trong tit ca ba dong té bao & 48 gid sau tiém (hpi) (Fig.16C). Cac té bao cta chudt
bi nhiém CDV:BS[M-PI1], nhung khong bi nhiém CDV:BS, thu duoc sy phat hién céac
khang nguyén virut trong cac té bao bi chét (Fig.16D). Dé danh gia su san xuét va giai
phéng virut con chau cé thé séng duge trong 14n ciy chuyén thir nhit (PI), dich ndi méi
trudng nudi cdy di 1am trong tir cac té bao di duogc 4y nhiém duoc tiém lai 1én trén 16p
don méi clia cling dong té bao nay, va hiéu suat virut dugc do & 72 hpi. Viée cdy chuyén
ctia ca hai CDV:BS va CDV:BS[M-PI] 1én trén cac té bao Vero thé hién ham lrong virut
cao, va muc ting ham luong dang ké dugc quan sat sau khi cdy chuyén tiép (P2)
(Fig.16E). Trong khi d6, viéc cy chuyén (PI) ctia CDV:BS[M-P1], nhung khéng phai
CDV:BS, tao ra hiéu suét virut cao trong c4 hai té bao NIH/3T3 va Neuro-2a (Fig.16F).
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Vidu 12

Su d6t bién thay thé axit amin VP1-L169F trong vé capsit EV71:BS cho phép virut

x4m nhap va gy ra su nhiém han ché trong cac té bao ctia chudt

Protein vé capsit cia EV71:TLLm dugc lam thich Gmg véi té bao chudt nhit cho
phép su xam nhap cia EV71:BS vao trong cac t€ bao cua chudt, va cac tac gia sang ché
quan tAm dén d6 ddng nhat cta cac gbc dac hiéu ma mang lai kiéu hinh méi nay. Dt liéu
trude ddy vé su so sanh su bat cip trinh tu polyprotein caa EV71:BS va chung EV71
duoc 1am thich tng véi té bao chudt nhét cho thiy nhiéu dot bién thay thé axit amin trong
céc protein VP1 va VP2 ma c6 thé lién quan dén su gin véi thu thé virut trén céc té bao
vét chi (trén day hodc [71]). Cac gbc nay bao gém VP1 K98E, E145A, va L169F, cling
nhu VP2 S144T va K1491. Dé xac dinh thay thé nao trong s6 cac dot bién thay thé axit
amin nay 13 can thiét d6i v6i sw xAm nhép vao té bao chudt nhét, cac dot bién riéng r& gay
ra c4c dot bién thay thé axit amin ndy duoc dwa vao dong vo tinh cADN c6 chiéu dai day
da EV71:BS thong qua viéc giy d6t bién dinh hudng vi tri chuén (Fig.17A). Cac dong v
tinh cADN dugc cai bién nay duoc chiuyén nap mét cach doc 1ap vao trong cac té bao
Vero dé tao ra virut c6 ngudn gbc dong vé tinh (CDV), va dich nbi thu duge duge tiém
1én trén cac té bao Vero, NIH/3T3, va Neuro-2a méi dugc nudi ca‘iy dé danh gia kiéu hinh
su nhiém.

Céc té bao Vero duoc 1ay nhiém tit ca thé dot bién virut c6 ngudn gbc dong vo
tinh (CDV) thé hién 100% CPE, nhung chi CDV mang cac dot bién thay thé axit amin
VP1 - CDV:BSyp;[K98E], CDV:BSyp;[EI45A], va CDV:BSyp;[L169F] - thu dugc 100%
CPE trong cac té bao Neuro-2a (Fig;17B va 17 C). Su biéu hién khang nguyén virut dugc
phat hién trong céc té bao Vero va Neuro-2a dugc 1ay nhidém béi CDV chira cic dot bién
thay thé axit amin trong VP1 (CDV:BSyp;) va VP2 (CDV:BSyp,), nhung chi cac té bao ‘
NIH/3T3 duoc lay nhidm bdi CDV:BSyp, thé hién su biéu hién khang nguyén virut
(Fig.17D va 17E). Hon thé nita, cic t& bao Vero duoc 1y nhiém béi tit ca CDV dot bién
thu duge ham lwong virut ¢6 thé do dugc (Fig.17F), goi ¥ kha ning séng cla virut, nhung
chi CDV:BSyp;[L169F] tao ra ham lugng virut c¢6 thé do dugc trong dich ndi mai truong
nudi ciy cia cac té bao NIH/3T3 va Neuro-2a dugc 1y nhiém (Fig.17G) nhu dugc thir

nghiém trong cac té bao Vero. Tuy nhién, viéc cay chuyén ti€p 1én trén céc t€ bao cia
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chu6t khoe manh, cta dich ndi méi truedmg nudi ciy tir cac t& bao NIH/3T3 va Neuro-2a

duoc 14y nhiém béi CDV:BSyp,[L169F], khong giy ra su nhiém bénh.
Vidu 13

Tinh trang 1iy nhi®m ting sinh hitu hiéu trong cac té bao ctia chudt can cac dot

bién thay thé axit amin két hop & VP1

Dé danh gia xem viée két hop cac dot bién thay thé axit amin trong VP1 va VP2
ciing ¢6 thé cho phép EV71:BS xam nhap vao cac t€ bao chudt nhit hay khong, cac dong
v6 tinh cADN bd gen c6 chidu dai diy da cia EV71:BS cé cac tb hop dot bién thay thé
axit amin khac nhau (BSyp,[S144T/K149]1], BSypi[K9SE/E1454],
BSyp,[KISE/EI454/L169F], va BS[VP1/VP2]) dugc tao ra (Fig.18A). Cac dong vo tinh
plasmit duoc chuyén nap mot cach ddc ldp 1én trén céc té bao Vero, va dich ndi thu duogc
dwoc sit dung dé 1ay nhi®m cac t& bao Vero, NIH/3T3, va Neuro-2a dé danh gia kiéu hinh
sy nhiém.

Tat ca CDV ducc thi nghiém, ngoai trivt CDV:BSyp,[S144T/K1491], gay ra CPE
trong cac té bao Vero va Neuro-2a (Fig.18B). Cac khang nguyén virut ciing duoc phat
hién trong tht ca té bao da dugc l4y thiém CDV khac nhau, mic du viéc nhudm mién
dich 13 déng chi ¥ hon trong té bao Neuro-2a so véi té bao NIH/3T3 khi so sanh cac
dong té bao ciia chudt (Fig.IFSC). Ham lirong virut cao c¢6 thé do duge trong dich nbi moi
truromg nudi cly cua cac té bao Vero duge 14y nhiém boi tit ca CDV (Fig.18D), nhung
chi CDV:BSyp;[K98E/E1454] va CDV:BSyp;[K9SE/E1454/L169F] thu dugc ham luong
virut c¢6 thé do dugc trong dich ndi méi trudng nudi cdy cia cac té bao NIH/3T3 va
Neuro-2a dugc 1ay nhiém (Fig.18E), nhu duoc thir nghiém trong cac té bao Vero.

Vidu 14

Virut EV71:BS c6 cic dot bién thay thé axit amin két hop & VP1 K98E, E145A, va
L169F c6 thé duoc ciy chuyén thanh cong trong cac té bio Neuro-2a ctia chudt nhit

Cho dn nay, bdn thé phan lép virut co nguf?m géc dong vo6 tinh cho phép EV71:BS
x4m nhap vio va lay nhiém cac dong té bao chudt nhit duoc nudi cdy: CDV-BS[M-PI],
CDV:BSyp;[L169F], CDV:BSyp;[K98E/EI45A], va CDV:BSyp;[K9SE/E145A4/L169F].
Dé nhan dién virut ndo trong sb cac CDV nay co thé 1ay nhiém mot cach bn dinh cac té

bao chudt nhit trong nhidu chu k¥, dich ndi virut duoc cdy chuyén hai 1an trong clng
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dong té bao, tirc 12 tir t& bao Neuro-2a sang té bao Neuro-2a méi. Su nhiém dugc giam
sat bang cach danh gi4 su gay ra CPE va su biéu hién khang nguyén virut, va su san xuét
virut con chau c6 thé séng dugc.

Chi CDV:BSyp;[K98E/E1454/L169F] va CDV:BS[M-P1] c6 thé dugc cy chuyén
thanh cong lién tiép trong cic té bao Neuro-2a nhu durgc minh hoa béi su phat hién cia
cac khang nguyén virut (Fig.19A) va ham luong virut c6 thé do dugc (Fig.19B). Viéc
nhudm duong tinh dugc quan sat trong ca hai 1an cdy chuyén sé 2 va 3, va mic do ting
ham luong virut duoc ghi lai & 14n cdy chuyén s 2 so véi 1an cy chuyén thir nhit. Mt
khac, chi CDV:BS/M-PI] c6 thé giy ra su biéu hién cta cic khang nguyén virut trong
cac té bao NIH/3T3, (Fig.19A), nhung khong phét hién dugc virut con chau c6 thé séng
duoc. Viée giai trinh tr bd gen ctia CDV:BSyp [KISE/E1454/L169F] thu duge tir 1an cay
chuyén thtr ba trong céc té bao Neuro-2a thé hién sy khong thay dbi trong cac do6t bién

axit amin dugc dua vao (Fig.19C).
Vidu 15

Chung duoc 1am thich tng véi dong té bao chudt nhat EV71:TLLmv gin két véi

protein SCARB2 ca in vivo va in vitro

Gan day, EV71 d3 dugc chimg minh 13 st dung protein thu thé “thanh thai” nhém
B thanh vién 2 (SCARB2) lam thu thé ciia n6 dé xam nhap vao té bao vat cha [47]. Dé
x4c nhan xem ching EV71 dugc lam thich tmg voi dong té bao chudt nhét cé cling sir
dung SCARB?2 trong su nhi®m cta céc té bao chudt nhit hay khéng, cac thir nghiém gén
két virut canh tranh dugc thuc hién. Trude hét, cac té bao NIH/3T3 va Vero d3 duoc phat
trién qua dém trén céc phién kinh dugc pha Teflon va da duogc c¢d dinh nhe béng 4%
paraformaldehyt duoc U bang huyét thanh thé khang protein SCARB2 ciia chudt nhit
(mSCARB?2) trudc khi gin két in vitro véi EV7I1:TLLmv sdng. Cac té bao d gin két
duoc phat hién huynh quang bang cach sir dung khang thé don dong pan-virut entero, va
cudng dd huynh quang duoc dinh luong. Viée U trude cac té bao NIH/3T3 bang huyét
thanh khang mSCARB? din dén su giam dang ké su gan két véi EV71:TLLmv (Fig.20A),
ma khéng quan sat thdy khi cac té bao dugc 0 trude bang huyét thanh khong dic hiéu
(NSP). Cac két qua tuong tu dugc quan sat thdy bang cach st dung cac té bao Vero
(Fig.20B).
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Trong thir nghiém thir hai, EV71:TLLmv séng dugc 0 bing cic protein SCARB2
hoa tan tai td hop trude khi tiém lén trén céc t€ bao NIH/3T3 d3 duge nubi céy, va muc
d6 nhidm dugc danh gi4 bang cach gin nhin huynh quang ciia cic khang thé don dong
pan-virut entero gin két. Viéc i trudc virut bing mSCARB2 hoda tan 1am gidm mirc do
nghiém trong ciia su nhiém té bao theo cach phu thudc lidu (Fig.20C). Céc két qua twong
tu thu duoc khi sir dung protein SCARB2 ctia ngudi (hRSCARB?2) trong qua trinh U trudce
(Fig.20D).

Vidulé

Su nhiém té bao bsi EV71:TLLmv duoc phong bé bang cach @ trudc cac té bao

chudt nhit bang huyét thanh duge tao ra khang protein SCARB2

Pé danh gia xem sy nhiém té bao c6 duge 1am giam bang cach phong bé su tuong
thc cia EV71:TLLmv véi SCARB2 hay khéng, cic t& bao NIH/3T3 da dugc nudi ciy
dwogc G bang cac dich pha lodng khac nhau ctia khang huyét thanh protein SCARB2 trudc
khi tiém bang EV71:TLLmv sbng, va mic do nhiém dugc danh gia bing cach do ham
lwong virut con chdu séng. Viée 0 trudc cac t& bao bang cac dich pha lodng ty 1& thip caa
khang huyét thanh hSCARB?2 (1:20 dén 1:80) din dén murc giam dang ké phu thudc lidu
ctia ham lugng virut so véi dbi chung (Fig.20E). Cac két qua twong tir thu duoc khi cac té
bao dugc G trude bang khang huyét thanh mSCARB2 (Fig.20F).

Vidul7

CDV:BS[M-P1] va CDV:BSyp;/[K98E/E1454/L169F] st dung protein SCARB2
ctia chudt 1am thu thé chic nang cda chung dé xam nhdp vao trong cac té bao cla chuot

Ca CDV:BS[M-P1] va CDV:BSyp;[K98E/E1454/L169F] lay nhim mot cach 6n
dinh cic t& bao Neuro-2a cua chudt nhit. Dé x4c dinh xem CDV ne‘ly, nhu ching
EV71:TLLmv duoc 1am thich Gng véi té bao chudt nhét, c6 ciing stt dung mSCARB2 dé
x4m nhép va thao bd 16p vo virut hay khong, cac té bao Neuro-2a dugc @ bang khang
huyét thanh mSCARB? trudc khi nhiém bang thé d6t bién CDV. Mitc d6 gidm phu thudce
lidu cia CPE tan bao dwoc quan sat thdy trong cac té bao di duoc lay nhiém
CDV:BSyp,/[K9SE/E1454/L169F] (Fig.21A) hoic CDV:BS[M-P1] (Fig.21B). Viéc chun
d6 dich nbi méi trudng nudi cdy & 7 ngdy sau nhiém (dpi) phat hién ra rang khong c6 su
khéac biét dang k& v& ham lwong virut CDV:BSyp;[K9SE/E1454/L169F] trong céc té bao
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dugc 0 truée bang khang huyét thanh SCARB2 so v6i dbi chimg (Fig.21C). Mit khac,
mirc d6 giam ham lugng virut dang ké duogc phét hién trong cac té bao d dugc 1ay nhiém

CDV:BS[M-P1] dugc 1 truée bang huyét thanh so véi dbi chimg (Fig.21D).
Vidy 18
Nguyén li€u va phuong phap trong vi du 19

MAu dong vat: Pé xac dinh kiéu hinh 14y nhiém dong vt ctia cac chiung dugc lam
thich tmg véi té bao chudt nhit (EV71:TLLm va EV71:TLLmv), chudt nhit Balb/c 5-6
ngay tudi dugc lay nhidm bang 10° CCIDs, ctia virut va dugc quan sat cc triéu ching
ctia bénh v c4c bién chiing than kinh. Céc chuédt dugc theo dbi trong t6i da 28 ngdy, sau
d6, céc chudt dugc 1am chét va huyét thanh dugce gom lai dé phat hién cac khang thé dic
hi¢u EV71.

Vidu 19

Nghién ctru doc luc than kinh ciia EV71 dugc 1am thich tng véi dong té bao chudt

nhit (EV71:TLLm va EV71:TLLmv) & chudt nhit Balb/c

Trong s6 cac chudt ¢ kha nang mién dich dugc 1ay nhiém bai EV7I:TLLm (n =
7), hai chudt bi chét (29%) do liét ning va dai ding (> 24 gid) & 8 ngdy sau nhiém
(Fig.13A). Trong sb chc chudt nhét con séng khac, 5 con (5/7, 71,4%) bidu hién run va
mét didu hoa, 5 con biéu hién liét nhe & mdt hodc ca hai chan sau, va 4 con (4/7, 57,1%)
biéu hién chirng liét tam thoi & mdt hodc cd hai chan sau. Mat khac, cac con duoc lay
nhiém béi EV71:TLLmy ¢6 biéu hién 1am sang cua bénh ndng hon. Chin trong s6 mudi
(90%) cac chudt dugc 1y nhiém khong chéng ndi bénh trong vong 8 ngay nhidm bénh
(Fig.13A), v&i 6 trong s& 9 chudt (66,7%) bi chét trong vong ngay thtr tu sau nhiém bénh.
Céc tridu ching khac duge biéu hién bao gdm run (5/10, 50%), liét nhe & mot hodc ca hai |
chéan sau (6/10, 60%), va liét & mot hodc ca hai chan sau (5/10, 50). Trong khi duong nhu
khong c6 su khac biét vé thé trong ctia chudt nhét dugc lay nhiém béi EV71:TLLm so véi
chudt duge 1ay nhiém gia, chudt nhit dugc 1ay nhiém boi EV71: TLLmy biéu hién méc do
gidm manh vé thé trong trong vong 10 ngay dau nhidm bénh (Fig.13B). Thd vi hon nira,
cac tac gia sang ché d3 quan sat thy triéu chimg méi & chudt nhit dwge 14y nhidm bai
EV71, theo d6 cac chudt bi liét (Fig.14A, miii tén) biéu hién nhip thé nhanh v6i miac d6

suy thoai dudi sudn ddng chi y. Hon nita, 6 trong sd 9 (66,7%) céi chét biéu hién triéu
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chimg nay truéc khi 1am chét khong dau dén. Khi giai phiu, cac tic gia sang ché con
quan sat thiy phdi khéng xep khi m& khoang nguc (Fig.14B, cac mili tén), qua trinh binh
thudng trong viéc giai phiu khi thu cdc mé phdi va tim, goi ¥ sy ton tai tinh trang phu
phé)i. Viéc kiém tra md hoc cac mo phat hién ra cac d4u hiéu cua tinh trang phu phéi va
sur xudt huyét trong khoang phé nang ctia phéi (Fig.14C), va cac anh c¢6 dd phéng dai cao

hon thé hién su c6 mit ciia nguyén liéu protein ddng nhat (Fig.14D, cac miii tén).

Vi du nay ciing dugc thuc hién béng cach st dung chudt nhét bi suy giam mién
dich, nhu chudt nhit NSG. Céac két qua tuong tu thu dugc ngoai trir réng muc d0 nghiém

trong ctia bénh 16n hon va ty 18 chét cao hon.
Vidu 20
Sang loc cac hop chat khang EV71 chon loc

Viéc sang loc in vitro hi€u suit cao cac hop chét khang EV71 chon loc dugc thuc |
hién bang cach sit dung dong té bao NIH/3T3 cta chudt nhit ma di duge chimg minh 13
dé bi nhiém gy tan bao béi cac chung virut EV71:TLLm hodc EV71:TLLmv. Cac hop
chét dﬁy trién vong dugc chon tir viéc sang loc in vitro sau d6 duge thir nghi€ém in vivo
trong mau dong vat. Dé thyc hién sang loc in vivo, sb6 lugng chudt nhét Balb/c dugc
chudn hoa (trén co so tinh toan théng ké) duoc 14y nhiém bing cac ching virut véi ham
lugng dugc chuin hoa dugc léy tr dung dich géc duoc chuin hoa cia cac ching EV71
duge 1am thich ung véi dong t€ bao chudt nhit (EV7I:TLLm va EV71:TLLmv) ma d&
dugc chudn bi, dugc chuin d6 va duoc giit trong ta lanh sdu (-80°C). Hop chét khang
EV71 chon loc dugc dung cho chudt nhit dugc 1y nhiém & cac lidu di duoc chuin héa
khéc nhau tru6e khi xuét hién bénh dé thir nghiém tac dung phong ngtra tiém nidng cua
hop chét chon loc hoic sau khi khéi phéat bénh dé thir nghiém tac dung diéu tri bénh tiém

ning ctia hop chat chon loc.
Vidu2l
Nguyén li¢u va phuong phép trong céc vi du 22-25

Chudt nhdt va cée chimg virut: Chudt nhit BALB/c trudng thanh dugc mua tir
InVivos (Singapore), va dugc giao phdi dé thu dugc chudt nhit con. Cac ching EV71
duoc dung dé tiém bao gdm EV7I:BS, EV71:TLLm, va EV71:TLLmv, ma chi tiét va cac

ddc diém cua chung da dugc mo ta trong ban mo ta nay.
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Tuyén bb dao dtrc: Cac quy trinh trén dong vét dugce phé chuin béi Institutional
Care and Use of Animal Committee (IACUC) ctia Temasek Lifesciences Laboratory (s
phé chudn TLL-14-023). C4c dong vat dugc lay nhiém ma gin chét dugc 1am chét bing
cach tiém 90 mg/kg pentobarbitone thong qua dutbhg LP.. Viéc kiém tra than kinh duoc
thuc hién theo hudng din va céc quy trinh chudn duoc quy dinh bdi The Institutional
Care and Use of Animals Committee (IACUC) cua University of California San
Francisco. C4c tiéu chuin dé 1am chét khong dau dén bao gbm cac hudng dan d3 dugc
néu trude day [34]: (1) giam > 20% thé trong duoc ghi lai 16n nhét, (2) liét kéo dai >48
gid, (3) khong an hoic khong c6 kha ning an, (4) khong c6 kha ning tu giir thing bing,
va (5) trang thai ¥ thirc thay ddi thé hién dudi dang stmg so hodc hon mé. Chudt nhit con
duoc quan sat trong tong sb 28 ngdy , va cac chudt ma séng s6t trong toan bd giai doan

nay dugc 1am chét bing cach tiém pentobarbitone qua dudng I.P. .

Xir Iy dong vat va 14y nhim: Cac nhém gdm tAm chudt nhit c6 do tudi thay dbi
(6, 14, 21, hodc 28 ngay tudi) duoc tiém EV71:TLLmv (lidu 10° CCIDs,) bang céch tiém
L.P. hoic IL.M.. Pé x4c dinh liéu tbi vu ctia EV7I:TLLmv, chc nhém chudt nhit con 6 ngay
tudi (n=8 mbi nhém) dugc 14y nhidm bing céc lidu thay dbi cua virut (10°, 10°, 10*, 10°,
hoic 10* CCIDs) théng qua dudng LP.. Cac chudt dugc 14y nhiém duoc quan sat mdi
ngay hai 14n vé biéu hién bénh trong sudt tudn diu sau nhiém bénh. Ca cac chudt gin chét
va cac chudt ma sdng s6t qua giai doan quan sat duoc 1am chét nhu di duge mo ta trén
day. Viéc 14y méau cudi cing dugc thue hién théng qua viéc chich tim bang cach sir dung

kim 26G.

Giai phiu, quan sat toan bd bénh 1y, va thu mé: Cac chudt d3 duge 1am chét dugc
giai phiu bang cach sir dung quy trinh chudn dé thu cac co quan. Viéc kiém tra toan bd
bénh hoc cling dugc thuc hién va anh dugc chup véi phé chuin TACUC. Phéi dugc rira &
bé mat hai 1an bing PBS v6 tring, va sau d6, duoc thAm kho trén gidy loc trude khi do
khéi lwong uét. Cac co quan thu dugc cho cac nghién ctru md hoc duoc bao quan trong
formalin dugc dém trung tinh (neutral buffered formalin - NBF) 10% trong 1 tudn & nhiét
do 4° C.

Xac dinh: tai luong virut cia mé. Cac mé di duoc lam dong dugc ddm bing cach
sir dung chay Teflon va dugc hoan nguyén trong 1ml DMEM (1% FBS). Sau dé, cidc miu
duoc tron trong 1 gid va duoc ly tim hai 1an (20 g, 30 phut, 4°C) d loai bé manh mé vun
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va thu virut d3 dugc 1am sach. MAu virut dugc phéan ra trong natri deoxycholat 1% [88]
trude khi pha lodng theo bac mudi 1dn va chuyén 1én trén cac té bao NIH/3T3. Cac té bao
d3 duoc 1ay nhi®m dugc quan sat hing ngay vé tac dung gy bénh té bao (CPE), va céc té
bao dugc nhudm bang khang thé don dong pan-virut entero (Merck Millipore, USA)

[88]. Ham luong virut dugce tinh va dugc bao cédo dudi dang CCIDs, trén mdi g mo.

X ly mé dé phéan tich md hoc: Cac mo da ¢b dinh dugc loai nude trong mot chudi
dung dich etanol cé ndng d9 ting dan 70%, 95% va 100%. Cac mo duge 1 trong hai 1in
thay ddi ruou va ba lan thay d6i Histoclear II (Electron Microscopy Sciences, USA), va
cubi cing dugc hoa tron bang bbn 1an thay dbi sap parafin tan chay. T4t ca cac 1an 0 duoc
thyc hién trong 1 gid' & nhiét d6 trong phong két hop lic nhe & 100 vong/phut. Cac 1an
hoa tron parafin dugc thuc hién trong 10 duoc thiét dat & nhiét 6 65°C. Cac khbi mo
duoc gin vao parafin duge cét 14t (5 pm) bang cach sir dung may vi phiu, dugc nap lén
trén cac phién kinh thity tinh dugc phii poly-lysin, dugc lam khd qua dém & nhiét do
42°C, va sau d6, dugc bao quan & nhiét do trong phong cho dén khi sir dung tiép.

Nhudm 14t cit mé: Cac 14t cit mo dugce loai sap bing cach U trong hai lan thay dbi
Histoclear II va sau do, dugc hydrat hda lai tir tir trong rutyu cO cac néng do giam dan
100%, 95%, 70%, va 50%. Cac phién kinh duoc 0 trong PBS trong 10 phut truéce khi
nhudm. Viéc nhuém hematoxylin va eosin (H &E) dugc thuc hién bang cach trudc hét
1am ngép cac phién kinh bing hematoxylin ctia Harris (Sigma Aldrich, USA) va u & nhiét
do trong phong (RT) trong 15 phut. Sau 496, céac phién kinh dugc rira trong nuée, dugc
khtr nhudém trong rugu axit 1% (95% etanol, 1% HCI), dugc nhung trong NH4OH 0,2%,
va dugc rira trong nudce trong 10 phut trude khi phadn nhudm trong dung dich eosin. Tiép
theo, cac phién kinh dugc khir nhudm trong etanol 95%, dugc loai nuéce br?mg ba lan thay
dbi ruou tuyét dbi va hai 14n thay dbi Histoclear II. Cudi cung, cdc md dugc dit trong
chét 1éng gin DPX (Sigma Aldrich, USA).

Héa mod mién dich: Sau khi loai s&p va hydrat héa lai, cic phién kinh dugc thu hdi
khang nguyén do nhiét gy ra bang cach U trong 10 vi séng & cip d6 md hoc va dung dich
dém xitrat (40 pH=6,0) trong 30 phit & nhiét do 96°C. Cac phién kinh dugc dé ngudi
xudng RT trong 3 gidr va tiép theo dugce phong bé bang huyét thanh lgn binh thuong 5%
trong 1 gio & RT. Khong cin phai rira tiép, cac phién kinh sau d6 dugc G & nhiét do 4°C
qua dém trong huyét thanh thé chira cic khang thé da dong khang EV71 (qua ting hao
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phong tir Dr. Hiroyuki Shimizu cta NIID, Nhit Ban). Sau 4o, cac phién kinh duoc rira 5
14n trong nudc mudi duge dém Tris (46 pH=7,4), 0,05% Tween-20 (TBS-T), va dugc rtra
hai 1an trong TBS truée 1am 1am ngimg peroxidaza ndi sinh bang cach bd sung H,0, 3%
trong 1 gior & rt. Tiép theo, cac phién kinh dugc rira hai 1an trong TBS truée khi 0 bang
khang Ig-HRP tho cua lon (Dako Cytomation, Pan Mach) trong 1 gid & RT. Sau khi rua,
céc phién kinh dugc 1 trong co chit diaminobenzidin (DAB), va dugc phan nhudm bing

hematoxylin.

Lap ban db cac khang nguyén virut va t6n thuong do virut gy ra trong lat cit mo:
Céc anh mAu clia cac 14t cit vong diu dai dién ctia nfo chudt nhit dugc tai xudng tir
www dot brainstars dot org [89]. Cc anh nay duoc sir dung mién phi va dugc bién dbi
dudi su cho phép cua Creative Commons of Japan. Cac tén thuong quan sat duge va cac
khang nguyén virut dugc danh ddu 1én trén cic dnh miu. Cic ving ndo bi 4nh hudng
dugc nhan dién béng cach st dung tdp ban dd cac 14t cit vong dau cua nio chudt nhit
(www dot mouse dot brain-map dot org slash static slash atlas) [90]. Tuong tu, lat cat
vong dai dién cia tiy séng phan nguc duge sir dung 1dm miu cho ban dd tay séng. Sau
d6, cac ving thé hién sy c6 mit ctia cac khang nguyén virut va tén thuong do virut gay ra

duge danh dau 18n trén cac anh mau.

Do ndng d6 catecholamin huyét thanh: Cac miu miu dugc gom lai bang cach
chich tim cia céc chudt gin chét trong khi giai phau. Huyét thanh dugc thu bang cach ly
tAm c4c mAu mau di dong tu & tde d6 3000 g (30000 m/s?), 4° C, trong 30 phut, sau do,
diroc bao quan & nhiét 6 -20°C cho dén khi xac dinh ndng do catecholamin biang cach sir
dung kit 2-CAT (A-N) ELISA (Labor Diagnostika Nord, Ptic) theo quy trinh ctia nha san
Xuét. |

Phén tich thdng ké: T4t ca cac do thi duoc tao ra va cac phan tich théng ké duoc
thuc hién bang cach sir dung GraphPad Prism (phién ban 6.01) cho Windows (GraphPad
Software, USA, www dot graphpad dot com).

So sanh kiéu hinh nhim giy ra bdi cic ching virut EV71:TLLm va
EV71:TLLmv: Cac nhém chudt nhit con BALB/c 6 ngdy tudi dugc tiém liéu 106
CCID50 cua EV71:BS, EV71:TLLm, hoac EV71:TLLmyv thong qua dudng trong mang

bung (I.P.) hoic trong co (LM.) (n=10 chudt mdi nhém). Cc chudt dugc quan sat mdi
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ngay hai 1an vé€ cac dau hiéu ctia bénh trong sudt tuan dau sau tiém va dugc lam chét khi

cac déu hiéu c6 tinh quyét dinh dugc phat hién nhu di duge mo ta.

Po ham luong khaing thé trung hoa trong huyét thanh tir chuot nhit duoc lay
nhidm: C4c miu mau dugc gom lai bang cach chich tim & lac gidi phau truéc khi bi dong
tu & nhiét do trong phong va huyét thanh duoc thu bang cach ly tim trong 20 phit & tc
d6 3000g (30000 m/s?), 4° C. Cac mu dugc bao quan & nhiét d -20° C cho dén khi phan
tich tiép. Céac mau ngﬁu nhién cua dung dich géc dong lanh dugc thir nghiém dé do hiéu
gi4 khang thé trung hoa. Cac dich pha lodng theo bic hai 14n cia huyét thanh (1:20 dén
1:1280) dugc chuén bi trong dia 96 giéng va duoc tron véi 100 CCIDs, virut. Hon hop
nay duoc 0 trong 1 gid & nhiét 4§ 37° C trude khi bd sung cac té bao NIH/3T3 (6000 té
bao/giéng). Cac dia duoc U & nhiét d6 37° C trong vai ngay va dugc quan st vé CPE
gifta c4c ngly 4-10. Hiéu gia khang thé trung hoa duge xac dinh bang cach sir dung
phuong phap Reed and Muench (durge bdo cdo dudi dang don vi trén mdi ml huyét

thanh).
Vidu 22
Pong luc hoc su nhiém cia ching EV71 cai bién trong vat chi chudt

Cac miu dong vat hién nay ctia bénh va bénh hoc than kinh do virut entero 71
(EV71) gy ra chi sao chép mdt phan bénh & ngudi. Do d6, cac tac gia sang ché nham
muc dich phét trién mau bénh hoc déng tin cdy trén 1dm sang bang cach sir dung cac
ching virut dwoc lam thich tng véi t& bao chudt nhit (NIH/3T3) EV7I:TLLm vi
EV71:TLLmv, ma c6 thé lay nhiém mot cach c6 sinh sbi ca hai dong té bao ciia dong vét
gam nhdm va dong vat linh truéng [88]. Thir nhit, ddc luc twong dbi cia EV71:TLLm va
EV71:TLLmv dugc so sanh v6i ching gbc EV71:BS duge danh gia bing cach dénh gia
bénh hoc & chudt nhit BALB/c 1 tudn tudi duoc 14y nhiém virut théng qua dudng trong
mang bung (I.P.). Dong thoi su chuyén dbi huyét thanh duge quan sit trong tht ca cac
chudt dugc tiém, chi chudt nhit dwoc 14y nhiém béi EV71:TLLm hodc EV71:TLLmv tién
trién bénh dén chét (Fig.22a va 22b). Tuong tu, khi cac ching dugc lam thich tmg dugc
dung théng qua dudng trong co (I.M.) thay thé, cac chiing nay lai lién quan dén sy giam
kha nang sbéng cia vt chu so v6i ching gbc EV71:BS (kha ning sdng 57%; Fig.22c). Khi
cac duong l1ay nhiém I.P. va LM. dugc xem xét cling nhau, thoi gian sdng trung binh sau
khi tiém 14 4 ngay sau nhim (DPI) d6i v6i sy nhidm EV71:TLLmv va 7 DPI dbi véi su
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nhiém EV71:TLLm (x* = 6,840; p = 0,0089). Ddng thoi, dit liéu nay cho thiy ring ching
virut duoc 1am thich Gng v6i té bao chudt nhit EV71:TLLmv c6 lién quan dén kha ning

giy chét 16n nhat , va do d6, dugc sir dung trong tht ca cc thir nghiém tiép theo.

Lidu virut t6i vu, duong tiém, va tudi ciia chudt nhit dé sir dung trong qua trinh
phét trién méu tiép duoc tiép tuc d4nh gid. Thir nhit, da x4c nhan ring mic d6 nghiém
trong cia bénh & chudt nhit duoc 14y nhiém boi EV71:TLLmy 13 phu thude vao lidu virut;
ty 16 sbng t6i thidu dugc quan st thdy & cac chudt duoc tiém lidu lay nhiém 50% té bao
(CCIDs,) bang 10° (Fig.23a) va diém cudi nhan dao trung binh (HD50) 13 twong dwong
véi 3,98 x 10° CCIDs, (Fig.23b). Sau d6, anh huéng cua tubi chudt va dudng l1ay nhiém
1én su sbng cuia vat chi duoc danh gia; duong cong thoi gian sdng ctia chudt nhit 1 tun
tudi duge tiém EV7I:TLLmv 13 khong bi anh hudng dang ké boi duong tiém(Fig.23c),
nhung céc chudt nhod biéu hién kha ning séng kém hon mot cach nhit quéan so véi cac
chu6t 16n hon , khong phy thudc vao vi tri ti€ém virut (Fig.23d). Chi & cac chudt 16n hon
13 ¢4 thé thiy 18 tac dung bit ki ctia dudng 1ay nhiém 1én mitc 46 nghiém trong ctia bénh;
con chudt nhit 3 tun tudi hoan toan khang véi viéc 14y nhiém qua dudong LP., mét sb
chudt khong séng sét sau 14y nhifm virut qua duomg LM. (Fig.24a va 24b). Su chuyén
d6i huyét thanh dwoc phat hién trong tit ca cac chudt ma sdng sét sau lay nhiém, bao
gbm cac chudt khong biéu hién déu hiéu bat ky ciia bénh (Fig.24c, 24d va 24e). Dit liéu
nay chimg minh ring EV7I:TLLmv gy ra su nhiém cip tinh va ning dén chét & chudt
nhét c6 do tudi 1-3 tuln tudi. Trong sb cac diéu kién dugc thu nghiém trong ban moé ta
nay, mic dd nghiém trong cua bénh 1a 16n nhét & chudt nhit 1 tuln tudi dugc tiém liéu
virut bang 10° CCIDs, vao trong khoang mang bung hozc mo co.

Vi du 23

Tién trién ctia bénh & chudt nhit dugc 1ay nhiém béi EV71:TLLmv

Phén 16n chudt nhit 1 tudn tudi duge tiém EV71:TLLmv chét do bénh va biéu hién
v6 s6 ddu hidu 1am sang cta ching bénh than kinh. C4c chudt dugc lay nhiém biéu hién
s mét didu hoa, run cuc bd hodc toan bd co thé, dang di khong vimng, va liét va liét nhe
chan tam thoi hodc dai ding cho dén thoi diém 1am chét khong dau dén. Trén co sé biu
hién 14m sang, cac chudt dm c6 thé duoc phan loai d& dang thanh bén nhém (Bang 6).
Séng st bao gdm chudt nhit ma khong xuat hién dau hiéu gén chét & thoi diém bat ky

trong sudt giai doan quan sat trong 28 ngay. Cac chudt nkdm I biéu hién chi sau 3-7 DPI
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v6i cac déu hidu ning bao gém khong c6 kha nang t giir thang bang va sing s& hodc
hon mé. Tt ca chudt nhat trong nhém nay thé hién liét nhe vd/hodc liét chan co cung
(chén trudc, chan sau, hodc ca hai), nhung con mdt sb chuot khoéng c6 céc triu chirng ho
hap (nhém IB), cac con khac con dugc dic trung boi cac ddu hidu suy kiét ho hép, bao
gdm nhip thé nhanh, nic, thé hén hén, va su suy thoai dudi sudn (nhdém I4). Viéc quan
sat ddu hiéu x4c nhdn & chudt nhit dugce 1ay nhiém béi EV71:TLLmy thé hién cac dbu
hiéu nhém I4 cia bénh duoc thuc hién bing video bao gdm hai doan video ciia hai chudt
nhém IA khac nhau. Ca hai chudt déu khong thé ty giir thing bing va & trong trang thai
hén mé. Su suy kiét ho hap ning thé hién dudi dang nhip thd nhanh véi sy suy thoai dudi
sudn 16 rang & chudt nhat thir nhit. Thé hén hén, su suy thoai duéi sudn va dich c¢é bot
chay ra tir 16 miii duogc théy & chudt nhét thir hai. Viéc quan sat dAu hiéu xac nhan &
chudt nhit dugc 14y nhim béi EV71:TLLmv thé hién cic ddu hiéu nhém IB cia bénh
duoc thuc hién béng video cta mot chudt nhit nhém 1B. Chudt nay khong thé tu gift
thang bing va & trong trang thai simg so. Chung liét cing bén ciia chin phai va run dai
ding ctia chan trai sau ciing dugc quan sat thdy. Cubi cing, chudt nhét nhdém II biéu hién
sau 7 DPI véi cac déu hidu nhiém bao gdm liét mém dai ding cta chan (kéo dai >48 gidi)
(Fig.23e) cing vé6i giam cin nang (>20% thé trong t6i da). Trong tit ca cac nhém bénh,
mot vai trong sb cac chudt duoc 14y nhiém biéu hién tén thuong trui 16ng hodc cac chdm
trui 16ng trén lung ctia ching ma kéo dai trong vai ngay (Fig.23f). Phan 16n chudt nh‘ﬁt
con dugc tiém LP. bang EV71:TLLmv dugc phan loai vao nhém I (Fig.23g); cac chudt
nhém IA chiém 19,3% (n=11; cac d4u hiéu ho hip r5 rang), con cac chudt nhdm IB chiém
43,9% (n=25; khong c6 dau hiéu ho hip r5). Cac chudt nhém IT4 chi chiém 12,3% (n=7)
trong s6 chudt nhit dugc 1ay nhifm, va nhém Séng sét ciu thanh 24,5% (n=14) trong sb
tat ca chudt nhét dugc 14y nhiém. Kiéu phan bd trong tu giita cac loai bénh dugc quan sat
& chudt nhit con duoc tiém thong qua duong LM. (Fig.23h). Ddng thoi, dit liéu nay cho
thdy ring chudt nhét dugc 14y nhiém béi EV7I1:TLLmv thé hién ty 18 mic va muc do
nghiém trong thay ddi ciia ca triéu chirng thin kinh va h6 hip ma phan 4nh phd diy du

cua bénh dugc quan sat & ngudi bénh.
Béang 6

Céc diu hidu 1am sang cta chu6t nhit BALB/c dugc 1ay nhiém b&i EV71:TLLmy

tai thoi diém 1am chét khong dau dén
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Nhém IA Nhém IB Nhém IT Song sor®
Thoi gian d@én lac khéi | Trong vong 3-5 | Trong vong 3-7 >17 N/A
phat diu hiéu [ngdy sau
nhiém (DPI)]
Muc y thiic Strng so° / hon Sirng so” Tich cuc Tich cuc
mé°
Giam can < 20% thé trong <20% thé > 20% thé trong Khoéng hoic
trong <20% thé trong
Chirc nang chan (>48 h) Liét nhe / liét Liét nhe / liét Liét chan mém Binh thuong
chan co cling chan co cling
Chtic ning hé hip Nhip thé nhanh / | Thuong xuyén | Thuong xuyén Thudng xuyén
' thé hén hén /
. nic
Chirc niang tim Nhip tim nhanh Nhip tim Thuong xuyén Thuong xuyén
nhanh?/
A Thuong xuyén
Run chan Céthébiduhién | C6thébiéu | Khong biéuhién | Khong biéu hién
hién

® Cac chudt dugc dénh gia & cubi giai doan quan sat (28 DPI)

® Chuot khong thé tr gift thing bing, nhung dép tng vai kich thich vat 1y cua

ngdn chan.

° Chudt khong thé tu giir thing bang va khong dap mg véi kich thich vat 1y cua

ngon chan.
4 Nhip tim nhanh duoc quan sat thdy & 35% chudt nhét nkhém IB
Vi du 24

Tinh trang phtt phdi cé ngudn gbc thin kinh & chudt nhat biéu hién cac diu hiéu
nhom IA4

Du su suy kiét ho hép quan sat dugc & chudt nhét nhém IA4 13 dau hiéu cia tinh
trang phi phdi (pulmonary edema - PE) do virut gy ra dugc khao sat tiép. So sanh bénh
hoc toan bo phdi gitta chudt nhét nhém I4, nhém IB, va nhém II phéat hién rang phdi
nhém I4 bi sung, bi xep khong hoan toan khi giai phau (Fig.25a-25d), va thé hién khdi
luong w6t ting so v6i phdi tir cac nhom khéac (Fig.22E). So sanh céc 1at cit mo cia phdi
tir chudt dugc tiém gia (Fig.25f) va phdi nhdém IA phat hién cac ving 6 xudt huyét va su
tich tu dich protein va dich diy hdng ciu trong khoang phé nang chi ¢ cac chuédt dugc lay
nhiém (Fig.25g). Cac diu hiéu bénh 1y nay khéng cé & phdi ctia chudt nhit nhém IB va
nhém II (Fig.25h va 25i). Hon thé nita, c4c tic gia sang ché d3 khong tim ra bang chimg
ctia su thAm nhifm viém hodic cac khang nguyén virut trong phéi dugc 14y tir nhém chudt

nhit bit ky(Fig.26a). Tuong tu, phan tich héa md ctia co tim trong mdi nhém chudt nhét
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duoc 1ay nhiém ciing khong thé phat hién ra bang ching bat ky ctia sy thAm nhiém viém,
su hoai tir co tim, hodc cic khang nguyén virut (Fig.26b). Péng thoi, dit liéu ndy thé hién
rang su suy kiét ho hip rd rang & chuot nhit nhém I4 khong thé duge cho 13 do bénh
viém phdi hodc bénh suy tim sung huyét. Do d6, cac tac gia sang ché di cb ging xac dinh
xem PE quan sat dugc trong nhém nay co ngudn gbc than kinh hay khéng, vi viy, tiép
theo céc tac gia do ndng do catecholamin trong huyét thanh dé xac dinh xem néng do
chit din truyén thdn kinh c6 dwoc diéu bién trong chudt nhit dugc lay nhiém
EV71:TLLmv c6 cac ddu hiéu ho hip hay khong (nhém IA). Bing cach sit dung phuong
phép nay, cédc tic giad sang ché di quan sat thiy ring cac ndng do trong mau cia ca
adrenalin (epinephrin) va noradrenalin (norepinephrin) cao hon mot cach dang ké & chudt
nhét nhém I4 so v6i cac ndng d6 duoc phat hién & chudt nhit nhém I hodc chudt duoc
lay nhifm gia (Fig.25j va 25k). Dit liéu nay cho thdy 16 ring chudt nhét nhém I4 biéu
hién tinh trang pht phdi c6 ngudn gdc thin kinh (NPE) do EV71 gay ra truée khi chét.

Vidu 25

Su anh hudng 1én hé than kinh cta virut EV71:TLLmv & chudt nhit nhém I4,

nhom IB, va nhom I

Su phan bb cta EV71:TLLmv va cic tbn thuong do virut gy ra trong nfio va tiy
séng clia cac con vat tir moi nhém bénh tiép theo dugc dénh gia dé nhan dién cac yéu td
ma c6 thé g6p phan vao su phat trién chon loc cia NPE chi & chudt nhét nhdém IA. Phin
16n cac chudt trong nhom I4 va nhém IB thé hién viéc nhudm céc khang nguyén virut &
khip noi (>10 té bio than kinh duong tinh dugc phét hién) va tén thuong bénh 1y nhe (>5
t6n thuong quan sat duoc) & tat ca cac ving CNS dugc danh gia (Bang 7). Nguoc lai, chi
1 trong s6 5 chudt nhit c6 bénh nhém II biéu hién cac khang nguyén virut va/hodac tdn
thuong trong vé ndo cadm giac, hdi hai md, ndo trung gian, ndo gifta, hanh tiy ndo tay,
hoic tiy sdng thét lung. CAc tac gia sang ché khéng thé phat hién cac khang nguyén virut
trong mo bt ky dugc thir nghiém bén ngoai cua CNS (ngoai trir dbi voi co xuong sau khi

tiém théng qua duong I.M.; dit liéu khong dugce thé hién).
Bang 7

Su phan bd CNS ciia khang nguyén EV71 va tén thuong do virut giy ra & chuot
nhit BALB/c duogc 1ay nhidm rdi chét
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Nhom 14 Nhom IB Nhom I
Khang newvén Khéng Khang
Egv7g1u 4 Bénh hoc nguyén Bénh hoc nguyén Bénh hoc
EV71 EV71
Vo
80%
Vo | ndo . | 100%° 1Y 80% 80% 0% 0%
ndo | van | T | @) | T @) | T @) (0/5) (0/5)
: (4/5)
déng
Vo ,
Ve | mio | . | 60% | .. |80%| ., [80%| .. |80% |, |20% |, |20%
ndo | cim (3/5) (4/5) (4/5) (4/5) (1/5) (1/5)
giac
i 60% 60% 40% 20% 20% 20%
hai mé T las | T es| T les T o lasy| Tl as | T s
Nao A- :
DI 100% | | 60% 60% 20% 20% 20%
t;‘l?:f no | Tl ey | T e T les] T las | T lws | T an
A0 Dusi |, | 80% | L, | 80% | L [60% | .. [60% | . |20% | . | 20%
;g i (4/5) (4/5) (3/5) (3/5) (1/5) (1/5)
100
Néio 100% . 60% 60% 20% 20%
giffa sy | T (4"5) T asy ey T las | T as
Phin | ‘
trwsc | Tibu | L. | 80% | .. |80%| . |40%| . |60% 0% 0%
nio | ndo (4/5) (4/5) /5) (3/5) (0/5) (0/5)
sau
Phan
trugec | Cau | 80% 80% 20% 60% 0% 0%
no | nio | | @s | T lws| T lasy | T | es) (0/5) (0/5)
sdu
100
Nio | Hanh 100% . 40% 60% 20% 20%
wy | oty | 0 esy | T ( 4"5) T les ! e Tlas | T as
100 |
Tay : 100% . 80% 60% 0% 0%
sbng | 0| TN sy | T ( 57"5) T olwsy | T en) (0/5) (0/5)
100 |
Tiy 100% . 80% 80% 0% 0%
sbng | NEC | T 55 | T (57"5) @y | T @n) (0/5) (0/5)
, 100
Tay | Thit 100% . 80% 60% | . | 20% 20%
séog | hmg | T | @5y | T ( 57"5) T owsy| T lesy T las | T s

® M4t d6 cua cac khang nguyén virut duoc phat hién trén mbi phién kinh: +, < 10

noron duong tinh; ++, 10-20 noron duong tinh; +++, > 20 noron duong tinh

® Ty 16 phén trim dong vat biéu hién cac khang nguyén virut trong ving nio dugc
quy dinh (n=5)

° Su phin bé cla cac tbn thuwong bénh hoc trong cadc md than kinh: +, < 5 tén

thuong; ++, 5-10 tdn thwong; +++, >10 tdn thuong
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¢ Ty 18 phn trim dong vt biéu hién ton thuong trong viing nio dugc quy dinh (n
=5)

Khi bénh hoc CNS giita chudt nhét nhdém IA va nhém IB dugc so sanh, d3 quan sat
thdy rang ca tén thuong md va cic khdng nguyén virut nim & clng ving trong hodi hai
mé, ndo trung gian, ndo giita, tiéu ndo, va hanh tiy, nhung bénh hoc nang hon & cac
chudt bi bénh nhém I4 (Bang 7 va Fig.27a-27d). Thuc vay, khi so sanh véi chudt nhit
nhom IB, cac chudt trong nhom I4 biéu hién sy thoai hda than kinh, su thuc bao, va su
hoai tir sdu rong hon trong céc té bao thin kinh CA3 cta hdi hai m3 (Fig.28a va 28b).
Chudt rhit nhdm IA4 con biéu hién miac d6 nhudém khang nguyén virut manh & dudi doi,
kém theo viém mo va hoai tr noron than kinh 16 rét, trong kh1 cac diu hiéu bénh Iy nay
bi giGi han & chudt nhom IB (Fig.28c va 28d va Fig.27b). Tuong tu, chudt nhét nhém IA
ciing thé hién cac dau hiéu bénh hoc do virut gy ra va cuong do khang nguyén virut
nang hon trong phtic hop & duéi phén sau cta dbi ndo (Fig.28e va 28f‘ va Fig.27b), cac
mb lién quan dén ndo gitta bao gém chit x4m quanh dudng théng ndo that (peri-
aqueductal gray - PAG), ving luéi ndo gifta, va cu ndo trude lién quan dén van dong
(Fig.28g va Fig.28h va Fig.27c¢), cling nhu trong céac té bao Purkinje va nhén ring cta
tidu ndo (Fig.28i va Fig.28j, Fig.27d va Fig.29a). Trong ca hai nhém bénh (nhdm I4 va
nhém IB), su phan bd sau rong nhit clia cic khang nguyén virut va tén thuong bénh 1y
lién quan dén ton thuong noron va viém mo dugc phat hién trong hanh tiy nfo tuy
(Fig.28k va 28l), ddc biét 1a trong vung lién quan dén van dong ctia nhan luéi trung gian
(intermediate reticular nuclei - IRN), nhin ludi bén (parvicellular reticular nuclei -
PARN), va nhan tiy sdng cta day than kinh sinh ba (spinal nucleus of the trigeminal
nerve - sptV) (Fig.27d va Fig.29b). Tuy nhién, chi chudt nhit nhém 14 thé hién céc
khang nguyén virut va ton throng mé trong ving mit bung va mat lung cta nhén lué6i tiy
xwong (medullary reticular nucleus - MdRN), nhan cia b6 don doc (nucleus of the
solitary tract - NTS) va vung sau (area prostrema - AP) (Fig.29b va 29c¢). Dé so sanh, cac
anh dai dién cta hdi hai ma, dudi ddi, d6i ndo, ndo giira, tiéu nfo, va hanh tiy tir chudt
nhit duge 14y nhidm gia cling duoc thé hién (Fig.30a-30f). Nguoc lai, chudt nhét nhdém
I4 va nhom IB khong khac vé su phan bd, vi tri hoic mirc do tdn thuwong mo6 hodc nhudm
khang nguyén virut trong vo ndo van dong, v ndo cam giac, cau n3o hoic simg bung cia

chat xam tuy séng (Fig.28m va 28n, Fig.27a-27c va Fig.31a-31e), phu hop v6i khai niém
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ring NPE dugc giy ra do tén thuong duogc kich hoat béi virut vo cic ving nio cu thé
chir khong phai sy ting déu bénh hoc do EV71 giy ra qua tit ca cac mo.

€C 90

Thujt ngit “a” va “an” va “the” dugc sir dung trong ban mé ta bao gdm ca dang sb
it va dang s nhiéu, trir khi ¢6 quy dinh khac. Thuat ngit “bao gdm”, “c6”, “gdm cd”, va
“chtra” duogc hidu 13 thut ngir mé (tirc 12 nghia “bao gdm, nhung khong chi gi61 han ¢”),
trir khi ¢ quy dinh khéac. Viéc trich dan cic khoang tri sb trong ban md ta nay chi duoc
du dinh ding nhu phuong phép téc ky dé cap mot cach riéng ré dén mbi tri s6 riéng ndm
trong khoang ndy, trir khi ¢6 quy dinh khac, va mdi tri sb riéng duoc két:hc_)“p vao trong
ban md ta nhu thé n6é duogc trich din riéng r& trong ban mo ta ndy. Tit ca cac phuong
phap duoc mi6 ta trong ban md ta nay cd thé duoc thyuc hién theo thir tu thlch hop bat ky,
trir khi ¢6 quy dinh khac. Viéc st dung vi du bat ky va tit ca cac vi du, hodc cach dién dat
1am vi du (vi dy, “nhu”) dugc dua ra trong ban mé ta ndy, chi duoc dy dinh dé 13m sing
t6 hon sang ché va khong nhim gii han pham vi ciia sing ché trir khi dugc bao ho khéc.
Khéng c6 cach dién dat ndo trong ban md ta dugc hiéu 13 chi ra yéu td khong duoc bao
ho nhur yéu td thiét yéu dbi véi viéc thuc hién sang ché. Cac phuong 4n cia sang ché
dugc md ta trong ban md ta ndy, ké ca phurong 4n t6i wu da biét ddi véi cac tac gia séng
ché @ thuc hién sang ché. Cac cai bién ctia cac phuong 4n d6 12 hién nhién dbi véi ngudi
c6 hidu biét trung binh trong linh virc ndy. Céc tac gia sang ché mong doi ngudi ¢6 hidu
biét trung binh trong linh vuc nay st dung cac cai bién nay khi thich hop, va cac tac gia
sang ché du dinh sang ché duoc thuc hién khac so véi khi duge mo ta trong ban mo ta
nay. Do d6, sang ché bao gdm tt ca cac ci bién va cac phuong an twong duong cia ddi
tugng dugc trich din trong yéu cau bao ho kém theo ddy nhu dwoc phép béi luat tng
dung. Hon nira, két hop bt ky cua cac yéu t6 dugc mo ta trén day trong tit ca céc cai
bién c6 thé clia n6 dugc bao gdm trong sang ché, trir khi ¢6 quy dinh khéc.
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YEU CAU BAO HO

1. MAu dong vat dugc 14y nhiém thin kinh virut entero 71 bao gbm chudt nhit 1én dén
bén tudn tudi di duoc lay nhidm & thoi diém gitta mot tudn va hai tudn tudi bing virut
entero 71 dugc cai bién dé 14y nhidm chudt nhét nay,

trong d6 chudt nhit nay dwuoc 1ay nhiém bang cich tiém lidu 1y nhifm ching &
bao trung binh (mean cell culture infectious dose-CCIDs,) nam trong khoang tir 10° dén
10° virut entero 71 dugc cai bién vao khoang mang bung hodc mo co,

trong d6 virut entero 71 duoc cai bién nay 13 EV71:TLLmv, mi

(a) duge lwu giit @ Ngan hang giéng va vi sinh vat Trung Qudc v6i mi luu gifr Ia
CCTCC V201438 hodc

(b) dugc thu nhan bang phuong phap di truyén nguoc cii tién bao gdm budc tbng
hop ARN virut bang cach sir dung trinh tu nhw néu trong SEQ ID NO.2 va

trong d6 mau dong vét ndy bj bénh viém ndo tiy cip tinh, tinh trang xuit huyét
khu tri va 6 dich protein trong phé nang phéi, ndng d6 catecholamin trong huyét thanh
cao va ton thuong mé rong trong than ndo, 13 ddu hidu va tridu chimg cua tinh trang phu
phoi cd ngudn gbe than kinh.
2. Méu déng vat theo diém 1, trong d6 CCIDs, bang 10°.
. Mau ddng vt theo diém 1, trong d6 chudt nhit ndy 1a chudt nhit c6 kha ning mién
dich.

4. MAu dong vat theo diém 3, trong d6 chudt nhit ndy 1a chudt nhit BALB/c.

LI

5. MAu dong vit theo diém 1, trong dé chudt nhét nay 13 chudt nhét bi suy giam mién
dich.
6. Mau dong vat theo diém 5, trong d6 chudt nhét nay la chuot nhéit NSG.
7. Phuong phap san xuit miu dong vét dugc lay nhidm than kinh virut entero 71, bao
gdm cac budc sau:

(i) lay nhiém chudt nhit & thoi diém gitra mot tudn va hai tudn tubi bang virut
entero 71 duoc cai bién dé 1ay nhiém chudt nhét ndy; va

(i) nudi chudt nhit dugc 14y nhidm 1én dén bdn tudn tudi,

nhd d6 miu dong vat dugc l1ay nhiém than kinh virut entero 71 duoc san xuét,

trong d6 chudt nhit nay dugc 1iy nhiém bang cach tiém liéu 4y nhidm ching té
bao trung binh nim trong khoang tir 10° dén 10° virut entero 71 dwoc cai bién vao khoang

mang bung hodc md co,
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trong d6 virut entero 71 dugc cai bién nay 13 EV71:TLLmy, ma

(a) duge luu gir & Ngan hang giéng va vi sinh vat Trung Qudc v6i mi luu gitr 1a
CCTCC V201438 hoac

(b) duge thu nhan bang phuong phap di truyén ngugc cai tién bao gdm budc téng
hop ARN virut bang cach sir dung trinh ty nhu néu trong SEQ ID NO.2 va

trong d6 mau dong vat nay bi bénh viém no tity cip tinh, tinh trang xuit huyét
khu ri va c6 dich protein trong phé nang phdi, ndng d6 catecholamin trong huyét thanh
cao va ton thuong md rong trong than no, 13 dau hidu va triéu ching cta tinh trang phu
phéi c6 ngudn gbe than kinh.
8. Phurong phap theo diém 7, trong d6 CCIDs, bang 10°.
9. Phuong phap theo diém 7 hoic 8, trong d6 chudt nhit nay 13 chudt nhit ¢6 kha ning
mién dich.
10. Phuong phéap theo diém 9, trong d6 chudt nhit nay 12 chudt nhit BALB/c.
11. Phuong phap theo diém 7 hodc §, trong d6 chudt nhit nay 13 chudt nhit bi suy gidm
mién dich.

12. Phuong phép theo diém 11, trong d6 chudt nhat niy 13 chudt nhit NSG.
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cacaataata
ttttgggctg
tatccctatt
agtcactcaa
tgacggcgtce
cggtgaagtc
tgtacccacc
ggggaaaggt
atcaacaatg
cacttttatg
tcectggeggce
ggattttggg
cagggcgcat
gtatcaaaca
agcggcagcce
gacagcctcc
tgtgagtagg
cagtcatcga

gctcagcagt
ggtcactctt
gggctctaga
aagggatcaa
tgccectcggg
gaaccctttt
atggggacga
ctggcaaaga
taacatggga
tcttaattca
acgcgcgcaa
aggatgaata
ccattcctaa
taaagctgaa
taaccagaat

Virut entero 71:TLLmv

cacccactca
tgttttacgce
cggcatggcg
atagactgct
acctagtaac
ggtcgatgag
cctatggggce
agttagtagt
acccagaggg
ccgtgtttce
tatagctatt
tggctttgta
caggtgtcca
accattaatt
cagagtctca
atggctgcgc
caactcacca
tacggtgagt
cgcccagatg
tccaaggggt
aatgcacagt
agcaagttcc
atagcaggcg
gccgacggtt
ttgacagtgt
gtgccatata
ttggtagtac
acaatcactc
ggctttccca
tcagcaccca
agaaacctgc
aatcctacca
gaattgtgtg
ctgggccagt
tttaccgggt
cccttaccca
ctacaatcat
gcccgggatg
aactacgtag
cagaagaatt
attcagggag
gcacttaccc
ctagacactg
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gggttgcaac
tgcctttgac
agttgtgtta
ccacacccac
atgttctggt
gatcaaaacc
tgtgctggct
gtatggtttg
aaatgctacc
ccctacgatg
cacccaagat
tgagaagttt
tttcgagaac
ccccactaga
agcaaaaaaa

cagggcccac
cccttccceca
caccagctat
cacgcggttg
accattgaag
tcactgcaat
aacccatagg
cctcecggcecc
tagtgtgtcg
ttttattctt
ggattggcca
tcactaacct
ctcagcgatc
acactaccat
aacaagaccc
cactgaagtc
ttggaaactc
ggccctcata
tttcagtgaa
ggtattggaa
ttcactattt
atcaaggagc
gtacaggaac
tcccgectgea
gtccccatca
tgaacacact
ccattagccc
tagctccaat
ctgagccaaa
ttctaccaaa
ttgagttgtg
gtctgatgga
ccgtgtttag
tgtgtggata
ctttcatggc
aagatcgggc
ctgtcaccct
gagtgtttga
ttccaattgg
tcaccatgaa
atagggtggc
aggccctgcecce
gcgaagttcc
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ccggacgtgt
tactcaggat
cgggagattg
catgtgtacc
acttccatct
tttaagggaa
agttacccct
accatgacac
ttcctgaaga
cccatgagtg
cacgtgcgcect
gtgagtgcaa
ctgagaagaa
aatctggtcg
aaaaaaaaaa

gtggcgctag
atttgcaact
gtcttgatca
aaggagaaag
ctgcagagtg
ccccacgggt
acgctctaat
ctgaatgcgg
taatgggcaa
atattggctg
tcecggtgtgce
taaaatctat
cggctcccac
caactattac
tgataagttt
tccatccget
caccattact
ctgctctgat
taggttttat
gtttcctgat
gtataggtca
gctgttagtc
agaggacacc
gcacccgtac
atggattaac
gcctttcgac
attagatttt
gtgctctgag
accaggaacg
tttcecatccce
tcaagtggag
aaggctacga
ggccgaccct
ttacacccag
cacaggtaaa
cacagcaatg
tgtaatacca
ctactatacc
ggcacccaac
actgtgcaaa
agatgcgatc
agcacccaca
agcgctccaa

tttggagcaa
acgatgctag
ggtattcaga
ggaacaaaac
ttaatacaat
tagacctgga
ttcccattga
ctgcagacaa
gaggattctt
agatccgtga
ccctgtgtcet
ttagatcagt
attggctcga
cgttaatgac
aaaaaaaa

cactctggtt
tagaagcaat
agcacttctg
cgtccgttat
tttcgctcgg
gaccgtggca
gcggacatgg
ctaatcctaa
ctctgcagcg
cttatggtga
aatagagcta
aatcaccctc
gagaactcca
aaagactcct
gctaaccctg
gaagcttgtg
acacaggagg
gacgacgcta
acactggaca
gtgttgactg
gggttttgca
gccatacttc
caccctccectt
gtgctcgatg
ctgcggacca
tctgccectga
gaccaagggg
tttgcaggtc
aatcaattct
actccatgta
actattcttg
ttccecggtgt
ggaagagacg
tggtcagggt
atgctcatag
ctgggcacac
tggattagta
gcaggactgg
acagcttata
gacaccagtc
gagagctcta
ggtaaaaaca
gctgctgaaa

6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7438

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980

2040

2100
2160
2220
2280
2340
2400
2460
2520
2580



ttggggcatc
cacatagtac
aggtagaatt
acataactgg
atgcggaatt
agtatatgtt
agacagccac
ttccgttcat
gagaacacaa
ctttctcggt
atatgagaat
tgttcaaagc
cttccattac
tcagagtggt
acagctcccg
gttgtgactg
gcttttctaa
aatcgcacct
ggtgtcaaca
ctgatgtgag
acattaaggg
ttgaagccct
accttattaa
ccctcacagce
ccaagacagc
agaaatttaa
gcaagttcat
ttttaaccaa
ccgetgectce
tctgtcgcaa
agagaatgaa
tcattagagg
tagcagacaa
ggtacaaaca
acatgtcatt
tcgaagaaaa
acattatagt
gcgacattga
ctgctaagct
gtgggaaagc
 tggtctctga
cactattcca
tcccagacgce
gtagggagca
gagcagtgct
ttatttacaa

ccaagaaacc

ccttactgag
gtgtcagaga
tggagcacaa
atttggaact
tcattccaga
tgccatcaat
gaaagccaac
gtgtggtcac
ggttctgtgc
tgaagcctaa
agcctagtgt
aagaccctag
ctttacacga
aacaattgga
acctggaagc
agaaaagaga

gtcaaatact
agcagagacc
ccctecttgag
ttacgcacaa
cacttttgtt
tgttccccce
aaacccctca
gtcacccgcg
acaggagaaa
gcgaaccgtg
gaagcatgtc
caacccaaac
cacccttgga
taatcgtcac
cgacctatta
tcaaacagga
acccagcectc
gatgcttgca
tggtgtagtt
ggatctcttg
gctcggtgat
taggaaccac
gctgatttca
aactttagcc
atccatttta
tgatatggcg
tgactggctc
tttgaagcaa
acaagaggac
gttccaacca
taactacatg
ctcaccaggc
gtatcactct
gcaagtggtt
attttgccag
gggagtttct
gcctacagtg
ggtgacagac
atgctctgag
tattcaactt
acttattaga
aggtccaccc
tattggcgat
aggctggatc
agtcatgcaa
gctctttgcg
tgtcctcegt
aaggaacatc
tcgcttagcece
acttgtgaac
cacattggtg
gaccattagc
gtttgtccca
tcataggacc
atcagtcggt
tggtttgaag
caaggaaact
gtttcatgat
attggaggtc
gcccgatgaa
catagacact
aatagacctc
cattcttgac

agtgatgaga
accttggaca
ggtaccacca
atgcgcagga
gcgtgcactc
ggtgctccca
gtctttgtca
agcgcttacc
gacctcgagt
gggtcattaa
agggcgtgga
tatgccggta
aagttcggcece
ctcgctactc
gtgtcgtcta
gtgtactatt
atatatgtgg
gtgggccact
ggtatagtgt
tggttagatg
gcgtttggaa
cttataggat
gcgttagtaa
ctgattggtt
ggtatcccca
agtgctgcca
agggagaaaa
ttgccactat
cttgaagcta
ttatacgccg
cagttcaaga
actggaaagt
agtgtgtact
acagttatgg
atggtgtcta
ttcacatcta
tcagactctg
tcatacaaaa
aacaacaccg
agagacagga
gaatataata
aagttcaggc
ctcctegcta
atccctgaaa
tccatcgcta
gggtttcaag
acggcaacag
aggcaagtcc
gttcttccac
gtccttgacg
acactagata
ggcgctagtg
gtgggggacg
atgatgtaca
aagattgttg
aggagttact
ggtagactga
gtgtttgaag
gactttgaac
tacgtgattc
agcaagatga
tgcactagtg
cccacaacca
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gtatgattga
gtttcttcag
atccaggtgg
aagtggagct
ctactggtgc
aaccagagtc
agttgactga
agtggtttta
atggagcgtg
agtccaagca
tacctcgccc
actccattaa
agcagtctgg
ataacgactg
ccaccgctca
gtaattccaa
aagctagcga
ctgagcccgg
ccacgggtgg
aagaggccat
caggcttcac
ctgatggagc
ttgtgatcag
gtcatggaag
tcgcccagaa
agggtttaga
ttgttccage
tagagaacca
tgtttgggaa
cggaagctaa
gcaaacaccg
cccttgegac
cacttccacc
atgatctgtg
ccgtggattt
aatttgttat
acgccattcg
cagatttggg
caaacttcaa
agtctaaggt
gcagatccgc
caattagaat
gtgtagatag
ctcccaccaa
ctgtggtggc
gtgcgtactc
tgcagggtcc
aaacagatca
ggcactcaca
cagttgagct
ctaatgaaaa
atgcaacttt
tcgtgcagta
atttccctac
gcattcacat
tcgcaagtgt
acatcaatgg
gtaataagga
aagccctgtt
aagctgccct
gcatggagga
ccgggtaccc
gggatgtgtc
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gacacgatgc
tagggcaggt
ttatgccaac
gttcacctac
ggttgttcca
tagagattca
tccecccggceca
cgacgggtac
tcctaataat
ccccttgatt
gatgcgcaac
gccgaccggce
ggccatctac
ggcgaacctce
gggctgtgat
gagaaagcac
gtattaccct
cgactgcgga
caacgagctc
ggagcaaggt
tgacgctgta
agttgagaaa
gagcgattat
tccttgggcet
gcagagtgct
atggatatct
agctaaggag
gatcacaaat
tgtgtcatac
gcgagtctat
tattgaacct
cggtatcatt
agaccctgac
tcagaatcct
tatcccacca
cgcatccacc
tcgcaggttt
tagactagac
acgatgcagc
caggtacagc
tattggtaat
cagtcttgag
cgaggaagtg
tgttgaacga
agtcgtctca
tggagctccc
gagtcttgac
agggcatttt
gccegggaag
ggtggatgag
atttagagat
agtgatcaac
cgggttcttg
aaaagcagga
tggcggcaac
gcagggtgag
tccaactcgce
accagcagtt
ttccaagtat
ccactacgcg
agcgtgctat
atacagcgcc
caagatgaaa

gttcttaact
ttggtaggag
tgggacatag
atgcgctttg
caattactcc
tttgcttggce
caggtctcag
cccacgtttg
atgatgggca
gtcagaatat
caaaactatt
actagtcgta
gtgggcaact
gtctgggaag
acaattgcac
tatccagtca
gctagatacc
ggcatcttga
gttggatttg
gtgtccgact
tccagggaag
atcctaaaga
gatatggtca
tggattaaag
tcttggctaa
aataaaatta
aaagcagaat
ttagagcagt
ctcgeccecatt
gttctagaga
gtatgtctca
gctcgggcca
cattttgacg
gacggcaaag
atggcttcte
aacgctagca
tacatggatt
gctggacggg
ccactagtgt
gtggacacag
acaattgaag
gagaagccag
cgccaatact
caccttaata
ctggtgtacg
aagcaaatgc
tttgctctat
accatgttag
actatttggg
cagggcgtta
atcaccaagt
acagaacata
aaccttagtg
cagtgtggag
gggcgccaag
atccaatggg
actaagctgg
ttatcaagca
gtgggcaatg
aatcaactta
ggcactgaaa
cttggtatca
ttctatatgg

2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360



ataaatacgg
ataaaatcaa
accttagaat
ctggctcagc
ctgggtcact
tcagggctct
tagaagggat
gaatgccctc
ttagaaccct
cctatgggga
agactggcaa
aagtaacatg
cattcttaat
aagacgcgcg
gtaaggatga
tggccattcc
gcttaaagct
ttataaccag
<210> 3

<211>
<212>
<213>
<400> '3

ttcaaacagc
ctacggaacc
acacaacact
tttccececgga
ccggctaact
cacttccccc
gtggctgcgc
tgcgaagagt
ctgcggagca
gaaccgacta
caattacaga
ttatatacct
ttatattaac
tcccacgaga
tattacaaag
aagtttgcta
tccgcectgaag
attactacac
tctgatgacg
ttttatacac
cctgatgtgt
agatcagggt
ttagtcgcca
gacagccacc
ccgtacgtgce
attaacctgc
ttcgactctg
gattttgacc
tctgagtttg
ggaacgaatc
caccccactc
gtggagacta
ctacgattcc
gaccctggaa
acccagtggt
ggtaaaatgc
gcaatgctgg
ataccatgga
tataccacag
cccaacacag

ADN

7437

gctagacctg
gaaaggaaaa
gacttttggg
agtgggttgce
ctttgccecttt
agaagttgtg
caaccacacc
gggatgttct
tttgatcaaa
cgatgtgctg
agagtatggt
ggaaaatgct
tcaccctacg
caacacccaa
atatgagaag
taatttcgag
gaaccccact
aatagcaaaa

ctgtgggttg
tttgtgecgcec
gatcaacagc
ccgagtatca
acttcgagaa
gtgtagatca
tggcggcecetg
ctattgagct
catgccttca
ctttgggtgt
attgttacca
atttgttggc
cctcaacaca
actccaattc
actcctatgce
accctgtcaa
cttgtggtta
aggaggcggc
acgctacagc
tggacactaa
tgactgagac
tttgcattca
tacttccaga
ctccttacaa
tcgatgctgg
ggaccaataa
ccctgaacca
aaggggcaac
caggtctcag
aattcttgac
catgtattca
ttcttgaggt
cggtgtcecge
gagacggtcc
cagggtcact
tcatagctta
gcacacatgt
ttagtaatac
gactggtcag
cttacataat

ccatactgta
tcacgcttga
cacctttacg
aacccggacg
gactactcag
ttacgggaga
caccatgtgt
ggtacttcca
acctttaagg
gctagttacc
ttgaccatga
accttcctga
atgcccatga
gatcacgtgc
tttgtgagtg
aacctgagaa
agaaatctgg
aaaaaaaaaa

Virut entero 71:RS

cacccactca
tgttttacgce
aggcatggcg
atagactgtt
acctagtaac
ggtcgatgag
cctatggggc
agttagtggt
atccagaggg
ccgtgtttcc
tatagctatt
tttgtaccac
gtcaagcatg
agctacagaa
tgcgacagcg
ggacattttc
cagtgatcgc
aaacatcata
ggtggacaaa
actgtgggaa
cggagtcttt
tgtgcaatgt
gtatgttata
acaaacacaa
gattcctata
ctgtgccaca
ttgcaatttt
tccggttatce
acaggcagtc
caccgatgac
catacccggt
taacaacgta
gcaagcgggyg
atggcaatca
ggaggtcact
tacacctcct
tatctgggat
ccactacagg
tatctggtat
agcactagcg
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cctatgtgaa
tagaggctag
aggtgtttca
tgtttgggag
gatacgatgc
ttgggtattc
accggaacaa
tctttaatac
gaatagacct
cctttcccecat
cacctgcaga
agagaggatt
gtgagatccg
gctcectgtg
caattagatc
gaaattggct
tcgcgttaat
aaaaaaaaaa

cagggcccac
cccttcecca
caccagctat
cacgcggttg
accattgaag
tcactgcaat
aacccatagg
cctececggcecce
tagtgtgtcg
ttttattctt
ggattggcca
taaccttaaa
ggctcacagg
ggctccacca
ggcaaacaga
actgaaatgg
gtggcacaac
gttggttacg
ccaacgcgcc
aagtcatcca
ggccagaacg
aacgctagca
gggacagtgg
cctggcgccg
tcacaattga
ataatagtgc
gggctgttgg
cctattacaa
actcaaggct
ggcgtctcag
gaagtcagaa
cccaccaatg
aaaggtgaat
acaatgctgg
tttatgttta
ggcggcccct
tttgggctac
gcgcatgccc
caaacaaact
gcagcccaga

-122-

ggatgagctt
tagcttgaat
tgccaaccct
caaactaccg
tagtctcagce
agaggaggcc
aacatactgt
aatgatcaac
ggatgagttg
tgattgcctt
caaatcaccc
cttgccagac
tgagtccatt
tctgttggca
agttccagtt
cgaattgttt

gactagtggg
a

gtggcgctag
atttgcaact
gtcttgatca
aaggagaaayg
ctgcagagtg
ccccacgggt
acgctctaat
ctgaatgcgg
taatgggcaa
atattggctg
tccggtgtge
atctataacc
tgtccactca
ttaattacac
gcctcaaaca
ctgcgccact
tcaccattgg
gtgagtggcc
cagatgtttc
aggggtggta
cacagtttca
agttccatca
caggcggtac
acggttttga
cagtgtgccc
catatatgaa
tagtgcccat
tcactctagc
ttcccactga
cacccattct
acctgcttga
ctaccagtct
tgtgtgccgt
gccagttgtg
ccgggtcettt
tacccaaaga
aatcatctgt
gggatggagt
acgtagttcc
agaattttac

aggtccctgg
gactctgtct
ggcactgtga
attctgctge
ccggtatggt
gtgtccctaa
gtacttggtg
aacatcatca
aacatggtgg
gagttggcta
tgtttcaatg
caccaatttc
cgatggacta
tggcacaatg
ggaaaagcgt
taatattaca
ggtaaatttg

cactctggtt
tagaagcaat
agcacttctg
cgtccgttat
tttcgctcgg
gaccgtggca
gcggacatgg
ctaatcctaa
ctctacagceg
cttatggtga
aatagagcta
accctcgact
gcgatccggce
taccatcaac
agaccctgat
gaagtctcca
aaactccacc
ctcatactgc
agtgaatagg
ttggaagttt
ctatttgtat
aggagcgctg
aggaacagag
gctgcagcac
ccatcaatgg
cacactgcct
tagcccatta
tccaatgtge
gccaaaacca
accaaatttc
gttgtgtcaa
gatggaaagg
gtttagggcc
tggatattac
catggccaca
tcgggccaca
cacccttgta
gttcgactac
aattggggca
catgaaactg

6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7421

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400



tgcaaagaca
gtgatcgaga
cccacaggtce
ctccaagctg
cgatgcgttc
gcaggtttgg
gccaactggg
acctacatgc
gttccacaat
gaatcacttg
ccggcacagg
gggtacccca
aataatatga
ttggttgtca
cgcaaccaaa
accggcacta
atctacgtgg
aacctecgtcect
tgtgatacaa
aagcactatc
taccctgceta
tgcggaggca
gggctcgttg
caaggtgtgt
gctgtatcca
gagaaaatcc
gattatgata
tgggcttgga
agtgcttctt
atatccaata
aaggagaaag
acaaatttag
tcatacctcg
gtctatgttc
gaacctgtat
atcattgctc
cctgaccatt
aatcctgacg
ccaccaatgg
tccaccaacg
aggttttaca
ctagacgctg
tgcagcccac
tacagcgtgg
ggtaacacaa
cttgaggaga
gaagtgcgcc
gaacgacacc
gtctcactgg
gctcccaagce
cttgactttg
cattttacca
gggaagacta
gatgagcagg
agagatatca
atcaacacag
ttcttgaacc
gcaggacagt
ggcaacgggce
ggtgagatcc
actcgcacta
gcagttttaa
aagtatgtgg

ccagtcacat
gctctatagg
aaaacacaca
ctgaaattgg
ttaactcaca
taggagagat
acatagacat
gctttgatgce
tactccagta
cttggcagac
tctcagttcc
cgtttggaga
tgggcacttt
gaatatatat
actatttgtt
gtcgtactgc
gcaacttcag
gggaagacag
ttgcacgttg
cagtcagcectt
gataccaatc
tcttaaggtyg
gatttgctga
ccgactacat
gggaagttga
taaagaacct
tggtcaccct
ttaaagccaa
ggctaaagaa
aaattagcaa
cagaattttc
agcagtccgc
cccatttctg
tagagaagag
gtctcatcat
gggccatagc
ttgacgggta
gcaaagacat
cttctctcga
ctagcaacat
tggattgcga
gacgggctge
tagtgtgtgg
acacagtggt
ttgaagcact
agccagcccc
aatactgtag
ttaatagagc
tgtacgttat
aaatgctcaa
ctctatcctt
tgttaggtgt
tttgggtgga
gcgttaattt
ccaagttcat
aacatatgcc
ttagtggaaa
gtggaggtgt
gccaagggtt
aatgggtgaa
agctggagcc
caagtaaaga
gcaatgtttt

attacagaca
agatagtgtg
ggtgagcagt
ggcatcgtca
tagtacagca
agatctccct
aactggttac
ggaattcact
tatgtttgtt
agccacaaac
gttcatgtca
acacaaacag
ctcggtgcga
gagaatgaag
caaagccaac
cattactacc
agtggttaat
ctcccgegac
tgactgtcaa
ttctaaaccc
gcacctaatg
tcaacatggt
tgtgagggat
taaggggctc
agcccttagg
tattaagctg
cacagcaact
gacagcatcc
atttaatgat
gttcattgac
aaccaatttg
tgcctcacaa
tcgcaagttc
aatgaacaac
tagaggctca
agacaagtat
caaacagcaa
gtcattattt
agaaaaggga
tatagtgcct
cattgaggtg
taagctatgce
gaaagctatt
ctctgaactt
attccaaggc
agacgctatt
ggagcaaggc
agtgctagtc
ttacaagctc
gaaacctgtc
actgagaagg
cagagatcgc
gcacaaactt

ggaactcaca

tccagagacc
atcaatgttt
gccaactcat
ggtcacatca
ctgtgctggt
gcctaacaag
tagtgtattt
ccctagattg
acacgagccc
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gcctccattce
agtagggcac
catcgactag
aatactagtg
gagaccacct
cttaagggta
gcacaaatgc
tttgttgecgt
cccectggtg
ccctcagtcet
cccgcgagcg
gagaaagacc
accgtggggt
catgtcaggg
ccaaactatg
cttggaaagt
cgtcacctcg
ctattagtgt
acaggagtgt
agcctcatat
cttgcagtgg
gtagttggta
ctcttgtggt
ggtgatgcgt
aaccacctca
atttcagcgt
ttagccctga
attttaggta
atggcgagtg
tggctcaggg
aagcaattgc
gaggaccttg
caaccattat
tacatgcagt
ccaggcactg
cactctagtg
gtggttacag
tgccagatgg
gtttctttca
acagtgtcag
acagactcat
tctgagaaca
caacttagag
attagagaat
ccacccaagt
ggcgatctcc
tggatcatcc
atgcaatcca
tttgcggggt
ctccgtacgg
aacatcaggc
ttagccgttc
gtgaacatcc
ttggtgacac
attagcggcg
gtcccagtgg
aggaccatga
gtcggtaaga
ttgaagagga
gaaactggta
catgatgtgt
gaggtcgact
gatgaatacg
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agggagatag
ttacccaggc
acactggcga
atgagagtat
tggacagttt
ccaccaatcc
gcaggaaagt
gcactcctac
ctcccaaacc
ttgtcaagtt
cttaccagtg
tcgagtatgg
catcaaagtc
cgtggatacc
ccggtaactce
tcggccagca
ctactcataa
cgtctaccac
actattgtaa
atgtggaagc
gccactctga
tagtgtccac
tagatgaaga
ttggaacagg
taggatctga
tagtaattgt
ttggttgtca
tccccatcge
ctgccaaggg
agaagattgt
cactattaga
aagctatgtt
acgccacgga
tcaagagcaa
gaaagtccct
tgtactcact
ttatggatga
tgtccaccgt
catctaaatt
actctgacgc
acaaaacaga
acaccgcaaa
acaggaagtc
ataatagcag
tcaggccaat
tcgctagtgt
ctgaaactcc
tcgctactgt
ttcaaggtgc
caacagtgca
aagtccaaac
tcccacggca
ttgacgcaat
tagatactaa
ctagtgatgc
gggacgtcgt
tgtacaattt
ttgttggcat
gttacttcgc
gactgaacat
ttgaaggtaa
ttgaacaagc
tgattcaagc

ggtggcagat
cctgccagca
agttccagcg
gattgagaca
cttcagtagg
aaatggttat
ggagctgttc
tggtgaggtt
agagtctaga
gactgatccc
gttttacgac
agcgtgtcct
caagtacccc
tcgcececgatg
cattaaaccg
gtctggggcc
tgactgggcg
cgctcagggc
ttccaagaga
tagcgagtat
gcccggcgac
gggtggcaac
ggccatggag
cttcactgac

tggagcagtt
gatcaggagc
tggaagtcct
ccagaagcag
tttagaatgg
tccagcagcect
gaaccagatc
tgggaatgtg
agctaagcga
acaccgtatt
tgcgaccggt
tccaccagac
tctgtgtcag
ggattttatc
tgttatcgca
cattcgtcgc
tttgggtaga
cttcaaacga
taaggtcagg
atccgctatt
tagaatcagt
agatagcgag
caccaatgtt
ggtggcagtc
gtactctgga
gggtccgagt
agatcaaggg
ctcacagccc
tgagctggtg
tgaaaaattt
aactttagtg
gcagtacggg
ccctacaaaa
tcacattggc
aagtgtgcag
caatggtcca
taaggaacca
cctgttttcc
tgccctceccac

2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180



aacttaaaca
ctgaaaacct
gcatcaagaa
atatggataa
ccctggataa
ctgtctacct
ctgtgactgg
tgctgcctgg
tatggttcag
ccctaataga
ttggtggaat
tcatcattag
tggtggccta
tggctaaaac
tcaatgaagt
aatttccatt
ggactaaaga
acaatggtaa
aagcgttggc
attacagctt
aatttgttat

Virut entero 71

attggacata
ggaagcaata
aagagacatt
atacgggcta
aatcaagaaa
cagaatgact
ctcagcagtg
gtcactcttt
ggctctagaa
agggatcaac
gccctcggga
aacccttttg
tggggacgat
tggcaaagag
aacatgggaa
cttaattcac
cgcgcgcaac
ggatgaatat
cattcctaat
aaagctgaac
aaccagaata

ctagggatcc taatacgact cactataggt

Virut entero 71

ctaggacgtc cggccgaact ttccaagggt

Virut entero 71

taataagctt cggccggcag tctggggcca

Virut entero 71

gcgcggatce tttttttttt tttttttttt

Virut entero 71

ggtgtccact caacgcgtcg gctcccacga

Virut entero 71

caagcatggg ctcacaggtg tccactcaac

tacgcgaatc
tgctatggca
agcgcccttg
atgaaattct
gagcttaggt
ttgaatgact
aaccctggca
ctaccgattc
ctcagcccgg
gaggccgtgt
tactgtgtac
atcaacaaca
gagttgaaca
tgccttgagt
tcaccctgtt
ccagaccacc
tccattcgat
ttggcatggc
ccagttggaa
ttgttttaat
agtgggggta
<210> 4
<211l> 63
«<212> ADN
<213>
<400> 4
agg

<210> 5
<211> 54
<212> ADN
<213>
<400> 5
<210> 6
<211> 38
<212> ADN
<213>
<400> 6
<210> 7
<211> 61
<212> ADN
<213>
<400> 7

c

<210> 8
<211> 58
<212> ADN
<213>
<400> 8
<210> 9
<211> 45
<212> ADN
<213>
<400> 9
<210> 10
<211l> 48
<212> ADN
<213>

Virut entero 71

37344

aacactagca
gacctctgca
cttgacccca
gacctgccat
ggaaaatcac
tttgggcacc
ggttgcaacc
gcctttgact
gttgtgttac
cacacccacc
tgttctggta
atcaaaacct
gtgctggcta
tatggtttga
aatgctacct
cctacgatgc
acccaagatc
gagaagtttg
ttcgagaatc
cccactagaa
gcaaaaaaaa

tcaaacagcc

agtaatggca

tctacgtg

agatgagcat
ctagtgccgg
caaccaggga
actctaccta
gcttgataga
tttacgaggt
cggacgtgtt
actcaggata
gggagattgg
atgtgtaccg
cttccatctt
ttaagggaat
gttacccctt
ccatgacacc
tcctgaagag
ccatgagaga
acgtgcgctc
tgagtgtaat
tgagaagaaa
atctggtcgce
aaaaaaaaaa

tgtgggttgce

gtacgactag

ggaggaagcg
gtacccatac
tgtgtctaag
tgtgaaggat
ggctagtagc
gtttcatgcc
ttggagcaaa
tgatgctagt
gtattcagag
gaacaaaaca
taattcaatg
agacctggat
tcccattgat
tgcagacaaa
aggattcttg
gatccgtgag
cctgtgtctg
tagatcagtt
ttggctcgaa
gttaatgact
aaaaaaa

acccactcac

tgce

gctattctgg ttataacaaa tttaccccca

gaactccaat tcagctacag aaggctcc

gcgtcggctc
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ccacg

6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7437

60
63

54

38

60
61

58

45



<400> 10

actcaacgcg tcggctccca cgagaactcc
<210> 11

<211l> 49

<212> ADN

<213> Virut entero 71

<400> 11

actgccggcec gaactttcca agggtagtaa
<210> 12

<211> 44

<212> ADN

<213> Virut entero 71

<400> 12

cagaggacac ccaccctcct tacaaacaaa
<210> 13

<211> 34

<212> ADN

<213> Virut entero 71

<400> 13

ggagggtggg tgtcctctgt tcctgtaccg
<210> 14

<211> 33

<212> ADN

<213> Virut entero 71

<400> 14

ctccttacat acaaacacaa cctggcgccg
<210> 15

<211> 38

<212> ADN

<213> Virut entero 71

<400> 15

tgtgtttgta tgtaaggagy gtggctgtcc
«210> 16

<21i> 46

<212> ADN

<213> Virut entero 71

<400> 16

ctcecctettg agggtaccac caatccaaat
<210> 17

<211> 45

<212> ADN

<213> Virut entero 71

<400> 17

tggtaccctec aagagggaga tctatctctc
<210> 18

<211> 52

<212> ADN

<213> Virut entero 71

<400> 18

ctactggtgc ggttgttcca caattactcc
<210> 19

<211> 43

<212> ADN

<213> Virut entero 71

<400> 19

ggaacaaccg caccagtagg agtgcacgca
<210> 20

<211l> 36

<212> ADN

<213> Virut entero 71

<400> 20

agagaatcat ttgcttggca gacagccaca

<210>

21

37344

aattcagcta cagaaggc

tggcagtacg actagtgcc

cacaacctgg cgcc

cetg

tctgttcec

ggttatgcca actggg

ctaccaaacc tgccc

agtatatgtt tgttccccct gg

acaaaagtga att

aacccc
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48

49

44

34

38

46

52

36



37344

<211> 40

<212> ADN

<213> Virut entero 71

<400> 21

gccaagcaaa tgattctcta gactctggtt tgggagcacc
<210> 22

<211> 34

<212> ADN

<213> Mus musculus

<400> 22

attaggatcc gtctttcaga aggcggtaga ccag
<210> 23

<211> 43

<212> ADN

<213> Mus musculus

<400> 23

tataaagctt cgacacgcca gccacgtgaa aaccaagcca aag
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40





