Nghién ctiu san xuéat ché pham Etanercept
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Cong ty TNHH Cong nghé sinh hoc dugc Nanogen

Viém khdp dang thap la bénh ty mién lién quan dén yéu t6 TNF. Cac nghién ciiu gan day lién quan
dén diéu tri bénh tap trung vao viéc khéa con duéng truyén tin hiéu lién quan t6i TNF, ma mét trong
s0 cac giai phap da dugc Co quan quan ly thuc pham va dugc pham Hoa Ky (FDA) cap phép la dung
Etanercept (mot protein kép gém thu thé TNF va chudi ning khang thé ngudi). Etanercept dugdc san
xuat bing céng nghé protein tai t6 hgp sii dung té& bao CHO.

Cdéng ty TNHH Céng nghé sinh hoc dudgc Nanogen da thuc hién thanh c6ng Du an xay dung ngén
hang giéng té bao CHO c6 kha nang san xuat Etanercept; tao dugc quy trinh nudi cay té bao CHO c6
kha nidng san xuat khoang 2 g Etanercept/lit Ién men; tinh ché& Etanercept vGi d6 tinh khiét 2 94%, c6

hoat tinh sinh hoc dat tiéu chuan lam thuéc tiém va tuong duong véi thuéc ddi chiéu Enbrel.

Tu khéa: CHO, Etanercept, protein tai t6 hop, viém khdp dang thap, yéu té TNF.

Chi sé phan loai 3.4

RESEARCHING AND DEVELOPING ETANERCEPT USING
RECOMBINANT PROTEIN TECHNOLOGY FOR TREATMENT
OF RHEUMATOID ARTHRITIS

Summary

Rheumatoid Arthritis (RA) is an auto immunity disease that
relates to the tumour necrosis factor (TNF). Recent studies
concerning how to treat RA have focused on blocking the
TNF signaling pathway. One of the TNF blocking agents that
have been approved by FDA is Etanercept (a fusion protein
containing TNF receptor and the human immunoglobulin).
Etanercept has been produced by recombinant protein
technology using CHO cell line. This project has been
successfully done by establishing the master cell bank of
CHO cells and the culturing process that could be able to
produce approximately 2 g Etanercept per liter of cell broth,
develop and validate the downstream process purify of
Etenercept with the purity of over 94%, recovery rate of over
70%. The purified protein has the biological activity and the
biosimilarity equal to the control drug (Enbrel).
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Viém khdp dang thdp la bénh
viém man tinh & nhiéu khdp ngoai
bién (khép tay, chan, goi.). Bénh
xay ra khdp ndi trén thé gidi, ty 1&
ti 0,5 dén 3% dan s6 trén 15 tudi.
S6 ngudi méi mac bénh hang nam
la 25-30 ngudi/100000 dan. Bénh
gdp & moi lta tubi nhung thudng
gap nhat |a tudi 30-60, la do tudi lao
dong cla xa hoi [1]. Hién nay, da
va dang c6 rét nhiéu cong trinh trén
thé giéi va 6 Viét Nam dugc cong
bo lién quan dén viéc tim ra nguyén
nhan ciing nhu dé xudt bién phap
diéu tri can bénh nay. Trong nhiing
nam gan day, cac cong trinh nghién
cliu tap trung vao viéc phat trién céc
liéu phap nham vao cac con dudng
truyén tin hiéu (signaling pathway)
cla viéc hinh thanh va phat trién
bénh. Mot trong s6 cac bién phap
dé la st dung céc thu thé (receptor)
khoéa cac yéu t6 thé dich lién quan
dén ty mién nhu TNF. FDA da cép
phép Iuu hanh san phdm Etanercept
(tén thuong mai la Enbrel) ti nam
1998 [2, 6]. Etanercept la dang
protein kép, dugc tao thanh do qua



trinh néi gitia thy thé TNF va chudi nang cla khang
thé ngudi. Etanercept kim ham hoat déng clia TNFa
bang cach lién két canh tranh véi TNFa, ngan chan
TNFo lién két véi thy thé noi sinh trén bé mat té
bao bang cach bat hoat TNFa vé mat sinh hoc [4].
Etanercept dugc san xudt bang céng nghé protein
tai t6 hgp sl dung t& bao CHO. Du da dugc st dung
rong rai trén thé giséi hon 10 nam nay, nhung cho
dén thsi diém hién nay, Etanercept van chua hién
dién & nudc ta, chl yéu la do rao can vé gia ca. bay
la mot thiét thoi cho nganh y t€ nudc ta, dac biét la
cho cac bénh nhan viém khdép dang thdp dang cé
nguy co bi tan phé&, khéng thé ti€p can vdi tién bo
khoa hoc trén thé gidi.

Vat liéu va phuong phap nghién ciu

Tao dong té bao CHO DG-44 mang gen san xuét
Etanercept

Gen ma hoa cho Etanercept (gém phan 3 ma
héa cho viing CH2-CH3 clia chudi ndng khang thé
ngudi va phan 5 ma héa cho phan p75 cla thy thé
TNFo ngudi) dudc thiét ké dua trén trinh tu cla
Etanercept dugc cong bé tai Drugbank va gui di téng
hgp bdi Cong ty Genscript (My). Gen Etanercept
dugc tao dong vao vector pZIC (la vector dugc thiét
k& bdi Cong ty TNHH Cong nghé sinh hoc Nanogen
chuyén dung cho biéu hién protein & t& bao CHO)
tao thanh vector pZIC-ETA va dudc chuyén vao té
bao CHO DG44 (Invitrogen). Sau qua trinh chon loc
b&ng khang sinh, quéa trinh khuéch dai gen béng
MTX, qua trinh tao dong don béng phuong phép pha
lodng t&i han va qua trinh chon dong té bao don.
Dong té bao DG44-pZIC-ETA dugc sl dung dé tao
ngan hang té bao giéng va st dung cho cac nghién
cuu tiép theo.

Nghién cuu quy trinh nuéi cay té bao DG44 san
xudt Etanercept

Qua trinh nghién clu quy trinh t&€ bao DG44-
pZIC-ETA san xuét Etanercept dugc thuc hién qua
2 giai doan: nudi cdy nhd (chai 1 1) dé t6i uu héa
cac thong so can thiét va Ién men bon 50 | [7]. Céac
nghién clGu hoan thién quy trinh nudi ciy té€ bao
san xuat Etanercept gdbm moi trudng nudi cay, quy
trinh b8 sung cac chat dinh dudng, thdi gian nuoi
cdy, van téc lac.. Qua trinh 18n men I6n san xuét
Etanercept dugc tién hanh bang hé théng bon 1én
men 50 | (Kuhner).

Nghién cuu quy trinh tinh ché Etanercept [4, 1]

Quy trinh tinh ché Etanercept gom cac budc
ti€n hanh nhu sau: so ché (clarification), tinh ché
bang sic ky ai luc mién dich (immune affinity
chromatography), séc ky trao ddiion (anion exchange
chromatography), séc ky loc gel (gel filtration) va cé
mau (protein concentration) [3].
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Qua trinh s ché dudc thuc hién bang hé théng
Akta Flux 6 (GE healthcare) st dung mang loc
30KDa dé loai bd cac tap dudi 30KDa va trao doi
dung dich dém. Qua trinh tinh ché Etanercept dugc
tién hanh trén hé théng Akta Pilot va Akta Purifier
cla GE healthcare bat dau bang séc ky ai lyc mién
dich sli dung gel Mabselect (GE healthcare) [5]. Gel
Mabselect c6 lién két véi Protein A (la receptor cho
phan doan Fc cla khang thé) sé tinh sach >90%
Etanercept. Dich sau tinh ché s& dugc ti€p tuc
tinh sach b&ng sac ky trao ddi anion (gel SP cla
GE healthcare) dé loai bd tap, endotoxin, DNA va
peptid cla t€ bao chl.. Dong thdi, loai bd dimer va
cac Etanercept bi thly phan bang phuong phap loc
gel. Qua trinh cd mau dudc tién hanh bang hé théng
TFF cla Satorius.

Nghién cuu tuong duong sinh hoc ché pham
Etanercept

Qua trinh nghién cldu tuong ducdng sinh hoc
(Biosimilar) clia ch& phadm Etanercept so véi thuéc
déi chiing Enbrel (Amgen) dugc tién hanh theo céac
quy dinh cla ICH va WHO. Cac nghién cliiu gém cé
nghién clu tudng duong vé céng thiic, vé ngudn
goc, chat lugng, tién 1am sang va lam sang.

Két qua va ban lua
qua va ban luan

Tao dong té bao CHO DG-44 (hay DG44) mang
gen ma hoa protein Etanercept
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ctia thuth& p75 TNFa

Hinh 1: vector biéu hién pZIC-ETA mang gen ma héa cho
Etanercept (A) va céu tric phan ti Etanercept (dimer véi dau
C la domain CH2-CH3 cla chudi ndng khédng thé ngudi, ddu

N la Domain ngoai bao p75 clia thu thé TNFa. (B). Té bao

DG44-pZIC-ETA nuéi cdy trong méi trudng tang sinh (C)

Etanercept c6 trinh ty protein nhu sau:

LPAQVAFTPYAPEPGSTCRLREYYDQTAQM
CCSKCSPGQHAKVFCTKTSDTVCDSCEDSTYT
QLWNWVPECLSCGSRCSSDQVETQACTREQN
RICTCRPGWYCALSKQEGCRLCAPLRKCRPGF
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GVARPGTETSDVVCKPCAPGTFSNTTSSTDICR
PHQICNVVAIPGNASMDAVCTSTSPTRSMAPG
AVHLPQPVSTRSQHTQPTPEPSTAPSTSFLLPM
GPSPPAEGSTGDEPKSCDKTHTCPPCPAPELL
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSH
EDPQVKFNWYVDGVQVHNAKTKPREQQYNST
YRVVSVLTVLHQNWLDGKEYKCKVSNKALPAP
IEKTISKAKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMH
EALHNHYTQKSLSLSPG

Gen ma hoa protein Etanercept dugc tao dong
vao vector pZIC-ETA gom phan 3’ ma hoa cho ving
CH2-CH3 cla chubi nang khang thé ngudi va phan
5 ma hoéa cho vung p75 cla thu thé TNFo ngudi.
Méi chudi polypeptid cé trong lugng phan ti 75Kda,
dang dimer sé cé trong lugng phéan t& 150Kda. Viéc
st dung vung Fc globulin mién dich nhula yéu t6 hgp
nh&t trong cdu tric clia mot thy thé nhi phan lam cho
thu thé TNF c6 hoat tinh sinh hoc va tang thdi gian
ban hly trong huyét thanh dai hon (hinh 1A, 1B).
T& bao DG44-pZIC-ETA sau khi tao dong (hinh 1C)
dudgc st dung dé tao ngan hang té bao chiing géc
va chiing san xuét. Ching goc va ching san xuét
dudc bao quan trong nitg 16ng. T€ bao DG44-pZIC-
ETA dudc kiém tra theo quy dinh ctia WHO, cé it
nhat 10 copy clia gen Etanercept dugc chén vao bd
gen cla t& bao chi, khéng nhiém Mycoplasma va
virus déng vat, 6n dinh vé di truyén, cé kha nang
san xuét khoang 150-180 mg Etanercept/I.
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Bioreactor (14 ngay)
(D) C6 thé nuodi trong bon 1én men
Tang sinh (5 ngay) 50 | hay chailac 5 |

— — — Nhan gidng (3 ngay) Tang sinh trong chai Mat do ban dau: 0,5x10° TB/ml
Nubi cdy trong flask, = 11— 51trong | PowerCHO2 5% lipumin, 4mM
moi trudng PowerCHO2 shaking incubator Sodium butyrate, 20% feed,
Ty 1é cdy chuyén 1:5 Feed thanh 2 dgt
Téc do lac 120 v/ip

Hinh 2: nghién ctu quy trinh nuéi cdy sén xuét Etanercept.
Dudng cong tang trudng cla té bao DG44-pZIC-ETA (A)
va duong biéu dién néng dé protein Etanercept (B) trudc
va sau khi tdi uu héa, gia tri = Trung binh = SD. Quy trinh
nuéi cay Etenercept trong bon Ién men 50 | dugc dé xuét (C, D)
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Két qua nghién cuu quy trinh nuéi céy té bao
DG44-pZIC-ETA nham san xuat Etanercept

Cac théng sd cla quy trinh nudi cdy té€ bao
DG44-pZIC-ETA san xuét Etanercept da dugc toi
uu héa gom: méi trudng PowerCHO-2 (Lonza) cho
hiéu suat nudi cdy cao nhat, Lipumin 5% Sodium
butyrat 4 mM. K&t qua nghién cliu cho thdy: ham
ligng Etanercept biéu hién t6t nhat déng thsi dam
bao duy tri méat do t€ bao cao nhat. CHO Xtreme
Feed (Lonza) dudc b8 sung vao madi trudng nudi
cdy (20%) dam bao mat do t€ bao 6 muc cao Vvéi
thai gian 1én men kéo dai va tiét kiém chi phi nhat.
Van téc 1ac la 100 vong/phuit vao ngay thd 3 (sau
khi b8 sung méi truéng), 110 vong/phdt vao ngay
thi 5 (sau khi b8 sung méi trudng) va 120 vong/
phut vao cac ngay ti€p theo sé cho hiéu qua nudi
cdy tot nhat.

Quy trinh nudi cdy té bao DG44-pZIC-ETA san
xudt Etanercept dugc dé xuét theo hinh 2D. Sau
khi ap dung quy trinh nay dé san xuat Etanercept
trong bon 1én men 50 | (hinh 2C), mat do té bao dat
dudc cao nhat la 12x10° t& bao/ml, nong do protein
Etanercept trudc tinh ché la 1,8-2 g/l I&én men (hinh
2A, 2B).

Két qua nghién cuu quy trinh tinh sach
Etanercept

K&t qua qua trinh tinh ché Etanercept qua céac
budc tinh ché& bang sic ky ai luc mién dich (hinh
3A), séc ky trao déi ion (hinh 3B), séc ky loc gel
(hinh 3C) dugc xay dung va thdm dinh. Qua trinh
nay c6 kha& nang tinh ché Etanercept véi do tinh
sach 294%, ty I1& thu hoi >70%.

(V] B) (&]

Peak1

Hinh 3: phé dé va ban dién di cac giai doan tinh ché Etanercept.
(3A) Cét 1: Etanercept chudn, cét 2: dich nuéi cdy, cét 3: dich Etanercept
sau khi tinh ché qua cét &i luc; (3B) Cét 1: Etanercept chuén,
c6t 2: dich Etanercept sau khi tinh ché qua cét anion;

(3C) Cét 1: thang chudn protein, cét 2: dich Etanercept
sau khi tinh ché qua cét loc gel
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Két qua nghién cuu tuong duong sinh hoc ché pham Etanercept

Béng 1: két qua téng két nghién cuu tuong duong sinh hoc cla Etanercept

5 . Néi dung 5 Etanercept ddi
Thi nghiém thuc hién Etanercept cia Nanogen chiing (Enbrel)
Nhan dién Duong tinh véi khang thé khang Etanercept ngusi. Tuadng tu
Trong lugng phan | Khodng 150Kda (dang khong khi) va 75Kda (dang khti) st dung phuong phap Tuong tu
ta SDS-PAGE, tuong dudng véi thudc déi chi€u Etanercept (Enbrel). gt
bac tinh ly héa
Amino acid dau N c6 trinh ty nhu sau: L-D-R-Q-V-A-F-T-P-Y, giéng 100% so
Gidi trinh ty ddu N | véi dau N cla Etanercept ngudi trong Drugbank. Tuong tu
va dau C Amino acid diu C c6 trinh ty nhu sau: S-L-S-L-S-D-G, giéng 100% so vGi dau gt
C cla Etanercept ngudi trong Drugbank.
Hoat tinh sinh Phuong phap téang N 2 . . )
hoc sinh 18 bao A375 Thanh pham Etanercept c6 hoat tinh 1,3-1,94 MIU/mg. 1,62 MIU/mg
Th{ nghiém )
bam thy th§ ELISA 70-150 BU/20ng protein. 70-150 BU/20ng
protein
TNFa
D6 tinh khiét, Do tinh sach 2 94%. >94%
tap lién quan Noi doc t6 <2 EU/mg. <2 EU/mg

Lao héa cép téc

Nhiét do 25°C,
do &m 65%

Etanercept 6n dinh trong 3 thang & diéu kién nhiét d6 25°C, do6 &4m 65%.

Khéng tién hanh

Thii nghiém tién
lam sang

Dugc dong hoc,
dugc lyc hoc tién
lam sang

Dudc lyc hoc tién lam sang: qua trinh nghién cliu dugc luc hoc tién 1am sang
clia san phdm Etanercept dugc thiét k& dua trén kha nang trung hoa yéu
t6 TNFa trung gian gy Uc ché tang trudng t€ bao A375. K&t qua cho thdy,
Etanercept cla Cong ty Nanogen c6 hoat tinh 1am trung hoa yéu t6 TNFa trung
gian gay Uc ché ting trudng t& bao A375 vdéi hoat tinh ndm trong khoang 1,3-
1,94 MIU/mg tuong duong véi mau chuén.

Dugc doéng hoc tién lam sang: sau céc liéu tiém nhéc lai, Etanercept chl y&u
Iuu hanh trong mau, khong tich tu tai cac co quan gan, than, lach.

Trong nghién ctu nay, Etanercept luu hanh trong mau va moét phan bj bai tiét
theo con dudng nudc tiéu, phan khac sé bi phan hiy theo ca ché ty nhién bén
trong co thé (enzym protease phan giai).

Etanercept c6 thdi gian ban ra (half life) trong mau chut khodng 15,1 h.

An toan tién
lam sang

DPoc tinh cédp: két qua thi nghiém doc tinh cdp clia Etanercept (véi 3 liéu khao
séat: liéu thap 1 mg/kg thé trong, liéu trung binh 5 mg/kg thé trong va liéu cao
15 mg/kg thé trong) trén chudt véi cac dudng tiém tinh mach, tiém co va dudng
uéng khong cho thdy cac dau hiéu sinh Iy bat thuéng nhu xu 16ng, chan an, G
rii.. Cac két qua phan tich dai phdu va mé hoc ciia chuét ciing khong thé hién
d&u hiéu bat thudng, xung huyét hay hoai tli clia cac ¢ quan gan, than, lach.
Dac tinh trudng dién: thii nghiém dugc tién hanh véi 3 liéu khao sat: liéu thap
1 mg/kg thé trong, liu trung binh 5 mg/kg thé trong va liéu cao 15 mg/kg thé
trong, dong vat thi nghiém dugc tiém 2 Ian/tun, trong vong 8 tuéan, khéng co
bat ky d&u hiéu bat thudng nao dugc ghi nhan & cac chi sé sinh héa mau, nudc
tiéu, huyét hoc clia dong vat thi nghiém so véi nhém déi chiing. Cac két qua
phan tich dai phau va mé hoc clia chuét ciing khong thé hién dau hiéu bat
thudng, xung huyét hay hoai tif clia cac cd quan gan, than, lach.

Tinh qua man mién dich: thii nghiém phan ing qua man mién dich dugc thuc
hién trén chudt lang dé khao sat doc tinh mién dich clia san phdm Etanercept
clia Nanogen. Khao sat & 2 muc do liéu: liéu cao (15 mg/kg thé trong) va liéu
thap (1 mg/kg thé trong). Sau giai doan 2 tudn gay nhay cdm véi thuéc, chuot
dugc tiém 1 14n na véi 1 liéu cao (15 mg/kg thé trong) vao tinh mach & tuan
thi 3 va kiém tra tinh qua man cla chubt.

Tinh kich (ing tai chd: két qua thé nghiém tiém dudi da trén thd cho thady
Etanercept khéng gay tinh kich Gng tai chd tiém trén mé hinh dong vat thi
nghiém vai liéu khao sat 15 mg /kg thé trong.

DPoc tinh di truyén (in vitro): dudi cac diéu kién thi nghiém, Etanercept do
Nanogen san xuét khéng gay doc tinh di truyén.

Khéng ¢o s6 liéu
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Dong té bao DG44-pZIC-ETA sau khi tao ra
dudgc s dung trong nghién clu quy trinh san xuét
Etanercept. Quy trinh nudi cdy té bao dudc tdi uu
hoa v6i méi trudng va cac chat dinh dudng dugc
bé sung phu hop. Quy trinh nay c¢6 kha ning san
xudt ra Etanercept véi ham lugng khoang 2 g/l 1én
men. Quy trinh tinh ché& da dugc hoan thién dé tao
ra protein Etanercept véi do tinh khiét >94%, trong
lugng phan tl dat 150Kda (dang khong khi, phan ti
ton tai dang dimer), 75Kda (dang kh{, phan t& dang
monomer). S&n pham protein sau tinh ché dat tiéu
chuén noi doc t8 (theo EP 7.0), cé hoat luc (dudc
th&r nghiém trén dong té bao A375) dat khoang
1,62 MIU/mg protein. Béng thsi, nghién ctu ciing
da chung minh tinh tuong dudng sinh hoc vdi san
ph&m vdi thubc d6i ching Enbrel.
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