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Abstract: The group of protein drugs has been developing very strongly, promising great advances
in diagnosis, treatment, prevention, and human health improvement. Protein drug production is a
large area of research, requiring advanced scientific and technological expertise, and integration of
multi-disciplinary technology from fields such as biology, genetics, biotechnology, protein
extraction and purification, and pharmaceutical manufacturing.

As protein drug manufacture involves biosynthesis processes using different cell lines,
biopharmaceuticals have some distinct characteristics from small-molecule synthetic drugs, such as
variability of biological processes, diversity of synthetic proteins, therefore leading to some
differences in research and development, approval procedures, bioactivity testing, quality control
and quality assurance and the production of “generic” biopharmaceuticals - biosimilars.

This article provides an overview of protein drug production from the initial stage to the finished
product process, to identify and promote training activities, research and development, and
knowledge transfer, contributing to the development of the biopharmaceutical industry in Vietnam,
as well as effectively applying the drugs in clinical practice. Protein drug production is a valuable
industrial field, with the goal of not only protecting and taking care of people's health but also
developing national research, manufacturing, scientific and technological capacity, and bringing
economic value.
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Tém tit: Nhom thube protein da va dang phat trién rAt manh m&, hira hen nhiéu tién bd vuot bac
trong chan doan, diéu tri, phong tranh bénh tat va nang cao stc khoé con nguoi. San xuét thude
protein la mét linh vuc 16m, trinh d6 khoa hoc cong nghé cao, can tich hop khoa hoc cong ngh¢ da
nganh, da linh vyc nhu sinh hoc, di truyen cong nghé sinh hoc, cong nghé tach chiét va tinh ché
protein, cong nghé bao ché san xuét thudc.

Nhom thudc protein sir dung cac qua trinh sinh tong hop bang céac dong té bao khac nhau trong san
xudt nén c6 mot sb thude tinh khéc cac thudc téng hop nhu: su bién ddi ctia cac qué trinh sinh hoc,
sy da dang cua céc protein téng hop duoc, dan t6i c6 mot sé diém khac biét trong nghién ctru phat
trlen trong xét duyet cap phep, thir nghiém tac dung sinh hoc, kiém soat chat lwvong va van d& san
xudt thudc protein ¢ generlc - thudc twong tu sinh hoc.

Bai nay tong quan vé qué trinh san xuét thudc protein tir giai doan khoi dau dén giai doan hoan chinh
thanh pham cudi cung, nham muc tiéu giup nhan dién dé thic day cac hoat dong dao tao, nghién ctru
phat trién, tiép nhan chuyén giao tri thirc, gop phan phat trién nén cong nghiép dugc pham protein
& Viét Nam ciing nhu ng dung nhém thudc d6 trong thuc tidn 1am sang mot cach hidu qua. San
xuét thude protein 1a mot linh vyc cong nghiép co6 gia tri 16n, khong chi cho muc tiéu bao v¢, cham
soc strc khoé nhan dan ma con phat trién trinh do nghién ctru, san xuét; nang lyc khoa hoc cong nghé
qudc gia va mang lai gia tri kinh té.

Tir khéa: Thube protein, thudc sinh hoc, xay dung cong thirc bao ché, thube tuong ty sinh hoc.

1. Giéi thigu

Thudc protein (bao ham ca thude RNA; c6
thé con duoc goi 1a duoc pham sinh hoc/thude
sinh hoc/sinh dugc pham) 1a cdc protein dai phan
tr duoc san xut chi yéu nhd cac tién bod cua
cong ngh¢ sinh hoc, dac biét cong nghé tai to
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hop, dugc bao ché dudi dang thudc thuan loi cho
st dung. Thudc protein c6 pham vi str dung rong,
dugc ung dung trong hau hét cac chi dinh dé
chan doén, diéu tri, phong tranh bénh tat va nang
cao stc khoé con nguoi [1].

Cing nhu cac qua trinh phat trién thudc
khac, thudc protein ciing qua nhiéu giai doan, tir
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san xuit nguyén liéu dén bao ché thanh phiam
thudc. Su thanh cong cua tung giai doan la quan
trong, cd vai tro quyet dinh dé dua mot thude méi
vao thyc tién san xuat cung ung va ap dung lam
sang. De phat trién thanh cong thudc protein,
viéc nim bat duoc day du cac dac diém hoa 1y,
qui trinh san xuit, duong ding, tac dung sinh
hoc,... 1a can thiét. Ngoai cac dic diém khéc
nhau kh1 so sanh voi cac thude hiru co phan tir
nho dd néu trude day [1], thude protein con co
mdt sb dic diém nhu:

- Khéi luong phéan tir 16n va phirc tap hon
nhiéu so vé6i cac thude hiru co phéan tir nho. Cau
trac c6 thé gdm mot hodc nhiéu chudi
polypeptid, thuong cé dang chum véi hang ngan
nguyén ti, vi thé rt kho chi ra mot cau triic hodc
dac tinh chirc nang ro rang [2].

- Thubc protein c¢6 nhidu tiém an vé sy khong
ddng nhét hon [1], ngay ca khi chiing dugc san
xudt boi ciing mot qua trinh cdng nghé thi trong
mot don vi liéu ciia chiing van c6 thé chira hang
chuc, hoac hang nghin phién ban khac nhau cua
cung mot phan tr [3]. Su bat dinh d6 do chinh
su phuc tap va da dang ctia qué trinh sinh tong
hop protein trong giai doan dich ma (post-
translational modifications; vi du: glycosyl hoa
khong hoan chinh hodc bat thuong; su két hop
sai acid amin phat sinh tr qua trinh khir amid
hodc oxy hoa chudi bén acid amin; lién két
disulfid khong chinh xac hoic bi thiéu,...).

- Trén thyc té, khong thé c6 quy trinh san
Xudt chung nao c6 thé tao ra cac protein thyc su
ddng nhit. Trudce day, muc tiéu chinh cta nhiing
nd lyc phat trién quy trinh san xuat | cho d6 lap
lai cao, trong d6 chu trong viéc xac nhan va mo
ta quy trinh mot cach chi tiét dé dugc chap thuan
cap phép theo quy dinh [4]. Gan day, dic biét
trong cac truong hop phat trién va dang ky thude
tuong ty sinh hoc, cac phuong phap phén tich
hién dai du0’c su dung nhiéu hon, dé mé ta day
du hon céc cau hinh bién thé, huéng t6i danh gia
chinh xé&c hon cac dic tinh cta san phdm [5].

- Nghién ctru va phat trién thudc protein, vé
co ban ciing gibng qua trinh nghién ctru phat

minh thuéc méi néi chung. Nhung do c6 mot sO
dic diém khac nén viéc cap phép san xudt thudc
protein cling c6 mét. s6 diém riéng nhu: cic yéu
ciu chic ch& hon vé quy trinh san xuat va cac
dac tinh cua san pham, cac dit liéu tién 1am sang,
1am sang ciing nhu viéc ghi nhan huéng dan sir
dung. Qua trinh nghién ctru phat trién thudc
generic sau giai doan hét ban quyén véi thude
phat minh ciing c6 nhitng diém khac. Véi cac
thudc hitu co phan tir nho c6 thé can nghién ctru
chtng minh twong dwong sinh hoc véi thude phat
minh. Khi tuong dwong sinh hoc thi thudc
generic d6 co thé dugc cap phép san xuit va st
dung thay thé cho thubc phat minh. Trong khi do,
v6i thude protein (thudng 13 cac hdn hop phirc
tap cua cac bién thé), gan nhu khong thé sao chép
chinh xac bang cach sir dung mot quy trinh méi
(hoac tham chi cung mét quy trinh trong mot nha
maéy khac), do d6 cac thudc protein generic dugc
goi la “thudc tuong ty sinh hoc- biosimilars” va
khong dugc coi 1 ban sao hoan hao cia thude
phat minh [6]. Va vi vay, thudc tuong tu sinh hoc
phai dugc ké don; khong duge coi 1a c6 thé sir
dung hoan ddi voi thudce phat minh.

2. San xuét thude protein

Thubc protein duge san xuit bang cac k¥
thuat khac nhau, trong d6 cac ky thuét cua cong
nghé sinh hoc dong vai tro quan trong, thuong
gua hai giai doan chinh:

- Giai doan sinh tong hop duoc chat protein
(qua trinh sinh hoc ngugc dong/khai ddu/thuong
ngudn - upstream bioprocessing) bao gdm céac
cong doan nhu: i) Lya chon va phat trién dong té
bao c6 kha ning sinh tong hop protein mong
mudn (thudng Gng dung cac tién bo moi cla
cong ngh¢ sinh hoc trong do6 co tai to hop);
ii) Phat trién moi trudong t6i wu va nudi cay té
bao; va iii) Thu hoach.

- Giai doan phat trién thanh pham thudc sinh
hoc (qua trinh sinh hoc xudi dong/thu nhéan/thu
hdi - downstream bioprocessing) bao gom céac
cong doan nhu: i) Phan lap, tinh ché; va ii) Bao
ché thudc thanh pham.
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2.1. Giai doan sinh tong hop duwoc chat protein
(upstream bioprocessing)

Diém khoi dau ciia mdi quy trinh san xut
thude sinh hoc duogc quyét dinh chu yéu béi loai
protein can c6 va cac dic tinh sinh hoc cta no, tir
d6 phat trién cac dong té bao phit hop dé san xudt
va cac qua trinh phu hop dé thu hoach. Cac
protein phtrc tap, can nhiéu bién d6i sau dich ma,
thuong str dung cac dong té& bao dong vat co va
(c4c té bao nam men d6i khi ciing duoc sir dung),
trong khi cac protein don gidn hon, it hodc khong
can bién d6i sau dich ma, thuong Iya chon E. coli
dé san xuét (vi du reteplase, insulin lispro/
glargine, somatropin,...).

Khi da phat trién thanh cong dong té bao
thich hop, tiép theo trong giai doan nay can luya
chon dugc moéi trudng nudi ciy t6i uu cho qua
trinh phat trién va sinh tong hop cua té bao do
trong hé thong nudi ciy (chu yéu qua trinh 1én
men Vi sinh vét (te bao vi khudn hoac nim men)
hodic nudi ciy té bao (cac dong té bao ciia ngudi
hodc dong vt c6 vu khac)).

Diéu quan trong 13 bat ky dong t& bao nao
duoc sir dung dé san xuét thudc sinh hoc déu phai
duoc coi la an toan (“generally regarded as safe
- GRAS”) theo huéng dan ctia FDA, quy dinh
nay dit ra mot sd gidi han ddi vai cac loai té bao
duoc chép thuén str dung.

2.1.1. Lwa chon va phat trién cdc dong té bao
san xudt (sir dung sinh tong hop protein)

Yéu tb chinh trong viéc quyét dinh Iya chon
loai té bao dé sinh tong hop dugc chat protein 1a
6 can tao cac dan chat sau dich ma dé c6 hoat
tinh sinh hoc va dac tinh dugc dong hoc (PK) tbt
hon hay khong? Nhitng dan chat d6 thuong la
glycosyl hoa, phosphoryl hda va methyl héa cac
nhom xac dinh. Viéc nay thuong dong vai tro
quan trong ddi véi tac dung sinh hoc va/hodc PK
ctia protein thu duoc [7]. Khi ciu tric protein can
¢6 da dugc xac dinh, cac dong té bao c6 kha nang
sinh tong hop ciu tric d6 s& dugc phat trién nho
ung dung cac phuong phép cia cong ngh¢ sinh
hoc, nhu tai to hop DNA. Té bao da dugc phat
trién, c6 biéu hién protein t6i uu, s& duoc nhan
1én va luu trit trong ngan hang gdc té bao (master

cell bank - MCB). Cac té bao trong ngan hang
gbc s& duge sir dung dé nhan 1én lam dong té bao
san xuat (working cell bank — WCB). Mai dong
té bao can sur dung cac k¥ thuat khac nhau, véi
té bao vi khuan, qua trinh nay kha don gian,
nhung voi té bao nAm men va dong vat c6 vl
thuong phuc tap hon.

Quy trinh nudi cly va sinh tong hop protein
tai t0 hop & cac dong té bao do6 co cac dic
diém riéng.

i) Cdc dong té bao dong vt cé vii: ¢ kha
nang kich hoat qua trinh van chuyén té bao va
tao ra cac bién doi voi protein sau dich ma glong
& ngudi, do d6 co thé tao ra cac cau tric giong
v0i protein cia nguoi [ [8]. Cho dén nay, nudi cay
té bao dong vat c6 va dugce sir dung phd bién nhét
trong nganh cong nghiép thudc protein, do co
nhiéu thufn loi khi ding céc dong t€ bao d6 dé
san xuat khang thé don dong (mAbs). Dic biét,
cac té bao dong vat co v 6 kha nang cung cip
qué trinh glycosyl hoa glong ngudi va co thé tao
cac protein phtrc tap, co cau trac khong gian va
trinh ty acid amin tuong tw. Ngoai ra céc té bao
dong vat c6 vua con c0 dac diém 1a tiét hoan toan
proteln tong hop dugc vao moi truong nudi céy.
Diéu nay giup thuan loi hon nhiéu cho qua trinh
phan 1ap sau d6, do khdng can phé v té bao;

Nubi cay té bao dong vat c6 vu ciing co kho
khan, do6 la nhu cau dinh dudng phure tap, c6 thé
bao gom nhiéu yéu t6 ting truong, hormon va
cac chit chuyén héa dic higu. Cac yéu to nay
thuong dugce tim thdy trong mau va cac md song
clia cac té bao d6 [9]. Cac dong gdc té bao dong
vét ¢6 vi ciing chi ¢6 thé phat trién khi dugc gan
vao cac bé mit ran (nudi cay bé mit), vi thé hiéu
sudt khong cao so voi nudi cdy toan khdi. Ngoai
ra, qua trinh nuoi céy dong té bao d6 ciing can
cac chat phy gia méi truong phtrc hop, nhu huyet
thanh bao thai bo va cac san pham mau khac dé
duy tri qua trinh hiéu qua va ciing cin sir dung
hé théng nudi ciy té bao co dién tich bé mit 16n
hon (can dé té bao gin vao). Chinh vi mét s6 kho
khin d6, nén cac dong té bao dong vat co vu
thuong la phuong an lya chon thr hai khi ma cac
protein can CO khong thé sinh tong hop tot &
E. coli hodc ndm men;
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Gan day, da co nhiing cai tién déng ké trong
nuoi céy té bao dong vat c6 vu dua trén mot sb
dong té bao khéac nhau (nhung chu yéu 1a té& bao
CHO — dong té bao budng trimg cua chudt
hamster Trung Quéc - Chinese hamster ovary).
Céc dong té bao CHO con ¢6 kha ndng phat trién
trong nudi ciy toan khdi, hidu sudt cao hon so
v6i nudi cdy bé mit. Pay 1a mot loi thé 16n vi ¢6
thé sir dung hé thong nuoi cay c6 khuay tron, the
tich 16n va c6 thé str dung mai trudng khong can
huyét thanh. Kha ning sa dung méi truong
khong chtra huyét thanh rat quan trong, Vi cac
nha khoa hoc lo ngai huyét thanh 1y tir dong vat
¢6 thé mang mam bénh. Cac dong té bao dong
vat ¢6 va khac thuong duoc sir dung bao gom
HEK 293 (té bao than phoi ngudi), BHK (té bao
than chudt hamster), NSO va SP2/0 (& bao u tiy
chuot khong tiét) va mot vai dong té bao chuyén
biét khac [10];

Mic du c6 nhing cai tién dang ké trong nudi
ciy té bao dong vat co vii trong nhitng nim gan
day, nhung van con mot sb thach thirc do cac
dong té bao do phat trién cham, voi thoi gian
nhan doi trén 14 gio dbi v6i hau hét cac dong,
dan dén thoi gian nudi cdy kéo dai tir hang tun
dén hang thang tiry thudc vao qui mo. Cac té bao
clia dong vat co vu ciing rat dé bi pha huy, moi
truong ting truong phirc tap va dat tién dé co
hiéu sudt téi vu [9];

ii) T¢ bao vi sinh vit: cac t& bao vi khuan
thiéu nhan, mang ludi ndi chit va bo may Golgi
(thé 1udi), din dén cac polypeptid san xuat duoc
kha don gian vdi it hodc khong co cac bién ddi
sau dich ma. Néu cin cac dan chat protein khac
nhau, can phai thuc hién cac qué trinh xir Iy tiép
theo sau khi thu hoach [11]. Cac té bao ndm men
14 loai nhan chuén nén c6 thé thuc hién mot sb
bién d6i sau dich ma, nhung cac protein thu duoc
thuong c6 su khac biét nhiéu so véi cac mau
protein ngudi [12]. Do cac té bao vi sinh vét phat
trién doc lap v6i nhau trong tu nhién nén chung
d4 tién hoa dé sir dung nhiéu loai dudng chit don
gian va phan chia nhanh chéng trong cac diéu
kién t6i wu. Té bao vi khuin sir dung trong san
xuét thudc sinh hoc thudng 1a ching E. coli, cac
té bao nAm men nhan chuan nhu Saccharomyces
cerevisiae hodc Pichia pastoris;

Céc t€ bao E. coli ¢6 thoi gian nhan d6i ngén,
20 phut, sinh tong hop protein nhanh va cac yéu
cau vé moi trudong khéng qua phic tap va t6n
kem, rat thuan loi trong viéc san Xuit cac protein
tai to hop don gian. Khong giéng nhu hau hét cac
dong té bao khace, céc té bao E. coli gilt cac
protein da dugc tong hop trong té bao chat ma
khong tiét ra moi trudng ngoai. Piéu nay cho
phép thu cac té bao va bao quan dong lanh trudc
khi thu hoach ¢ budc tiép theo. Kha ning nay
mang lai sy linh hoat hon trong thiét ké quy trinh
va thoi gian xir Iy (mic du diéu nay co thé lam
kho khan hon cho giai doan thu hoach protein).
Mot thuén loi nira khi st dung E. coli la ching
da dugc nghién ctru trong cac phong thi nghiém
trén khap thé gi6i trong nhiéu thap ky, nén co sin
nhiéu k¥ thuat c6 thé t6i wu hoa cac protein. biéu
hién. Chiing duoc sir dung phd bién nhét dé san
xuat thudc protein 1a chimg BL21 do ching
khong c6 kha nang gay bénh,;

Tuy nhién dong té bao E. coli ciing c¢6 nhugc
diém 1a khong c6 kha ning thuc hién cac bién doi
sau dich mi trén céac protein da dugc tong hop.
Do d6, néu mot protein can duogc tao dan chat
(nhu glycosyl h6a) dé c6 hoat tinh sinh hoc, tinh
on dinh hodc dac tinh PK/dugc Iyc hoc (PD)
mong mudn, thi khong thé str dung céc dong té
bao d6. Hon nita, nhiéu protein hoat tinh c6 chira
cac lién két disulfid, khi duoc biéu hién & E. coli
khong hinh thanh cau tric khong gian dung cach
do méi trudng khir bén trong té bao [13]. Mot
vén dé khac la dong té bao E. coli tao ra ndi doc
td lipopolysacarid, cac chat giy sbt nay phai
duoc loai bo triét dé trong qua trinh loc dé tao ra
san phdm an toan, ddy 1a mot kho khan khong
nho. Vi nhitng 1y do trén, cac té bao E. coli
thuong duoc sir dung dé tao ra cac protein nhu:
cytokin, interferon, hormon va céc protein chudi
don don gian. Hiu hét cac san phdm nay c6 cu
trdc twong dbi nhé va chira mot hodc hai lién
két disulfua, cho phép chung dugc tai céu trac
khong gian lai mot cach dé dang trong trudng
hop can thiét;

N4m men Saccharomyces va Pichia c6 thoi
gian nhén doi tuong d6i ngan (90 phut) va kha
nang phat trlen t6t trong moi truong chi phi thap
Hon nita, nAm men duoc st dung trong san xuat
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banh mi, bia va ruou trong nhiéu thé ky va da
chung to duoc tinh an toan. Pac diém di truyén,
C4C qua trinh trao ddi chit cua ching ciing da
dugc hiéu 1. Trai nguoc voi dong té bao E. coli,
cac té bao nam men co thé tiét cac protein vao
moi trudng nudi cdy, hodc gitr chiing trong té bao
chat va co thé phat trién dén mat do té bao dic
biét cao do c6 kha nang tang trudng ky khi. Céac
té bao ndm men ciing c6 b may sinh tong hop
protein phirc tap hon so véi E. coli va do d6 ¢6
thé tao cac proteln ¢ cau trac khong gian on
dinh hon va co6 thé tao nhiéu bién thé sau dich
mi, bao gom ca qué trinh glycosyl hoa. Nhimg
dic diém nay lam cho céac té bao nim men tro
thanh cac dong té bao duogc lwa chon nhiéu trong
giai doan ddu san xuét thudc protein. Ching la
mot trong nhitng dong té bao dau tién duoc sir
dung dé san xuat insulin nguoi tai to hop va
nhiéu san pham khac;

Nhuoc diém cia té bao nAm men 1a mic du
c6 kha nang glycosyl hoa protein sau dich ma,
nhung ciing tao dan chit glycoforms khong
gidng véi protein ngudi. Nhimng khac biét nay co
thé dan dén nhimng thay doi vé hoat tinh va sinh
kha dung, va nhiéu truong hop con dan dén phan
tmg mién dich,.... |am cho han ché dng ké cac mg
dung. Hién nay nim men dugc st dung chu yéu dé
san xuét insulin nguoi tai to hop, albumin huyét
thanh nguoi, trypsin va vaccin viém gan B [14].

2.1.2. Phat trién méi truong toi wu va nudi
cay té bao

Qu4 trinh nudi cdy té bao vi sinh vat va té
bao dong vat co vii déu co nhing diém tuong
ddng, déu dya vao mot s6 dang mai trudng ting
truong duge t6i wu hoa va dién ra trong cac hé
théng 1én men/nudi cdy c6 khudy tron, duoc
kiém soat vé diéu kién moi truong, nhiét do, do
pH, oxy hoa tan, néng d6 CO2 va mirc dd sinh
bot. Cac quy trinh thuong thiét ké theo 16, moi
truong nudi ciy méi duoc thém vao hé thong
nudi cy trong sudt qua trinh san xuat (fed-batch).
Cach nay cho phép kiém soét tt hon qué trinh phat
trién t& bao va sinh tong hop protein [9].

Mot kiéu qui trinh khéc 13 thyuce hién nudi cy
trong thé tich nho, khong khuay tron. Trong qué
trinh nay, mgt mét moi truong maéi duge thém

vao lién tuc trong khi méi truong cii duge lay ra.
Phuong phap nay cho hi¢u qua cao do mat d6 té
bao kha cao, dan dén tang ning suat. Tuy nhién,
c4c yéu cau ky thuat cua qua trinh cip méi
truong lién tuc c6 nhiing thach thirc nhét dinh, vi
cac té bao phai duoc gitr lai hoac dua tro lai
buong nudi cay trong khi van duy tri kha ning
song cao va tranh tap nhiém [15].

Mdi quy trinh 1én men/nuéi cay té bao déu
st dung mot lo té bao doéng lanh duoc luu trir
trong ngan hang té bao san xuét (working cell
bank- WCB). Ban thin WCB dugc tao ra bang
cach str dung mét lo té bao tir MCB, d3 duoc
kiém tra va x4c nhan can than vé d¢ tinh khiét va
6n dinh. Cac té bao ban dau duoc nudi cay trong
mot thé tich nh6 moéi truong tang trudng trong
mot binh nu6i ciy nho, sau d6 dugc cdy chuyén
sang nudi cdy trong cac thé tich ngay cang 16n
trudce khi duoc dura vao ngan hang té bao san xuat.

Trong truong hop 1én men vi sinh vat, muc
tiéu 1a ting truong té bao nhanh chong dén mat
d6 tdi da trude khi gdy ra biéu hién protein tir
plasmid. Sy sinh tong hop protein dugc khoi
mao nhd sir dung mot chit khoi dong cam tng
manh, qué trinh san xudt protein s& dién ra rat
nhanh sau d6. Sy sinh tong hop protein tai t6 hop
& muac do cao co thé gdy doc cho té bao, do do
can phat trién té bao téi mat do cao trude khi kich
hoat biéu hién protein trong vai gio cudi ciia quy
trinh. Nguoc lai, trong trudng hop té bao dong
vat ¢o vu, téng hop protein thuong 1a lién tuc,
nghia 14 n6 gan nhu khong ddi trong mdi té bao
trong sudt qué trinh sinh truéng va phat trién.
Trong nhimg truong hop nay, muc ti€u don gian
1a duy tri kha nang song cua té bao cao de dat
duoc mat do té bao cao nhat & giai doan cudi. bé
dat duoc nhitng muc ti€u nay, cac chét chuyén
hoa dugc danh gia ky ludng trong giai doan phat
trién quy trinh, trong d6 mdi trudng ting trudng,
lich trinh b sung chat dinh dudng va cdc chat
phu gia khac, dugc thiét ké can than dé ngin
chin sy hinh thanh cac chat chuyén hoéa doc hai.
Dua trén nhing thiét ké nay, quy trinh nuéi cdy
vi sinh vat thuong hoan thanh trong vai ngay,
trong khi quy trinh san xuat bang té bao dong vat
¢6 vl thuong mat 3 tuan hodc lau hon. Véi qui
trinh trong d6 méi truong dugc bd sung lién tuc
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va cac té bao gan nhu & trang thai on dinh, co thé
dugc thuc hién trong nhNiéu thang hodc lau hon
mién la khong bi tap nhiém [16].

2.1.3. Thu hoach

Khi sinh tong hop protein hoan thanh
(truong hop té bao vi sinh vat) hoic khi kha ning
song cua té bao bat dau suy giam dang ké (truong
hop té bao dong vat co va) thi s& két thuc giai
doan san xuét dugc chat protein. Tai thoi diém
nay, bat dau thyc hién cac hoat dong thu hoach.
Giai doan thu hoach nham muyc tiéu tach protein
sinh tong hop dugc tir hé théng nudi cdy va
chuan bi cho qua trinh tinh ché tiép theo. C6 sy
khac biét quan trong khi st dung té bao dong vat
¢6 v hodc té bao vi sinh vt trong budc thu hoach.

- Khi sir dung cac dong té bao dong vat co
va, do protein duoc tiét ra moi truong nudi cdy,
do d6 duoc thu hoach bang cach ly tdm lién tuc
dé loai bo cac té bao khong bi pha v&, tiép sau
d6 loc thd va loc tinh dé loai bo cac tiéu phén.

- Trong truong hop st dung té bao vi sinh
vét, va dac biét la E. coli, protein sinh tong hop
van nam bén trong té bao vi vy can diét cac té
bao (thuong thyc hién bang cach thém benzyl
alcohol) va tach chung ra khoi méi truong nuoi
ciy bang cach loc va ly tim. Cac té bao sau do
dugc rira sach modi truong nudi cdy va alcohol
béng nudc hoac dung dich dém. Cac té bao sau
khi rira dugc dong goi va bao quan ¢ -80 °C cho
cong doan tiép theo.

Quy trinh san xuit can duoc kiém soat va
dam bao chét lwong déng by. Cac miu nguyén
lidu dau vao, cac thong s ctia qué trinh can duoc
lru; viée 14y méu trong qua trinh va san phim
cubi cung can duoc phan tich, cac dit lidu d6 giup
hinh thanh bd hd so dam bao chat lugng.

2.2. Giai doagn phdt trién thanh pham thuéc
protein (downstream bioprocessing)

Giai doan nay gdm cac cong doan nhu: phén
1ap, tinh ché va bao ché thudc thanh pham.
2.2.1. Phdn ldp, tinh ché duoc chat protein

Dé sir dung 1am nguyén liéu san xuit thudc,
protein thd da thu hoach & giai doan trén can
duoc tinh che dé loai bo cac tap chat. Thuong co

hai nhom tap chét can duoc loai bo gém: cac tap
lién quan dén quy trinh san xuat va cac tap chat
lién quan dén san pham hodc tap nhiém.

- Tap chat lién quan dén quy trinh san xudt:
1a cac loai tap dong hanh ty nhién cua qua trinh
bleu hién protein tai t6 hop nhu cac chat do dong
té bao bai tlet ra va cac thanh phan cia méi
truong nudi cay. Mot trong nhitng tap chét pho
bién nhat lién quan dén quy trinh san xuit 1a
DNA cua dong té bao. Mic du ban than DNA
thuong tro v€ kha nang sinh mién dich, nhung
tap DNA c6 thé duoc truyén vao cac té bao cua
ngudi bénh va co kha ning trd thanh chat gay
ung thu. Mot tap chat phd bién khac 1a cac
protein cau thanh ctia dong té bao do, do chinh
cac té bao tao ra trong qua trinh phat trién,
thuong dugc goi 1la HCP (host cell protein -
protein t& bao chit) hoic CHOP (protein trong
cac qua trinh CHO). Nhiing protein tap nay co
thé gdy ra phan tng mién dich, giy ra di tng
hodc cac phan ung nghiém trong hon theo thoi
gian. Mot van dé dang lo ngai hon 1a chinh cac
tap HCP ciing c6 thé ¢ cac tac dung sinh hoc
riéng, din dén cac tac dung phu khong luong
trudc dugce hodc c6 kha nang tao ra mot epitope
phan tng chéo véi duoc chit protein, dan dén
phan ung tu mién dich chéng lai duoc chét
protein. Cac tap chat khac lién quan dén quy
trinh bao gém manh vun té bao, ndi doc td (trong
truong hop 1én men E. coli) va cac thanh phan
moi truong tang truong, thuong dugc loai bd
cung voi DNA cuia té bao chi va tap HCP trong
qua trinh tinh ché [17].

Céc tap chét lién quan dén protein sinh tong
hop gdm céc bién thé ctia chinh protein d6 nhu
céc bién doi vé dién tich bé mat, su két tu hodc
do quéa trinh glycosyl héa khéng hoan toan,
nhitng tap nay c6 xu huong khoé tach hon. Ngoai
ra con co cac tap chit do lién két disulfid noi
phén tir khong chinh xac hodc tuong tac so nudc
gita cac protein dugc cudn mot phan [18]. Céc
tap chat bién dbi dién tich bé mat thuong phat
sinh tir qua trinh bién d6i héa hoc tur phat cia mot
s6 chudi bén acid amin va cac phén tr don 1& co
qua trinh glycosyl héa khong hoan toan hoac
khong chinh xac. Nhiing thay doi nay c6 thé anh
hudéng dén tac dung, kha ning sinh mién dich
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hodc thoi gian ban hiy trong mau. Cé6 mét thuc
té 1a nhiing tap chat thudng rat gidng nhau vé mit
hoa hoc va réat kho tach trong qua trinh san xuat
quy md 16n. Vi vdy, loai va luong tap chit lién
quan dén dugc chat protein trong mot loai thudc,
can dugc phat hién bang cac phuong phap phan
tich co6 do phan giai cao, thong qua viéc xac dinh
cac chi ddu dic hiéu. Cac phuong phap phan tich
nay hién duoc sir dung pho bién dé phat trién cac
thudc tuong tu sinh hoc cua cac thude protein
phat minh.

- Tap nhiém: 1a cac tap chat c6 thé vo tinh
dugc dua vao san pham, bao gdm céc té bao vi
khuén, bao ti hodc hat virus ng?tu nhién néu thiét
bi 1én men hodc cac thanh phan méi truong
khong duoc tiét khuan dung cach hodc hé thong
nudi cay khong duoc bao vé chong tai nhidm
khuén tt. Ngoai ra con cé cac tap chit tir bao bi
hoic bét ky tap chat nao khac c6 ngudn goc trong
cac nguyén liéu khong tinh khiét.

i) Budre tinh ché dau tién

Céc protein sau thu hoach dugc tinh ché
budc dau tién dé loai bo phan 16n tap thuong sir
dung cac phuong phap sic ky da duoc ti uu hoa.
Cot sic ky dugc lua chon dé co ai lyc lién két
cao voi duoc chit protein, déng thoi ai luc lién
két thap voi hau hét cac tap chat. Sau khi hoan
thanh budc tinh ché dau tién nguyén liéu s& duoc
chuyén sang qua trinh tinh ché tiép theo;

Trong truong hop dugce chat protein dung
hop nhu mAbs, budc tinh ché diu tién thuong
dung nhya ai lyc Protein A (dua vao Protein A
cta tu cau khuan dugc gén Kkét déng hoa tri dé
lién két chon loc v6i mién Fe ctia khang thé). Sau
khi duoc cht protein dugc gén vao cdt, hau hét
céc tap chat duoc rira giai & pH thap (thuong 1a
2-4), thu dudc san pham co do tinh khiét cao
(thuong 1a trén 95%). Sau khi hoan thanh budc
tinh ché dau tién, mAbs c6 thé can dugc tinh ché
tiép qua mot loat cac budc sic ky khac nhau
tuong tu nhu cac protein Khac;

Dbi v6i cac protein khong phai 1a mAbs,
budc tinh ché dau tién bao gdm cac qua trinh sic
ky dugc thiét ké téi wu cho timg dugc chat
protein cu thé. Qua trinh nay sir dung cac cot sic
ky 16n véi mot trong cac loai nhya nhu: nhya

trao ddi ion, nhya sac ky twong tic so nudc, nhya
hydroxyapatit, nhya ai luc dac hiéu,... Mac du
c4c nguyén tic co ban 1a gidng nhau g1u’a sic ky
quy mo lon va phong thi nghiém, nhung cling c6
mot s6 diém khac biét quan trong. Trong khi sic
ky phong thi nghiém thuong dya vao cach rua
giai ddng tdc hodc gradient dé tach protein thanh
cic phan doan, thi viéc san xuat quy mo 16n
thuong khong sir dung gradient va san pham
thuong dugc thu thap trong mot phan doan duy
nhat, duoc xdc dinh béi cac diéu kién dém duogce
tdi vu hoa cho tirng protein. Mgt su khac biét
quan trong khac 1a d¢ mé rong qui mo (scale —
up) con lién quan téi kich thude cac cot, cdt cong
nghiép c6 thé co duong kinh 1én téi 2 mét va sau
0,5 mét. Cac cot ndy yéu cau thiét bi dic biét dé
nhdi va van hanh, khéng c6 d6 phan giai cao nhu
céc cOt phan tich thong thuong. Vi thé, hoat dong
clia cac ¢t nay phu thude nhiéu hon vao cac diéu
kién rtra giai [19];

ii) Tinh ché hoan chinh

Trong moi truong hop, quy trinh tinh ché
hoan chinh s& duoc thiét ké dé thu duge sin
phém dat tiéu chuan dugc dung, c6 d¢ tinh khiét
cao hon 99%. Trén thuc té, qua trinh ndy st dung
cac loai cot hap phu va cac diéu kién sac ky riéng
cho mdi loai protein va la nhitng bi quyét cua cac
cong ty san Xudt. Nhing bi quyét nay, mic du
can phai mo ta chi tiét cho co quan quan 1y va
cap phép, nhung khong dugc cong khai va chi
mot s6 thong sb chinh dugc cong bo;

Ap dung cac phuong phap bat hoat va loai bo
virus 13 bit budc d6i voi bat ky loai thuoc protein
ndo, dic biét duoc san xut tir dong té bao cua
ngudi hodc dong vat co v khac hodc co cac
thanh phan c6 nguon gbc tir dong vat trong
nguyén li€u san xuit. Vi cac quy trinh san Xudt
mAbs, viéc diét virus lién quan tdi qua trinh rira
giai khoi cot thu giit Protein A, tinh ché sic ky
va loc [20]. Piéu quan trong 14 cac quy trinh bat
hoat va loai virus dugc kiém soat lién tuc trong
qua trinh san xuét va theo cac nguyén tic tuong
tu nhu kiém soat qua trinh tiét khuén. Trén thuc
té, khong c6 quy trinh nao c6 thé khang dinh thu
dugc san phém hoan toan khong c6 virus (vi diéu
nay khong thé chimg minh ma khong pha huy
san pham), nhung x4c suit tim thay virus trong
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mot 1o san pham s& rat nho khi qua nhiéu budc
tinh ché loai bo;

Trong hau hét cac quy trinh, cac hé thong loc
déu duoc st dung dé lam trong, c6 dac va loai vi
khuén cho cic dung dich protein va cac loai moi
truong dém. Thuong dung mang loc tho véi 16
x6p khoang 10 pm dé loai cac té bao 16n, cac
manh vun té bao. Mang loc c6 kich thudc 16 xp
0,1-10 pm dé loai cac té bao nhod (mang loc 0,2
um ding dé loai khuan). Mang siéu loc co kich
thude 16 x6p 10-100 nm c6 thé giit lai cac protein
16n, trong khi mang loc nano kich thugc 15 xp
1-10 nm c6 thé giir lai protein va cac té bao, vi
thé c¢6 thé dung dé d6i hé dém hoidc cac thanh
phén dé bao ché thube, thuong dugc goi 1a si€u
loc/thim  tach  (ultrafiltration/diafiltration-
UF/DF) [21].

2.2.2. Bdo ché thanh pham thuéc protein

i) Xay dung cong thirc bao ché

Thudc protein thuong dugc bao ché dudi
dang thudc tiém cho cac duong dung nhu:tiém
tinh mach, tiém dudi da hodc tiém bép. Ngoai ra
con co thé dung qua mot sd duong dung khac
nhu méit, mili. Nhém thude nay rat kho dugc sir
dung qua dudng tiéu hoa do khong 6n dinh duéi
tac dong clia moi truong, qua trinh van chuyén
phirc tap va rat kho hap thu do khéi lwong phan
tr 16n. Do d6, viéc xdy dung cong thic thude
phai phu hop véi duong dung, c6 nong do/ham
luong thich hop va dam bao do 6n dinh vé tac
dung cta protein. Cac thanh phan cong thirc ctia
thudc protein c6 thé gdm cac chit didu chinh pH,
d6 thAm thau, do dan dién; dém va cac ta duoc
khac nhu chit hoat dong bé mat, chat chéng oxy
hoa phu hop. Xay dung cac cong thirc bao ché
loai thudc nay gap nhiéu kho khin do protein rat
nhay cam voi nhiét, pH, dung moéi hiru co, tac
d6ng khudy tron, g : suat cat. Hon nita, nong do
protein cao c6 thé dan dén su két tu theo thoi
gian, diéu nay phai dugc kiém soat va thu
nghiém ky ludng trong qua trinh nghién ctru phat
trién. Mot diém dic biét khac cua thude protein
12 d6 nhét cao va su thay d6i do nhét cua thude
c6 thé anh huong dén kha nang tiém, thoi gian
tiém, anh huéng dén kha niang hip thu, va murc
d0 dau cua bénh nhan;

Céac khia canh can duogc phan tich danh gia
trong qué trinh nghién ctru phat trién thanh pham
gf)m cac phan tmg phén huy, oxy héa, khir amin,
két tu va mat hoat tinh, ddc biét 1a voi dang long.
Dé han ché nhiing van dé do, mot s6 san pham
thude duoc bao ché & dang dong kho hoac tao
¢bt v6i polyme so nuée nhu acid polylactic-co-
glycolic [22]. Ngoai ra, cac ta dugc dong mot vai
trd quan trong dé 6n dinh thudc protein. Mot s6
ta dugc thudong dugce st dung nhu sau (Bang 1):

- Acid amin: thuong duoc bd sung dudi dang
tu do véi vai tro ting d tan (alanin), ting d¢ on
dinh protein (arginin, glycin, L-methionin,
L-prolin, L-histidin), giam qua trinh isome hoa
(acid aspartic), ting 6n dinh nhiét (acid
glutamic), giam két tu (leucin, L-prolin), chdng
oxy hoa (L-methionin);

- Cac chat chdng oxy hod, ting d6 on dinh
chu triic protein: acid ascorbic, cystein
hydroclorid, glutathion, methionin, natri edetat,
thioglycerin, acid thioglycolic, thiosorbitol;

- Chét bao quan, chdng vi sinh vat: Benzyl
alcohol, metacresol, phenol, 2-phenoxyethanol;

- Ta dugc dém: 6n dinh pH, déng truong nhu
hé dém acetat, phosphat, sucinat, glutamat,
aspartat; acid citric; glycin;  L-histidin
hydroclorid; natri phosphat,...

- Puong: sir dung nhu chit tao khung trong
qua trinh dong kho, giam két ty, ting d6 6n dinh,
vi du: manitol, sorbitol, sucrose, trehalose,...

- Chét dién hoat: ting kha ning phan tan,
chdng két tu: polysorbat 20, 80;

- Mot s ta duogce khéc: cac ion kim loai (Ca*?,
Mg*2, Mn*2, Ni*?) dé 6n dinh protein; propylen
glycol dé ngan sy két tu; PEG dé tang do hoa tan;
poloxamer dé giam sy bién tinh va 6n dinh do
nhdt [23];

ii) Pha ché, dong lo, dong goi, hoan chinh
san pham

Giai doan tiép theo clia quy trinh san xuét
bao gdm budc loc dung dich protein va dung
dich dém, bd sung ta duoc, kiém soat céc thong
s6 va loc vo khuan dung dich thube. C6 thé ap
dung qui trinh déng kho dé tang d6 6n dinh cho
san pham;
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Bang 1. Thanh phan, dang bao ché ctia mét sé thude protein

KLPT

Tén thude Hoat chat (kDa) Ta dugc pH Dang bao ché Loai thudc Cong ty SX
. _ _ D‘?Pg dlc,h tiem Khang thé
. . Erenumab-aooe bém acetat; polysorbat 80; dudi da dong san . Amgen/
Aimovig 150 R - 52 don dong .
(70 mg, 140/ ml) sucrose, nudc dé pha tiém. trong bom Novartis
DI (mADb)
tiém/but tiém
Fremanezumab- Dinatri EDTA, - L-Histidin, L- Dung dich tiém Teva
. histidin - mono  hydrochlorid, . , < .
Ajovy vfrm 148 olvsorbat 80. sucrose. nuée da 55 dudi da dong san mADb Pharmaceuticals
(225 mg/1,5 ml) POTyso ! ! trong but tiém USA, Inc.
pha tiém.
. . L Thudc bot (déng
250, 500, 750, Arginin hydroclorid, calci clorid A C ez . .
Altuviiio | 1000, 2000,3000, | 312 | dihydrat, histidin, polysorbat 80 kho) phadung | Protein téito | Bioverativ
dich tiém tinh hop Therapeutics Inc.
4000 1U/1o sucrose.
mach
. . . . Dung dich dam . R :
Elzonris Tagraxofusp-erzs Natri clorid, sorbitol, Y L Protein tai to Stemline
(1000 pg/ml) 58 tromethamin, nuéc dé pha tiém 75 ddc d¢ pha tiém hop Therapeutics, Inc
’ ' truyén tinh mach ; P
- - Dung dich tiém
Galcanezumab- L-Histidin, L-histidin  mono dudi da déne sin
Emgality gnim (120 mg/ 147 hydrochlorid, polysorbat 80, | 5,3-6,3 & mADb Eli Lilly
. . : o X n trong bom tiém/
mL; 100 mg/ml) natri clorid, nudc dé pha tiém. s
bat tiém
Pembrolizumab L-Histidin, L-histidin  mono Dunquich dam AstraZeneca
Keytruda 25 mg/ml 149 hydroclorid, sucrose , polysorbat | 5,2-5,8 dac dé pha tiém mAb Pharmaceuticals
(lo 4 ml) 80, nudc dé pha tiém. truyén tinh mach LP
. L-Histidin, L-histidin mono Dung dich dam Regeneron
. Cemiplimab-rwlic . 2 S Pharmaceuticals,
Libtayo 146 hydroclorid, sucrose , polysorbat 6 dac deé pha tiém mADb -
(50 mg/ml) 80. nudc dé pha tie truvén finh h Inc. and Sanofi-
, nuoc de pha tiem. ruyen tinh mac Aventis US. LLC
Moxetumomab Glycin, polysorbat 80, natri Thube bot (dong Astra
. pasudotox-tdf phosphat monobasic | 7,4 (sau N Zeneca
Lumoxiti . 63 . kho) pha dung mAb .
1 mg/lo (pha lai monohydrat, sucrose, | khi pha) dich dam dic dé Pharmaceuticals
véi nude dé pha natri hydroxid. : N LP and Astra
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tiém dé cho dung
dichl mg/ml truéc
khi pha lodng)

TuUi dung moi pha loédng: 50 ml
dung dich natri clorid 0,9% va
dng dung dich 6n dinh 1 ml chira
citric acid monohydrate
(0,7 mg), polysorbat 80 (6,5 mg),
natri citrat dihydrat
(6,4 mg), nudc dé pha tiéem (pH
6.0).

pha tiém truyén
tinh mach

Zeneca AB

Lunsumio

Mosunetuzumab-
axgb 1 mg/ml
(lo 1 ml; 30 ml)

146

Acid acetic, histidin, methionin:
polysorbat 20, sucrose, nudc dé
pha tiém.

5,8

Dunquich dam
ddc dé pha tiém
truyén tinh mach

Prqtein tai
to hop

Genentech, Inc.,
Roche Group

Oxervate

Cenegermin-bkbj
(20 pg/ml)

13

Dinatri  hydrogen  phosphat
anhydrous, HPMC, L-
methionin, manitol,
polyethylene glycol 6000, natri
dihydrogen phosphat dihydrat,
trehalose dihydrat, acid
hydrocloric acid/natri hydroxid
vd 7,0-7,4, nu6c dé pha tiém vd
1 ml. Do thdm thau 280- 320
mOsm/Kkg.

7,0-7,4

Dung dich
nho mat

Dang tai to
hop cua yéu
t6 tang
truéng than
kinh nguoi

Dompe’
Farmaceutici
Sp. A

Poteligeo

Mogamulizumab-
kpkc (4 mg/ml)

149

Acid citric monohydrat, glycin,
polysorbat 80, acid hydrocloric
acid/matri hydroxid vd 5,5, nudc
dé pha tiém.

55

Dunquich dam
déc dé pha tiém
truyén tinh mach

mADb

Kyowa Kirin, Inc.

Revcovi

Elapegademase-
Ivir 2,4 mg/1,5
ml/lo (1,6 mg/ml)

113

Natri clorid, natri phosphat
dibasic  heptahydrat, natri
phosphat monobasic
monohydrat, nu6c dé pha tiém.

6,9

Dung dich
tiém bap

Protein tai t&
hop

Leadiant
Biosciences, Inc.

[https://www.accessdata.fda.gov; https://www.medicines.org.uk/emc/product].
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Dich san pham dugc khudy tron ¢ nhiét do,
tbc d9, thé tich va hinh dang thung pha ché phu
hop. Ngoai ra, dich chira san pham con trai qua
cac budce loc vo khuén va/hodc UF/DF, sau do
dugc dong lo (thé tich dong dugc khuyén nghi
nam trong khoang 30% dung tich cua lo) hodc
dng tiém/dung cu tiém dong sdn. Cac thiét bi
chiét rét va hoan chinh thanh pham dugc thiét ké
sao cho dam bao dich dong nhat, dong thoi bao
vé d6 vo khuan va do tinh khiét ctia san pharn
Dé tranh khir amin va oxy hoa thanh pham thudc,
can thyc hién qua trinh pha ché va dong goi trong
khi nito. Cac budc phong ngira khac bao gdom
han ché tiép xtc véi anh sang c6 thé gay phan
huy, dic biét cystein, tryptophan, tyrosin va
phenylalanin, déng thoi loai bd moi kha nang tao
bot [24].

Diéu quan trong can luu ¥ 1a bao bi tiép xuc
truc tiép v6i thude c6 thé tuong tac v6i san phdm
dan dén nhimng thay dbi vé hoa 1y (giam do 6n
dinh cua thude, két tu protein do tuong tac véi
nat silicon, két tua,...) [24]. Cac van dé khac lién
quan dén bao bi cép 1 nhu d6 4m con sot lai, kha
ning thdm am déu anh huong dén chét luong thude.

Céc bude hoan thién bao gém kiém tra do
trong (v6i dung dich), ghi nhan, dong goi va bao
quan san pham. Cu01 cung, sau khi da duoc ra
soat toan by cac yeu t6 dam bao chat lugng,
thanh phiam thudc di sin sang dé duoc van
chuyen (trong dleu kién nhiét d6 duoc kiém soat)
dén kho va noi cip phat cho ngudi bénh.

3. Thudc twong tw sinh hoc (Biosimilars)

Thude twong tu sinh hoc 1a ban sao hoa hoc
ctia thudc protein dd duoc phé duyét ma “khong
¢6 su khac biét c6 y nghia 1am sang vé do an
toan, do tinh khiét va hiéu luc” theo huéng dan
cua FDA. Do d6, khi phan tich so sanh gitta phan
tu tuong ty sinh hoc va phan tir phat minh
(thuong dugc goi 1a “phan tar tham chiéu -
reference molecule”) can chi ra tinh twong tu
sinh hoc, tuong duong vé chét luong, hiéu qua
va d6 an toan. Phat trién thude tuwong tu sinh hoc
c6 thé tiét kiém chi phi do thoi gian dua ra thi
truong ngan hon, cac thir nghiém 1am sang duoc

riit gon, nguy co san pham bi 1i thép va cai tién
phuong phap phan tich va sin xuat [25]. Khi céc
thudc phat minh hét ban quyen cac thube twong
tu sinh hoc ¢6 co hoi phét trién, lam phong pha
thi truong thude. Vi du cac thude nhu filgrastim,
pegfilgrastim, infliximab, rituximab va
adalimumab da tr¢ thanh muc tiéu chinh cho viéc
phat trién thudc twong tu sinh hoc trong giai doan
vira qua.

Vian dé thach thirc véi san xuat thude tuong
tur sinh hoc la ban than cac quéa trinh sinh hoc
lubn bién doi, vi thé viéc st dung chinh quy trinh
san xuat da tao ra thudc phat minh ciing khong
thé tao ra san pham gidng tuyét déi [26]. Do do6
khong thé lap lai quy trinh san xuét thude tham
chiéu dé san xuét thudc twong ty sinh hoc, vi vy
chi c6 thé ding cac thir nghiém dé so sanh chiing
v6i phan tir tham chiéu bang cach phan tich cac
dac tinh hoa ly va sinh hoc. Vi du, mAbs duogc
phan tich cac ving bién doi (khir amin, oxy hoa,
pyroglutamate dau N, glycosyl hoa); ving khong
d6i (khir amin, oxy hoa, glycosyl hoa, acetyl hoa,
ly giai dau C, x4o tron lién két disulfid, phan
manh, cit); phan tich lién két (ai lyc cua san
pham v&i muyc tiéu, hoat tinh, phan ung mién
dich, lién két chéo,...); phan tich chltc nang;
danh gia PK/PD cua san phdm trén dong vat; va
kha ning sinh mién dich/danh gia tinh khang
nguyén [25]. Theo hudéng dan ciia Co quan Dugc
phim Chau Au (EMA), c4c nghién clru tuong
duong PK/PD cuia thudc twong tu sinh hoc véi
thudc tham chiéu, co thé du dé cong bd tuong
duong lam sang. Chinh vi thé, cac co quan quan
Iy dugc phdm co qui trinh phé duyét riéng voi
thudc twong tu sinh hoc va T6 chirc y té thé gioi
(WHO) di phat trién cac tiéu chuan dugc chap
nhan trén toan cau dé dam bao tinh an toan, hiéu
qua va chét lugng cua céac loai thudc tuong tu
sinh hoc vao nim 2009 [27]. FDA da thiét 1ap
quy trinh cép phép dbi vé6i thudce twong tu sinh
hoc nam 2010, cip phép phé duyét thude
filgrastim vao nam 2015 (Zarxio, mot thudc
tuong tu sinh hoc véi Neupogen cia Amgen, da
dugec EMA phé duyét & Chéu Au vio nim 2009).

San xuét thudc proteln ngay cang phat trlen
s& c6 nhiéu san pham thudc tuong tu sinh hoc va
thudc cai tién sinh hoc (biobetters) (con dugc goi
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1a thude sinh hoc vuot troi - biosuperiors) dugc
phat trién voi cong ngh¢ ngay cang tién bo.
Trong 10 nam dau tién phat trién thudc twong tu
sinh hoc & EU, 19 loai thubc da duoc EMA phé
duyét (gdom sau loai: hormon ting truong,
follitropin, insulin, mAbs, filgrastims va
epoetin). Chi riéng nam 2019, c6 t&i 78 loai
thude protein tuong tu sinh hoc da dugc FDA va
EMA phé duyét.

Su phat trién céac thude tuong ty sinh hoc s€
mang lai nhiéu kha ning tiép can hon véi chi
dinh diéu trj cia nhiéu nhém bénh nhén, méc du
gi4 thudc tuong tu sinh hoc thuong chi thap hon
tir 20-30% so v&i gia thude phat minh.

4. Két luan

Viéc nghién ctru phét trién va Gng dung
nhom thude protein vao thuc tién diéu tri co y
nghia quan trong, ngay cang co nhiéu tién bo
m6i. Su phat trlen manh mé ctia nhom thude nay
hira hen nhiéu tién bo vuot bac trong chan doan,
diéu tri, phong bénh va nang cao sirc khoé con
ngudi. Nhu cau cao ctia nhém thube do ciing co
tac dung thiic ddy sy phat trién cta cac linh vuc
khoa hoc chuyén nganh nhu sinh hoc co ban,
di truyen cong ngh¢ sinh hoc, cong nghé tach
chlet va tinh ché protein, cong nghé bao ché san
xudt thude.

San xuét thudc protein 1a mot th vuc lon,
trinh d¢ khoa hoc cong nghé cao, can tich hop
khoa hoc cong nghé¢ da nganh, can 6 ngudn
nhan lyc trinh d§ cao va chuyén can, can dau tu
cac nha may dong bd va hoan chinh. Bé phat
trién duoc linh vuc cong nghiép day tiém ning
nay bén canh cac yéu td trén con can dugc sy ing
h6 vi mé ciia cac chinh sach khuyén khich.

Xay dung ngudn nhan lyc c6 nén tang kién
thirc vimg chic, kha nang nghién ctru phat trién
va tiép nhan chuyén giao tri thirc s& giup hinh
thanh nén nén coéng nghiép dugc pham protein
cho dét nudc trong twong lai. Dy 1a mot linh vuc
cong nghiép co6 gia tri 16n, ca cho muc ti€u bao
v€, cham sdc strc khoé, cho su phat trién trinh d6
va nang luc khoa hoc cong nghé qudc gia va ca
vé gi tri kinh t& ma n6 mang lai.
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