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NGHIEN CUU TOI UU HOA TAO KHOI TE BAO CAR-T
Ngd Thu Hangt, Céin Viin Méo'*

Tom tit

Muc tiéu: T6i wu héa qua trinh d6ng nudi cay té bao CAR-T va aAPC 1D2
nham thu dugc sé lwong va chét luong té bao CAR-T cao nhit. Phwong phdp
nghién ciru: Tach té bao don nhan mau ngoai vi (peripheral blood mononuclear
cells - PBMC) tir mau mau twoi. Sau d6 phan tich PBMC bang may flow cytometer
BD Facslyric. Chuyén nap cdu tric CAR vao PBMC bing may Amaxa
Nucleofector 2b véi chuong trinh T-020. Bong nudi cdy CAR-T va aAPC 1D2
theo ty 18 1:2 té bao CAR-T sdng. Phan tich biéu hién CAR bing real-time PCR.
Két qud: O ngay 7 va ngay 14, so luong té bao CAR-T di ting sinh 1én rat nhiéu
lan so véi ngay thir 3. Kha ning tang sinh cia hai thé hé té bao CAR-T 1a twong
duong nhau & 14 ngay va c6 su khac biét tir ngay 21. Sau 28 ngay, luong té bao
CAR-T iCasp9-1L15 (78,62%) thu duoc nhiéu hon so voi CAR-T CD19RCD137
(66,23%), véi p > 0,05. Két qua & ngay 28 cho thay ~ 97% sb té bao CAR-T cua
ca hai thé hé biéu hién CAR trén bé mit sau ting sinh. Két lugn: Té bao CAR-T
tang sinh hiéu qua trong 28 ngay dong nudi cdy cing té bao trinh dién khang
nguyén nhan tao va IL-2 v&i 4 lan bo sung aAPC (ngay 1, 7, 14, 21). 97% té bao
thu nhan duogc biéu hién phan tir CAR trén bé mat.

Tir khoa: Té bao CAR-T; Té bao don nhan méau ngoai vi; Chuyén nap.

STUDY ON OPTIMIZING THE PRODUCTION OF CAR-T CELL MASS

Abstract

Objectives: To optimize the co-culture process of CAR-T cells and aAPC 1D2
to obtain the highest quantity and quality of CAR-T cells. Methods: Separating
peripheral blood mononuclear cells (PBMC) from fresh blood samples. Then,
PBMC was analyzed by a BD Facslyric flow cytometer. Transpositing CAR into
PBMC using Amaxa Nucleofector 2b with T-020 program. Co-culture CAR-T and
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aAPC 1D2 at aratio of 1:2X viable CAR-T cells. CAR expression was analyzed by
real-time PCR. Results: On the 7" and 14" day, the number of CAR-T cells
proliferated many times more than that on the 3" day. The proliferative capacity of
the two CAR-T cell generations was similar on the 14" day, and there was a
difference from day 21. After 28 days, the number of iCasp9-IL15 CAR-T cells
(78.62%) was higher than that of CD19RCD137 CAR-T cells (66.23%) with
p > 0.05. The results on day 28 showed that approximately 97% of CAR-T cells of
both cell generations expressed CAR on the surface after proliferation. Conclusion:
CAR-T cells proliferated effectively from the 28" day on co-culture with artificial
antigen-presenting cells and IL-2, with aAPC supplementation of 4 times (1%, 7%,
14, 21t day). The obtained cells expressed CAR molecules of 97% on the surface.

Keywords: CAR-T cell; Peripheral blood mononuclear cell; Transposition.

PAT VAN PE

Trong co thé séng, céc té bao T duoc
kich thich dé ting sinh va biét hoa boi
c4c té bao trinh dién khang nguyén nhu
té bao dudi gai (DC). Té bao T dugc
Kich hoat boi su tuong tac gitra cac thu
thé té bao T (TCR) va phtic hop hoa hop
md chinh nam trén bé mit té bao DC va
théng qua cac phan tir dong kich thich
nhu CD28, 4-1BB va OX40 [1]. Pé
khong phai nudi cdy clng véi té bao
DC, mot sé phuong phéap da tao ra céc
té bao trinh dién khang nguyén nhan tao
dé kich thich tu nhién cua té bao T da
duoc phat trién va thyc hién [2].

Phuong phap chu yéu duoc sir dung
dé kich hoat té bao T cho cac san pham
dang thtr nghiém lam sang la kich hoat
bang cac hat thuan tir pha khang thé
khang CD3/CD28. Anti-CD3/CD28
mADs va IL-2 da duoc sir dung danh gia
nhiéu san pham trong d6 c6 KTE-019

cia KITE Pharma (hién nay dugc chap
thuan nhu Yescarta). Cac nhom dau tién
b&o cdo sir dung cac hat tu tinh trong
cac nghién ctru dugc danh gia la nghién
ctru cua Deeks va CS vé té bao CAR-T
chéng gp120 trong diéu tri HIV [3].
Nhiéu nghién ctu sir dung phuong phap
nay co lién quan véi cac san pham cua
Novartis va Juno Therapeutics CTL019
(hién nay duoc phé duyét la Kymriah)
va JCARO014, JCARO015, JCARO017 va
JCARO018. Tuy nhién, dé giam chi phi
san pham, hién tai nhiéu nghién ciru da
phat trién cac phuong thirc khac nhu
diung khang thé don dong, dung cac
Interleukin hodc dung té bao nhan tao
trinh dién khang nguyén [4].

Nham hd trg qua trinh ting sinh té
bao T & quy md lo6n mot cach hiéu qua,
chiing t6i da tao va chon dugc mét dong
té bao trinh dién khang nguyén nhan tao
(aAPC 1D2) biéu hién manh ca 4 phan
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ter CD19, CD64, CD86 va CD137,
nghién ctru dugc thyc hién nham: Téi
wu héa qud trinh dong nudi cay té bao
CAR-T va aAPC 1D2 theo cac yéu té ty
Ié CAR-T:aAPC 1D2, sé lan bé sung
aAPC va thoi gian nudi cdy nham thu
nhdn dwoc sé lrong va chdt heong té
bao CAR-T cao nhat ¢ thé.

POI TUQONG VA PHUONG PHAP
NGHIEN CUU
1. Pdi twong nghién ciru
Té bao K562 dugc nudi ciy trong
moi truong RPMI 1640 (Biowest),
Fetal Bovine Serum (Hyclone), CTS
Optimizer T cell Expansion (Thermo
Fisher). Str dung bo kit SF Cell Line
(Lonza), bo kit Cell Line Nucleofector
V (Lonza), bd kit Ingenio Electroporation
(Mirus Bio) Iam chat chuyén nap va
MRNA SB (md hoa sleeping beauty
transpoase) dugc phién méd in vitro tai
Phong Thi nghiém K¥ thuat Gen, Trung
tam Nghién cau va Phét trién Coéng
nghé Sinh hoc, Truong Pai hoc Bach
khoa Ha Noi.

2. Phwong phap nghién ctiru

* Phwong phdp tach PBMC: Mau
mau tuoi dugc xur ly vai 3mL Ficoll-
Paque PREMIUM (p = 1,077 g/mL) dé
loai bo hoan toan dich ndi va tao sinh
khéi té bao. Sau do, khéi té bao duoc
hoa tan bang 4mL méi trudng nudi cay
CTS Optimizer complete.
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* Phan tich PBMC: Khéi PBMC
duoc quan sat dudi kinh hién vi soi
nguoc, dém sb luong va ty 18 té bao
séng/chét bang nhuom trypan blue
0,4%. Sau d6, nhudém té bao vdi cac
khang thé & nong do cudi 1 - 10 pg/mL
truéc khi t té bao & 4°C trong béng toi.
Té bao sau d6 duoc ria sach, hoa tan
trong 300uL FACS buffer va phéan tich
bang may flow cytometer BD Facslyric.

* Chuyén ngp vao PBMC: Nhuom
trypan blue 0,4%, dém sé luong té bao
va ty 1é té bao PBMC séng. Sau d6, 107
té bao séng duoc ria, loai bo hoan toan
dich ndi va hoa vao 5mL méi trudng
nudi ciy c6 bd sung bi tir Dynabeads
CD3/CD28 (sb lwong té bao bang vai sb
bi tir). Sau 60 gio nudi cay, bi tir dugc
loai bo bang nam cham. Sinh khdi
2 x 107 té bao dugc hoa tan bang 100pL
dung dich chuyén nap P3 Primary Cells
(Lonza) va 1upg plasmid SB100X va
10pg plasmid CD19RCD137/pSB. Han
hop trén duoc chuyén vao cuvette
chuyén dung (Lonza) va chuyén nap
bang may Amaxa Nucleofector 2b voi
chuong trinh T-020.

* pong nudi cdy CAR-T va aAPC:
Hoa tan aAPC 1D2 vé mat do 107 té
bao/mL bing méi truong CTS Optimizer
T cell expansion. aAPC sau d6 dugc bd
sung vao moi truong nudi cdy CAR-T
theo ty 1 2X té bao CAR-T séng.
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* Phan tich biéu hién CAR bang real-
time PCR: 10° t& bao séng duoc rua
sach va taich mRNA bang kit QlAamp
RNA Blood Mini (Qiagen). Lugng RNA
sau tach dwoc dinh lwong bing may
Qubit 4 Fluorometer (Thermo Fisher)
va Qubit RNA assay kit (Thermo
Fisher). RNA thu dugc duoc chuyén
cDNA vé1 Invitrogen™ SuperScript™
III Reverse Transcriptase. Sau do, 10ng
cDNA dugc su dung cho phan ung
phat hién muc d6 biéu hién mRNA
CAR véi cap mai dac hiéu [1, 2, 3, 4].

Cac budc dugc thuc hién theo hudng
dan cua nha san xuat.

3. Pao dirc nghién cau

Nghién cuu duoc thdong qua Hoi
ddng Pao duc tai Bénh vién Quan y 103
(s6 180/2021/CNChT-HPDD ngiy
10/8/2021). Sé liéu nghién ctu duoc
Ban chu nhiém d&é tdi Mi sé:
KC10.39/16-20 va B6 mén Sinh ly bénh,
Hoc vién Quéan y cho phép sir dung va
cong bb. Nhom tac gia cam két khéng
¢ xung dot loi ich trong nghién cuu.

KET QUA NGHIEN CUU
1. Phan tich bi¢u hién CAR bing real-time PCR
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Hinh 1. Phan tich biéu hién CAR sau 3, 7 va 14 ngay
dong nudi cdy CAR-T va aAPC bang real-time PCR.

Két qua cho thay co su tang biéu hién CAR khi dong nubi cdy CAR-T véi té
bao trinh dién khang nguyén nhan tao c6 CD19*. O ngay 3, sau 35 chu ky thi tin
hiéu méi bt dau tach ra khoi duong chuan. O ngay 7, chi can sau 15 chu ky va &
ngay 14 thi chi can < 15 chu ky di thay tin hiéu dat twong tu nhu ngay 3 sau 35
chu ky. Biéu nay cho thdy & cac ngay 7 va ngay 14, sb luong té bao CAR-T da
dugc tang sinh 1én rat nhiéu 1an so véi ngay 3 va ngay cang nhiéu té bao cé biéu
hién CAR trong quan thé méi trudng nudi ciy (Hinh 1).
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2. Tang sinh CAR-T trong thoi gian dai
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Hinh 2. S6 té bao CAR-T trong qua trinh ting sinh.

Két qua cho thay hai thé hé té bao CAR-T tang sinh hiéu qua khi dong nudi cay
Vi aAPC 1D2 va IL-2, dat = 2,5 - 5 x 10° sau 28 ngdy. Ngoai ra, kha ning ting
sinh cua hai thé hé té bao CAR-T la trong dwong nhau (trong 14 ngay dau) va bt
dau c6 su khac biét tir ngay 21. Sau 28 ngay, tuy luong té bao CAR-T iCasp9-1L15
thu duoc nhiéu hon so véi CAR-T CD19RCD137, khac biét khong c6 ¥ nghia
thdng ké khi st dung kiém dinh T-test (n = 3) (Hinh 2).

3. Phan tich biéu hién CAR bang flow cytometry
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Hinh 3. Ty 1¢& té bao biéu hién thy thé CAR sau 21 ngay ting sinh.

Két qua cho thay ty 1é té bao biéu hién CAR dat =~ 66,23% ddi v6i CAR-T
CD19RCD137 va xap xi 78,62% ddi CAR-T iCasp9-1L15 (Hinh 3).
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CAR-T CD19RCD137
éu hién CAR bang flow cytometry.

Két qua flow cytometry cho thay ty I¢ biéu hién CAR ddi véi dong té bao CAR-T
CD19RCD137 la 58,87% va CAR-T iCasp9-1L15 la 70,10% (Hinh 4).
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Hinh 5. Phan tich biéu hién CAR trén bé mat té bao CAR-T

thu nhan duoc 28

ngay tang sinh.

Két qua & ngay 28 cho thay =~ 97% sb té bao CAR-T cua ca hai thé hé thu nhan
duoc biéu hién CAR trén bé mat sau ting sinh (Hinh 5).

BAN LUAN

1. Phén tich biéu hién CAR bang
real-time PCR

Nham khang dinh té bao CAR-T c6
kha nang ting sinh khi nu6i ciing té bao
CD19*, chung t6i dong nudi cdy PBMC
khéng chuyén nap (PBMC), CAR-T
CD19RCD137, hoac CAR-T iCasp9-IL15

(CAR-T) véi té bao CD19* la aAPC
1D2 va té bao Daudi. Sau 3, 7 va 14
ngay thu thap 10° té bao song, tach
MRNA va phan tich real-time PCR vai
cap mdi dac hiéu cho ving gene biéu
hién phan tir CAR [5]. Két qua o hinh 1
cho thay c6 su ting biéu hién mRNA
ciia CAR khi dong nudi cdy CAR-T voi
té bao CD19*. Khi st dung cing luong
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té bao séng taich RNA, chuyén cDNA
va cing luong cDNA dau vao cho phan
tng real-time PCR. O ngay 3, sau 35
chu ky thi tin hiéu méi bat dau tach ra
khoi dudng chuan. Trong khi d6 ¢ ngay
7, chi can sau 15 chu ky va & ngay 14
thi chi can < 15 chu ky da thay tin hiéu
dat tuong tu nhu ngay 3 sau 35 chu ky.
Diéu nay cho thay & cac ngay 7 va ngay
14, s6 luong té bao CAR-T di duoc
tang sinh manh mé so véi ngay 3.

2. Tang sinh CAR-T trong thoi
gian dai

Chung t6i ting sinh luong 16n té bao
CAR-T thé h¢ 2 va thé h¢ 4 vai té bao
trinh dién khang nguyén nhan tao (ty Ié
1 CAR-T : 2 aAPC) va IL-2 (50 U/mL).
Luong té bao sau mdi chu ky bd sung
aAPC (7 ngdy) duoc xac dinh bing dém
té bao séng va xac dinh ty Ié té bao biéu
hién CAR biang flow cytometry. Két
qua (Hinh 2) cho thay hai thé hé té bao
CAR-T ting sinh hiéu qua khi dong
nudi ciy voi aAPC 1D2 va IL-2, dat
~ 2,5 - 5 x 10° sau 28 ngay. Ngoai ra,
khong thay su khac biét vé kha ning
tang sinh cua hai thé hé té bao CAR-T
trong 14 ngay dau. O ngay 21 va 28, sb
lugng té bao CAR-T iCasp9-1L15 thu
dugc nhiéu hon so v&i CAR-T
CD19RCD137, tuy nhién, su khac biét
khong c6 ¥ nghia théng ké. Két qua thi
nghiém vai nhiéu lan danh gia cho thay
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téc d6 ting sinh cua té bao CAR-T ¢ ca
hai thé h¢ 1a twong duong trong thoi
gian hai tuan dau cua qua trinh nudi cay.
Nhung sau hai tuan, t& bao CAR-T
iCasp9-15 c6 tbc do ting sinh co xu
huéng nhanh hon so véi té bao CAR-T
CD19RCD137. Biéu nay c6 thé do &
cac ngay sau, khi lugng 1L-15 tiét ra du
I6n n6 s& kich thich té bao CAR-T ting
sinh manh hon. Két qua nghién ciru nay
cling tuong tu nhu trong mot s6 nghién
ctru khac, cac tac gia thay khi nudi cay
té bao CAR-T clng véi cac hat tu co
chtra khang thé khang CD3 hoic CD28
hoic IL-2, té bao CAR-T s& c6 toc do
tang sinh manh hon [6, 7].

3. Phan tich biéu hién CAR bing
flow cytometry

Sau 21 ngay ting sinh, biéu hién
CAR cua té bao CAR-T CD19RCD137
va iCasp9-IL15 duoc danh gia bang sir
dung khang thé khang CD19 gan FITC
va phan tich bang hé théng may dém té
bao dong chay flow cytometry. Két qua
(Hinh 3) cho thay biéu hién CAR dat ~
66,23% d6i voi CAR-T CD19RCD137
va Xap xi 78,62% d6i CAR-T iCasp9-
IL15. O ngay 28, biéu hién CAR trén bé
mit té bao CAR-T sau ting sinh duoc
phan tich bang flow cytometry cho thay
~ 97% s6 té bao CAR-T cua ¢ hai thé
hé thu nhan dugc biéu hién CAR trén
bé mit.
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Két qua nghién ciru cho thay té bao
CAR-T khi nudi cdy cung té bao aAPC
c6 kha ning tang sinh vé6i s6 luong 16n
va theo thoi gian, cac té bao aAPC bi té
bao CAR-T tiéu diét co ty Ié con lai rat
thip (< 3% tai thoi diém ngay 28), trong
moi trudng nudi cdy chi chi yéu con lai
la té bao CAR-T. Két qua nay ciing
duoc nhan thay trong cac nghién ctu
trude day khi sir dung té bao trinh dién
khang nguyén nhan tao dé ting sinh té
bao CAR-T [8].

KET LUAN
Té bao CAR-T ting sinh hiéu qua
trong 28 ngay dong nudi cay véi té bao
trinh dién khang nguyén nhan tao co
CD19* va IL-2. Sau 28 ngay nudi cay
Vvé6i 4 1an bd sung aAPC (ngay 1, 7, 14,
21), 97% té bao thu nhan dugc biéu hién

phan tir CAR trén bé mit.
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