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BANG CONG NGHE NUCLEOFECTOR
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Tom tat

Muc tiéu: Chuyén nap céc céu tric plasmid va minicircle Sleeping Beauty (SB)
trong chuyén nap thu thé khang nguyén chimeric (Chimeric Antigen Receptor -
CAR) vao té bao T bang cong nghé Nucleofector. Phwong phdp nghién citu:
Mau mau tuoi dugc xir Iy va tach té bao don nhan mau ngoai vi (Peripheral Blood
Mononuclear Cells - PBMC) roi dém té bao va phan tich bang flow cytometry, sau
d6 chuyén nap plasmid va minicircle tao CAR-T tuong tng. Cudi cing, danh gia
hiéu qua chuyén nap bang phan tich flow cytometry. Két qud: Hiéu suat chuyén
nap cua cau trdc plasmid CAR-T CD19RCD137/pSB thé hé 2 (25,88%) cao hon
cau tric CAR-T iCasp9-1L15/pSB thé hé 4 (14,72%), cau tric minicircle CAR-T
CD19RCD137/pSB (35,12%) cao hon CAR-T iCasp9-1L15/pSB (23,48%) Vi
p < 0,05. Ty 18 té bao song sau chuyén nap cia CAR-T CD19RCD137/pSB thé hé
2 (48,9%) cao hon so v6i CAR-T iCasp9-1L15/pSB thé hé 4 (25,4%), minicircle
CAR-T CDI19RCDI137/pSB (35,12%) cao hon CAR-T iCasp9-IL15/pSB
(23,48%) véi p < 0,05. Sy tang sinh cua té bao (4 ngay) véi IL-2 (100 U/mL) ching
minh quan thé PBMC van giit duoc chirc ning sau qua trinh chuyén nap. Két ludn:
Da chuyén nap va tao thanh cong khéi té bao CAR-T duya trén céc cau tric plasmid
va minicircle thé hé 2 va 4, tao nén tang cho céc thi nghiém ting sinh va danh gia
chic ning té bao T.

Tur khéa: Plasmid Sleeping Beauty; Minicircle Sleeping Beauty; Cong nghé
Nucleofector.
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TRANSPOSITION OF SLEEPING BEAUTY PLASMID AND
MINICIRCLE INTO T CELLS USING NUCLEOFECTOR TECHNOLOGY

Abstract

Objectives: To study the transposition of Sleeping Beauty plasmid and
minicircle in the transposition of chimeric antigen receptors into T cells using
Nucleofector technology. Methods: Fresh blood samples were processed and
separated into peripheral blood mononuclear cells (PBMC), then these cells were
counted and analyzed by flow cytometry, and the transpositions of plasmid and
minicircle were conducted to create CAR-T. Finally, the transposition efficiency
was evaluated by flow cytometry analysis. Results: The transposition efficiency
of the second-generation CAR-T CDI19RCD137/pSB plasmid construct
(25.88%) was higher than that of the fourth-generation iCasp9-1L15/pSB CAR-
T (14.72%), and the minicircle CAR-T CD19RCD137/pSB (35.12%) was higher
than that of the iCasp9-1L15/pSB CAR-T (23.48%), with p < 0.05. The viable
cell rate of the second-generation CD19RCD137/pSB CAR-T (48.9%) was
higher than that of the fourth-generation iCasp9-1L15/pSB CAR-T (25.4%), and
the minicircle CD19RCD137/pSB CAR-T (35.12%) was higher than that of the
1Casp9-1L15/pSB CAR-T (23.48%) with p < 0.05. Cell proliferation results (4
days) with IL-2 (100 U/mL) demonstrated that the PBMC population retained its
function after the transposition. Conclusion: The transposition of CAR-T cell
blocks based on the second- and fourth-generation plasmid and minicircle was
successfully conducted, creating a foundation for proliferation experiments and
testing T cell function.

Keywords: Sleeping Beauty plasmid; Sleeping Beauty minicircle;
Nucleofector technology.

PAT VAN PE

Y hoc phéan tir da budc vao thoi dai
cdng nghé cao cung cap cic phuong
phap diéu tri nhiéu bénh di truyén phuc
tap thdng qua cac san pham thuéc té bao
duogc bién d6i gene. Dé co thé tng dung
lam sang doi hoi kha ning tich hop on
dinh théng tin di truyén théng qua cac
vector chuyén gene mét cach an toan,

hiéu qua va kha thi vé mat kinh té [1].
Kha ning chuyén nap cac gene tu nhién
hoac tong hop vao cac loai té bao soma
clia con ngudi cung cap co sé cdng nghé
cho liéu phap gene dé diéu tri nhiéu
bénh 1y di truyén va mac phai va cho
phép cong nghé gene, cac san pham vy té
thuoc té bao véi nhiéu céc thugc tinh va
chtrc ning méi dé sir dung nhu cong cu

53



TAP CHi Y DUQC HQC QUAN SU SO 5 - 2025

phuc vu chin doan va trj liéu trong y
hoc. Dai da sb (70%) hé thdng phan
chuyén nap gene duoc sir dung trong
cac thtr nghiém 1am sang dang dién ra
vé lidu phap gene dua trén cac vector
virus, va chi mét ty Ié nho cac thu
nghiém sir dung hé thdng chuyén nap
khéng qua vector virus, chu yéu Ia
plasmid tran khdng tich hop DNA, ma
chi cung cap biéu hién gene nhat thoi,
khdng bén viing [2, 3].

Hién nay, c6 rat nhiéu phuong phap
chuyén gene c6 thé duoc &p dung vao té
bao T nhu tai nap bang vector virus,
transposons, mMRNA hoac st dung hat
nano, liposome, ky thuat xung dién
(electroporation)... Tuy nhién, c6 hai
loai phuong phap chinh da dugc thu
nghiém 1am sang 13 tai nap bang virus
va transposon két hop voi k§ thuat xung
dién [1, 4]. Thé hé méi nhat cua vector
SB transposon dap tng day du cac yéu
cau nay, co thé khac phuc cac han ché
lién quan dén vector chuyén gene virus
va cac phuong phap tiép can chuyén
gene khdng phai virus phé bién & cac
nghién ciru tién 1am sang dang dién ra.
Hé thdng SB cho phép gene chuyén 6n
dinh & muic cao va duy tri biéu hién gene
chuyén trong nhiéu loai té bao soma so
cap cua ngudi, do d6 nd dai dién cho
mét chién luoc chuyén gene rat hap dan
dé str dung trong 1am sang [2].

Hién nay, Viét Nam chua c6 nhom
nghién ctu nao thuc hién nghién cuau
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tao khéi té bao CAR-T ung dung trong
diéu tri bénh Iy bach cau cip. Vi vay,
nghién ctu cua chdng tdi xem Xxet:
Chuyén ngp cac cdu tric plasmid va
minicircle SB trong viéc chuyén nap
CAR vao té bao T bang cong nghé
Nucleofector.

POI TUQONG VA PHUONG PHAP
NGHIEN CUU

1. Poi twong nghién cieu

Té bao K562 nudi ciy trong moi
truong RPMI 1640 (R8758, Sigma),
Fetal Bovine Serum (S181G-500, Biowest),
CTS Optimizer T cell Expansion
(Gibco™ A1048501, Thermo Fisher).
St dung bo kit SF Cell Line (V4XC-
2032, Lonza), bo kit Cell Line
Nucleofector V (VCA-1003, Lonza) dé
chuyén nap plasmid va minicircle SB.

2. Phwong phap nghién ciru

* Phuong phap tach PBMC:

Mau twoi (d3 xir Iy chdng dong) duoc
pha loing voi mudi phosphate trung
tinh PBS - Phosphate-Buffered Saline
pH 7,2 (PBS 1X) (10010023, Glico).
Sau d6, 10mL hdn hop trén duoc dua
vao ong falcon 15mL chuta san 3mL
Ficoll-Paque PREMIUM (p = 1,077
g/mL) (Cytiva, Thuy Pién). Cac éng
falcon dugc ly tim lanh 4°C, tc d6 400
vong trong 35 phat. Sau khi ly tam, l6p
té bao don nhan PBMC (nim giira
plasma va Ficoll) dugc hit ra va hoa
vao 10mL PBS 1X (bd sung thém 0,5%
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huyét thanh bd BSA; pH 7,2). Han hop
trén duoc ly tdm lanh 4°C, téc d6 160
vong trong 10 phat. Sau khi lap lai budc
trén, dich ndi duoc loai bo hoan toan va
khdi té bao dugc hoa tan bang 4mL mdi
truong nudi cay CTS Optimizer complete
(A1048501, Thermo Fisher). 200uL
PBMC duoc st dung cho dém té bao
song chét va phan tich bang flow cytometry.

* Chuyén nap vao PBMC:

Thu 107 té bao PBMC sau khi tach
(d¢ém té bao séng chét biang nhuém
trypan blue 0,4% (15250061, Glico)
trén may dém va phan tich té bao
Countess® Il FL - Invitrogen/Thermo
Fisher). Nudi cay sinh khéi té bao trong
60 gio, bo sung bi tr Dynabeads
CD3/CD28. Sau nudi cay, loai bo bi tir
bang nam cham, thu té bao. Hoa tan
sinh 108 té bao bang 100pL dung dich
chuyén nap P3 Primary Cells (Lonza),
1pg plasmid SB100X va 10ug plasmid
hoac minicircle tao CAR-T tuong ng.
Hon hop trén dugc chuyén vao Cuvette
chuyén dung (Lonza) va duoc chuyén
nap bang may 4D Amaxa Nucleofector,
su dung chuong trinh EO-115.

* Phuong phap danh gia hiéu qua
qud trinh chuyén nap cdc cau triic
plasmid va minicircle SB vao té bao T

10pL té bao duoc tron déu voi 10pL
0,4% trypan blue, st dung may dém tu
dong Countess® Il FL - Invitrogen/
Thermo Fisher dé d¢ém sé luong té bao

va ty 1¢ té bao sdng chét. Lay 10° té bao
sau chuyén nap, nhudém véi protein
CD19 tai t6 hop gan FITC (Abcam,
ab246020) theo hudng dan caa nha san
xuat, chay flow cytometry va phan tich
v6i may BD Facslyric dé thu dugc ty 16
té bao duong tinh véi thu thé CD19, tir
do6 danh gia duoc hiéu qua cua qua trinh
chuyén nap.

* Xur Iy 56 liéu:

Phan tich dir liéu nghién cau bang
phan mém SPSS 20.0 va GraphPad
Prism 8.4.3, su khac biét c6 y nghia
théng ké khi p < 0,05. V&i cac phan
phdi chuan: So sanh trung binh cua 2
nhom doc 1ap bang T-test, so sanh trung
binh cta 3 nhdm bang phan tich phuong
sai anova. Véi cac phan phdi khong
chuan: So sanh trung vi ciia 2 nhoém doc
lap bang kiém dinh Mann-Whitney. Céc
bién dinh tinh duoc biéu thi bang ty 18
phan trim (%) va kiém dinh su khac
biét giita 2 nhom bang kiém dinh Chi-
square va Fisher's exact test.

3. Pao dirc nghién cau

Nghién ctru dugc théong qua Hoi
déng DPao duc tai Bénh vién Quan y 103
(S6  180/2021/CNChT-HPDD ngay
10/8/2021). Sb liéu nghién ctru duoc
Ban cha nhiém d& tai Ma sb:
KC10.39/16-20 va B6 mon Sinh 1y bénh,
Hoc vién Quan y cho phép st dung va
cong bd. Nhom tac gia cam két khong
c6 xung dot loi ich trong nghién ctru.
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KET QUA NGHIEN CUU

1. Két qua chuyén nap cic cau tric plasmid va minicircle SB vao té bao T
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Hinh 1. Hiéu suat chuyén nap vao PBMC st dung cac plasmid va minicircle.

Sau khi d3 t6i wu hoa qua trinh chuyén nap, chung t6i da thuc hién chuyén nap
c4c cau trac plasmid va minicircle tao khoi té bao CAR-T tuong tng. Két qua cho
thay c4u trdc plasmid CAR-T CD19RCD137/pSB thé hé 2 cho hiéu suit chuyén
nap cao hon so véi cau tric CAR-T iCasp9-1L15/pSB thé hé 4 (25,88% véi 14,72%).
Két qua tuong tu ciing dugc quan sat thiy véi cac cau tric minicircle CAR-T
CD19RCD137/pSB va CAR-T iCasp9-IL15/pSB (35,12% véi 23,48%) (Hinh 1).

2. Két qua danh gia hiéu qua qua trinh chuyén nap cac céu triic plasmid
va minicircle SB vao té bao T

Til¢ té bao song sau chuyén nap (%)

Q
Q\’g’é\ Nl

Hinh 2. Ty 1 té bao séng sau chuyén nap vai cac plasmid
va minicircle tao té bao CAR-T.
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Tuong tu VSi hiéu suat chuyén nap, ty Ié té bao séng sau chuyén nap cé sy khéc
nhau c6 y nghia théng ké gitta CAR-T CD19RCD137/pSB thé hé 2 (48,9%) so V&i
CAR-T iCasp9-1L15/pSB thé hé 4 (25,4%); gitta plasmid va minicircle (Hinh 2).
Trong khi d6, hai cau tric minicircle cho ty 18 séng sau chuyén nap 1a 60,7%

va 36,9%.
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Hinh 3. S6 té bao séng khi tang sinh véi 1L-2.

C6 thé thiy sy tang sinh cua té bao khi quan sat trong thoi gian ngan (4 ngay)
nudi ciing vai IL-2 (100 U/mL), qua d6 chang minh mét phan rang quan thé PBMC
van gitr duoc chirc nang sau qua trinh chuyén nap (Hinh 3).

BAN LUAN

1. Két qua chuyén nap cac cau tric

plasmid va minicircle SB vao té bao T

Sau khi di t6i uu héa qua trinh
chuyén nap, ching toi da thuc hién
chuyén nap cac cau truc plasmid va
minicircle tao khéi té bao CAR-T tuong
tng. Két qua cho thay céu tric plasmid
CAR-T CD19RCD137/pSB thé he 2
cho hiéu suat chuyén nap cao hon dang
ké so voi céu tric CAR-T iCasp9-
IL15/pSB thé hé 4 (25,88% S0 Vai 14,72%).

Két qua tuong tu cling quan sat thay ddi
Vi cac cau tric minicircle CAR-T
CD19RCD137/pSB va CAR-T iCasp9-
IL15/pSB (35,12% so voi 23,48%).
Diéu nay c6 thé duoc giai thich boi sy
khéc biét vé kich thudc gitra cau tric thé
hé 2 va thé hé 4 (= 7100bp so Véi
~ 10.000bp). Chuyén gene bang dién la
mot k§ thuat an toan va hiéu qua dé
chuyén acid nucleic & moi kich thudc.
Str dung plasmid phoéng vién nho
(3,5kbp), chuyén dién hon 90% té bao,
vé6i kha ning song = 70%, co thé dat
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duoc thudng xuyén ngay ca trong céc té
bao nguyén phat nhu té bao gbc trung
mo. Tuy nhién, trong ciing diéu Kién thir
nghiém, chuyén dién plasmid I6n hon
(tir 6 - 16kbp) dan dén kha ning séng va
hiéu qua chuyén gene rat thap. Nhiing
su suy giam manh nay co lién quan truc
tiép dén kich thudc vat ly caa phan tu
plasmid. Hon nira, plasmid lon chi doc
hai khi cac té bao tiép xdc voi xung
chuyén dién. Boc tinh cu thé nay cua
plasmid 16n trong qua trinh chuyén dién
khdng phai do biéu hién gene chuyén va
Xay ra trong vong chua day 45 pht.
That vay, thoi gian phuc hdi sau xung
1én dén 45 phat c6 thé loai b hoan toan
doc tinh cu thé caa chuyén dién plasmid
I6n, dan dén hiéu qua song sot va
chuyén gene giéng hét nhu plasmid
nho. Qua trinh chuyén dién cua plasmid
nho va Ion c6 thé dat téi 90 - 99% qua
trinh chuyén gene véi ty 1& séng sot 1a
60 - 90% [1]. Khi so sanh gitra dang cau
triic plasmid va minicircle, két qua ciing
cho thay cac cau tric minicircle cho
hiéu suat chuyén nap tét hon plasmid
dung nhu du doan. Mot lan nixa, hiéu
suit caa phan tng chuyén nap c6 thé da
bi anh huong bai kich thudc cia cac cau
trdc. Co thé trong cing mot diéu kién
chuyén nap, ciu trac minicircle CAR-T
CD19RCD137/pSB cho hiéu suat cao
nhat.
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2. Két qua danh gia hi¢u qua qua
trinh chuyén nap cac ciu tric
plasmid va minicircle SB vao té bao T

Tuong tu Vi hiéu suit chuyén nap,
két qua nghién ctu cho thay ty 18 té bao
séng sau chuyén nap cua CAR-T
CD19RCD137/pSB thé hé 2 cao hon c6
y nghia so véi CAR-T iCasp9-
IL15/pSB thé hé 4, va plasmid cao hon
minicircle. Ngoai ra, cd thé quan sét
thy sy ting sinh cua té bao khi quan sat
trong thoi gian ngan (4 ngay) nudi ciing
véi IL-2 (100 U/mL), qua d6 chung
minh mot phan rang quan thé PBMC
van giit dugc chirc ning sau qud trinh
chuyén nap. Hiéu suat chuyén nap
plasmid va minicircle CD19RCD137
trong nghién ctru nay la twong duong
Vi cac nghién ciru trude day [2, 3]. Doi
VGi cau tric iCasp9-1L15, nghién ctu
tién phong béi Hoyos V va CS (2010)
thuc hién tai nap vai vector virus voi
hiéu suit ~ 70% [4]. Ngoai ra, mot
nghién ctu gan day vai cau tric CAR
mang IL-15 (khéng mang iCasp9) cho
hiéu suat chuyén nap = 50% [5].

KET LUAN

D3 chuyén nap va tao thanh cong
khdi té bao CAR-T dua trén c4c cau tric
plasmid va minicircle thé hé 2 va thé hé
4. Khéi té bao nay la nén tang cho cac
thi nghiém tang sinh va thir chirc nang
té bao CAR-T trong diéu tri bénh bach
cau lymphocytic cap tinh (ALL).



TAP CHi Y DUQC HQC QUAN SU SO 5 - 2025

TAI LIEU THAM KHAO

1. Lesueur LL, Mir LM, André FM.
Overcoming the specific toxicity of
large plasmids electrotransfer in primary
cells in vitro. Molecular Therapy Nucleic
Acids. 2016; 5.

2. Aiuti A, Biasco L, Scaramuzza S,
et al. Lentiviral hematopoietic stem cell
gene therapy in patients with Wiskott-
Aldrich syndrome. Science. 2013;
341(6148):1233151.

3. Biffi A, Montini E, Lorioli L, et al.
Lentiviral hematopoietic stem cell
gene therapy benefits metachromatic

leukodystrophy. Science. 2013; 341(6148):
1233158.

4. Hoyos V, Savoldo B, Quintarelli
C, et al. Engineering CD19-specific T
lymphocytes with interleukin-15 and a
suicide gene to enhance their anti-
lymphoma/leukemia effects and safety.
Leukemia. 2010; 24(6):1160-1170.

5. Hurton LV, Singh H, Najjar AM,
et al. Tethered IL-15 augments antitumor
activity and promotes a stem-cell
memory subset in tumor-specific T cells.
Proceedings of the National Academy
of Sciences. 2016; 113(48):E7788-E7797.

59



