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NGHIEN CUU TOI LU HOA QUA TRINH TACH TE BAO PON
NHAN MAU NGOAI VI VA CHUYEN NAP TAO KHOI TE BAO
CAR-T CHO PIEU TRI LO-XE-MI CAP DONG LYMPHO

Hé Viét Hoanh', Bang Thanh Chung’
Nguyén Thj Phwong Thao®, Can Van Mao®

TOM TAT

Muc tiéu: Tbi wu héa qud trinh thu nhan té bao don nhan mau ngoai vi (peripheral blood
mononuclear cell - PBMC) va qué trinh chuyén nap tao té bao CAR-T. Déi twong va phwong
phdp: Mau ngoai vi tr ngudi hién tang khée manh dwoc tién hanh tadch PBMC bang Ficoll-
Paque. Phan &ng chuyén nap tao khéi t& bao CAR-T dwoc thuc hién ngay sau khi thu nhan
PBMC hodc sau khi kich hoat t& bao bang bi tir gén khang thé khang CD3 va CD28. C4c théng
s6: Hé thdng chuyén nap, sé lwong t& bao cho mét phan tng va lwong plasmid DNA duoc tbi
wu hoa. Két qua: Mau pha loang 2 1an véi PBS 1X cho hiéu suét thu nhan PBMC va ty 1& té
bao séng cao nhéat. Thyc hién phan &¢ng chuyén nap trén hé théng Nucleofector 2b (Lonza) véi
2 x 10’ PBMC khéng kich hoat, lwgng plasmid DNA 1 pg SB100X va 10 pug pSB-CAR19 cho
két qua tét nhat. Két luan: T6i wu hoa dwoc qué trinh tach PBMC va chuyén nap tao khéi té
bao CAR-T cho diéu tri lo-x&-mi cp dong lympho.

* Tir khéa: CAR-T, CD19; Té bao don nhan mau ngoai vi; Chuyén nap; Hé théng Sleeping Beauty.

Optimization of Peripheral Blood Mononuclear Cells Isolation and
Nucleofection for Developmernt of Anti-CD79 CAR-T Cells /in Treatiment
of B Lymphoblastic Leukemia

Summary

Objectives: To optimize isolation and nucleofection (based on Sleeping Beauty system)
of peripheral blood mononuclear cells (PBMC). Materials and methods: PBMCs were isolated
from peripheral blood of healthy donors using Ficoll-Paque. Different dilutions of whole blood
and PBS 1X were tested. Nucleofection was performed on either unstimulated PBMC or
stimulated PBMC (using CD3/CD28 dynalbeads). Parameters including nucleofector, number of cells,
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Bai viét 1a sdn phdm cda dé tai nghién ciru KC 10.39/16-20 dwoc tai tro béi chwong trinh
KC.10/16-20. and amount of DNA substrate were optimized. Results: The best result was
obtained when 2 x 10" unstimulated PBMCs were nucleofected using Nucleofector 2b, 1 g
sSB100X, and 10 ug pSB-CAR19. Conclusion: We have successfully developed an optimized
protol for PBMC isolation and nucleofection for development of anti-CD19 CAR-T cells.

* Keywords: CAR-T; CD19; Peripheral blood mononuclear cell; Nucleofection, Sleeping

Beauty system.

DAT VAN BE

Trén thé gidi, lo-xé-mi cap dong lympho
(acute lymphoblastic leukemia - ALL) la
mot trong nhirng bénh ung thw phd bién &
tré em, chiém khoang 75% tat ca céc loai
ung thw mau [1]. Bénh dwoc dac trung
b&i sy phat trién cia mét sd lwong lon té
bao lympho chwa trwdng thanh. Triéu chirng
thwong bao gém thiéu mau, xuét huyét,
nhiém khuén, hach to... Bénh tién trién
nhanh va thuwdng gay tir vong trong thoi
gian ngéan [2]. Diéu tri bénh lo-xé-mi cap
dong lympho nham tiéu diét cac té bao
bach cau &c tinh va phuc hdi tuy xwong
tré lai binh thwong. Liéu phap diéu tri tiéu
chuan cho lo-xé-mi cp dong lympho hién
nay la hoéa tri liéu, thwdng chia thanh 3
giai doan: Cam (ng, cing cb va duy tri.
Tuy nhién, han ché cta hoéa tri liéu 1a hau
nhw khdng c6 kha nang chira khoi bénh
hoan toan ma chi thuyén giam mét phan.
Bénh ciing c6 thé dwoc diéu tri bang xa tri
khi da lan dén nao. Ghép té& bao gbc
dwoc st dung khi bénh tai phat sau liéu
trinh diéu tri tiéu chudn [3]. Tuy nhién, ty
|& khdi bénh hoan toan theo hwéng diéu
tri nay cling khéng cao, chi dat t6i da 20%
& nguwoi trwdng thanh. Liéu phap mién
dich st dung té bao T mang thu thé nhan
tao CAR (chimeric antigen receptors) la
mot hwéng tiép can maéi. Nguyén tac cla
liéu phap CAR-T trong diéu tri ung thw 13
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tao ra cac té bao T mang thu thé nhan tao
c6 kha nang nhan biét khang nguyén dac
hiéu trén bé mat té bao ung thw, tv d6
kich hoat kh& ndng phan giai té bao ung
thw cta té bao T. Nam 2017, Co quan
Thwe pham va Dwoc pham Hoa Ky (FDA)
da cép phép cho 2 dang diéu tri s dung
CAR-T la Kymriah (hang Novartis) cho
diéu tri bénh bach cau lympho cép & tré
em va Yescarta (hang Kite Pharma) cho
bénh u lympho &c tinh khéng Hodgkin &
nguwoi Ion. Ngoai st dung retrovirus, khoi
té bao CAR-T c6 thé duwoc tao bang
phwong phap “non-virus”, st dung hé
thébng chuyén nap Sleeping Beauty.
Nguyén ly co ban cua phwong phap nay
la chuyén nap ddng th&i 2 thanh phan SB
transposase va SB transposon. SB
transposase ¢ chirc nang cat doan trinh
tw dich trén transposon va gan vao thé
gen té bao chd tai cac vi tri giau
nucleotide T va A [4].

Tuy lieu phap CAR-T da duwgc FDA
cbng nhdn va &ng dung nhwng & Viét
Nam chwa c6 nghién ciu nao vé liéu
phap té bao CAR-T trong diéu tri ung thw
néi chung va lo-xé-mi cap dong lympho
néi riéng. Do d6, ching t6i tién hanh
nghién ctu nay nhadm: Téi vu héa qua
trinh tach PBMC va chuyén nap tao khoi
té bao CAR-T ng dung trong diéu tri
lo-xé-mi cép dong lympho.
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DOl TUONG VA PHUONG PHAP
NGHIEN CcUU

1. P6i twong, vat liéu nghién ciu

- Péi twong nghién ciu: Té bao mau
ngoai vi tach tr mau toan phan cta nguoi
hién khée manh.

- Nguyén vat liéu nghién ctru:

+ Plasmid pmaxGFP (Lonza Biosciences).

+ Plasmid pSB100X (pCMV(CAT)T7-
SB100, #34879).

+ Plasmid pSB-CAR19 ma héa phén
t&r CAR thé hé thr hai khang CD19.

+ Moi trwong nudi cly té bao RPMI-
1640, huyét thanh bao thai bo (fetal bovin
serum - FBS), dung dich penicillin va
streptomycin 1%.

- Ficoll-Pague PREMIUM (Cytiva Life
Sciences, Hoa Ky).

- Kit chuyén nap P3 Primary Cell
4D-Nucleofector.

- Kit chuyén nap Human T cell nucleofector.

- Hé théng chuyén nap Nucleofector 2b.

- Hé théng chuyén nap Amaxa 4D-
Nucleofector.

- Hé théng BD FACSLyric Clinical System.

- Céc vat tw tiéu hao can thiét phuc vy
cho nudi céy té bao: Chai nuéi cay té bao,
pipet, chai dwng méi truwdng, loc vi khuan
0,45 pym (hang ATCC, Hoa Ky).

- Hé théng phong thi nghiém phuc vu
nudi cay té bao: Phong sach, td &m CO,,
kinh hién vi soi nguwoc, may ly tam,
t0 mat 4°C, t0 am -20°C, -80°C, binh
chtra nito’ 16ng.

2. Phuwong phap nghién coru

* Tach PBMC:

Méau twoi (da x& ly chdng déng) dwoc
pha loang v&i PBS 1X (pH 7,2) & cacty 1é

khac nhau. Sau dé, dwa nhe nhang 10 ml
hén hop trén vao éng falcon 15 ml
chira s&n 3 ml Ficoll-Paque PREMIUM
(p = 1,077 g/ml) sao cho 2 I6p Ficoll va
mau khéng trén 1&n v&i nhau. Cac éng
falcon dwoc ly tdam lanh tai 400g trong
35 phut (khéng st dung ché dd phanh).
Sau khi ly tam, I6p PBMC (ndm gia
plasma va Ficoll) dwoc hut ra va hoa vao
10 ml PBS 1X (0,5% BSA; pH 7,2).

Sau d6 té bao dwoc rira 2 1an bang
PBS 1X (ly tam 300 xg, 10 phut) va hoa
tan bang 4 ml méi trwdng nudi cay
(RPMI-1640 bb sung 10% FBS). 200
PBMC dwoc st dung cho dém té bao va
phan tich béng flow cytometry. PBMC thu
dwgc quan sat dwoi kinh hién vi soi
nguwoc, dém sbng/chét bang nhudm
trypan blue 0,4% va phan tich bang flow
cytometry. Céc théng sb tbng lwong té
bao don nhan thu dwoc, ty 1é té bao sbng
va ty & lymphocyte trong quan thé PBMC
dwoc xac dinh.

* Chuyén nap vao PBMC tao khéi té bao
CAR-T:

Té bao don nhan mau ngoai vi ngay
sau khi tadch hoac kich hoat duwogc s
dung cho chuyén nap. Kich hoat té& bao
dwoc thwe hién bang bi tir Dynabeads
Human T-Activator CD3/CD28 (Thermo
Fisher Scientific, Hoa Ky) theo dung
hwéng dan cha nha san xuat. Hé théng
chuyén nap, lwong té bao, lwong DNA
cho mdi phan (rng chuyén nap dwoc téi
wu. Sau khi thu di sb té bao yéu cau
(ly tam 200 xg, 10 phut, nhiét dd phong,
khéng s&r dung phanh), hoa tan trong 100
pul dém chuyén nap va bd sung cac lvong
DNA khac nhau.
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Hén hop nay sau dé dwoc chuyén vao Cuvette chuyén dung (Lonza Biosciences),
dwoc xung dién bang chwong trinh U-014 hoac T-020 (d6i véi hé théng Nucleofector 2b)
hodc EO-115 (d6i v&i hé thébng Amaxa 4D-Nucleofector). Ngay sau khi xung dién, 500 pl
méi trwdng nudi cay da lam dm duoc bb sung vao Cuvette va toan bd hén hop trén dwoc
chuyén vao dia 6 giéng chiva 5 ml méi trwdng nudi cdy médi giéng. Té bao dwoc nubi
24 gid trwde khi danh gia hiéu sut chuyén nap bang phan tich té bao theo dong chay.

*Pénh gia hiéu suat chuyén nap bang phan tich té bao theo dong chay:

Thu dwoc it nhat 10° t& bao sau 24 gi& chuy&n nap va nhudém véi CD19 tai té hop
gan FITC (rCD19-FITC, abcam, # ab246020) va Pl hodc 7-AAD (hang Thermo Fisher
Scientifics, Hoa Ky) theo hwdng dan cia nha san xuét. Sau khi nhuém, t& bao dwoc
rira bang PBS 1X va hoa tan trong PBS 1X bd sung 1% FBS trwéc khi phan tich véi hé
thédng BD FACSLyric Clinical System.

* Xty ly s6 liéu: So sanh trung binh ctia 2 nhém déc lap bang T-test, so sanh trung
binh ctia 3 nhém bang phan tich phwong sai ANOVA. X& ly sb liéu bang phdn mém
SPSS 20.0 va GraphPad Prism 6, khac biét c6 y nghia théng ké khi p < 0,05.

KET QUA NGHIEN CUU
1. T6i wu héa ty Ié pha loang mau véi PBS

Béng 1: Két qua dém té bao va phan tich flow cytometry cac mau PBMC véi ty 1&
pha loang mau trong PBS 1X khac nhau.

Pha loing Ténngaiti ':%?)th“ Ty 16 té bao séng (%) | Ty I& t& bao lympho (%)
2 1an 1,66 +0,13 94,5 +21 63,04 2,9
4 13n 1,84 +0,49 95,5 +0,7 60,82 + 6,9
Khong pha lodng 0,97 +0,21 77414 60,0 +1,1

Téng cong 30 ml mau twoi dwoc chia thanh 3 phan bang nhau va pha lodng véi
PBS 1X theo 3 ty 1&: Khong pha lodng, pha lodng 2 14n va pha loang 4 1an (do cac nha
san xuat thwong khuyén céo ty & pha lodng twr 2 - 4 |an). Sau d6, 3 mau trén dwoc
thwe hién tdch PBMC nhw da trinh bay. Dém té bao bang may Countess Il FL
Automated Cell Counter; quan sat cac mau PBMC thu dwoc qua kinh hién vi thay pha
loang méau 2 1an va 4 lan véi PBS 1X cho két qua twong dwong nhau. Cu thé, lwong té
bao sbng dat > 90% va tdng lwogng PBMC thu dwoc tir 10 ml mau dat x&p xi 1,7 x 107
té bao. Tuy nhién, khéng pha lodng mau khién ty 1& té bao sbéng gidm con 78%;
tbng lwong té bao thu dwoc tr 10 ml mau ciing thap hon, & mirc 0,97 x 107 t& bao.
Phan tich flow cytometry cho thay ty 1& t& bao lympho trong cac mau PBMC thu dwoc
twong dwong nhau, @ mc 60%.

Nhw vay, cac thi nghiém tach PBMC sé duwgc thwc hién voi ty 1€ pha lodng mau
2 lan trong PBS 1X (do pha lodng 4 1an c6 két qua tét hon mét chdt so véi 2 [an nhung
tbn kém vat tw hda chat hon nhiéu va thoi gian x& Iy mau kéo dai so véi pha loang
mau 2 lan).
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2. T6i wu hoa qua trinh chuyén nap
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Hinh 1: So s&nh hiéu suat chuyén nap vao PBMC trén 2 hé théng Nucleofector 2b va
Amaxa 4D-Nucleofector.

So sanh hiéu suéat chuyén nap té bao khéng kich hoat va kich hoat trén 2 hé théng
Nucleofector 2b va Amaxa 4D-Nucleofector. Méi phan &rng chuyén nap bao gém 10’
té bao, 100 pl d&m chuyén nap va 3 pg plasmid pmaxGFP. Két qua cho thay 2 hé théng
c6 hiéu suét chuyén nap twong dwong nhau trén ca té bao ngay sau tach va té bao da
kich hoat bang bi ttr gan khang thé khang CD3 va CD28. Ngoai ra, kich hoat PBMC cho
hiéu sudt chuyén nap cao hon trén ca 2 hé théng. Vé mét gia thanh, cuvette chuyén nap
ctia hé théng 4D hién tai van 14 ddc quyén cla hang Lonza Biosciences, trong khi do,
cuvette cho hé thdng 2b c6 thé dwoc mua tir mot sé nha san xuét khac nhw Mirus Bio,
Biorad hay Thermo Fisher Scientifics v&i gia thanh ré hon, do d6, chidng t6i lwa chon
chuyén nap vao PBMC trén hé théng Nucleofector 2b cho céc thi nghiém tiép theo.

3. Téi wu sé lwong té bao cho phan trng chuyén nap
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Hinh 2: T6i wu héa lweng PBMC cho mét phan (ng chuyén nap.
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Phan &rng chuyén nap vao PBMC st dung bd kit clia Lonza Biosciences thudng
dwoc thwe hién véi 10° - 107 té bao/phan &ng. Tuy nhién, mét sb nghién ciru cho thay
hiéu suat chuyén nap cé thé ting khi str dung 2 x 107, tham chi 3 x 10’ t& bao cho mét
phan (ng [4, 10]. Do d4, ching t6i tién hanh tdi wu héa lwong té bao cho phan ng
chuyén nap vé&i 5 x 10°%, 10" hodc 2 x 10’ té bao/phan (ng trong 1 ug plasmid
pSB100X va 5 pg plasmid pSB-CAR19. Két qua cho thay st dung 2 x 10" t& bao/phan
&ng cho hiéu suét biéu hién cao nhat, xap xi 21%. Ngoai ra, ty 1& t& bao sbng 24 giv
sau chuyén nap dat xap xi 60% dbi voi tat ca nghiém thire (két qué khong thé hién). Do do,
2 x 10" PBMC dwoc siv dung cho phan ¢ng chuyén nap trong céc thi nghiém tiép theo.

4. T6i wu hoa lwong plasmid cho phan trng chuyén nap
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Hinh 3: Téi wu héa lwong co chat pSB-CAR19 cho mét phan (rng chuyén nap.
A: Ty lé té bao séng va hiéu suét chuyén nap
B: Téng s6 té bao thu dwoc sau chuyén nap.
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Lwong plasmid anh hwéng 1én t&i hiéu
suat va ty lé té bao sbng sau chuyén nap.
Do d6, ching t6i tién hanh so sanh 2
théng sb trén khi thwc hién chuyén nap
véi 5 ug pSB-CAR19 (theo khuyén céo
cia nha san xuét Lonza Biosciences)
ho&c 10 pg pSB-CAR19. Déi véi pSB100X,
lwong plasmid qua nhiéu dwoc chirng
minh 14 gay chét lwong Ién PBMC sau
chuyén nap, do vay, pSB100X duoc gitr
nguyén & mic 1 pg/phén wng. Két qua
cho thdy hiéu suat chuyén nap cai thién
ro rét (22,86 - 33,42%) khi tang lwgng co
chat pSB-CAR19. Bén canh do, ty lé té
bao sbéng khi tdng lwong DNA gidm tir
62,05% con 50,84%. Nhw vay, c6 thé tinh
dwoc téng lwong té bao CAR-T sau
chuyén nap khi st dung 5 hoac 10 pg
pSB-CAR19 lan lwot la 2,8 x 10° va
3,39 x 10° Qua d6, st dung 10 pg co
chat pSB-CAR19 cho két qua tbt hon st
dung 5 pg co chét.

BAN LUAN

Nhitng né Iwc dau tién nham chuyén
gen vao té bao T tao khéi té bao CAR-T
dwoc thuc hién vao dau nhitng nam
2000, dwa trén sw xung dién plasmid ma
héa phan t&¢ CAR hwéng dich CD19
két hop voi gen khang khang sinh nham
sang loc va tang sinh t& bao CAR-T.
Tuy nhién, nhitng nd lwc nay cho két qua
chuyén gen thap, cho dén khi hé théng
Sleeping Beauty ra doi. Nghién ctru cla
Huang va CS tai trwong Dai hoc Minnesota
[5] va Singh va CS tai Trung tdm Ung thw
MD Anderson [6] chi ra tat ca cac loi thé
clia viéc st dung hé théng chuyén vi SB

so v&i cac phwong phap virus dwgc st
dung phd bién hodc cac vector DNA tran
khac. Ngoai ra, plasmid transposase thé
hé m&i SB100X ra doi gilp cai thién dang
ké hiéu suét chuyén nap vao té bao T ndi
riéng va PBMC n6i chung [7], cho thay
hiéu qué chuyén nap cao hon 10 - 100
lan so vé&i plasmid SB11 thé hé cd.

Chét lvgng va sb lwong PBMC duwoc
phan 1ap tr mau toan phan tac dong dang
ké dén qué trinh chuyén nap va tang sinh
té bao CAR-T sau d6 [8]. Do d6, ching t6i
thuc hién ti wu hda qua trinh tach PBMC
tr mau ngoai vi cla ngwdi hién khée
manh. Phwong phap tiéu chuan cho tach
PBMC tlr mau ngoai vi hién nay van 1a ly
tam mat d6 trén méi trwong ty trong
(Ficoll polysaccharide...). Két qud cho
thay ty lé pha lodng mau ngoai vi = 2 lan
trwdc khi ly tdm cho hiéu suét thu hoi té
bao > 60% va ty lé té bao séng khoang
95%. Két qud nay twong tw véi cac
nghién cu da dwoc cong bd trén thé
gidi, v&i khuyén cdo thyc hién pha loang
mau ngoai vi tride khi ly tam ty trong [9].

Trong nghién ctru, ching t6i tién hanh
ti wu hoda phan (ng chuyén nap vao
PBMC tir mau ngoai vi clia nguoi khde
manh. Két qua cho thay diéu kién chuyén
gen t6i wu dat dwoc khi st dung hé théng
Nucleofector 2b, chwong trinh xung dién
U-014, bd kit chuyén nap Human T Cell
Nucleofector, 2 x 10’ t& bao/phan wng,
1 pug SB100X va 10 pg pSB-CAR19.
Ngoai ra, hiéu suat chuyén nap dat dwoc
twong dwong véi mét sé cong bd québc té
trong cung linh vwe [10].
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KET LUAN

Téi wu héa thanh céng qua trinh tach
PBMC va chuyén nap tao khéi té bao
CAR-T hwéng dich CD19 cho diéu tri lo-
x&-mi cép dong lympho.
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