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Trong nghién ctru nay, gen Interleukin-2 (rAIL-2) cua ngwoi duge chuyén vao hé gen cua ciy ngd bang
phuwong phap sing biin gen va cudi cung thu dwge cac dong ngd hiru thu thé hé T3. Plasmid dwgc thiét
ké véi cAu triic gom c6 gen rhiL-2 dugc diéu khién boi gen promoter rubisco & luc lap, mot chudi peptide
mi héa diic thu trong mang ludi ni chét, doan danh ddu 6X histodin va gen terminator NOS. Thong qua
phén tich PCR va qua trinh hoat héa (qua trinh phién ma va dich ma), cdce tac gia da xac dinh duge sy ¢6
mit ciia gen chuyén trong cic ciy ngd chuyén gen & thé hé T3. Nhing nghién ciru can thyc hién tiép theo
la viéc danh gia su tong hop rihIL-2 trong ciy ngo chuyén gen trén dong rudng va tién hanh cac thi nghiém
tién 1Am sang va 1im sang vé& khi niing thwong mai hoa sin pham rifL-2 tir cAy ngd chuyén gen trong viéc
diéu tri cac bénh ung thur.

Tir khda: chuyén gen, gen Interleukin-2, ngé, ung thuw, vaccine thuc pham.

Chi sé phén loai 4.6

Transplantation of recombinant human IL-2 in maize for
production of edible vaccine against human cancer cells

Summary

Recombinant human IL-2 (#hIL-2) is normally produced in E. coli via
genetic engineering and used for treatment of various cancer cells.
However, when produced in E. coli, itis very expensive because E. coli
requires sugar containing media for its growth. This study explored
the feasibility of producing biologically active rhIL-2 in the green
tissues of transgenic Zea mays (corn) plants in large quantity because
the plants can cheaply produce recombinant proteins while getting
their energy from freely available sun via photosynthesis. The riIL-
2 gene was initially optimized to maximize its expression in plants.
Then, a plasmid structure containing rhIL-2, Rubisco green-specific
promoter, endoplasmic reticulum transit peptide, NOS terminator
and 6-histodin tag was developed and bombarded into immature
embryo cell lines to produce fertile corn plants. Molecular analyses
(PCR, Reverse transcriptase PCR and western bloting) confirmed
that the human /L-2 had integrated, transcribed and translated in
up to T3 transgenic maize plants. The next studies will be carried out
in the preclinical and clinical tests of rhIL-2 products and also their

commercialization ability for the treatment of cancer.
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Gioi thiéu

Phat trién tir cudi nhitng nim
70 cua thé ky trude, cdy trong
bién ddi gen da mang lai nhiéu
loi ich to 16n cho con ngudi vé
san xuat luong thuc, thic &n
chan nudi, ndng lugng va céc san
pham cong nghiép [1]. Gan day,
nhiéu tac gia da tién hanh nghién
ctru viée sir dung cac cdy trong
nong nghiép bién d6i gen dé san
xuit cac vaccine thuc pham nhu
chuyén gen viém gan B [2], gen
khang nguyén bé mat vo HIV-1
gp 120 vao khoai tay [3]; chuyén
gen khang nguyén cholera khang
bénh dich ta [4], gen khang
nguyén phong bénh than vao céy
thude 14 [5]; gen khang nguyén
HIV vao cdy rau chan vit [6]...

U diém ctia cdy trong chuyén
gen dé san xuit vaccine thuc
pham 1a d& trong, san lwong cao,
dé bao quan va su dung, phuong
thirc san xudt vaccine don gian
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va an toan. Ngo da dugc su dung trong chuyén gen dé
tao ra cac vaccine thuc pham va cdc san pham khac
nhu chét déo sinh hoc do c6 sinh khéi cao, c6 thé
bao quan trong thoi gian dai ¢ nhiét do thuong so véi
nhirng cay chuyén gen tao vaccine c6 té bao chira ham
luono nudce cao nhu cac loai rau cu qua [7]. Véi nhu
ciu vé vaccine thuc pham ngay cang tang va yéu ciu
giam chi phi trong san xuét thi cay ngé duge cho la
mot trong nhung cay trong 1y tudng cho viée san xudt
vaccine thuc pham.

Interleukin-2 (/L-2), hay con goi la yéu tb kich
thich sinh truong dong té bao T da duogc chimg minh
la c6 hiéu qua trong viéc diéu tri cac bénh ung thu
nhu ung thu phdi, bach ciu, budng trimg, vi, mau
hay than. Trén thuc té, IL-2 dugc tao ra thong qua hé
théng E.coli da duge FDA kiém dinh va dugc Novartis
Pharmaceuticals thuong mai héa véi tén nhom hoat
chat 1a “Aldesleukin” hay “Proleukin” va dugc ban
trén thi truong voi tén san pham la Roleukin hay
Aldesleukin dé diéu tri ung thu da va than giai doan
cudi. Viét Nam ciing da thanh cong trong viéc hoan
thién quy trinh cong nghé san xuét IL-2 tai t6 hop trén
dong té bao E.coli va h1en tai Cong ty TNHH MTV
Vaccine va Sinh phdm s 1 (Bo Y té) dang trién khai
du 4n san xuét thir nghiém trong hd tro diéu tri bénh
ung thu ¢ Viét Nam (http://vpct.gov.vn/).

Hién nay, cdc san pham [L-2 tai t6 hop cuia nguoi
(#hIL-2) thuong mai hoa trén thi truong dugc tao ra
bang E. coli thuong co gia cao, chi phi cho mdi lan
didu trj lén t6i 11.400 USD [8]. Nam 2013, céc nha
khoa hoc cong bd da san xuat rhIL-2 trong mang lu6i
noi chét (ER) tir cac co quan sinh duung O cay thude
la. San pham rh[L 2 da duge tinh ché va danh gia kha
ndng trc ché té bao 1a lach CD4* T-Cells [8]. ER 14 h¢
lhonsz cac khoang va ti mang nam trong té bao thure
vat, co Chl.l'C nang bién doi protem [9]. Viéc tich liy
protein tdi to hop trong ER ¢ té bao thuc vat khong
anh huong téi cdy chu. Mat khac, ER chira nhleu phan
tir chaperones, mang glycosyl hoa protein va ving mit
enzym proteases, diéu nay glup cho viéc giai mi va
hinh thanh cac protein tai to horp ER cling c6 vai tro
dinh hudng qua trinh van chuyén protein ¢ thuc vat va
do do duoc xem nhu hé théng Iy tuong cho viée san
xuét hau hét céc protein tai to hop, trong d6 c6 céc chat
duoc pham & thyc vat [8, 10, 11].

Trong khuén kho bai viét nay, ching t6i trinh bay
viéc danh gia su biéu hién cua rh/L-2 trong ciy ngod
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chuyén gen & thé hé T3 va viéc san xudt rhIL-2 trong
ER & cac co quan sinh dudng cua ciy ngd. Thi nghiém
dugc thuc hién tai Phong thi nghiém ky thuét gen, dugc
pham sinh hoc va nguyén liéu sinh hoc, Khoa Khoa
hoc cay trong tho nhudng, Truong Pai hoc Michigan,
M5.

Vat lieu va phwong phap nghién ciu

Ciiu triic vector

Vector chuyén gen thuc vét (hinh 1) chira gen rhlL-
2 dugc diéu khién boi promoter dac hiéu mau xanh
rubisco-peptide van chuyén trong ER; chudi két thiic
NOS va doan d4nh dau 6-histodin [8].
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Hinh 1: cdu triie vector biéu hién IL-2 ctia ngudi dicge sie dung trong
thi nghiém chuyén gen vao ngé. RbeS1 P: ribulose bisphosphate carboxylase
promoter; 1.3 ER secretion: peptide tin hicu gitp gen dich rhiL-2 dinh hiong
trong ER; MCS: ving da noi; KDEL: chudi amino axit; RbeSI T+ ribulose
bisphosphate carboxylase terminator

Plasmid thtr 2, pBY520 mang gen chiu han HVA/
dugc diéu khién boi promoter actin tir lia va Nos
terminator cling duge sir dung dong chuyen (co-
transformation) vao ciy ngd sir dung sung bén gen.

Vatliéungd chuyén gen la nguon Hi Il (A188xB73)
duoc cung cap boi Phong Chuyén gen thuc vat, Khoa
Nong hoc, Truong Pai hoc Towa, bang lowa, M§.

Quy trinh tdi sinh va chuyén gen

Ngd nguén Hi II duge trong trong nha kinh téi
giai doan tru(mg thanh, phcn non chua truong thanh
khoang 2 tuan sau thy phin duoc thu hoach, tach va
nuoi cay trong moi truong MS chira vitamin, sucrose
va myo-innsitol [12]. Chuyén cAu tric vector chira gen
rhIL-2 vao cac md seo cb klch thude 2-3 mm bing
phuong phéap bin gen véi ap sudt 25-26 PSI theo quy
trinh cai tién cia Nguyen Thang va Marlam Sticklen
(2013) [13], st dung dung dich gébm 150 pl M10
T““gsten 150 pl canxi chloride va 60 pl spermidine.
Sau 2 tuin chuyén gen, cac md seo dugc chuyén sang
moi trudng chon loc trong diéu kién tdi, sau d6 12 moi
‘_[I‘U‘('mg tai sinh tao chdi MS va vitamin, bo sung acid
indole butyric (IBA) [13]. Céc thé hé dong ngd chuyén
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gen rhiL-2 tao ra bang phuong phap ty thu va dugce
trong trong nha kinh ¢ nhiét do 25°C véi quang chu ky
1a 16 h chiéu sang/§ h toi.

Xidc dinh sw c¢é mat va biéu hién cua gen dich

Phan img PCR: tich chiét ADN téng s6 theo
phuong phap CTAB. Sir dung moéi IL-20PT_F1 va
IL-20PT _RI1 dé xac dinh su c6 mit cua gen dlch
rhiL-2 & dong ngd thé h¢ T3. Trinh tu cua doan moi
nay la: CATGGCCACACCCACTTCAA (mou xudi)
va GGCGGTCAGGTCAGCGTATT (moi nguoc). Cac
mdi nay s& nhan doan ADN ¢ kich thude 343 bp cua
gen rhiL-2. Str dung chu ky nhiét PCR nhu sau: 94°C
trong vong 3 phut (1 chuky); va sau do 94°C trong vong
30 gidy, 62°C trong vong 30 gidy, 72°C trong vong 45
gidy (35 chu ky); 72°C trong vong 5 pht (1 chu ky) va
4°C cho t6i két thuc. Sir dung plasmid mang doan gen
rhiIL-2 1am d6i chimg duong cho céc thi nghi¢ém nay.

Phan ttmg PCR phién ma nguoc (RT-PCR): su
dung bo Kit RNeasy dé tach chiét ARN trr mau la
ngd. Str dung SuperScript® IIT Reverse Transcriptase
dé tong hop cADN bac 1. Actin mARN dung lam
dbi chung chuin hoa lugng cADN. Céc moi dic
hiéu duoc thiét ké dya trén mARN cua gen rhiL-2
CATGGCGGCACCCACTTCAA lam mm xudi va
GGCGGTCTCGTCAGCGTATT lam méi nguoc; mdi
xudi CTGGATTCTGGAGACGGTGT va moi nguoc
GCCATACAGGTCCTTCCTGA su dung cho phan
tmg RT-PCR va duoc thiét ké dua trén cau tric mARN
cua gen actin. Chu ky phan ung gdm: 94°C trong vong
3 phut (1 chu ky); sau d6 94°C trong vong 30 gidy,
62°C trong vong 30 gidy, 72°C trong vong 45 gidy (35
chu k)‘/) 72°C trong vong 5 phat (1 chu ky) va 4°C cho
t61 két thiic. Céc san pham PCR dugce dién di trén gel
agarose 1,5%, cADN cua gen actin sir dung lam déi
chimg chuan.

Western blotting

Tach chiét protem cac mau la tuoi cua cac dong
ngd duogc chuyén gen rhIL-2 dugce thu va nglnen trong
dung dich dém phosphate chira 100 mM mudi natri
phosphate pH 5,8, | mM EDTA, 10 mM dlethyldnhlo
carbamic acid va 0,5% Tween 20. Hon hop tc ché
enzym 2X (Sigma-Aldrich; St. Louis, MO) duoc bo
sung vao dung dich dém dé ngin can hoat dong cua
eyzym proteases phan gidi rhIL-2 trong qua trinh tach
chiét protein.

Tét ca cac cong doan tach chiét va tinh che protein
duoc thue hién trong diéu kién dé lanh. Cac mau protein
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sau do sé duoc u ¢ 80°C trong vong 10 phat trude khi
tién hanh phan tich Western blotting. Western blotting
dugc thuc hién theo phuong phéap chuén sir dung khang
thé don dong ddi voi gen rhIL-2 [8]. Ban gel dugc dién
di o diéu kién 30 V trong 1 h. Mang lai duoc u trong 20
ml dung dich chira 1X PBS 0,1% Tween 20 va 5% stra
kho khong béo trong 45 phut. Mang lai sau do duge lac
nhe trong dung dich khang thé so cip (20 ml 1X PBS
voi 0,2 ug/ml 1gG (R&D AF-202-NA) va dung dich
thir cip (R&D HAF-109) trong vong 1,5 h mdi lan).
Mang lai dugce rira voi dung dich dém trude khi hién
phim va chup anh str dung Premier Autoradiography
Film, E3018, Denville Scientific Inc, Metuchen, NJ
theo quy trinh ctia nha san xuat.

Két qua va thao ludn

Céc phan tich PCR, RT-PCR va Western blot tuy da
duoce thue hién nham xéc dinh su c6 mat cua gen, qua
trinh sao ma va dich ma cua gen #h/L-2 trong mo la
cua cdy ngd chuyén gen qua cac thé hé T2 va T3. Kich
thude bang ADN chuan cua gen r2/L-2 14 343 bp (hinh
2 va 3) va kich thude protein 1a 15 kDa (hinh 6).
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Hinh 2: san pham PCR kiém tra s c6 mét gen IL-2 cua cdc cay chuyeé én gen
thé hé T2 trén gel agarose 1%, L. thang chlmn ADN; +: déi chimg dl!‘(?.’l’f’
(plasmid chira gen rhiL-2); - - doi ching am (H,0):

1-14: cdc cdy chuyén gen IL-2 thé he T2

Két qua phan tich PCR (hinh 2) cho thdy, hiu hét
cdc mau ADN tach chiét tir cac cay chuyén gen rhIL-2
& thé hé T2 déu dwong tinh voi PCR va thé hién kich
thugc band mong mudn 343 bp twong duong véi kich
thude déi chimg duong. Hai trong s6 14 mau khong
xudt hién band (miu 2 va 4) thé hién cac cdy nay
khong chira gen chuyén rhIL-2, nguyén nhéan cd thé do
cac cay 0 dong ngo thé hé T2 dang c6 su phan ly va cac
gen chua co tinh 6n dinh cao vé mit di truyén.
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Hinh 3: san pham PCR kiém tra sw co mat gen IL-2 cua cdc cdy chuyén gen
the hé T3 trén gel agarose 1%; L: thang chudn ADN: +: doi chimg dwong
(plasmid chira gen rhiL-2): -: doi chieng dm (H,0); WT: cay khdng chuyén gen;
1-16: cac cay u'umn gen IL 2 thé hé T3
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O thé hé T3, tt ca cac cdy thi nghiém déu mang gen
chuyén 7AIL-2 théng qua phan tich PCR. Cdc mau déu
thé hién kich thuéc band mong mudn 14 343 bp, trong
khi d6i chimg 4m 1a nudc vz‘l cay wildtype (cdy kh(')ng
chuyén gen) déu khong xuat hién band (hinh 3). Két
qua cho thay tinh 6n dinh cta gen chuyén trong céc
cdy 6 ngudn dong ngd thé hé T3.
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L

+ 1

Hinh 4: san pham PCR kiém tra sir cé mét gen dong chuyén H VAl ¢ cac cay
chuvén gen thé hé T3 trén gel agarose 1%; L: thang dm(m ADN;
+: doi chimg dirong (plasmid pB Y320 chira gen HVAI); - - doi chimg am (H,0);
1-16: cac edy chuyén gen thé hé T3

Déng thoi véi viée danh gia su c6 mit ctia gen r//L-
2, chiing t6i cling tién hanh danh gia su c6 mit ciia gen
ddng chuyén HVAI thong qua phan tich PCR. Két qua
cho thay, sau 4 doi chon loc dd xac dinh dugc cic dong
mang cd 2 gen chuyén, gen rhIL-2 va gen dong chuyén
HVAI (hinh 4). Cac phan tich phan tu sau hon cling da
khang dinh sy ¢6 mat va su biéu hién cta gen chuyén
HVAI trong cay ngd. Hon thé nita, cac thi nghiém gay
han nhan tao cling da chi ra kha ning chiu han cua cac
dong ngé mang gen HVAI ¢ thé hé T3 [13].
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Hinh 5: két qua phan tich RT-PCR cua gen rhil-2 thé hé T3 trén gel agarose 1%;
kich thurde bang mong muon doi voi gen rhil-2 la 343 bp va sie biéu hign
ctia gen actin nga la 430 bp: M: thang chudn ADN; +: cfmdumgdzrrmg

(plasmid chira gen rhiL-2); WT: cdy khong chuyén gen; 1-3: cic cdy
chuyén gen IL-2 thé hé T3

Qua két qua phan tich RT-PCR cho thay, mirc do
biéu hién gen ¢ 5 cay chuyén (1-5) thé hé T3 Ia twong
duong nhau va déu thé hién kich thudc bang la 343 bp,
tuong duong voi kICh thudc bang ddi chimg plasmld
Khi str dung cap mdi actin cua ngd lam dbi chimg
trong phan tmg RT-PCR cho thiy, su c6 mat cua gen
actin ngd véi kich thudc bang la 430 bp ké ca miu doi
ching am la cay khong chuyén gen (WT). Piéu nay
khdng dinh tinh chinh x4c trong phan (mg RT-PCR va
su khéng biéu hién cua gen rh/L-2 trong cdy khong
chuyén gen (hinh 5).
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Hinh 6: két qua phan tich Western blot tuy chi ra sie dich ma ciia gen rhil.-2
HOHg C(Jl NgD CIH'HLH gen;
M: thang chudan ADN; +: déi chirng dwong; WT: cdyv khéng chuyén gen;
1-5: cae cdy chuyén gen IL-2 thé hé T3

Thong qua phan tich Western blot, tuy da xac dinh
dugc san pham protein cta gen rA/L-2 thé hién 6n dinh
v6i kich thude band don khoang 18,3 kDa & ca 5 mau
cdy chuyén gen thé hé T3. Kich thude ndy 16n hon
s0 v6i kich thuéce dbi chimg duong la protein chuan,
nguyén nhan la do cau tric plasmid chira gen rhlL-2 co
gén thém doan dudi va céac trinh ty khac nhu C-myec,
6X HIS tag hay chudi trinh tv KDEL nham muc dich
tich tu su biéu hién gen trong ER va d& dang trong qua
trinh phén tich protein. Két qua nay ciing tring voi két
qua cua Matakas va cs (2013) [8] khi sur dung vector
1.3 chira gen rhIL-2 chuyén vao cdy thude 14 va cho
ring hé théng vector ndy co6 thé duoc lya chon cho
nhimg nghién ctru thu nghiém hoat tinh sinh hoc tiép
theo.

Hinh 7: mgt s6 hinh anh chuyvén gen rhil.-2 vao cdy ngu A: eallus mang gen
trong niof rm(rng tai sinh;: B: edy eon dirge ra ngor va luyén trong phong sinh
trieang; C: cdy clml.en gen thé hé T3 duoe chon tao trong diéu kién nha kinh

Két luan

Két qua ban dau cua nghién ciru da chuyén thanh
cong gen rhlL-2 va xac dinh duge su co mit va biéu
hién ctia gen chuyén trong cdy ngd thong qua céc phan
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tich phan tr nhu PCR, RT-PCR hay Western blot.
Nghién ciru cin thuc hién thém nhimg danh gia vé cac
thi nghiém 14m sang tir san phdm rAIL-2. Tuy nhién,
nghién ciru ndy duoc xem 14 tién dé cho huéng nghién
ciru tiép theo trong viéc san xuét protein tai tb hop tir
sinh khdi cay ngé hay sir dung ngd thuc phim (nép,
duong) chuyén gen rhIL-2 nhu thyc pham chirc ning
trong diéu tri bénh ung thu.
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