o8 ML olghaden et a2 4312 A2 E 199

LNCX Retroviral Vectors °]-£3h
CD34"Z5 A £ neoR FAA Transfer

ednldiehz ofabeet ket @Al elAlgtel R

OIRE - ZAME - U - X5 - DFS

= Abstract =

LNCX Retroviral Vector-mediated neoR Gene
Transfer into CD34" Bone Marrow Cells

Yoo Hong Min, M.D.. Seong Cheol Kim, M.D., Yeon Soo Kim, PhD.*
Jee Sook Hahn, M.D. and Yun Woong Ko, M.D.

Department of Internal Medicine and Institute for Cancer Research
Yonsei University College of Medicine, Seoul, Korea

Background : The hematopoietic stem cells have been one of the major targets for desig-
ning human gene therapy of genetic disorders and malignant diseases. As a step toward the
clinical application of gene transfer into hematopoietic stem cells, we have infecteded LNCX
retroviral vector into purified CD34° bone marrow cells and examined the effect of
fibronectin on transduction.

Methods : CD34° bone marrow cells were purified in 3 normal mamrow donors by
immunomagnetic microbead methods, and subsequently primed with stem cell factor(SCF),
interleukin-3(IL-3), interleukin-6(IL-6) for 48 hours. After priming, CD34" bone marrow cells
were cultured at a density of 2 10°/SmL in supemant containing neoR gene inserted LNCX
retroviral vector for 72 hours. Cultures were supplemented with protamine, SCF, IL-3 and
IL-6. Every 24 hours, cells were spun down and resuspended in fresh retroviral supernant,
protamine and growth factors. After retroviral-mediated gene transfer, clonogenic assay and
polymerase chain reaction(PCR) analysis were taken.

Results :

17 At clonogenic assay, hematopoietic colonies were found in all LNCX retroviral-infected
CD34' cells-plated culture, irrespective of use of G418(0.9mg/mL), but in Mock-infected
CD34" cells plated culture, any colonies were not observed with use of G418, After
retroviral-mediated gene transfer, no major shift in colony composition was found.

2) PCR analysis revealed amplified neoR gene band in LNCX retroviral-infected colonies,

but not in Mock-infected colonies.
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3) LNCX retroviral-transduction  efficiency(neoR %) was 14.8% in G418 clonogenic

assay. Transduction efficiency was increased into 20.8% by use of fibronectin.

Conclusion : We showed effective LNCX  retroviral-infection  into normal CD34 bone

marrow cells, which were separated with immunomagnetic microbead methods, and primed
with 5CF, IL-} and IL-6 in fibronectin-coated culture flask. These preclinical data have

contributed to the basis of ongoing gene transfer into hemnmpmﬂw. stern cells.

Il[t;‘y “unia Hematopoietic stem cells, LHCH. n:lrr:mml infection, Gene therapy
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high-proliferative  potential
(HPP-CFC),

A,
colony-forming cell

colony-forming  unit  granulocyte-

macrophage(CFU-GM) = burst-forming  unit
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gnetic microbead WHH-2 o] f&ale] CD34 H|ES
223 g, SCF, IL-3 9 [IL-65 w& 3rlalo]
neo FAGA27E 4M]El LNCX retroviral vector
Z CD34 FH %0 neo {717} wansfer& A8}
olew], o}ff] fibronectin | 2]7} transduction
efficiency & F7MIF 4 U=2AE HESE 7
s ke vlolek

CHAM 2 HHY
1. CD34" H& STHEEE]

B oddae 3] B B0l FelAlelld A
Atk A ES 4tez kgl en, Ficoll-Hypa-
que{Nvcomed, Norway: 5.G. 10775 o] 8z|o]
el EE Pald ofg, 10%  Sele}dA(FBS;
GIBCO, USA)e] E%HE] Iscove's modified Dul-
becco wieksH{IMDM,; GIBCO)el] Hi3led 37T,
5% COxliekrlel s 2417F hxlele] H2AEE A
Aetgick. RPMI wiob}(GIBCO) o2 A8 %, 2%
FBSo] E%ks] phosphate buffered saline(PBS)eol]
Hoy 4o 1087F 9XE o=, immuno-
magnetic microbead HMH-S AREEe] CD3474|E
F Pelslgc . ofdalel RataEs) HAHR A
A S oSt S 4T 0.5% bovine serum albumin
(BSA; GIBCO)Z} 5SmM EDTA(Sigma, USA)7} X
451 PBSel] Bsls], AEEEE 4x10%3000LE
A SEF sgdch 1= 10°ME Fe-receptor
blocking reagent(human 1gG; Miltenyl
USA)  100uL%}  anu-CD34  =held-23k|(clone
8G12, IgG1; Miltenyl Biotee, USA) 100uL-5 37}
8 ofe 4TalA 1587 wiokelale. ol colloidal
supermagnetic miniMACS(Miltenyl Biotec, USA)E-
Arksled 4Tl 1557k vieksh ohS MiniMACS
separation columnitype MS, Milienyl Biotec, USA)
off HEZ FYsedck PBSE MM F columng
magnetic . 25 E] Fals] dje] columnd] FE2HE
CD34 AMEE HFE FA472 Yol izich Felfl
CD34"HE= 10% FBS7F L8% IMDM sfjekelo]
Hosk3, hemocytometer2 A E4F Al o2,

Biotec,

flow cytometry S o] &sle] CD34 A EFT5E =
Aslgick £a2ld CD34 AL FTAES] =rEE
FACScan instrument(Becton Dickinson)E o] 23
A3 Welydyes sl BATEYAL
isothiocyanate(FITC)7}  2A¢H%]  ant-
CD34(anti-HPCA-2; USA)E
Agstgl o, Consort 30 Data Management Pro-
gram list modeef|4] 2|48k 10,000712] evens=
E4ElEE vl CDI A EFE] +55s 90% ¢
“dolglck

2. CD34'ME priming

fluorescein

Becion  Dickinson,

Retroviral infection 484)7F4 2% 10°/mL7 2]
CD34'Z2rHMEE 20% FBS, 1%
streptomycin, 1% BSA, 1% L-glutamineo] %%
IMDM ujefee] Sof gl 25cm” wijokrell -5
&5, SOng/mL SCF, 20ng/mL IL-3, 50ng/mL
IL-65 Hrlsled 377, 5% CO, wlskz|oll4] 484
owiekE AEiElgcl eiokE AEE ARAFE
retorviral vectorE o] 8% FHZ} transferE A]8)

st

penicillinf

3. LNCX retroviral infection

B Ao AHEEl retroviral vector LNCX 3=
neomycin WA FH2ZHnecR gene)?} 4HelEle] gl
2w, PA3IT-LNCX(Fig. 1) amphotropic packag-
ing cell line& 10% FBS7} kgl wwbal Dul-
becco’s modified Eagle wijsk<y{DMEM)2 2 347}
Wikl - eeRdael s S5, olakesle] gigich

CMV LTR

LTR

neok

Fig. 1. Schematic
vector,
LTR : long terminal repeat; psi: packaging
signal, neoR : bacterial neomycin phospho-
rransferase  gene; CMV : cytomegalovirus
promotor

diagram of LNCX retroviral
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viral titeri= 1 ~35 ¢ 10°cfu/mLgl e, L+ S-extended
method 5 AH-3le] helper virus7} §A1=]=] oisk
22 #polsledcH”. Cyiokine 22 prestimulation)
E}ﬂllﬂsln'SmL_‘:’-] CD34  Z=4EE 10% FCS, 2mM
L-glutamine 9! 4pg/mL protamine sultate(Sigma,
UsA)?} E3gksl st d DMEM  wfjodefel] Rfis}
2, fibronectin (GIBCO)e] coating®! 25em” wijak
I el LNCX retroviral vector® ©|£%F neoR
S22} transferd 72417F Eob A]ssisich. MOI
|52 218 F2steled, transduction efficiency
= xol7] $sl Wikl SOng/mL SCF, 20ng/mL
IL-3, S0ng/mL IL-6% #7jslglon], 244 7holch
HEE 4] 3 &£ A4S LNCX retroviral
vector, protamine sulfate, cytokinee] FE§HE] wijok
NoeZ vHfe] Fgick 724|3HE wransductionl A
A5 A3 sle] 4T PBSE 2% AlEFE 10% FBS7}
E3E IMDM eljebelel]]  Fieled
assay=  Al¥ebelch o) Al¥"Helck transduction2]
efficiency & v]2al?] 2l&l fibronectine] coating %]
A k2 wiskr|oll % LNCX infectionf A]#}5]
o, LNCX7} =3z ok2 10% DMEM uf<k
il o Mock infection& A]glalgdc)

clonogenic

4. Clonogenic assay

T chlA E2 % 107/mL), infection Felg
CD34 254 (2 %10"mL) 2 infectionZE 223}
CD34 M %2 % 109mL)S di4os 09% methy-
leellulose S o] &8t semisolid clonogenic assay&
A#slglen] MethoCult GF
Growth Factors{HCC4434; StemCell Tech., Van-
couver, Canada)s AHEabgch G418(GIBCO)S
F7HEF 745 G418 active concentration+ 0.9mg/
mLE stglch 370, 5% CO, wiekrlella] 14d7b
it ¥ ERlEv|es Axs 400 ooz
o] FoiF FRUTEF F4stelen], micropipet
Agste] BEUS FAMAY oh2, Eehisels
Hh-S{polymerase chain reaction; PCR)-& 4| 88=1%
(=

“complete” with

5. Polymerase chain reaction

ez FelanA F2Ye 10% FBSe] £
sl 47 PBSell EH#ki, 1.5mL microfuge tube
off Yof 47, 1,000gell4] 5EZF f1Hehsich 41
I 20uLe] el BRE o 1087 W9TE
7}ds}a proteinase K(0d4mgmL)yS Hrpsled 55
Cell4 6087 HEaMalzbelchk obA]l 1053 99T
2 7heddl ©hS, 100Ul lysis buffer(0.45% NP40,
0.45% Tween 20, 5SmM Tris pH 8.4)5F #Hrlsla
2)gt Zol# vl e 2 proteinase K2 A alshelch

aldt 10pL2] DNA+S GeneAmp PCR Reagent
Kit(Perkin Elmer/Cetus, Norwalk, CT)4 A}-s}o]
PCRE A|*slelar,
PCR buffer, 200mM dNTPs, 5 units Tag DNA

lilg template DNA, 10x

polymerase, ImM neoR primer?} reaction mixture
% AHEE]9icl Neomycin phosphotransferase 573
Zle]] 3k amplication primere $h=r 8ol A=
% 5-TCC ATC ATG GCT GAT GCA ATG
CGG-3', 5'-GAT AGA AGG CGA TGC GCT
GCG AAT-3 primer3 AHEgcl PCR #H
24 95Tl 2383 Malgh o, 95T, 1¢34H9
denaturation, 557, 15-7F2] annealing, 727, 15
7+e] extension® 40 cycle A]fsla, 727TeA 10
w7+ el F FEsisick DNA FHAESS
1.5% agarose gelof|l4] FA7|dEZslglem, UV ille-
mination&lof] 4] neoR S8 SFo] s DhEbsle]
t}

- o}

1. CD34 ZME2| LNCX retroviral

infection® clonogenic assay

CD34' ZFAES oo g 7247 LNCX re-
troviral infection® A|8)%F semisolid clonogenic
assayell4] 3wde] A4 CD34 FTFAE BT G418
Helzl st E2UE 38d 5 adzad,
Mock infectionell 4= G418 Hel4| ojwg F2Y
T 3el o glgicHTable 1)(Fig. 2). =3k in-
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Table 1 _F:_Iunugenin Analysis after LNCX Retrovirus-and Mock-infection

BM sample G418(—) G418 | )
LNCX retrovims Mook LMCX retrovirns Mock
- 1PN T&3+A.1 1342+ 6.5 123 +85 (b
2PN 1020=1.4 19401 93 130E£346 0
3PN B53.7.3 1120102 143152 0

Results are expressed as & mean number of colomies * SD per 2% 10° CD34" cellsfml. of triplicate cultures.

Fig. 2. Photomicrograph of hematopoietic colonies grown from LNCX retrovittal- and Mock-infected
CD34" cells purified from bone martow.

1 ; LNCX retrovims-infected colony withow G418
2 ; LNCX retrovirus-infected colony with G418

3 ; Mock-infected colony withouw G418

4 ; Mock-infected colony with G418

fection® 2ElgF CD34 T EAH aets =
U2}  infection®E LNCX  retrovirusS  &-23)
CD34' AT wiofd] F2U g2 744 FUAAY TR DNAE 38 PCR
= Zho]#t glddcl Tuble 2). 2 Z&H9E o, LNCX retrovimal infections] &

2. PCRE 0|28 neoll FHX =Z =
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Table 2 Numbers and Composition of Hematopoietic Colonies per 2x10° CD34" Bone Marrow
Cells after 14 days of Culture ir_'| Semﬁsnlid_h‘l_egliu_m

m CFU-GM BFU-E Mixed Colony efficiency

Controls (without wansfection)

G J68. 74608 49.3+282 3BT 133 228=06
After transduction and plating in medium without G418
9 1183259 15£132 8026 71186
After transduction and plating in medium with G418
9 11.7+4.0 500 0.7 0.5 0.9+0.5

M 1 2 3 4 N 3. CD34"EFMHE2| LNCX retroviral
- transduction efficiency

LNCX retroviral transduction efficiency G418
(—elld 2Rk F FEueeh G41B(+H)ellA At
FH2U549] dHlineoR %)E AbEsteledl, fibronee-
ting HelshA] gkehg W) transduction efficiency+
14.8% e, fibronecting algE wis 207%
& transduction efficiency?} E7fsls £4HH& 2.9

/b
310

tHTable 3).
Fig. 3. PCR analysis for the presence of the neoR
gene of hematopoietic colonies grown from I &t
LNCX  retroviral-and  Mock-transfected
CD34" cells  purified from bone marrow. )
The amow indicated the 433 bp-amplified FAA 284 Hels FHAE EEAEe A
neoR gene band. A7 AsE EA S vectort A ashd,
1; LNCX retrovirus-transfected colony with- i
out (G418 Za], shupa] ubelg o] Bat F A ransfere] S

2, LNCX retrovirus-transfected colony with HET olgsEl FAze] UA-S s Kok
A

G418 N T N
S i g5 &l 2ol ulold
3 : Mock-transfected colony without G418 7HA s A el At 28 el = wlelz

4 ; Mock-transfected colony with G418 2 vector7} BHHo g o]fx|m glch o] F
M ; Molecular-weight  marker DNA( ¢ X174 retroviral vectorS o] &%k 24} transfer= 7bab

RF DMNA/Hae NI digest)

N ; Negative control tho] glabH oz ALREF e viyelni, diEH

o] MMLV 2] 2% GAG, POL, ENV F325 7
U] G418( )2 GA18(—) Eciella] S35 Al 1 YA)el| HEEFHe T o|slaa} =
neoR  F37}F band(433 bp)EF Mo Fglon} fraab 5l fHal ogle] 5 AlERkE Hdetr] F
Mock infectionsl] 4] = oj 3 DNA band = FHEE g Ae] ER] FHAHselectable marker gene)& Af
- $isdcHFig. 3). alsle] retroviral vectord W= AEA] ==
Aotk Retroviruss uh S5l el s &
Fo| ool FahslE ARglEAl Eledl, olid
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Table 3. Retroviral Transduction Efficiency of CD34" Bone Marrow Cells

BM sample Fibronectin{ —) | Fibronectin{ + )
neoR CFU-Cpotal CFU-C*  neoR% neoR CFU-Cftotal CFU-C neoR%
1PN 12/78 154 15/56 26.8
2PN 13/102 12.7 28188 14.9
IPN 14/85 16.5 26/127 20.5
Mean = 5D 148119 M.7E59

* Number of CFU-C{colony-forming

unit colonies) growing in G418 per 2% 10" cells plated divided by

number of CFU-C growing per 210" cells plated without G418
" % CFU-C growing in G418 compared to total CFU-C growing without G418

FHAE A&Hor wHEe AFEsl $4 EAHE
S ol9lxl H2E FAHEAe] o B
AE7] wfifel] hHe] FHagoez 2zt
BHAE 719 5 sle 2EEAE 537 rans-
fere]] wlelaldl vectorE AW2}E]m glcl E adqld
AR5l LNCX retroviral vectoris 94 MMLVE
A=wrel Ae|w, S'LTRE cytomegalovirus(CMV)
promotor3 7FAGL 9l7] wiEell 27He] fFAlALE
Aol EHAD & gl duk oWl dqtellM &
CD34 2=p4| Eof] neomyein WA FH2 4k 9l
o #Enks HEsE  sgir]l ofFel CMV
welE = s fxde 8 314
£ A4YA71A gksteon], ¥ A572E neomycin
4 3472 transduction efficiency % WS
ghelg = glglony, o|lF 54 cywkine FHAE
27t Al o B whE AEH HINE
A3t gle Fell Aok

azke] # 2 Age] =HERAES dideE
&} retrovirus-mediated gene transfer el 335 &
uff infection A =S4 FE2 x| 9 infection
) S5 SS AAAAE Pold zZUEAAAE
Aa#ko 24 transduction efficiency S F7HAE
4= gl 718 ] sl aehd obEE #
2| 7)ol F2 Eallsls ZHEAMEL] 544 trans-
duction efficiencyy 10% ~35% el Eaps}r]
uflSef)' Y 2@ A ES FAHMEZ 3 retroviral
=a|7] F

promotors

=

infection2] transduction efficiency &
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A= retroviral vector2] «rbE S¥fof 3 B
R 4Ee] F5FelE F% wansduction effi-
ciency®] 7}, z€FHF74 ALEE FH =UE
M| Eo] =4 &2 12|30 transduction®] =7 A4
5ol AH o offoixe} gk
CD34M| EEH UL Ar|Erulek A4 E,
HFP-CFC, CFU-GM % BFU-E 5 =% 54|
delzloz FHE"Y, CDI4"ME o]44] CD34
Axe} wte] FeAFe] FrEYUR WHAZ £
wl> 7, CD34 ¥ =dRAE 7SS 22 gle
o, ZYURAE o] =My o8l 5 T
& 22, 533 288 Fag FAMAE H 5
glck CD33 M TS e F32 mansferd:
Atlahe ool 2ERAE 7leE a3 UA @
= "““1?]' A i B i:ﬂ*ﬂti ] retrovirus o
18 ubzo] falEHel infectiond FE2}7] HalA
L pfj2 vk oko] retroviral vector G- wiokdA
Ho| L adlr] el glaHoR HEs el B
o BaHEg clm glew, infectiond sl A
o] T4 AR i 5 gl wtelt
T4+ 2o updddl CDM AES ddeZ 43
transferS A|tlsle] CFU-CS 3b2bel 2ot oF 20%
~30% 2] transduction efficiency & Helck”,
=HndEe] gubgl SAE B4E retroviral
infection2] &7h= #2 SAApg=ihyezs
295 ekt z¥EACAE WaERY TbE
S0 Sgich S8 SCFE ckit 4839 w9zt
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(ligand) 24 #z]|Fuljel  HA)4)E, HPP-CFC,
CD34'HLA-DR AL S v)&z8 0 %e] Az
o5 Adsie) IL-3, GM-CSF 529 z=#H&2ela}
2} wlaa S4 ASH1T) synergisticstA] Erksh
= Ze] #E=Elm gle] retroviral vector gene
transfer4] JepE gl 2S00 2 A2s) 5 glch
HoelFel| 4] infection® EAH 4 EZ zalEa)e]
AFE priming® A5 892 transduction 2] effici-
ency7h F7hslicke Aol Agkstod, in-
fection 48A17FANE] SCF+IL-3+1L-65 ¥ S4}ed
CD34 HEE A8t on], LNCX infectionA]ed
£ 2447 vieh U zEAAAE B Eslo]
3=} transduction efficiency S ¢l z=4=
21zb7} ofwl 7]l 2]d)| retroviral infectionS =
7EA1#] =21 amphotropic retrovirus 2] Al E 584
b apdsElA]l gisk] uflFel ofF g4l oF
slovh MEEs ol B2 retroviral infectiono]
7= AE A AR 5 glon CD34 A E9)
A% AT 2UHANA ALA rewoviruse] A

Fup Fafe] SrbEldY AN s Esig sl
17

o

.
|

Retroviral gene transfer4] 3% 4)]%e] retrovirus
T35 o171 f1#l polybrenes| fe| 225000,
HTelli= ZHRME &4E Fol7l 8l prota-
mine sulfate?} o|2]¥ FHoZ fho] ALRE|3 g)
o, Q8 et vector producing AEF 2]
%2 infection§ AJsid 74 wiekiddol o 2 jnfec-
tion® 715-ol] w]#} transduction efficiency?} =e
W} ool AS RAs Ao Qe 2URAE 24,
packaging 4|55 Ak e 7.4 ransduction®] £
Py £8E HY § Un, Adden He AE
g Aeltt 5 7] wFel YYHes Al
= o9lw, wlebd HA) FDA FAE FAAAE
EZEFE BY retrovirus uljeksbdel g wp gl
vl Retroviral infection] 2 R4|Ee] ) EF7|
= B3|, S4E 87 Sl ool =
HEFelabrb Adss glohs A8 o|n] Aty
oo}, =HEF0A ] 23 93 A= 7134
F O A 7]Ae] EAY of Wi} fvp3og

EHEHEA| Huls]v], A ZuleF AgAAE
U4 2HRAEE T2 Z1AAES 2Hste] &
A Z457] Tl transduction efficiency =
F7HA717] Sl E FIAAE 8 AEe] 7)3e]
Haslcha Azts]n glck oleidh 2HE Be o
7t FEF ETE AVIETegE & g4ds )R
AESE A E S, o] Adelelld =" EAE
= 5%l retroviral infection & A8} 7) 2 #hel
Yoo BE ESAEE A AYESS WAy
ARA 223k 2-375h 2asis), zdusTs)
7134 Eel] T2 7% infection FHA] 3417
7 olel s A 5 A dijokde] EAlHo] Furs
S 97 el el wielol AZelARe
U3 o infections Al whije] AbgE|sL
ik * B eftol| 4= human plasma fibrone-
ctin® 2 wjsk7]E coating®t o retroviral gene
transfer A| 2319+ H), fibronectin 2 2)5}2] ¢k
2 =Ml B)&f fibronectin 2 2]32] transduction
efficiency?} 555 191 om(14.8% vs 20.7%),
ojzl¥}t A3} Williams E2] eljtel #e] g4
3 Aolek.

A4ele] CD34B4ALS them @ ¥ o
el 4+ neoR 3EA -.‘-}'43-}_.3]- ransduction efficiency
+ G418 T84 A 14.8%(fibronectin ] 2] 4]
20.7%)2 #E=Elelch Transduction efficiency &
487 S G418 B2y AL neoR
A7k band FHAE $8F PCR A7 FA ol A8
e #lel viekEEE vl G41E ERY HAe
transfersl neoR 37} W8S Jhslz] 98] 9
FHoln], gl PCR 74§44 449 A8
FAse Wl G418 ZEU Al uls
PCR A7} oRler} Fow A TS 714
of of Erhn Feks]y] wiife|cF. w3k M o
of| 4 retroviral infection® FEv AL infection
Aot 2 Aelrt glalsdl ol Lu £7'9 e}
Ao A7er, AARE Adafeldy W §HA
ransferdt@ o] = EMEL] F4] 9 L] F
e A4 Qoe uel

¥ ol WA F4AEe]H DI



Retroviral VectorS ] 241 CD34' Z54)E neoR §4 2 transfer

X5 immunomagnetic microbead b e 7 Rt
ths, SCF, IL-3, IL-6% Z}=&ke]  fibronectin-
coated wHek7|uloll4] LNCX retroviral vectors o]
Stled CD34 4| Ee] neomycin WA FHzS #
HHoF Alstel s, clonogenic assay % PCRE
F& neoR 3EA| FHAF 4kg] g aEE delsie
o mepd gew Bukbl AddE D EHE

AES FANEE ¥ FAA2 R APA 7z

= Alzsllel Bashs violo
2 oF
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