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In this study, optimal conditions to infect CD34 positive cells containing hematopoietic stem cells obtained from cord blood
and bone marrow were found using two different retroviral vectors expressing human growth hormone (hGH) and
-galactosidase. CD34 positive cells were successfully infected with recombinant retroviruses only when the CD34 positive cells
were co-cultured with packaging cells secreting recombinant retroviruses. To find the highest infection efficiency for the gene

transfer,

CD34 positive cells from cord blood were co-cultured with packaging cells secreting recombinant retroviruses

encoding E. coli lacZ gene. The highest infection efficiency was obtained when CD34 positive cells were cultured for 3 days,
and then co-culturing was done for another 2 days. When CD34 positive cells from bone marrow were co-cultured with
packaging cells secreting recombinant retroviruses encoding hGH gene, the maximum amount of hGH was also secreted at
the same conditions found above, i.e. 3 days of culture and 2 days of co-culture. These results show that there are optimal
conditions for the gene transfer into hematopoietic stem cells regardless of sources of target cells or retroviral vectors used

to infect.
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Geneclean II, Wizard DNA Clean-Up System & Wizard Plus
Minipreps DNA Purification Kit ¥ Qiagen Plasmid Maxi KitE
£ 747+ BIO101, Inc.(CA, USA), Promega(WI, USA) 2 Qiagen
(CA, USAEZHE Trigth. Dulbecco’s Modified Eagles’
Medium(DMEM), Iscove’s Modified Dulbecco’s Medium(IMDM),
fetal bovine serum(FBS), G418, % penicillin/streptomycinE-&
Gibco BRL(MD, USA)ZE-E|, CD34 UAAIXE £ mini-
MACS9} human growth hormone (hGH) enzyme-linked immuno-
sorbent assay(ELISA) kit % Methocult H44345-2 Miltenyi
Biotech Inc.(Germany), Boehringer Mannheim(Germany) % Stem
Cell Technologies Inc.(Canada)23€] 2tz Fuj=Edc}t. CD34
monoclonal antibody(CD34-PE) & stem cell factor(SCF)&& Im-
munotech(France)®} R & D Systems(MN, USA)°S. Z3E zjz}
Tl 2t} Recombinant interleukin-3(IL-3), interleukin-6(IL-6),
granulocyte macrophage-colony stimulating factor(GM-CSF) %
erythropoietinE-& Sigma(MO, USA)Z4-¢] z}z} FulEqich

Retroviral vectors
E Ao Me hGHe @3¥-2 MFGe] hGHe] E2d%¥ MFG-
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A. MFG-hGH
LTR hGH LTR
B. LNBZ
LTR neo” B lacZ LTR

Figure 1. A schematic diagram of retroviral vectors encoding human
growth hormone (hGH) and E. coli lacZ gene. In MFG-hGH (A), hGH
is expressed from the retroviral long terminal repeat (LTR). In LNBZ (B),
Escherichia coli lacZ gene and neo’ genes are expressed from rat actin
and LTR promoters, respectively. Both vectors are linked to an E. coli
plasmid, pBR322.
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WA 2 Ao BuHlEE hGHE 1, 3 2 6ol 27 Q3
Ak oped, FTFEEE & CDXM wwlz(zxms A Z/mL)o]
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A7 29 50] Y+ retroviral vector, MFG-hGHE PA317 A
Eoﬂ transfectionA]|# virus titer7} 7}% & packaging cell line
£ 3 3ldthFigure 2, a). °18A ¥R AZFretrovirusE ©]
&3t TAANEE ZEA7E WHFigure 2, b)OEE virus A
A& o] L3} A N Figure 2, b.1) E5 AZXF retrovirusE A4
5l packaging cell} FAIH|FA)A o] Fo]HTHFigure 2, b.2).

o o

Retroviral Vector (MFG-hGH or LNBZ)

l

Packaging Cell Line
(PA317)

a. Transfection

| b. Transduction (Virus)

. o

b.1 Supernatant Infection b.2 Coculture (CD34+ cells)
(NIH3T3 & CD34+ cells )

b.3 Cord Blood b.4 Bone Marrow

Figure 2. A schematic diagram to infect hematopoietic cells with
retroviral vectors. Refer to the text for details.
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Figure 3. Cell culture of CD34 positive cells obtained from cord blood.
(A) Cell growth. Cell numbers were counted at different culture time and
depicted as expansion by setting initial cell numbers at 1. Initially,
different cell numbers were added; 1x10° (@), 2x10* (), 5x10°
(¥), and 7x10* (V) cells/mL. (B) Colony formation. Cells at different
culture time were taken and colony assay was donme for initial cell
concentration of 5x10° cells/mL. Fraction of cells which formed colonies
were depicted as colonies (%).
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AXEL assay kitZ 4= o3 2] hGH(10 pg/mL ©|hH&
B3I S #yt oflg} Bulse G s AR dEtAM F7t
Atk oleig AFAZRE AZY retroviusES HEo BHE
[E W AYHoE A= Ae ¢ F Ak 2EY, AW
I ZLHzHE 2Egd CD3M4 OW/H]gU} AZ3 retrovirusE X
ele AEdez TEEAS e 10 pgml ©]3e] hGHe| #
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Figure 4. Infection of NIH3T3 cells with supernatant containing recom-
binant retroviruses. Different volumes of supernatant containing recom-
binant retroviruses encoding hGH (MFG-hGH) were used to infect 2%10°
cells/fmL of NIH3T3. Concentrations of hGH secreted were measured at
different time after infection. Volumes of supernatants used for infection
were 0 (@), 10 (O), 100 (¥) and, 1,000 (%) pymL.
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Figure 5. Infection efficiency at different co-culture time by co-culturing
CD34 positive cells from cord blood with packaging cells secreting
recombinant retroviruses. CD34 positive cells (1><105 cells/mL) obtained
from cord blood were cultured for 6 days before the target cells were
infected by co-culturing different time with packaging cells secreting re-
combinant retroviruses encoding Escherichia coli lacZ gene. Flow cytome-
ter was used to measure fraction of infected cells. Infection efficiency
(%) was obtained by dividing infected cells with total cells counted.
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Figure 6. Infection efficiency at different culture time by co-culturing
CD34 positive cells from cord blood with packaging cells secreting
recombinant retroviruses. CD34 positive cells (1><105 cells/mL) obtained
from cord blood were cultured for 1, 3 and, 6 days before the target
cells were infected by co-culturing for 2 days with packaging cells
secreting recombinant retroviruses encoding Escherichia coli lacZ gene.
Flow cytometer was used to measure fraction of infected cells. Infection
efficiency (%) was obtained by dividing infected cells with total cells
counted.
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Figure 7. Optimal conditions for infecting CD34 positive cells from bone
marrow with recombinant retroviruses encoding MFG-hGH by co-culture.
CD34 positive cells (3><10S cells/mL) obtained from bone marrow were
cultured for 3 days before the target cells were infected by coculturing
for 1(@), 2(0) and 3(W) days with packaging cells secreting
recombinant retroviruses encoding hGH gene. After co-culture was done,
CD34 positive cells were isolated and cultured. hGH secreted into growth
medium was measured at different time after co-culture.
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e Hedths A dxjske Aok £33, Figure 394
yehd Az} o] wjekrzto] oA W colonyE FAE & U
v ZERARXY F7} ZOEEE FAM G TEHE ¥R
AEE Az 47 Ysixe 7heshd wjdrhe 34EgE
#A sl Aol feElstelet At AR, AERtez
Bulg)z] g Ut lacZ FAAE ol&atd dojzl HAzY
(347t Wl 297 FAMIDS o83t hGH F3A (MFG-
hWGH)E 7tAE AZF retrovisE AWE22E PolF CD34
AT FAMG] A3 I AEE HAEAT 4
o zA0g ZAdE AEEL 1, 3 26U o] wY3HUAM B
H]5|= hGHE &A% Az z+z ¢ 5,000, 7,000, and 9,000
pg/mLe] hGHE velytthdata not shown). ©}23 A3} hGH
£ e AZE retovirus® FAH S 2lsjH= CD34 %A
Az 474 4498 & Jue A& Yekdo: £, hGHE 7}
A= AZF retrovirus(MFG-hGH)7} S+25FH o)z CD34
AT HEE & YEIE ARG olF A3 FA
BloFAZh] WE ERE ohew 2ol RABIATE 3x10° AE
/mL2] CD34 YAHAMEESS 39 Fok vjofd o hGHE £l
3} packaging cells}e] FAMFAIZME 1, 2 2 39 B A7
t2A FHAT FAMYel ¢ F ZA9E AXES 22
& 5 i 08 39 Eob ulUshuA CD34 FHHAEZZRE By
5+ hGHE 2481 tHFigure 7). AT lacZ FAA] thsiA
9} Zro] FAIM|UAZES 2UZ &S ¢l hGHol HE FulH
Ak wEo FAEYAES 3UE 3RS W EHIEE hGHY
%ol 238 H4AE JElgon, olgjdh d4e dolA= o]
AFT uieh o] |R Q) B FA wlYslHA At 93
Bo] £4H8 o} dojt HFOE AlgEn. o A
B CD34 MM X AZF retrovirusE ZGA7)= HA%
27198 AH2H reporter gene(thA lacZ, hGH)o| &3
Ao A Zol7} vpar AMEE CD34 A2 source(F4,
&)yt dEos BExsly HdE Zgses 24 Y8
YeEhGY w2 FAEID HARAES AA FRALH
T A4" £ gl Algdnh
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retrovirus® 7ZFGAZ wo] HZZAL human growth hormone
(hGH)¥} p-galactosidaseE &= F 71XY ©& retroviral
vectorE o] &3l Fgtth Retroviruse Alebe Aol 7Hdst
E AR IEA Slo] old g AFxAE 7] A8 AL
HFe 53 2ERATY A4AIHE AoH, T3 e
AEE 8o oA & FARLHAAE o] AZ7} Aol
A 7bseE Z2PRAEY 715E JAE Aol 27Ho o
Aol AT EEFS vehlle JFIY AZESES o9

A, AEAA diE) 2ARE 23 2704 ¥ AXEETt
5x10° MEmLY W AZAFEEs} 7 we Ao veh
ok 2, wjodAlzke] Aol wet ks A 4 e F
g g3 gastd fAxayes A FHxAE T
HeNE ol g HHsL Basidrh ol A% o=l
Fog ztdo] 7 Hoknm LE X NIH3T3 A|¥o] retrovirus A4S
dog ZAX7 A AFHeE FAZE ABH AL uix9
BH|EE hGHE &43t etk o)z|gt 2725 H hGH
< HHshe AZRY reroviuses FAFHOZE FFde A A9

siack 2y, 2ERAEY Ade dFdoziy #Es
A A o] olFolAA Yot o2 EAME SH

s 2HRAMES retrovirusE EH|3E packaging cell-2 FA]
Hjksle ES AHsAT AUIERE 2L 2EAXY
AT lacZ §AAZRE B-galactosidaseE HH]F}= packaging
cellS 0|83 7% FAGY ZL ZEEAEE 33U B A
g & o] FAE NTE 48N T FAMIGEEA

A& W Hue ZEE&ES dehigit 39, SFERE

29
de 2T hGHE HH|sH= packaging celld} FAJH%
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#He W AEFEZ} dEE B8t At} it
2 ZYURAELE 3Y T AEMET F 48T T FAM
ke A9l hGHol HUZ RulHth ojdF ZzA2FH
AEY sourcet} HTFE FAQdel FHAAEE FF o
Ao B8 QlojA Az EAEHH 2, ojdd 2
Fol fFAxAge] dade Aol WEE AFEA 59| H
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