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The optimal conditions to improve retrovirus—mediated
transduction efficiency to NIH 3T3 cells

Jun Ah Lee, M.D., Kang-Min Lee, M.D., Hyun Jae Lee, M.D., Yun Jeong Lee, M.D.
Dong Ho Kim, M.D., Jung Sub Lim, M.D. and Kyung-Duk Park, M.D.

Department of Pediatrics, Korea Cancer Center Hospital, Seoul, Korea

Purpose : We tried to assess the optimal conditions to improve low transduction efficiency and their
effect on target cells.

Methods : Cultured NIH 3T3 cells were incubated with retroviral vectors bearing an enhanced green
fluorescent protein (eGFP) gene. We varied the ratio of viral vectors to target cells (1:1-1:8) and the
number of transfections (X1, X2), and compared transduction efficiencies. Also, the effects of poly-
brene on transduction efficiency and viability of target cells were assessed. Transduction of the eGFP
gene was evaluated by observing NIH 3T3 cells under a fluorescence microscope and efficiencies were
measured by the percentage of eGFP positive cells using FACscan.

Results : As the ratio of retroviral vectors to target cells increased, transduction efficiency was
greatly improved, from 7% (1:1) to 38% (1:4). However, transduction efficiency did not increase any
more when the ratio increased from 1:4 to 1:8. Cells transfected twice showed higher transduction
efficiencies than cells transfected once, at a ratio of 1:8. The eGFP gene transduced to NIH 3T3 cells
sustained its expression during repeated passages. However, after the third passage (day 9), the per-
centage of eGFP positive cells began to decline. The degree of this decline in eGFP expression was
lower in cells transfected twice than in cells transfected once (P<0.05). The addition of polybrene did
not have any toxic effect on NIH 3T3 cells and greatly increased transduction efficiency (P=0.007).
In addition to vector component, transduction efficiency was very sensitive to culture confluence. Cells
cultured and transfected in 24-well plate showed higher transduction efficiency, although cells cultured
in 6- well plate proliferated more (P=0.024).

Conclusion : Our data could be used as a basis for retrovirus-based gene therapy. Further study will
follow using human cells as target cells. (Korean J Pediatr 2007;50:1011-1017)
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1. NIH 3T3 MIZEF2| uief

NIH 3T3(ATCC, Rockville, MD, USA)+ Dulbecco’s Mi-
nimum Essential Medium(DMEM), 4 mM L-glutamine, 100
U/mL penicillin G, 100 pg/mL streptomycin, 0.25 ug/mL,
amphotericin B, 10% fetal bovine serum(FBS)< %7}ste] 3
7C, 5% COx9l #HAlA wiFstairt, sjFHe 3Untrt uldhst
aomn wjFE 23] AudS AlAsATE
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Enhanced green fluorescent protein(eGFP)S ¥4 ##Axt

ARESS TV S 42E 20E
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2 & dHEZdlo]da MHE vlo| 2| =(ViromedR, Seoul,
Republic of Korea) 248 T3t Add AREsigom Ax
HA4L &3 2tk eGFP A E& dlEZnfel2 & MINO 22
g 3 t}5 IRES-neo JHHEE E88l= BamHI-Xhol 4%
AAs] MT-eGFPHEE 774354t MT-eGFP Zgtar =
£ pVM-GP, pVM-AE E&tavj=gr 37 293T Al cal-
cium phosphate Ao R Azt AFTE o]Z2FH AL
Hlolglxa K-frolg PG13 Al A REY(transduction) ¥ F
49 o eGFP W&ol 71 #=2 EF8S st Hiolyx
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PCR ¥H oz =74332em teF 3106 colony forming units/
mLol St}
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10% FBS-DMEM HiAlol #3 NIH 3T3 A*EE6-well
plate(9.6 cm?dl welld 1x10°, 24-well plate(1.9 cm’)oll=
welld 2X10' 7048 383 37°C, 5% COp 3HA0NA AE7} ul
FHAD vl ehAom nAE £ JER Sk 24413 F
dEZnlolg]~  WE 9l polybrene(Sigma, St. Louis, MO,
USA)S 4 pg/mLe =2 H7ksta 22 7604 72417t 0)
gttt 7 ¥ AGTEE AlgsteE A= 3 HA GEEA
olgj2 WE]E H7FeHA] 24AIZE § S WE 9} polybrenes
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A7) o YERZuoldx WEE AYdd Azl $ NIH
3T39 AE<$} trypan blue exclusion WHE o]&3to] AXE
AEEES BNE5. FHAZR dERZutolz s wEd 23
eGFP 327 AgE A=A glstr] ste] 33 dAn A sl
A malel e gEsith. 1elw oF 5x0°¢ NIH 3T3
MAEE phosphate buffered saline(PBS)-1% bovine serum
albumin(BSA)2.2 23] AlF, A4221(1,000 g, 53)3kaL 4%
formaldehyde-1% BSA 1 mLZ 3238 A1Zl ¥ FACscan(Becton
Dickinson, Franklin Lakes, NJ, USA)S ©]83}] eGFP 44
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Fig. 1. Expression of eGFP gene at various ratios of retroviral vector to NIH 3T3 cells.
(A) Transduction of eGFP gene was confirmed by observing cells under fluorescence
microscope and by measuring cells positive for eGFP using FACScan. As the ratio of viral
vectors to NIH 3T3 cells increased, number of cells emitting green light increased and the
intensity became stronger. a) 1:1, b) 1:2, ¢) 1:4, d) 1:8 (Magnification 400).

(B) Transduction efficiencies showed twofold-increases as the ratio of viral vectors to
target cells increased. However transduction efficiency did not increase any more when
the ratio increased from 1:4 to 1:8.
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Fig. 2. Effect of transfection frequency on retroviral transduc-
tion. Cells transfected twice at ratio of 1:8 showed higher trans-
duction efficiency than cells transfected once, but this was not
statistically significant.
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Fig. 3. Effect of polybrene on cell proliferation, viability and
transduction efficiency. Addition of polybrene greatly increased
transduction efficiency, from 5.8% to 38.8%. Cells transfected
with polybrene did not have any differences in fold increase
of cells and viability from cells transfected without polybrene.
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Fig. 4. Influence of culture confluence on transduction efficiency.
Although the number of cells cultured in 6-well plate increased
more (A), cells transfected in 24-well plate expressed more
eGFP gene (B).
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plate®l A1 6.1-20.0%, 24-well plate®l A 7.0-357%2.2 24-well
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Fold increase of eGFP+ cells
L]

Days

Fig. 5. Change of eGFP expression during repeated passages
of transfected NIH 3T3 cells. Until the third passages, eGFP
expression increased more than three times, regardless of the
ratio of viral vectors to target cells.
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Fig. 6. Decrease of eGFP expression after third passage of NIH
3T3 cells. The degree of eGFP decline was most prominent at
ratio 1:1.
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