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The Effect of an Ectopic Overexpression of MnSOD in Mouse
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Background: Intracellular reactive oxygen species (ROS) have dual effects depending on their cellular
level. ROS act as secondary messengers at a low concentration, although ROS exhaust the hematopoietic
stem cell (HSC) compartment at a higher oxidized state. So, we investigated whether maintaining a low
level of ROS could preserve the hematopoietic stem cell function according to the MnSOD over
expression.

Methods: Human MnSOD cDNA was introdu ced into mouse HSCs and progenitor cells by using a
MSCV-PGK-GFP retrovirus. The hematopoietic function of over-expressing MnSOD was evaluated in
vitro on a colony-forming cell assay and in vivo in a competitive transplantation model. MnSOD-trans-
duced, lineage negative, GFP+ B6.SJL (CD45.1+) mouse bone marrow cells were transplanted into le-
thally irradiated C57BL/6J (CD45.2+) mice in competition with CD45.1/45.2 double positive bone marrow
mononuclear cells. We also measured the basal mRNA levels of antioxidants, including MnSOD, catalase
and cellular glutathione peroxidase (GPx1), of C57BL/6] HSCs.

Results: On the colony-forming cell assay, a MnSOD over expression significantly preserved the CFU-M
with irradiation as compared with the mice without irradiation. HSCs with an MnSOD over expression
showed a tendency for higher engraftment ability on the competitive transplantation assay even after 200
cGy re-irradiation, and we observed a significantly higher myeloid differentiation potential after the second
serial transplantation. The basal mRNA levels of MnSOD and catalase were less than 1~2% and 2~5%,
respectively, in the long-term and short-term HSCs, respectively, and these cells didn’t activate in spite
of radiation stress.

Conclusion: These results show that only an over expression of MnSOD without downstream catalase
activation can not augment the mouse hematopoietic stem cell repopulation activity. (Korean J Hematol
2009;44:82-91.)
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2ERA X VTS FAISeE BasA T WA
= 7t @dae 2ERARY A v A
djets, = mA 27 B4, S, B3} Abole] #d S
FrAet=d Atst 84 NS E nAEHA 2&dte 714
< 73 Slee @A HAdH

1 ol A s=atA Gird dgstie Fakst &

5 o8 AAdT Al=Z | <fal T supe-
roxide anion radical (O.)2 ¥4F3}A] superoxide dis-
mutase (SOD)ol| 9]3] F}2ksl4=4~(hydrogen peroxide,
H,0,) & A1 o] Fenton ¥Hg-of ol&] 714 =4
o] =2 hydroxy radical & A 3] A vk 5o ypAk
3} E catalase$t glutathione peroxidase (GPx1)l]
oaf waler B2 Agdnt” 18 L] SODE AE
A3 & el EAlste T2, oFd-SOD (CuZnSOD,
SOD1), RlEZE g o} Yol &A= W7H-SOD (MnSOD,
SOD2), 18] Al 9] SOD (EC-SOD, SOD3) 3% 37}
gt 1 F nEZSgolE AXE SFo] ol
T ZozA vEZEg o} dAakskA| Q] MnSODe|
= 3717 4R AR A5 AgEJ o A=
ARtE = A3E Bastka QUth NIH3T3 Al Z5=of A
& MnSODS] @] AEe] 4FL AN
s ,“ 23D I3 M EF, K562 A EF, v o
33k AFol o1 AETAE WA
o} 19 =3 U,q] o] 2] & AA WAL ZANY 1
S FAAE o] &3 AAAZ ste] Fafigh L4t
a7F fiEth 2B E ARES ZYERAE o]
A o] Ao 2YRA X A7 EA] 58
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1. 2| EZ2HIO[2{A At

917t MnSOD ¢cDNAE pRevTRE-MnSOD Z &} 1]
T (Dr. Michael W. Epperlyo| AIA A& &S)Z HE
EcoRIZ} Bglll A3+ & 4237} &F Eol EAE Al EA|
£ o] &3te] PCR W&o 2 FE3% T me] EcoRI¥
Belll A|3+tE A2 A2 pMSCV-PGK-GFP (Dr. Guy Sau-
vageauZ FE AlF w3) wE A 4 ste] pMSCV-
MnSOD-PGK-GFP WE| & F%3}% 21, pMSCV-PGF-
GFP WE & txvo2 AMEsAtH(Fig. 1). 444

MnSOD DNA 4714 <g9S = atfdtw Genomic
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Fig. 1. Constructs of control vec-
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MSCV-MnSOD-GFP e LTR | MnSOD |m PGK

GFP H LTR I— tor MSCV-PGK-GFP and MSCV-

and Proteomics Core Laboratoriesol] 4] <13} 11 o] &
Western blot 42 E3] 7152 3= g 12 F
= A9 st

g EZulo]H A& 10 g g pMSCV-MnSOD-PGK-GFP,
2.5 g plasmid vesicular stomatitis virus glycoprotein
(pVSVQ), 2.5p1g pKat2 Lipofectamin (Invitrogen,
Carlsbad, CA)¥} &7 HEK293T Al o Ak @7+
(transfection) 3+ & F-&3 ujz] Opti-MEM (Gibco,
Carlsbad) ol A 4817t F<k i eFato] AYAkstS) om 4
95 045 M ZE (Millipore)©ll Al

S 9l AFT024 A EF (ATCC, Manassas,
A) TEE C57BL/6J (CD45.2+) wp$-2 J< Al X4,
A E o]4E el - E B6.SIL (CD4S.1+) mh$-
22 3o BAEAS sttt A o] &¥ n}
2 Jackson 4 (Bar Harbor, ME) 2 F-E] 413}

mz
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2. O}A Lineage 4 XERMES F2| ¥
= FS el

b2 HEEH FAolMoA A& =5 AX

200 1 biotin ¥#] 3 CD3, CD4, CD8a (T g_A:rL),
CD45R (B ¥ Z), Ly-6G (), CD11b (T3] t),
TER-119 (A¥F) 3 A (Caltag, Carlsbad) Z 3oz}
4°Cof| A 155-3F, 200 11 streptoavidin microbead (Mil-
tenyi Biotec, Bergisch Gladbach, Germany)$} 2087+ &
Ao 2 Bk AlZ] & MACS LS Z % 3} Magnetic cell
separator (Miltenyi Biotec) S ©|-8-3}¢] lineage 24 A%
£ A& t}E, 50ng/mL SCF, 10ng/mL FlIt3L, 10ng/mL
TPO (Peprotech, Rocky Hill, NJ)7} &£3&H XVIVO-15
(Cambrex, East Rutherford NJ) sj koM 313 W B
oF A 23t 3+ T dlo]g] A AlzHu} polybrene (gﬂg/
mL), &4 9] 37}x] Mo EFIQlH T} &£3H8t & Retro-
nectin (10 1 g/well, Takara Bio, Shiga, Japan)o] R
H 22w ¢ Felo] Edl| #Fsta 4°C dAlite] 7] ol A
1,700rpm ©. 2 457+ 4] e ek & 32°Cel| A w Fat
Atk o Hlel A AEd S 13 o H}y‘é‘}cﬂ A
ottt Hx JAEY WA T hgE T A7

g olE T HES -’1226‘}04 MoFlo Sorter (Dako-

MnSOD-GFP.

Cytomation, Denver, CO)E o]-§-3}o] GFP 4] A| gt
< T3 F & Ao AL

3. Western blot

217} MnSOD 2 z}e] AFT024 718 N EF=
AEd 0] 95% o] FololA HA AMEE 2+
712 FYAIZ] T 4°Col A LA Eelete] Ao
2 Azde 7td3 & 2% SDS-PAGE % PVDF
transfer membrane (PerkinElmer Life Sciences, Wal-
tham, MA) S & ©]EA]Z7] & rabbit anti-SOD (1 : 2,000,
Upstate, Billerica, MA), mouse anti-actin (1 : 200,
Santa-Cruz, Santa Cruz, CA) 8}A 9} ¥F-3-A171 & hor-
seradish peroxidase conjugated anti-rabbit %=+ mouse
IgG (Santa-Cruz, 1 :2,500)¢} ¥F-2-A17] T} Western
Lightening Chemiluminescence Reagent Plus kit
(PerkinElmer LAS)S o] &3ate] D Fo 37353
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4. SOD activity assay

FAEYHE k2 5 AXS] SOD 84 4L
SOD assay Kit-WST (Dojindo Molecular Technologies,
Rockville, MD) & ©] &3] A Z S35t 96
well Zd 0| Ed| AE g3 d5ds ¥ WST-1 (2-
(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfo-
phenyl)-2H-tetrazolium, mono-sodium salt)¥} xanthine
A1 & 37°Cell A 2083t
v oF3F & microplate reader (PerkinElmer LAS)ol A
450nm S 233Ut SOD S ==
2 A [[(A=A43)-(AsA)1/(A=A3)1X 100, A,
Ay, As, Aste= ZYZ} uninhibited test, blank sample, blank
reagent, 12| 1L sample®] =% Zko|t}.

oxidase working solution-g

.Q. j_)\lo
N0

5. Colony-forming cell (CFC) assay

T4 Z2ERAEY A& A 5L dd 9 H GFP
ok Z4 A|EE 50ng/mL recombinant mouse (rm)

SCF, 10ng/mL rm IL-3, 10ng/mL rm IL-6 (X5 Pepro-
tech), 3U/mL human EPO7} &4 methylcellulose i

A (MethoCult  M3434, Stemcell Technologies, Van-
couver, BC, Canada) 9} 2 21& & well @ 4X10°7) <]
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Day 0 Day 1 Day 2
MSCV-MnSOD-GFP Enrich Lin- 1st
Transfection BM of B6.SJLcells Transduction
Into 293T & pre-stimulation

with SCF+FL+TPO

Day 3 Day 4 Day 5 Day 6

2nd Stop
Transduction Reaction

950 cGy a

GFP+cell sorting
& cBMT

Co-transplant with

CEo—

B6.SJL(CD45.1")

Fig. 2. Schema of retroviral transduction into the mouse
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SIL (CD45.14) wh--2=9] lineage ﬂ/‘é 25 A X
o] 17 MnSOD FAAE g A =3 & GFP A A

2 ZZ3ke] 1X10°709] CD45.1+/CD45.2+ nh$-2
FAE 9} 7 950cGy HAM ZAE A ke A
SZQ C57BL/6J (CD45 2+) ¢F upgro =4

%75[?_] O]” AE 5 23] WHESIGT o] 3t o]
2] ARl Adow A A oA T 1454 A7
g T ulele] F4o A CD45.1+ GFP+ gojzl AlEE
FZ3to] 4X10° AEES 1X10° CD452+ 5 A X9} 3
A 1,000cGyE ZAHEF CSTBLI6T §F uh&-2d) o] 23}
At TEA4 YL g =uad)sta Institutional Animal
Care and Use Committee (IACUC)2] %91 3}of] A3)x
b=

o4 F 4% 5d % e 99 Axze) o)

= PEcy5 5-CD45.1 (SJL), PE-CD45.2,
PEcy7-CD3, PE-TexasRed-CD45R (B220), APC-CDI11b
FAZ dAstd] AT SFAEL  lineage-,
c-Kit+, Sca-1+ (LKS) A3 #2412 PEcy7-lineage marker
(CD3e, CD4, CD8, B220, CD11b, Gr-1, TER-119) Z}H]
Y, PEcy5.5-Scal (Ly-6A/E), APC-c-kit (CD117), PE-
CD45.1, biotinylated CD45.2, streptoavidin-PE-TexasRed

A5 o] &stAem, o] A= eBioscience (San

CD45.1+/45.2+competitors

P U

C57BL/6J (CD45.2")

hematopoietic cells and the competitive transplantation.

Diego, CA)<} BD Pharmingen (San Diego) & 2 H-¥
ot ARSI e Al £E Fey RIVIIC] gk B
5ol 2= WAISH] $ldte] CD16/32 A = m2] uj
&3t T da A FAEGoH, dolgle AlET
< EA437] Y& =3 Aol 4, 6-diamidino-2-
phenylindole (DAPI, Thermo Fisher Scientific, Pittsburgh,
PA) 94-Z & & CyANapp 41 3£ 41 7] (Dako Cyto-
mation)o| A Summit v4.3 T2 1% E o] &3fo] EAJs}
ot Zxdd TdY S GFP+, CD45.1+21 3o 2} Al
X E 3o A, LKS Al E& CD45.1+, lineage <41 <1 A
E FYolA A s

AL
8. =T
aa

up-$-A A E A A3 -4 2} MnSOD, cata-
lase, & GPx19] HAA] E HALA ZALd] wWE mRNA
38 AEE YA OR ZAHLAT, AT 15~
¥ C57BL/6] PR~ A 20vtE]e] 4 A 2E A2
t}S Tothova ='7¢ Wiz CD34 Scal, c-Kit,
IL-7R ¢, CD16/CD32 kA2 M3l & FACSAria (BD,
Franklin Lakes, NJ)& ©]|&3}o] long-term hemato-
poietic stem cell (LT-HSC), short-term hematopoietic
stem cell (ST-HSC), common myeloid progenitor (CMP),
granulocyte-monocyte progenitor (GMP), megakaryocyte-
erythroid progenitor (MEP), common lymphoid pro-
genitor (CLP) A £38& 7247t wjz2 e & 3 &
X A Fof| HIALA ZALE Al8)3t Absolute RNA
nanoprep kit (Stratagene, La Jolla, CA)E o] &3} &
RNAZ FZ3}99t}. 3 % RT-PCRS Superscript First
Strand Synthesis system (Invitrogen)% o] &3} First
strand cDNAZ &4 3 & DyNAmo HS SYBR Green
gPCR Kit (Finnzyme, Espoo, Finland) & A}-&3fe] %%
i 2 PTC-200 Peltier Thermal Cycler (MJ Research,
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Ramsey, MN)d| A =33} o, PCR ZA-& 95°C
A 1587 157] A8 & 94°Coll A 15%, 61°CollA] 20
Z, 72°Co|l A 2025 4437 wrEsigon 7247t 33
¢ YA 49 Adatdh

Al 2HA] (Primer)=  Primer3 software (available at
http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.
cg) & o] &3t A&t om, AH-E-H Primer (5'-3")
= 77t g3 2} vk$-2 MnSOD, GCGGTCGTGT
AAACCTCAATAATG (forward), CCAGAGCCTCGTGG
TACTTCTC (reverse); PF9-2~ Catalase, ACATGGTCTG
GGACTTCTGG (forward), CAAGTTTTTGATGCCCTG
GTC (reverse); v}~ GPxl, GTCCACCGTGTATGC
CTTCTC (forward), GTCCACCGTGTATGCCTTCTC

(reverse).

L3 vpg-zo] FAEAH A7 MnSOD A A9
A& FH S A7) fal o4 W mhge

A
B2l A GFP+CD45.1+ A X & %3 T oS
primerS ©] &3l PCRES A|3)3atit}. 217 MnSOD,
CTGGACAAACCTCAGCCCTA (forward), CTGATT
TGGACAAGCAGCAA (reverse).

9. EHEN

AREL HALETLA(CEME Ao F
+7te] ¥l W& non-parametric Mann-Whitney U testS
ol &atAth. PakE 4S5 AF S E 005 olakel A5
9% Aoz AYsATt BAZZIHL SPSS pro-
gram (version 12.0, Korea)< ©] &3}

AFT024
Vector MnSOD

SOD

— —

| 1}

1. Y2 ZQ=l MnSOD FAXIS| 7|5 HAL

g EZulo]g A WE]E o] &gk 17 MnSOD F- #
o] AFT024 M EF29] FAEYNEL 95%S 4361
1, k-2 lineage 54 FF AlX2o FAEYES
MnSOD ®¥] 343+ 11.1%, )& HE 46.
TH(data AJ2F). AA AFT024 A|X g}z @l d 40 g
S Western blotale] SOD ©rd WHd A e = %}
¥} MnSOD ¥ ¥ o] thZto Bl&l] 2.374] S7takd
THFig. 3A). =3 FAES] =4 A2 g &4 50
©gd SOD T4 A EE MnSOD ¥WE] o] 5191+
2.5%, W Zo] 32.27+4.3%=Z MnSOD ¥ E] o ] 60%
o]} =RtHP<0.01, Flg 3B) iz dETE g4
Z=% A Zo M= 4% F& SOD7} H‘?ﬂﬂ?i—t— 1 o]
= AREo] A& SOD q}xﬂ 7} SOD1, SOD2, SOD3
2% EAety] wiolw, <wtite] wdEe zpelzt
MnSODe| A= o o gt Bado didatez AT
A-Eo] F5S g ERblo| 2l Al ~Hlo] A zhF gt
1 Adsksith

(<]

2. MnSOD I}EEH 9| HIAIM EAIZEE CFU-M

EHet B2
MnSODE HLAAIZ F5A 2 @] A7 54| &
g gQlsly] f& dAd=dE GFP ¢4 Alx-S
%23l 3 colony-forming cell (CFC) assay S A] 2 3+
A3 dut vk 2 E MnSOD 2 3} of 2+
B 60 * |
45

SOD activity (%)
w
o
1

RN
a
1

0 T 1
Vector MnSOD

Transduced Lin-BM cells lysate

Fig. 3. Ectopic expression of human MnSOD in mouse cells. (A) Overexpression of MnSOD protein in the transduced AFT024
cells. Whole cell protein extracts were reacted with rabbit anti-human SOD and Actin antibodies. (B) Functional activity of
overexpressed MnSOD protein in the transduced C57BL/6J bone marrow cells. Data are mean=sem of 2 independent experi-

ments (*P<0.01).
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A
1507 1 Vector
Hl MnSOD
120
2
2 904
B
Kol
5
6 60'
O
30 1
0 : ri : r_i_'_zi_'_i-_'_

CFU-G CFU-M CFU-GM BFU-E Mixed Total

B
757 1 Vector
Il MnhSOD *
60 ’_\
QS
3 45-
3
Q
5
<—) 30' *
© P
N ’-‘I
0 : TN T CWE

CFU-G CFU-M CFU-GM BFU-E Mixed Total

Fig. 4. In colony forming cell assay, MnSOD transduced HSCs significantly preserved CFU-M after 200cGy irradiation. CFCs
were scored on day 8 in the non-irradiated plates (A) and 200cGy irradiated plates (B) after 4x 10* per plate sorted GFP+
cells from MSCV-MnSOD-GFP or MSCV-PGK-GFP infected bone marrow cells were cultured in the Methocult M3434 medium.

Data are meanxsem of 3 independent experiments (*P <0.05).

> LN .20
& @Q\Q @Q\Q S S
Q\{b o_,‘b %'b é@qoo(\ é@q Q(\

CD45.1+GFP+PB cells

Fig. 5. In vivo verification of human MnSOD gene in the
CD45.1+GFP+ peripheral blood cells of transplanted
mouse.

el el = Aol 7} gl tH(Fig. 4A). L2t uj

48A1ZF F 200Gy ZAMGE HlA| o] X = BFU-E%}
CFU-GEMM9] =& W37} 24 g2 ¥bd CFU-G
gte A A Zaste] CFU-G7F ¥ o mizhahS
& g Ay 2y CFU-M & A 24 S
1A Fe A4S 2T 19.7+1.6, MnSODT 18.4+2.5%)
o, AR 2AREE At 2T 14.7+0.93, MnSOD
20.14+1.7% A 9o A MnSODS] #H2k& o] HMAFA %A}
ZHEH CFU-ME Bgste 237 gl Estaint
(P=0.01, Fig. 4B).

3. MnSOD ZH3io| ML ZHEDNE S0
3

H &% MnSOD W& 11.56+£546%, tHZ+ 9.14+
4.68%= Fagro] 2ol 7F AATH(P=0.38). 121} ©]
2 3370 A FE2E A F GFP FAAE vl &o] g
Z7o A 96.53+0.87%, 80.87+3.61%% G| H BHA,
MnSOD W& ol A= 33.3849.51%, 46.0949.85% %
]3] A= AHP<0.01). o] 2ol whE KA A} silen-
cing -5 &Qlst7] sl o] 2] Wk mhp-o] W2y
do| A Q17 MnSOD fFHzAE AAMG A3 Uzt
MnSOD 27t 57 5] o] (Fig. 5), GFP T & o
241 & MnSOD cDNA Z7]7} 666bp=E o) 27+ #E| o
Hl3 27|17} Sl whe} PGKO] AL 53 o] #]3s}H o
A o2 FA5T

a8 B2 AREL TR Al x| A& A 5
S Z43l7]) 9lsto] GFP+CD4s. 1+ Al EE T2 o
A EAE AT o)A T Y A tixdd o
MnSOD & 9] 4 A& 1.59+0.518) =%
o BARCZE FootA] Eth(P=0.32). 1A
Azt zRA o] 2EY A f8 3 WIS #As)
7] $fste] o 2 gk mhp-2of] 200cGyE A ZAFsE 21
2o Azgol 1€ A 339+1.424), 3hYE ¥
208+ LI R Eoy BEAACRZE fodA e &
Skth(Fig. 6A).

¥ BE AAES Btk YA 2 el LT-HSCo A 9
MnSOD g o] g32 dolr 7] e Sy 20l 23}
Z8 1A F0]4] S MnSOD Za <+ 6nfe], =+ 8}
2ol Al ettt o] 2 T 454 A FxEd FA o
7FA] MnSOD &2 BF A& v gjx2o2
nhe]uh B Ete] YEEES MnSOD E o] §-55

=

i

o 2 i
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. —e— MnSOD
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S 54 --o-- Vector
(9]
>
9
o 47
®
53
<
a
O 2
(0]
=
3 1
o

O T T T T T T T 1

1 2 3 35 4 4.5 5 6
Months after transplantation

Cc

60 Ll 1 Vector

Hl MnSOD

P 45
©
[&]
Lg 30
(@)
£
O\O -

15

’V T T 1
CD11b B220 CD3

ot a2y olu 7hA] AES v aE iR B4
& 23 GFP WA &2 12} o4 F 5L FdolAe
o, AFEE F it SAFGAY zeole fldt
(P=0.63, Fig. 6B). 213} T2 Y o] gt} Bpg]t/
we el wat P ] 27 o]

H L CD11b A A 27} 26%= O REEEE
UA o} D}%k:} D2 N xR 3} 5ol ¢
438 & 4 AATHP=0.037, Fig. 6C).
4. OFRA ZEDNZEQ| J7|X &dtst §4 mRNA
HiS]
=2 =

A o] 2 ARAA oﬂ]*&ﬂrt— 22 MnSOD ZHd
o] wpg-2~9 FF 28 A7) A 8 E E
ABHA S7HA 1A Kol
C57BL/6] v}9-~9] E4 ZE A X ¢
Z(Committed cell)ol| Al 7 H

B
30 -
--0-- Vector
—=— MnSOD
20 T
[To)
<
)
O N L
10 “\\T ____________ =
0 T T

Months after second transplantation

Fig. 6. Competitive in vivo transplantation assay. (A) MnSOD
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