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ABSTRACT : In human U-937 cell exposed to y-irradiation and H,0,, the level of mRNA expression in cerulo-
plasmin gene was measured by using comparative RT-PCR (reverse transcriptase-polymerase chain reaction).
At the normal growth condition, the level of cerulaplasmin transcript was estimated as 8.2% and 0.0068% of
hprt (hypoxantine phosphoribosyl transferase) transcript and of B-actin transcript, respectively. In U-937 cells
exposed to a dose of 100 rad y-irradiation, the level of ceruloplasmin transcript was increased about 2.7 and 1.6
fold compared to un-treated cell by using compensation with the levels of Aprt and B-actin transcript. By con-
trast, the expression of ceruloplasmin gene in U-937 cells exposed to H,O, (50 uM, 24 h), was shown no signifi-
cant difference compared to un-treated cell. These results indicated that the expression system of ceruloplasmin
gene may react only some specific oxygen species, such as reactive oxygen species induced by y-irradiation.
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Ceruloplasmine 104671¢] o] AL 2 o] Foizl it}
Wi elw, Yool EAfahe Al F-H(95%)9] T2 o3t 2
getow Tl %8 7FAIH, °]+= Fenton RE&<l| 23t
geize) ¥4 JAate 715 FHHOne er al,
1984). Ceruloplasmine WAM] ZA} - Z2|EAL - A7 -
d%5 5ol o8 F o 2 Fxrt wE2A Sk 34
uRgohld 2 shjo|th(lkawa and Shozen, 1990; Magic
et al., 1995). =3} cemloplasmine- amine oxidase(Feiden and
Hsieh, 1976), ferroxidase(Osaki ef al, 1996) 2 peroxidase
(Kim er al, 1998; Kim and Park, 1998)¢} 72 ik}
7)%0] glew, T myeloperoxidase®} Zgsle] HOCI]
PAE AASHe Aoz XAEATHPark, er al, 2000). ©]
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g}= hE2H 22 ceruloplasmindl] A" FE]7) low
density lipoproteing AF#}A] 7] (Biemond et al., 1984),
DNAZE €A 7]E(Kim e al, 2000; Kim et al., 2001)
pro-oxidant®] 7]5% HIEHT  Qlul ofe}  Zro
ceruloplasmin®] 715~ 5] AHEA| ¢k°w, antioxidant
¢} pro-oxidante} 22> sl 715-& 7HAl Ao E sletE sy
Ut

Ceruloplasmin®] 23 A} 23 w27 27} 7))
+ 7 antioxidant®] 7522 A F W] flgk 2H8-
d Zo[v}. Turpentineol| &J3] 952 FEA7] 2Fe 7+
ZAe|A ceruloplasmin®] HAAIS] oF2 FA F7hE
(Aldred et al., 1987), =3+ ¥WAAe] 2A}E 21Fo] oA
AA] ceruloplasmin®] F=7} A F7HER0] EalEe]
THKim et al, 1997). dubH o2 Alzhe] 3ol
ceruloplasmin =3 300~400 ug/mle.E deix Qlch 2
2} Wilson 211}l &€l W ceruloplsmin FEX AR




U-937 Al Zell4 v 2 H,0,00 93} ceruloplasmin®] mRNA f-32} 23 77

2o} o9 e (Shiono et al, 2001), WA X85 v
= #x}2] ceruloplasmin $%x A E718}(Agroyannis
et al., 1994; Onizuka et al, 1999). ¢}¥] AFAIH}E=
ceruloplasmin AR} gzl =wol Zol= jn yiveol A
AEfrtold WAt EAL 5 A A3 A5l Hsix A
=34 A E2 AMFI Qo

Ceruloplasmine F+& 7+ ZA]o|A A =™ (Magic et
al., 1995), &<, efut 2 A (Aldred et al., 1987), 4
3}-(Pan er al, 1996), AFF(Thomas et al, 1995) 2 =
(Fleming et al., 1991) 5 o8] ZA % F44} Hao]
Fal=ldet. 2Eht in viro Aol AHEE o7 ok A)
X 7189 ceruloplasmin $H# 3412 HepG2 Al EoflAlut
ol 59l I (Mazumder ef al, 1997) Jurkat A EoA
ceruloplasmin mRNA®] %=X HepG2 Al E2] 02%% 4
A ZoA|A ceruloplasmin®] A} -2 A o= ulj-

2. Aoz BWyE v} glok(Pan er al., 1996). FAIURSSH
WAl ghyd Fule SR dAAEA BHEE
interleukin-1, interleukin-2 & tumor necrosis factor-o. %5
2] cytokineol| &J3] A EHE]S] hA Az} dEo] =
A=t} (Baumann and Gauldie, 1994; Koj, 1996). ¥
FPNEe IFN-¥] cytokines A2jgt A=, %A U-937
A ZEo)A ceruloplasmin THHZLe] o] 208 o] F7}s}
QI HepG2e] 7% oF 2-3) A= Z7slgick= ¥iv}
dort, U-937 AlERe} F3127]9] HEQ HL-60 HE2}
U-937 A28 P37} wo) o]Fo)xl THP-1 HE, 1 9
HeLa Ao IFN-y 2|8} ceruloplasmin $H43 Ad-&
Folst = glglthMazumder er al., 1997). 2 A7l A}
£5 U937 NEE= 37419 FA L 2HE] 91-& macrophage
2] Y =ZF 02 Sundstrom¥} Nilsson(1976)°)] ]3] W4 =31
AL F in viro N ol AHET)e] ek

A7 ookst o 54 BRENE AAe] 2Rl
N3} 7|Z A=E A7) A8l cytokineol]l &3l ceruloplasmin
o] whiAl 3he] ZA Folshe U937 AEZE Al€dle]
in vitrooll A comparative reverse transcriptase-polymerase
chain reaction (RT-PCR)& o]£3} ceruloplasmin mRNA
o} mlM A i SRk W 24 # H0, A
o] o2 mRNA F4A W ks AsiEgic

Mz o ey

S

RPMI-1640, fetal bovine serum(FBS) ¥ TRIzol Reagent
+  GIBCOAH®| =)ol A, HEPES, Sodium bicarbonate,
Dulbecco's phosphate buffered saline(DPBS)2- SigmAH®1=)

oA Fd3s1sict. PCR kitﬂ- M-MLV reverse lranscriptase™=
GenecloneAl (3F) A E-2 A48}t

M|zl 2f

A U937 Al E(Korean Type Culture Collection)=
10% FBS7} ¥ RPMI-1640 wiA|o|A 5% CO,%}
37°C7F FAEE AEeegr|olA wiFERe. BE A
AE A ek F AR7e] NEE "}“3‘3}9&9—“’4 M Z
= trypan blueol] 2J3l] g3l M EPE SA 3

HARM =AF 9 H,O, X2

AR ZAF 9 H)0, MElE $18E U-937 AE:= AlE
ujokeloll 4X10° cellymlE Fvlslglch WA 2=
CsZ 100 rad(882 rad/min) EAFEHE I, H0,= 50

MS Alskdel. 7 AEEs 24} == XE F 24 A7
BH%%}J- HEE 713l RNAS -Felsiade.

RNA EH|

AR 24 2 H0, Mg 24 A F, AIE (1X107
cells)Z 4793k DPBS €822 1000 rpm, 1084 23]
"ﬂ’—‘iﬁ}‘ﬁ‘:} A E ZAE] 1l TRIzol $4& H7lska A
LolA 5% 22]3 chloroform 200 ulE ¥ F Akl
A 2~3r1=_'r Z9F ARSI 15000 rpmellA 153 32t 9
AlEe]ste] -2 450 ul A5l 450 ul isopropanols ¥
< F AReoA 108 BRE AX . 9alielste] AA
53 92 ¥ 75% ethanol® A|Zs}3l DEPC7} Aelsl
40pl FFgel F-AHT. AAE RNAE A260nm™
A280 nm®] BlE-o] 1.7 o]AFel .

H

Reverse Transcriptase-Polymerase chain  Reaction
(RT-PCR)

PCRE 413} primers U1 ¥ 2|3t =X 453}
= GenBank dlolellol2old 9 @RS 722 o
o] z|=}Eglek(Table 1). Ceruolplasmin®] 1%} PCRE- $13t
primers= CP-Ce} CP-BZ %3¢l e, 22} PCR(nested
PCR)Z #J3t primer:s CP-C8} CP-DE AH8-3}4ich
Reverse transcription= 1xRT-buffer(50 mM Tris-HCl, pH
83, 30 mM KCl, 8 mM MgCl,, 10 mM DTT), 0.25
mM dNTPs, 4 uints RNasin, 0.1 pmol random hexa
oligonucleotide, 100 units M-MLV reverse transcriptase,
0.05~5 ug RNAZ A€ 10 ple) HksS AMgslgd o,
o] & 45°CellA] 45%- b Ate] whe-E At whs
% 1.5 mM MgCl,, 100 pmol primers, 25 uM dNTPs
Z2]3 IxPCR buffer (100 mM Tris-HCI, pH 9.0, 500
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Table 1.

(Ge nBanCl;<ezzcession) Primer Primer Sequence (5' — 3')
Ceruloplasmin CP-C GCTGGTACCTAGAAGACAAC
(NM_000096) CP-B TGAGGGGATATGCTCCTTTG

CP-D GGTTACTCTGATGGTGTCTC
HPRT RTHP-3 CTGCTCCGCCACCGGCTTCC
(NM_000194) RTHP-B CCTGAGCAGTCAGCCCGCGC
RTHP-A CAATAGGACTCCAGATGTT
RTHP-4 GATAATTTTACTGGCGATGT
B-actin B-actin(as) GAGCTGCGTGTGGCTCCCGAGG
(NM_001101) B-actin(s) CGCAGGATGGCATGGGGGAGGG
- CATACCCC

mM KCl, 15mM MgCI2, 1% Triton X-100)2] &3¥)
90 uke- AH7FBIR 94Coll A 3% F3F WA AIAS. PCRE 5
units Taq polymeraseS 3713t ¥ 94°CollA 30%, 55°Ce]|
Al 30 2|3 72°ColA 1E-E 303) HREsle] FEAJ7)
F, 72°CelA 5% FRE WhSAIF T (Perkin Elmer 9600). 2
2} PCRZ 12} PCR AAE 19} 23} PCR primerZ A}
B3l 12} PCR} EY3H =35}

HPRTS] 13} PCR-> RTHP-39} RTHP-4 primer, 23}
PCRZ RTHP-A%} RTHP-B primerZ AME-3}¢v}. B-actin
= B-actin(as)$} B-actin(s) primerZ 1x}e} 22} PCRel A}
43159}, HPRT# B-actin®] RL-PCRE ¥hg- &5E A9
g BE x71¢] ceruloplasmin®} Y3t} HPRTE= 94°C
oA 30%, 50°ColA 30%& 18]3 72°ColA] 124, B-
actim 94°CollA] 30%, 59°CellA 30% 2|3 72°CelA 1
25 303] wHEsle] SFAIZ} Bactin®] 23} PCRE 12}
PCR AFE-S 10008) == 1000080 A& F 1 wE 33}
of FF3r}.

PCR product & HAiko] ALt

vk-S-o] Ed PCRAFE-E 2%9] agarose geloll A TAE
buffer(8 mM acetate, 2mM EDTA, 80mM Trs, pH
8.0y8 AM&-3ted A7]°3%3131t. Ceruloplasmin RT-PCR A}
9] Fele 355 At Well EAlsh= KpnAdAlEl S
TY AlREAE AdrFle 2 gkl o, 8318
7ML EHE B3l E FHstdddh AN gel
ethidium bromide® <343} Image Analysis System
(Vilber Lourmat, France)®2 ZF wR=(AHE)e] A4 W=
£ A5

Ceruloplasmin RT-PCR AHES] %F2, 0.05~5ug total
RNAE AM83t 7} 9AHAMES- 5 total RNAYS] 7ol
28317 Image Analyserd] ZA7EEE)eE Jepd PCR
ARE2] ofo] FUIEE HRSE ThE Eof, FAlel AAE

hprt, B-actin®] W= Zk=} wiw, A4k, = Al A=)
22 Jehigidh

Zda o

AEA L ookt AT 39 o8] TR SR =
E5]o] ool H-&3hAH vefslr] $f3 WA E AEATIE
2 A YellMe gkt A Wspl dofdr), g
YA A2 FAgAe] AsE &4 183l ELISA
v} western blot 5] HHFH FA o] o5 H3tRA
wWol AME" mRNA 44} 432 Northern blotZ} RT-
PCRel| 23] 24 %}, Ceruloplasmin® FAIEFSThY A o
Absl A2 ukalA E9] reactive oxygen species
ROS)N 28l mRNA®] H¥o| Frlsh= chEHq] A
Z 32 2 @70l M= ceruloplasmin®] RT-PCRel| 25}
A e sk v 2 Hy0.01 913 mRNA
Az BAE FA 5

Ceruloplasmin -312}] A 245E] RT-PCRE 33
cDNA®] Z7]= B 79 12} PCRAFES] 7% 736 bpol
31 23} PCRAMES] A% 707 bp= &H et =3k 229
cDNA 97|49 (RT-PCRAFE") Yjol] Al3kE4 Kpnl] Awh
A7} 33l EAfEe], o] Axhibge® Qs 7, 155,
159 H 386bp =719] §17] Hge] HAE HALE o= 3]
. 5% RT-PCR® AH-E Kpnl A3HEA 2] ¥+ A
719358 A3} Kpnl AlgF ol 23t Hxde] AslalA o)
29 AL-% #lsle] 707bp ceruloplasmin®] cDNAY-S
Ellolth(Fig. 1). ole} MEZ o] PCRAFE-E &334
MG AAS ssld e oA A8 AAE dUo
(A=} v]AA)).

U-937 H|ZZ 4X10°cells/ml 2 viokS- A2kt 244]7F
F 1X10° cells/mle] Fm ¥ (100 rad) FAFE M E=
6X10° cells/ml, H,0, (S0uM) H 3D A EE= 29X10°
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2.84kbp—

1.39kbp —
1.08kbp—
816bp—

290bp—

Fig. 1. Electrophoreti ¢ analysis on 2% agarose gel for RT-
PCR products of ceruloplasmin in U-937 cells.

Lane 1, DNA marker; Lane 2, RT-PCR products; Lane 3,
Kpnl digestion pattern of RT-PCR products.

14
12F MW Ohr
10 } E124 hr

Cell Number (1x10° cells )

S N B N
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Fig. 2. The survival of U-937 cells exposed to Y-radiation
(100 rad) and H,0, (50 uM).

Irradiation H,0,

cellsymPPF FAAFHFig. 2). YA 2 vl AR A2
&A% DNAS E7817] 938led G1/G0F G2M phaseell
A cell arrestZ} dou} A EQ] F4le] 2AFE HoE B
2 ¢l vHKimura et al, 2001; Ristic-Fira et al., 2001).
webA] 2 AeA WA AL F Y2eRe AEzv)
22 AL cell cyclee] X|QH7] Wife] AL Al g}
Actin, glyceraldehyde phosphate dehydrogenase
hypoxanthine phosphoribosyl transferase(HPRT) 52| 49|
house-keeping gene>- 9|4 &3¢l s A3 =} L
§& Mo)=2 Northern blot?} PCR 5l 23+ mRNA
Az} e A FAM BF FAAE AR £ o
TollME= ceruloplasmin FAAk] MEE A KR7] A3 &

Control Irradiation

Fig. 3. Ceruloplasmin gene expression in U-937 cells irradi-
ated with 100 rad.

c¢DNA of each gene was reversed-amplified by RT-PCR using
specific primer pairs. Cp, ceruloplasmin; HPRT, hypoxantine
phosphoribosyl transferase; Lane 1, 1 pg total RNA; Lane 2,
0.1 ug RNA; Lane 3, 0.05 pg RNA.

& FARZ hpregl Boacting ARSI Bactin®] 73T
12} PCR AFE& #eld 4= 9192}, ceruloplasmin}
HPRT®] 7 13} PCRZ:= 1 AbEo] ERIEA] A9k 1
A} PCR AHES AM-3te] 23 PCRE F33tds o
mRNA®] ZE5 AHES 1T 4 st oo & Ald
ol A= ceruloplasmin, hprt & p-actin® mRNAZ 1x}
PCRZ ZZ3} ¥ oA 2 AHE-S 1ul AME3le] 23 PCR
2 ZZ314 3, Bactin®l 7S 13 PCR AHEE 10004
2 100004 EAsle] 23} PCRE F3§31ic}. 0.05, 0.1,
1.0 @ 5.0pug, RNAS] ¥E2 PCRE $:3)3}e] 279353t
¥ image analysis system®2. YE5 A3l 2+ 74
21} W& A7]odFAe] HE7} RNAQ| gl oEH2e
2 lineardP vho= F-E-E A=lsle] 7} o] Y
< AAlsldv(Fig. 3).

Z Total RNA 1ugg AMgsle] 7z f3xz1e] Eol
primerd-S- AR-8led RT-PCRE. 5-53153-2- W] ceruloplasmin
RT-PCRAFEQ] 71954 WEE 2404, hpr= 29,164, 1
I B-actin® 352499472 & 2 A=A, o] HE
Z ceruloplasmin®] 7%= 22} PCRAME-S] &A7held,
hprt @ B-actin®] 739~ FYA RS FUg RTEFENA 17}
PCRE $3J3l1, o] PCREMGHS 3|M3le] 433t 23}
PCRAFES] k& &4 Aoluh(at ¢ 23} PCRAMES] H|
£ BAP] Hsted 7 MRIE F7)). o] AES 4 A
2] Eo| primerde] SUst %] PCRARES =HEHSRE
7HdsbE, 7t fAAe] AARY] RS HEE 5 e A
Aoz AAE 4= et o] AlAkslel ceruloplasmin A
AtA 2] F2 hprr AAHA 2] 82%2] FTFolL B-actin?]
0.0068%2) FFo2 AAflth, = U937 A XA
ceruloplasmin®] mRNAF-ZA} W8-E pprr, B-actinel] H]3)
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Fig. 4. Densities of RT-PCR products from transcripts of ceru-
loplasmin (Cp), Aprt and B-actin mRNA.
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Fig. 5. Comparative quantity of ceruloplasmin mRNA in U-
937 cells irradiated with 100rad.

c¢DNA of each gene was reversed-amplified from 1 pg total
RNA. After electrophoresis, each band of RI-PCR products
was quantified by densitometry. Comparative quantity of cer-
uloplasmin mRNA was expressed as ratio of densitometric
units of ceruloplasmin/hprt (A) and /B-actin (B).

Ao ufg e S W Th(Fig. 4).

U-937 cellel] '¥Cs2] W}ARAZ92 2 100 rad(882 rad/
min) FAPEL 244)7F wioF ¥, Ceruloplasmin®] mRNA -+
Az} &S hpreg} Beactinel] T8 A He2 EAs1
o} 100rad ¥A A} F U-93741 %A Ceruloplasmin
ARt W FEAA L k2] MEle BFFAA hpreed

1 2 3 1 2 3
I

Control H,0,

Fig. 6. Ceruloplasmin gene expression in U-937 cells exposed
with 50 uM H,0,. cDNA of each gene was reversed-ampli-
fied by RT-PCR using specific primer pairs. Cp, ceruloplas-
min; HPRT, hypoxantine phosphoribosyl transferase; Lane I,
5 pg total RNA; Lane 2, 1 ug RNA; Lane 3, 0.1 ug RNA.

H)@sle] 274, B-actin®t W]E3le] 6w F7I8E AL
vepdet, ol FFEFAAL hpre, Bractin SA R 2] w23k
o= vl AE] F ceruloplasmin AR oA Q=
U F7HE Felst o]z} sPlth(Fig. 5; p<0.05).

ghH, U937 celld H,0,3 st AfdF+E 22 e
E hprt, Bactin FAA|9} vlagks 7t A= 2 122
i, 09802 W3el Ao e, feldS dAT ¢
A71ell, U-937 cellol X H,0,2 2] ceruloplasmin -4
Ze] e oJefs FA] e AR IHSIATHFig. 6, 7).

HhaAd o] 2L 2159 FAIRR I AE, & haptoglobin,
fibrinogen, op-macroglobulin®} = mRNA®| FET+= FA}
F 3~790) FUZ Z7)slgd o}, oy-acid glycoprotein
Aubgshzle] 79 mRNAS % 37182 whid 34
X} vl @A veld AeE B IFok(Magic er al,
1995). =3F 0.1 Gy HAEAF F 244|704 31F2] Hof
W ceruloplasmin®] ¥5X <o 24 718133 48~96A]7F
oA 7 Eohehs BA(Kim ef al, 1997)= 2 A#A7
oA BodF ualAd FA} 244] 7kl A Al ZW ceruloplasmin
2] mRNA 31#} 8-& HPRTS} B-actindl] Ha}ed of 2.7
viob 160 SR AR BRARS] 9]} ceruloplasmin
o] fAApEE ] HellM YR FH= A2 Alsdd. a2y
U-937 M EoN|A cytokineoll 93} ceruloplasmin®] wiA!
=9} mRNA 421 489 F7HE3 & xpel7} ol
Ceruloplasmin mRNA®] %= IFN-y A2 ¥ 8~16A|7F
oM 7F EUAT ceruloplasmin®] =X 4A171A 7}
A =3k 8AZl|ME Al 2719] ceruloplasmin®] ¥
2 3E=%lv} o] cytokinedll 28l ceruloplasmin M2 o]
A= ) AAA|7} ceruloplasmin mRNA2] 3' untranslated
regionol] Z3sle] translationS: A|FA]|7)7] wiEel AR
R31%] v} glok(Mazmder and Fox, 1999).
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Fig. 7. Comparative quantity of ceruloplasmin mRNA in U-
937 cells exposed with 50 uM H,0,. cDNA of each gene
was reversed-amplified from 5 g total RNA. After electro-
phoresis, each band of RT-PCR products was quantified by
densitometry. Comparative quantity of ceruloplasmin mRNA was
expressed as ratio of densitometric units of ceruloplasmin/Aprt
(A) and /B-actin (B).

AN Fol| M FPALEL chilAle] [} bl A 2]
Z7ol wet xlol7t 9lvh. CuZn-SOD® mRNAZ EE
phagocytic celloll A #2] -f-AISFR]F monocyteell M glutathione
peroxidase neutrophils¥=} 34l neutrophilef| 4] catalasel=
monocyte 2%} 508] 28]32 Mn-SOD% neutrophilol]A] =i

< =} d9NEe H0,E A catalase®] F-Ax} W
o] 2 neutr0phil°ﬂ"1 Hy0,¢l W8t A e] 7 wot
o} et HIHEELS 952 AF o2 NE] welslr]
3 MZ o sAks} %H-H]r—'l‘% AU S A T4
H(Pictarinen et al., 2000). CeruloplasminS GSH 2|
sloll H,0,2 AAsl:= peroxidase A3} Fenton ul-gol]
2J3F DNA A48 JAIsk= 30413} 7)50] 9= Aoz B
IH Y HKIim et al, 1998; Kim and Park, 1998). 1
1} 2 AgAR A ceruloplasmin H,0,0l & mRNA
FAAE w2 EHld = S, ol U-937 Al Eel|A
H,0,2} Z3}=o] £ catalase == glutathione peroxidase
o] fAz2pL w7 i Aoz FE 4oyl gs
Zele},

H,0,¢l 2J&} ceruloplasmin®] mRNA 41} 43 81

3718 ARE U937 MEL 95-0] SAHEUZHE el
317 $18bd ceruloplasmin®] mRNA -n—ﬂz} WL 2714

F|X|g}, o] v-irradiationel] 2|3} reactive oxygen species
(ROS)| gHdl Aol x, A= 54249 TRl wet 7
Azpe] W epte] B 7oz viepct ulebA ofg F5
o] SAEAL AMsE A7) ZlaE e of 31, o] el W3t
ceruloplasmin®] FAx} HE LS /| 02 Alw Holof
& S|},

RT-PCRE A& ofo] §AAS FE3l] el El
& 5ol upes g AqelA *}‘%5]‘3\1—"—"} F| ol =
DNA chipZ o]-83te] 72 Azlell M2 ¢ke] Al 2iE
T A LEE $HE 4 e microarray i o]
Matsleiet, wlebA  ceruloplasmin®] RT-PCRe|] 2] &t
mRNA 31z} 2ade] AAdA 2A3 g7 DNA chips
o]-&3} oj-f-gk A A8 W 33PH, cerulopalsmin 2] <
2 FARRS A gl By @2 ofsrt 7bed AR
7€},

2l 2
o] =& H7|A F7} AR T AEARIe] A

FH| @AHE M20104000033-01A0400-01521) Al 2]
alod =

¥
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