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Expression and Localization of ATF4 Gene on Oxidative Stress in
Preimplantation Mouse Embryo

Won-Heum Na, Han-Seung Kang, Jin-Won Eo, Myung-Chan Gye and Moon-Kyoo Kim"
Department of Life Science, College of Natural Sciences, Hanyang University, Seoul 133-791

ABSTRACT : Reactive oxygen species(ROS) generated in cellular metabolism have an effect on cell maturation and
development. In human reproductive tract, oxidative injury by ROS may induce female infertility. Also, oxidative injury
may be responsible for developmental retardation and arrest of mammalian preimplantation embryos. Activating trans-
cription factor 4(ATF4) is a member of the cyclic-:AMP response element-binding(CREB) familiy of basic region- leucine
zipper(bZip). ATF4 is known to regulate stress response to protect cell from various stress factors and inducer of
apoptisis. The purpose of this study was to investigate whether ATF4 is involved in the defensive mechanism in oxida-
tive stress condition during the development of mouse preimplantation embryos. To verify the expression of ATF4 in
oxidative stress condition, 2-cell stage embryos were cultured in HTF media containing 0.1mM, 0.5mM or 1mM
hydrogen peroxide(H,0;) for lhr(2-cell), 8hr(4-cell), 17hr(8-cell), 24hr(morula), 48hr(early blastocyst) or 64hr(late
blastocyst). The developmental rate decreased in the 0.ilmM HO» treated group compared with control group. In
embryos treated with 0.5mM and 1mM H;O, showed 2-cell block. As a results of the semi-quantitative RT-PCR analysis
of SOD1, ATF4 and Bax gene expression, SOD1, ATF4 and Bax genes were increased in 0.1mM, 0.5mM, 1mM H;0;
treated groups compared with control group. In 2-cell embryos, expression of SOD1, ATF4 and Bax genes were notably
increased in 0.1mM, 0.5mM, ImM H;O: treated groups compared with control group. Immunofluorescence analysis
showed that ATF4 protein was localized at the cytoplasm of preimplantation embryos. The increase in ATF4
immunoreactivety was observed in the 0.1mM, 0.5mM, 1 mM H,O; treated groups compared with control group. It
suggests that oxidative stress by HxO. induces expression of ATF4 and may be involved in protection mechanism in
preimplantation embryos from oxidative injury.
Key words : ROS, ATF4, SODI1, Bax, Oxidative stress, Preimplantation, Embryo.
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W, 17k A2 oA B Yol "k B2 AEAESH A7E S8 ROSo thak A X e B3 7)o uhg
A2 itk Activating transcription factor 4ATF4)= Al E WeolA 28td ~EHAE |23 o 2EF A 29102 RE
MEE BEst 713l Bt £28 URAEA, 2Ed 20 g3 A AFEE #5381 G329 8489 Bdo
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Hu} &4 A4Z(ROS : reactive oxygen species)©] A Al 5
T ol A4 AT S AE7]5 HEolZEA A
E AE A4S £ 7 & 290e 2 A4} ROSE
A 4 319 A A /%‘ A %= super oxide anion radical
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2 %él%% Zaj, o2 g k‘ﬂ'%%% A E 2EG X
& F5 F82 9<lo] FrkAgarwal, 2003; Wuenschell et
al., 2004). »}+3}%] Eeﬂ*b A, s o T,
W71 A8, 95 s, gxsteln g A gty A4
o] It ¥ B IEAKStohs, 1995; Omoy et al., 1999). =
ARl Qo1 AN GRS Fof BA ool 4
Aol A g A GEE mA BYY dde] HE A
o2 4#A riSikka, 1996; Agarwal & Allamaneni, 2004;
Agarwal & Said, 2005; Agarwal et al., 2005; Jackson et
al., 2005; Said et al., 2005).

A A z7)ol dAA ROSE 434 Q14ksHOX-
PHOS: oxidative phosphorylation), NADPH oxidase, xan-
thine oxidase$} 7+ Hjo} vjFolA AP H &= AR &3
EAAES Fo AAHH, GEo} yRAoEnE o
o)A HGuerin ef al., 2001; Pasqualotto et al., 2004;
Wiener-Megnazi et al., 2004). 3+ 2} 3 2z 933 o
ME ZEZO|E Z2E 9 ROS7E Ao HH, Ahat
AEG 2o tg who 7]kl dojutky B 3 E Y th(Lalo-
raya et al., 1988; Nomura et al., 1996; Jain et al., 2000).
ol d Ao et A3 A Z7|ujoto A OXPHOS A&
A3E 7%, ROSS AAo] gastel Fapa Z7uloke] 4
Al FAHA FFS VAL AOE FeAL 9 (Tho-
mpson et al., 2000), 2+ A Z7]ufololl A HAE = NAD-
PH oxidase, xanthine oxidase®} 7+ A3la 459 AL
A G 7%, ROSS Aol astel 4 4 27)Wo}e]
Ao AR JEE vAE ALE &AL JtiFiller
& Lew, 1981; Guerin et al., 2001). ROS<| 9 A&}3 A
Ed| 27} wjoe] Bl vA = Gl A E AR

RO AtgE™, AX AV f302e] 2y

7 dEA e, AF ol Bl £33 71%5S st A
ARIAZY A2 W o) A7e kS oy EHA Qo
tﬁ(Agarwal et al., 2005), Al x5 £ F(Aitken et

—Ll

1., 1989; Halliwell & Chirico, 1993), A2 <] wjjo}o]
*g% A 87| = 3(Guerin et al., 2001; Harvey et al.,
2002), apoptosisE FE3lttE AA% Qti(Yang ef al.,
1998). kA ol2| g ROSE] el thaf wljolE B33}
AT 71AEE T AEste A0E 4¥A Aok HEY)
o= AAE ROSE ZAarA F7]1 98 superoxide-dis-
mutase(SOD)$} glutathione peroxidase(GPX) 72 antioxi-
dant enzyme©] &5 3} =™ (Harvey ef al., 1995; Mouata-
ssim et al., 1999), 4813 ~AEH2E 7277 943 o
ANAS 845 280|215 THDennery, 2004).

Activating transcription factor 4(ATF4)= cyclic-AMP
response element-binding(CREB) transcription factor family
F9 SPUEAM, JREZRE S AEH 20 whsld
Mol E4€ ZaNTIAY apoptosisE FEsle 5ol4
FAES AN ARe 2HSE FAARIA T
(Harding et al, 2000; Rutkowski & Kaufman, 2003;
Vattem & Wek, 2004). ATF4+ 24314 AE# A (Harding
et al., 2003)E- H]F3lo] i AH (Siu et al, 2002),
A A2 =& (Jiang & Wek, 2005), A4+4Z (Blais et al.,
2004)3} & 9 8 ZANM S8 2EY2E 24F
7] 18 A JIAEA gEA QU

uhebA B A7) £12 A3 A wol g Ao
M sk 2EYAE 7S o wiolol 9] ATF4 ¥ an-
tioxidant enzyme 42491 SOD19) & ok A H 31
2} &l 187 apoptosis §-AAQ) Baxe] ¥ AT o

ob#2 24 ATFAS} Bax9to] A#aA o] s x Lotk
34 Sk AR RGNS Eaje] H4pA wlolol o] ATF4
o W Pt FA BAvE A5 Ae 2 geelA ofn]
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1447}, ot 10X 7H0.2 3lgom, B3 Ho|E 283 27
atod AR TH A AF 6 FAL 10~1254

~8%,
A ARtk 2-A27] wletg 471 98 4R 7
Oﬂ pregnant mare's serum gonadotropin(PMSG, Sigma) 5
& FA}SEAL, 48 A7+l human chorionic gonadotro-
phm (hCG, Sigma) 5 LU.E FAste] Hujdg f 23 &
FAG AN AL e 3___1;(40] oy 4ASL hCG
FAL 48 AA) Al SRUT AT s
4 2399 t}. HEPES-buffered M2 HH okallo] G AA 9=
2GR A5F FARL $7 B F B
£92 492 o34 NYAE FFHAA ol
e A9 wadA 2 o o]
a8 Wil B FE AL ws
ol&3hgl ek

X,

|

X

e
pned
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i3
ud
2

2. Hjofe| Hie

] e © 2 = huyman tubal fluid (HTF, SAGE)E A}&3}
A2 37T, 5% COy, 95% Op7F A = = v 710l A 2-4]
7] ol dxEd HO0E A HAPF0.1mM,
0.5mM, 1.0mM)S 2 hFo] sigFaldiny. W & 147
(2-cell embryo), 8] 7} (4-cell embryo), 17417} (8-cell em-
bryo), 24A]7} (morula), 4847} (early blastocyst), 65A]7F
(late blastocyst)F o) tHZF = AP A o} g =38}y
PBS &0 2 33 443 & 20719 vjo}E TRI Reagent
300 £L7F BFAA JE 15mL tubed] ¥ F, 80T 2
H3t A

3. Total RNA =&
TRI Reagentol] HA¥ wjol7t & FHHEE 152 5

ATF4 Gene on Oxidative Stress 107

vortexing& 43 5} th. Chloroform 60 pl1E 73t &

HolZ T 4T 14,000pmol A 1557 YA L3 T Apo)
2 MEL 1.5mL tubed] £F3}F k. A=) isopropanol
100 £ LE ¥ 2 Hoj2 o 4T 14,000rpmoj A 10274

AL E A3t total RNA JHES 4%oH, AAE
& 75% Et-OH ImLE IAES 7 &, AXAZHh Az
RNA A A& DEPC(diethyl pyrocarbonate, Sigma) #
SR &t 23 AT

o i

o

4, QHAL FEEA HYHIZ(RT-PCR)

Total RNAE 95T A 587 71g3 &, 10xRNA
PCR buffer 4L, 25mM MgCl, 8¢«L, 10mM dNTP
mixtures 4 L, 50 #mol Oligo dT 0.5 # L, RNase inhibi-
tor 10U, MULV reverse transcriptase 50U& Z§ 3o 3
Z yolume 40 £ LZE 42Tl A 608 =<9t vh-23te cDNA
£ A9t PCR 22 Taq DNA polymerase 1U,
10xRNA PCR buffer 2 £, 2.5mM dNTP mixtures 1.6 y
L, primer 40 pmol} ¢DNA 2 ¢ LE ¥2 % volumeS 20
¢LE 2% & PCRE 433ttt PCRe| ALE-3 primer
g2 woloyo} (WA, BN TS AL
(Table 1). PCR ¥h-2-ojlA annealing 2%+ ATF4, rpL7(6
57C), Bax(58C), SOD1 (59.5C)& AA3sdow, §ke 3
T+ ATF4(443)), rpL7 (383]), bax(363]) SOD1(363))=
#3319t PCR AHEE 1.5% agarose gelojA A7|H9 %
3le] 913t 2™, densitometric analysis 34-& AA &

gL Hw EA83ch

[m]
8
ogt

5 2 HA BM(Immunofluorescence Analysis)
2wt Ag 29 ol acid tyrode solution(Sigma)

Table 1. The primer sequence for RT-PCR and the size of their amlification products

Gene Primer sequence Poduct size(bp)

Forward 5'-TCAATGGAGTAAGCCCAAAG-3'

rpL7 246bp
Reverse 5'-CAAGAGACCGAGCAATCAAG-3'
Forward 5'-GCCCCACAACATGACCGAGA-3'

ATF4 265bp
Reverse 5'-CCAACATCCAATCTGTCCCG-3'
Forward 5'-GCAAACTAGAAGAGGGCAACC-3'

BAX 161bp
Reverse 5-CGGCGAATTGGAGATGAACTG-3'
Forward 5-TGAAAGCGGTGTGCGTGCTGAAG-3'

SOD1 329%p
Reverse 5'-GGAATGCTCTCCTGAGAGTGAGA-3'
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JubS A A HH ol= IxPBSe| =oA 2% paraformal-
dehydeol %712 4CoAA 1A T A=A 245 €
Wl o= 0.1% BSA7} A7 1xPBSY| 587} 33] £41 & 3
%, permeabilization buffer(1% BSA, 0.1% Triton X-100
in 1xPBS)oll ¥ 4Tl 30%7+ A& 3}tsit). o] 3 Blo-
cking buffer(1% BSA in 1xPBS)E &4 4CoA 3087}
A28t &, ATF4 primary antibodyZ 0.1% BSA7} #7}€
IxPBSo| 1:20°.2 34 sto] 4TolA 12417F Hefstglth.
0.1% BSA7} @715 1xPBSo) 587+ 33] =418t -, FITC-
conjugated secondary antibodyE 0.1% BSA7} #7}H
IxPBSo}} 1:502.2 g]Male] 4CllA 447 2o AT
ug] FHlE] 2 dot slideo] 0.1% BSAZ}F 271 1xPBS
104LE B33 % EHE 2
AZAZT 8BS ¢l FLUO-
VIEW FV300 Confocal Laser Scanning Microscope(Olym-
pus)S A QI8 O, immunoreactivity 74> FLUO-
VIEW FV300 Image Analysis program(Olympus)-S o]&
EFiss

& Hjol2 &7 ¥ cover glass

47 4S9 2 =

7y7vol A3 53] wHEslo] F ) wjole WAE,
RT-PCR #HZ¢| densitometric analysis®} T} & 2410
245 Y- = Student t-testS

immunoreactivity ] 74 45
et Ao AAFA.

ol &3tttk ofuwf p<0.05¢1

Ao =
’T‘E
it

4

Hop AEZATE EFQ) A4 H Hjo Lo 0[X|=

0%

g

AR - AY? - AEA W)} A4
AsHE] 2EF 2 QAR KO E AF Y] 244 okl v

%ol 0.1mM, 0.5mM, 1.0mM¢] S5 2 A2 E st z}hz}

of 4878 dxed oA dAE vusigth RO, ¥

gl

LI B

Eo w2 wjote] FH

] 1_ /ﬂ)\}xq o8 aLAg o

_Q

EEREREEESE)
B4 9riFig. 1). 223} B0z 0.1mM 5
ok WAEE 1A
RENR LER U

AR, 8AIZA A

ARAHAY, NEZ7Y 9L 1%RY ¥

e 2 2 0.lmM 55
dhe A2 et o, 0.5mM,
1.OmMe] HoOo 8 A28 wope] A& A 1A 7 75
Hla] fAle] Fasin Aol 3
ool A o)
2-A 7] el Al e BE uloprt
4-A| 7]
o]2% 0.1mM %9 A#7o]A 2-cell blocke] @4bo)
= 81.8%9] wA&S
LR S TH(Table 2). H:0» A& 17AI7J7>‘<H°J 8-A 7] X

Fig. 1. Effect of hydrogen peroxide on development of mouse
embryos. As oxidative stress factor, 0.lmM, 0.5mM,

1.0mM H;O; were treated in control media.

Table 2. Effect of hydrogen peroxide on development of the preimplantation mouse embryos in vitro

Embryo development (%)

H0, Total
I hr 8 hrs 17 hrs 24 hrs 48 hrs 65 hrs
treatment embryo
(2-cell) (4-cell) (8-cell) (morula) (early Bla.) (late Bla.)
Control 319 319 (100)° 288 (91.1) 268 (84.6) 261 (83.5) 244 (71.5) 242 (71.5)
0.lmM 319 319 (100)* 257 (81.8) 231 (66.8) 200 (60.8) 191 (60.9) 186 (59.2)
0.5mM 319 319 (100)° N/D N/D N/D N/D N/D
1.0mM 319 319 (100)* N/D N/D N/D N/D N/D

* p<0.001 by Student's r-test.

The basic culture medium (control) was HTF.
a. : blastocyst.

N/D : None development.
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A 65A1 7M1l F7) Zu7)o) o) 2N 7HA] hEFEE 77.5% e, 94 0.5mM, 1.0mMS A2 Ffele 4-A
o] HAES fA5EeH, 0.1mM HE 2 ME 59.2%¢2] Z7] o]Fos o] A=A kriFig. 2). ATF4¢}
whAl go] el Bax f-AAE HoOr A 1AL 2-M 7] DA A &
do] Z7tets ALE YECH, 94 0.5mM, 1.0mM=
2. A HiOlOlA ATF4, Bax, SOD1 SXXI9| sl A st Aol 4-A27] o)Foe Ldo] FAsA kst
et thFig 3, 4).
2 A obe] A A A AkstE AEH 2 QIR W
#o] golgx] ekokrkFig. 2). ATF49} Bax 43R E H0, 3.
A INTAQ 2-H Z7]) DA A dde] Frtshe 2o& &9l
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Fig. 2. Expression of SOD1 gene in preimplantation embryos by RT-PCR. (A) Gel electrophoresis of the RT-PCR. (B) The relative
ratio of SOD1 gene compare with 2-cell control group. (c) The relative ratio of SODI gene compare with control of each
group. Lane 1, 2-cell embryos(treated with H»O» for 1hr); Lane 2, 4-cell embryos(8hr); Lane 3, 8-cell embryos(17hr); Lane
4, morula(24hr); Lane 5, early blastocysts(48hr); Lane 6, late blastocysts(65hr). Data are expressed as mean+SD.
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Fig. 3. Expression of ATF4 gene in preimplantation embryos by RT-PCR. (A) Gel electrophoresis of the RT-PCR. (B) The relative
ratio of ATF4 gene compare with 2-cell control group. (c) The relative ratio of ATF4 gene compare with control of each group.
Lane 1, 2-cell embryos(treated with H»O» for 1hr); Lane 2, 4-cell embryos(8hr); Lane 3, 8-cell embryos(17hr); Lane 4,
morula(24hr); Lane 5, early blastocysts(48hr); Lane 6, late blastocysts(65hr). Data are expressed as mean+SD.
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Fig. 4. Expression of Bax gene in preimplantation embryos by RT-PCR. (A) Gel electrophoresis of the RT-PCR. (B) The relative ratio
of Bax gene compare with 2-cell control group. (c¢) The relative ratio of Bax gene compare with control of each group. Lane
1, 2-cell embryos (treated with H2Oz for lhr); Lane 2, 4-cell embryos(8hr); Lane 3, 8-cell embryos(17hr); Lane 4, morula(24hr);
Lane 5, early blastocysts(48hr); Lane 6, late blastocysts(65hr). Data are expressed as mean+SD.
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Fig. 5. Immunolocalization of ATF4 in mouse embryos of treated with H»O,. (A) embryos cultured without H,O,, (B) embryos cultured
with 0.lmM HO,, (C) embryos cultured with 0.5mM H,O,, (D) embryos cultured with 1.0mM H,O,. a(2-cell), b(4-cell),
c(8-cell), d(morula), e(early-blastocysts), and f(late-blastocysts) are negative controls. a-1, b-1, c-1, d-1, e-1, and f-1 are labeled

with ATF4 antibody.

A7 wote) B4 2ol 4 ATR G de] 4@ 29
£ A9y M35l confocal immunofluorescent micro-
scopy® $l SFASHAh. Wokel AL PoNH ATF4 Gl
ol ZRH o, Tuj7] wjolol A& ¢ F<Iul §(trophecto-
derm) 9ol 4 BHHE RS FAHAHEg 5). wd
immunoreactivity & 48 23 H,0,2 Agslx &
Z3dl Hlste H0,5 A2jgt & 172 24 27] AL
of oA ATF4 @9 d e o] 27 F7tste 222 ¢
Et5THFig. 6).

Sy

fd

B ATl A AHIe A A £7) wolol ) Wahe A=

intensity of fluorescence
[ ST [i%) W I w [=,9 ~ oo

control 0.1mM 0.5mM 1mM

treatment of H,O,

Fig. 6. Immunofluorescence intensity of ATF4 in 2-cell stage
(traeted with H,O: for 1hr). The bars indicate the
mean and SD of the intensity; n=5 for each group.
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gostgod, H9y3 d4& o ATF4 S
25 st

WetA AEH A7 AR Y 27) wjof Ao nX & P
of thal otEr] s v gl H,0.5 0.1mM, 0.5mM,
1.0mM FE2 At - Z7A F7] Zuj7|74A]
Fagch RS ZTHF oM dsd dAst wigy
= Al7lolE RNA §A4o] A HI, Al 2 24EE F714E
o A At BFAANAE 8 F AHA7AA 2-A 27| &
Holsl & Feoll AALH A @A4o) Al AlZEH I 7] 2-A4]
E7|1HAE wlote] QA ERE EE RNAEC| AAtET
(Clegg & Piko, 1983; Schultz, 1993). o|#]3 mRNA +F
oMol ok, A7 Wl wjote] WA A F231] W,
o] A17]19] ROSY| 9|3 Aksld AE AE ujol A& A3
3ttty 4#A A Guerin ef al., 2001). £ A A3} 0.5
mM, 1.0mM9] =2 H,0,5 HEste] wjols wjds
ZAtole B8 wioke] BAo] 2-A 7|l HEL ¢ o]
WAo] AP Fkonw 0.1mM FEHE thRFo H|
gt A go| sty AFE Yeh AKFig. D).

ATF4E A E W9 2EH X 9HE 7138 2A%e 52
3l AA}elzto]ti(Hai & Hartman, 2001). A|E U] ~E3|
27} 7Fe] A8 eukaryotic initiation factor-2(elF2)7} 14+3}
H3 o]o]A ATFA7} €43} HolAt). o thddt AEH
2ERE S €7 UEHEE T elF2E HEo)
3 o] A% A v/)A 2 ATF47} &8s Roltt
(Hai & Hartman, 2001). X274 €& 7 vlZ2E ATF49)
A3+ endoplasmic reticulum Well A A71E v AAH# <
Tz A S A A A8 HAAE 8/98HA)7] = bin-
ding luminal protein(BiP)E ZA3lH(Ma et al., 2002),
apoptosisE Y07 FAANE ZH 3= cyclic- AMP ele-
ment binding protein homologus protein(CHOP)#} ~E #]
2 Wh2 712}9] negative control 7|52 sted ATF4¢] #d
S ZHANA F& growth arrest and DNA damage gene
(GADD34)& @43 A7ty &eiA ri(Harding et al,
2000). o] g ATF4 28 7122 AIE W MEZH 2%
AAH FE dojube A2 ¢A Uri(Harding ef al,
2003).

B AFANE 2-M 7] 2719 wfolE FE53te] ul g
o H,0, & Al §, Az+e] Aol wra} wjols ) #H 3t
SOD1 f3zte] HaGS AHBRYTE 2T A
SOD1¢] wdo] 2-A 7] Al7[| A 5E Zu)7] Al7174A] &
dH S glstgon, 24 27] o] Fuj7] A7]ol M &
o] #¥o] He A& ¢ F UNHFig. 2). olaj & P2

L)
e o

>
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71&9) Bag W43 43 cHMouatassim e al., 1999).
HO0E Mg 487 NELH Hus B8 H0E
A7 A g 2olA SOD1¢] Edo] F7tEE AL B F 3
Atk o] 22 ROSO 9J3t Abstd AEFH A0 o] o] Al
719 743 &ol sl the A vt =8 ATF4 {4
A9 I QA HHOxE 3 AIZF A d FAA 22l ¥
& 277t He A& 32T F AAhFig. 3). ol#g 23
= o} Yol A Ats}d 2EG 20 i ¥Hgo| FHHoE
dojdths AL 9uE & ot £ apoptosis A
Bax 94| ATF49} FUg Al7]e] Lgo] F7tele AL &
o, Bax 9A] ATF49} 8 48t3 ZEH 29 o] 7]k
o] g AR AR ArHFig. 4).

Ho J dN FAS E3 ATF4 9] 9y 298
golgh A3} vjote] MEAGA FE EHol He ALE Y
EldTH(Fig. 5). ol A2 ATF49] 24 X7 A XA 4AF
e AMd gxdty B 4 Slew(Harding et al,
2003), So] 0 & Fuj7|oA WA EI(inner cell mass)E.
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