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Background : Microinjectors have been used for cell biology and development, and are
useful for the study of cellular morphologic changes with response to the external milieu and
intracellularly injected molecules. Methods : This study was performed to confirm the apop-
totic changes induced by intracytoplasmic microinjection of cytochrome ¢ (5 mg/mL) to
mouse 3T3 fibroblasts with and without pretreatment of Ac-DEVD-CHO (100 xmol/mL), and
BSA (bovine serum albumin, 5 mg/mL) as a control, and evaluate the usefulness of microin-
jection as a method to study apoptosis pathways. Results : Mild focal cytoplasmic fragmen-
tation was seen in the cells microinjected with cytochrome c as early as 10 min after the
injection. Apoptotic morphology with apoptotic body formation was observed at 60 min after
the injection, and then new apoptotic change of the injected cells was not seen. Cytochrome
c-injected cells showed about 31% of apoptotic cells of the total injected cells 50-60 min after
the injection. BSA-injected cells did not show apoptosis morphology at 50-60 min after the
injections. Caspase-3 inhibitor, Ac-DEVD-CHO-treated cells with cytochrome ¢ microinjec-
tion exhibited lower apoptosis indices (average apoptosis index; 11.5+8.6%) than non-treat-
ed cells of the inhibitor (average apoptosis index; 11.5+8.6%). Conclusions : It was
observed that intracellular microinjection of cytochromic ¢ induced apoptosis which was
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84 4ETU(BSA, bovine serum albumin, Sigma,
US.A.)2 1X PBS (phosphate buffered saline)o] o 5

mg/mLe FEZ 10 mL& THE F 1500 g2 587F Y4lE
Y& L 459 1 mL& HAIYh A3 4AF cytochrome c

(Sigma, US.A)E 1x PBSE =9 5 mg/mL9 TE=&
E31th Caspase-3 SAA¢1 Ac-DEVD-CHO (Sigma, US.A.)
£ 10% FBSE &3 DMEMol 100 gmol/mLe] &2 o
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AZ 3T3 AFEAEES penicillin-streptomycin  (ZF2 100
U/mL, 100 pg/mL, GibcoBRL, US.A.)S 3 DMEM
v %kl (Dulbecco’s Modified Eagle’s Medium, Sigma,
US.A)°] 10% FBS (fetal bovine serum, GibcoBRL,
US.A)E #7I8l 37C, 95% air, 5% CO.2 373 3lol|A
ettt Petri HACA wlF S AIAF § 1x PBSE 1
3] Aotk 0.05% trypsin & (GibcoBRL, US.A) &2
Al o] Sle AEE wolo] DMEM &9 37t
1300 golH 387 ANRED F AEAS ARG O
DMEM< #H7lete] AES7F 5-10x10/mLe] HA 3tk
Polylysine® &2 FEH cover slipo] Tlo]ol2E &E BEAE

312 cover slipg petri FAld] £&

30-40 pLE "o 2-4A7F Fb widlel ¥al AME7t
cover slipdll &715 71tk #ig7lolA AW petri Aol
10% FBSE %3 DMEM ulefalS W9t oF 1247k A
247 7k0] Ak 5 Aol ¢l DMEMO] 2-3A17F v ati
nAFLE 98 MEZS, cytochrome c¥F FYE & Ac-
DEVD-CHO (100 gmol/mL)E 2A17F ¢t wjekst &
FQlg £, 187 HERFLE BSA (5
FO 8 Urlon, 7k Fujtk 1034 WA

cytochrome c&
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2170] 1 mm, W7ol 0.78 mm¢l 2 =P Brossilicate
with filament, Sutter instrument Co., U.S.A.)< puller
(PN-30, Narishige, Japan)& E94 11 €9 W7Ao] oF 0.2-
04 pumol F8 FAFEES ST Microloader (Eppen-
dorf, Germany)Z ©]&3} cytochrome ¢ @ BSA &9 1-2
ULE vis E9 FU3FStH back-filling). &7]7(Olympus
IX70, Japan)o] 2% micromanipulator % microinjector
(Transjector 5,246, Eppendorf, Germany)ZS ©|-&3}o] dAo]
$l= DMEM &9 Yo 9+ cover slipd] §-2¥ AF 3T3
AREAES] AxFAW 7] Aloke FYstth 200-40071
of Aol wAFUE AP oA 4 oA £
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ZAA A= T AETES o F3E 9l
AEZ(LFol)e AT JAAEGAY ArE AxE F44H)
T AEAEAE dojuA] 2 AIXE ZHFE 2 #2F Al
EAEAL A g€ ztolof g BAISA fro]dE dobr ] $let
of SHRE TAAS o33t
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Fig. 1. Serial photographs of the mouse 3T3 fibroblasts 10, 20, 30, 40, 50, and 60 minutes after microinjection of cytochrome c. Some
cells show continuous cytoplasmic fragmentations (arrow heads) with apoptotic body formation.

A= Fig. 13} 2t} Cytochrome ¢ ME W F¢] & W=
™ 108 <kl A Mxdel BA-sHFig. 1-10) 7} FEEHA
3, Akl Al mEk Al EAe] BAsP} Sk A7S B
Ath(Fig. 1-20-60"). 53] =g&EM 4 2 AlofdllA
cytochrome ¢ Y & oF 9087+ #&3) HtS of FY 1417
Holls M2 AEAEAR] ado] A #AFA] ot 3
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A3 coverslipol A BojA UrbA ofalA 2ol ISIth(Fig.
2). BSA (bovine serum albumin)S FU3F A EfM = L3
AEZo T4 B HAPE BFEN Y A ZALAAE FHke Al
EAEARE A BAEA T

AA A AF AIR= cytochrome ¢ FHFNAM 315+168%
o W MEAEAL AFE VR WM, caspase-3 A A
Ac-DEVD-CHOZ X8 %] cytochrome c& Y3 ol
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Table 1. Apoptosis indices in microinjection of bovine serum albumin and cytochrome ¢ with and without pretreatment of DEVD

No. of Apo/Total’ Apoptosis Index (%)

Case
Cyto-C DEVD BSA Cyto-C* DEVD** BSA
1 43/135 8/229 0/168 32 3 0
2 46/132 8/46 0/257 35 17 0
3 40/92 44/169 0/84 43 26 0
4 38/127 6/102 2214 30 6 1
5 81/268 3/34 2/140 30 9 1
6 83/216 17/75 3/83 38 22 4
7 94/257 35/326 3/172 37 11 2
8 48/202 3/141 71169 24 2 4
9 61/268 771439 0/81 23 17 0
10 49/212 6/277 0/70 23 2 0
Mean® 31.5+6.8 11.5+8.6 12+16

“ numbers of apoptotic cells/total cells microinjected. Cyto-C: cytochrome ¢ microinjection only, DEVD: cytochrome ¢ microinjection after treatment
of AC-DEVD-CHO, BSA: microinjection of bovine serum albumin as a control, Mean®; average = standard deviation, p-value<0.05 (Cyto-C*, DEVD**).
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Fig. 3. Percent changes in apoptotic cells after microinjection of
cytochrome ¢ without and with pretreatment of Ac-DEVD-CHO,
and BSA as a control. CTC: cytochrome ¢, DEVD: Ac-DEVD-

Fig. 2. Immediate cellular swelling is seen after microinjection of

excessive volume of solution.
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B ATelA A 3T3 AFEMEY cytochrome c9] HA|
Fol MEAIAE Fshe A BAAL, AZADAPL
AP AZEE A 7to] Aol wat AsiA Alxde) 24
Blol| o]& MEAPAA ] Y-S HAFom, o] AlZAFA}

CHO, BSA: bovine serum albumin.

AL AEZFEH "ojd Witk Cytochrome cf wAIFY
02 A% AEAEARE s wEA AP o] FY F 50-60%
ol Fejskror AeAEALY] G57F A A= ATH(Fig.
1), Axe] AEzAgAL 455 Ashzd] SEHZSA (flow
cytometry), Rhodamine 123, propidium iodide, Hoechst342
GAlolyt TUNEL (TdT-mediated dUTP biotin nick end-
labeling) o] £3) ol&57 YL e} B AP o
MF 3 Rhodamine 123, propidium iodide, Hoechst342 ¢
A 783 TUNELS Al&dl] H9Eou FAE M EEo| tr
"ol Uzt £3] AEAte Al EEc] 2 "o yzty| WE

of Wik &2 AZE Aol A7 F FEsHH R AEet
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Chang E%¢ ¢Jad NRK-52E &4 24x¥F(CRL
1571)9l cytochrome c& FUSAEH HEZAEAE wEd
FY F 3020 AFENY, o s mAFdE AEY
60-70% 141 2-3A1ZF Well MEAEAE dojydtt, T2|a
Zhivotovsky 529 A9 A cytochrome c2] TIAFY 3 90
ol AEAPEAL Fejzt A3 # A% A9 A EF(NRK) 46.7
+4.7%, FA9E ZUANEF(Y-1) MM 526+£72%, AF )
o} Swiss 3T3 A-FEA XA 435+155% 92> Ho FA
th. Cytochrome c®] AlZW] F{jel| oJste] AEAPEA} Dol
g Az Hgo] T2 AL AEFY FFY UAFY 71&d
71918 Ao 2 ALEEITE d#y} Chang 53 Zhivotovsky
ol HAFYA g FHOE Qg AL Wl
<o] gt dAF YL st AT 4 Al
7k 2Aste] A2 o2 ARl AR 10-207] FEe
Az mAFEYe] Al GAF] nAFYe] B 7
71 Bol B ARAME F5AHOE Attt 2 AfdA
NeH o 7P o AL AW ¢S AT Fse A
ojith FYH o] Zui AUAL A AEY FHol o3
AE7F A0 AF 3T3 AFEHEZE WY Al T2 oIFA
3L FEA Aet vAFAES a7l AEs oy Ade &
o] F9Jo] IesigiTh FHUE AMEFA MCF-7ou 27
& AEFQ HCT-159F 22 MEZEL vAFYOZ st ~AE
Y22 N2} = ALE u)$ =& tHdata not shown).

B 8o A caspase-3 JA|A ¢l Ac-DEVD-CHOZ wAF
Q] Aol AF 3T3 HAFEAEol AR5k cytochrome c2] Al
Y FUOR et AEAEAL] A §3E YolE Tt
Chang $%& Ac-DEVD-CHO7} cytochrome c] wMFEYO
2 Q1% NRK-52E AZ(E 71 APAEF) o Al 2AE S
$Hs] AAEATA sFHeh dEv 2 ARdAME Ha AlxA
YA X7} cytochrome ¢ YA 31.5%¢]32. Ac-DEVD-
CHO #HA3A] ¥ cytochrome ¢ FYHwlA 115% 2 A8
Aol U, caspase-3 HAATF AZAEAE 3] oA
A= gkgkr) Li 528 a7k A% 293 Al Z &Y cytochrome ¢
o HAFYeR SF-EH AEAEAE FHsIAoY,
caspase-37} AEHA| e AT HFHAE MCF-7 A EE cy-
tochrome c®] WAIFe] W-gaHA ok stith Tt
pro-caspase-3 F+AAE 7 plasmidZ MCF-7 M Xo] A&
HAAA cytochrome cofl Tt A9 717 o] 3l 5ES TH
At AAle MCF M E9} 17k A4S HCT-15 Al 22
W A7 A cytochrome ¢ WAFAE Aldds] Hoke,
HCT-15 AZoAE AZAEA ezt 1478 ¢toll 29l
O} MCF-7 AxeAE MEAEAL dojuA] ek¢tth(data
not shown). Wb A EAEALS] 720l A caspase-37} cyto-
chrome c9] 3}F(downstream)d &< AT & ATk
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03 FEaHe ATALE T OIS 239 AT o)§
Atk 4B A2 AR FUsE B F AFYY
AR et 2k 1) Y B9 A AT 2%
(107-10% 1) 8] $4o] ol gHek 2) A&l Atk 3) 9
M WA, 23 A4S BAG ol F48 BA) AR ¢k
£ F 7K oldel WMAS A T3 2e Az FYY
F 9 5) FAYE A% T uslel EaE AR A5
A ol AFE FAE FUT 5 Uk 6) FYH B4
o &3% e 249 AZEH 4H LT & 9B T
AFPEE AR BAS FAT 5 U450 ATekE
S9sl), AE A& & 5 Qom, Aol sl A A
EE BT 4 Uk ¥ 933 2 2894 2eE AT
ofe} EFe) AT/ Mol YE A% NAFUS BY A A
EES AYsel FAT 5 WA o F et AT YS
VEL AT, FYF F FU) AL(BLS 59 AT
of FUT A%), FRA Ak AZANT e,
o AN BT = glor, B3 a5 ALE M 4

(2) wiAe] 2A(ME] B4) & st (3) HAFYS AleY
1, (4) Az TdS He Aol & HAFoA 7o) &
0|8 cytochrome ¢ @ Ac-DEVD-CHOZ o]£393, AlX9
TAS FEsA wistE AFSh wEbA mAlFdEe] A2
AESS] Ao F&3 7IHdS 1T F Atk Ty
gene cloning, ¥ &% 34 ¥ anti-sense oligomer £2] A%
g 53t nAFdE RS S8, 9AE 52 A5 Al
ol WHEE HY] $sle] R

polymerase chain reaction) @ WA EL3}8HY Al S8 A
gt Zlo] mAFdES MEAET Aol olgah ul o
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