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Transglutaminase(TGase) is a calcium dependent enzyme that catalyse and acyl transfer
reaction forming & -( ¥ -glutamyl)-lysine cross linkage. the major known effect of TGase is its
important role in the programmed cell death manifested in the granular layer of the skin and
acidophilic bodies in the viral hepatitis and neoplastic processes. The enzyme activity,
immunohistochemical reaction using polyclonal antibodies against cytosolic TGase C, light and
electron microscopic studies and TdT staining of the transplanted fibrosarcoma cells in C:H
mouse with radiation therapy were done. The presence of TGase was detected immunohis-
tochemically by avidin-biotin peroxidase complex (ABC) method

Apoptosis were significantly induced after irradiation dependent with time factors and
irradiation doses, resulted in marked and confluent tumor cell loss, Highest activity of the
cytosolic form of TGase was noted at 24 hours and decrease after then while membrane bounded
form of the TGase showed no significant changes. Immunohistochemical siaining revealed strong
positive reaction in the sarcoma cells in diffuse fasion and around the necrotic foci in the
cytoplasm, Terminal dideoxynucleotidyl transferase(TdT) staining revealed increasing numbers of
apotptic cells from two hours after irradiation.

In the mechanism of decreasing tumor size and cell death in radiation therapy, apoptosis plays
an important role and during that process transglutaminse might do some irreversible cross-linking
effects of cytoplasmic proteins causing cell death in part. (Korean J Pathol 1996; 30: 819 —829)
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ZF W MEEe] Ko7l 7|1HE A FriAR
welala gled 23 MAEAdrdes ok
242 (necrosis)d} HT Q2§ Z|Hez oF
¥l apoptosise]e}’ ™,

FE SHAFA 5, A4aF e 2yt g7l
A apSel] owled Ea| AAells ZafE)i= =4
Aol 7| EH o g HFute] mlrjs]a, sy
o] S&E = #2S(pyknosisie] Yolubm, HEW
gladFe] Fa|Ee] alidl FANE AEE
o] wEE EAE 9o FHAAES shz|sie
Tl dFub3-g 2eflghel Whvdol] apoptosisis
A MEgtelt #lidFael HsA 7] o el
4 FRlell dFubeE Adielal ko, HE
E50 AlEabArt s, RAue] F3) 4
Al a4 tell ofsle] BelubA WY mE AP
Heol Helfch olelgh apoptosis® A A4E el )
F oA 7t =23 o] dhgr =se] T ¥
& ol Fo| FAFHY =3 £ A9 F=2E ¥4
ot FAlsbed A2A 7|odEle], HTelll Aag
EEL oEY, AF HeEY wihg otze] 4a
4 AHEAHNAE T8 AEE e Hezg 2
A m glel

a#uh o] H 4 apoptosise] RA}E Aol cal
© obHE wWRsta] Eslch obib apoptosis7l
517 $leled= DNAZ] BAls chejd ks sx
b dagte] w3 m, YubHel TEAERY gl
stalql 4lEe] wishel DNA ¥A2 ojEs)|s 43
o3 Wzl deiA Qdok 53 A8eE g4
=5% 4o 9 DNA9l WHIEA apoplosisa}
Hell 4 nucleosomeES @l #H4}= DNASe| (Ca''o)
=+, Mg'e]l& 2|EH endonucleases]] 2)#bed {EolA]
A 7R 7 180 bpgl DNARHSe] A4 gle]
agarose 7| E5-dolly BAEC= AU o|u] #
abefa] gleb™ Tl Al o|ejdl whaAlel chulam gl
A eaflHdllel cycloheximide -8 483 o]l
apoptosis7} # s ge] Fulx|e], o|zjgh Uzle| W
T apoptosisTHg o] HEF 75 sheE e fEs)
of-f FaE LA AERe] g}

Apoptosis®] of2{7}x] F53 e AH g
dl transglutamination(e] 8} TGase 5 2b) whfo] =
T BHE 23 9l TGases] elF 7152 19
e dgmbely 7h=zE 2] elstald Sefla obed
vhe kAl wiwl K8l cfake] apoptotic body 7}

vhebuban, o] 2jdt K9]ell TGaserl el =4 &
HElo], TGaseWdlE halabdy i gl=% )4
apoplosis 2o EE s AY FAAS ==
AlF 4 e AEE rleds JEsa glge =
Ax s Yo 2 ol gt su]H LYl s
w#T78hal obHE TGaseS HEAH F e ofHol
gk 45 FEe7] Foo, o da)3 2] o
i odtE BAg AHoe|c),

atebd B Ao A= apoptosisS b = 9le
Zha wWE8g aglez deF wbAdd =A) 2w
o] upgzzol ol A8 HE8Fol4 2asle HE
Feev| s, AR o ez W
3o} A3 A] HE Bste] TGasest apoptosis?]
BT AF5E whAd =46 o8 obEa| ol
H4£710& Fstaa slg
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1. JESE ¥ 4F=ES

AEE=2 A8ddn zide el
A AEt dFAde] g, dlsy 9 RF4de|s 2
Fo|F FFFE4cl4 HAED ¢l CHup A S
A-gstgch. AYFEE AF 10-145, AT 20~
25 gm2] vipAE Ageiglew FEes d0vbeE
ARalgch RelFEako g CIHULS ~of|4] zjedul
date] FFelHE o FAslE H4EEF
(fibrosarcoma, FSall}-& AH-8#}¢c).

2. §w=82 072 04

CIHop$-A 2 85 Py sjatzog £
T o2 5 FHE fl3E 424 de] elHEHS
HhE & Hank's balanced salt solution(HBSS: Gibco,
USA) 05% wypsiniGibeo, USA)S 418 42

A hela mesh® o el vl Fekygx X
selE el mypsing] RS F2A 477 $she]
calf serum{Gibco, U.S.A)E L10Sg Hrlsle] 4}
T ¥ 1,000mpme®E SE7F f4gRelsta s
A staict. o] gy AE Eebedo] viabiliys try-
pan blue exclusion] 2.2 HAsgon o] &
HE F3le Fadh AEFEE 42 o3, 102
dAl et ZALAF 120Gy2] whAH z2AE g2
22 10°712] feeder celld E4slo] HEE2] oko] 5
w7t = =5t & uldla=4 7| (Hamilton, US.AE v}
F-o| §E5alA] TR o] &etgich
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HegEo =277 HH 1| cmel] Sy s o
wAAE 2A3%c. AEFEE AL 247
Cs-137 irradiator{Mark type 1, Shepherd, U.S.A ) A
fsto] 3x3 emz7| o] 2A ek 13] 10 Gy v 20
GyE Fopriglel 44 on zisiglon, Hekd
& Bel 4581 Gyich vb§AaE ebdebA] b 4
el 2 mAe| 7hgdt d5u|Fge] sl
#aElE FAsES 59 A5ty g5 Rolw
Aol gol QoA A =A4F sl

4. distsbE 9 Helss 54

1) WET: 4E5EE 7 79 2okl F 18vle]
7F AREos whAd =4S wE Ao HE
kst flabe] 10 Gy =247 20 Gy 2A TR
vral 2AF el R4kdlbeleh. I oapoposis2] 2}
HE fsbed= 20GyE =4sledd 28 552 ¥
algt ok=] kA4 <l20 Gy S =Asla dl=F, 30
=, 24378, 6AlZE, 1243, 244) 7k, 72474, 59, 79
5 A7 Fel vl FokzAu ety a4
4 o 2 TGasedidh S 2 4slelch

2) ZEQ Ha|: Ma s =27 HALEHE #8
o M= Alg5s @se (50 mM HEPeS pH 74, |
mM EDTA, | mM benzamidine, 0.1 mM PMSF, 0.1
mhd kupﬂplh]““”ﬂ 2% A3 F, = 511.'%‘“1']'4']“'“;:[
polytron homgenizerS of £&le] Halgh ofS 1,000
xgell4l 107 #dele], NS obA] 100,000 xgel
A 1A 3 s AEAE TGwsed %
cytosol FEeog, HAE =tANE TGases G
particulate 5% @ 2 o|&slgict = dlg| == A 7]
g Slele]s FE4E wbyel w108 F4 E
2utelsf| DHEFE 75%elH 100%LYR gl o2
oAl et xpdale] Heabg s HAX skl
H Eefjsbget 2F 5 umE whEde] H&E of 45
AAlska FerEn|Ees HAqsdo. AE 8 =3
2] A 7vH o]l W} 2 w29} apoptosisE u)wE sl
dreh. Ao A HYE flEde =3 EF 1 B2
2 mm' EA AHE b= £ 25% glutaraldehyde-8-9)
off mAsly #1F7F AGE 1% Osmic acidel] 32
bl 23 75%]4 100%¢ R 2o o] 2 gl
W g a tedqle] YoREE A epond
Eofjste el bzt e JEOL 200CXE2 93
e}

J) BIYEFHSE BN Houiey 245
Heted M= Sebgl Eold 221 E o4 5 ume] W)

Ha ghael 439l wio==3144 absiel ABC
"H{avidin-biotin complex method)e 2 o Ha}gic, B
4o Adsle YaiAe M3t 45 n
Hefld a5t 7l2]He G224 TGase CibaE
ol atqdel. g ol 1l ARxEhal 84 = LSAB kit
(Dako Co) W E§E|oiqlis vle]ewle] s o
AAakalel Al ael  ABCH-§hAl(avidin-biotin-pero-
xidase complex) S A §HAH I TrssbEaljo gz )%
3 s A9t diaminobenzidine(DAB) 2] 4184
Hella] o g wbauls§ dotel iz 44
Harris Hematoxylin© & #}4 30 balsame 2 S.qla)g
=3
4) Transglutaminase(TGase) @8 E EH: Al 552
TGase#}t4d -2 radio-labeled C' putrescine®] incorpora-
iond E82 2ok 2 0.5 pcig] ¢ putrescine, 50
mM tris acetate buffer (pH 7.5, 1| mM EDTA, 10 mM
CaCl;, 1| mM DTT, 0.15 M NaCi, 0.5% lubrol)s] 4
25 yo| 305 incubation ¥, 10% TCAS]oZ vl
a5 A7 2, GHA filer® o fsle] 5% TCAR
e g 2F e HEHIFE P-scintillation counter® A}
5& 2gsho] vttt

5) Terminal dioxynycleotidyl transferase(TdT)2]4:
speb Eojsl 228 5 um2 SAE otebn o
W g4 71k proteinase K(20 pg/ml)S(155L7F 3
2lala FAdct 2F 3%H.0.5 Helstn S48
ch TdT (terminal deoxynucleotidyl transferase)buffer
(30 mM Trisma base, 140 mM sod. cacodylate, ImM
cobalt chloride E3Fef)ell 10570 HelgF TdT (150
uly, BrdU (500 pheb, RPMI (200 pl)& E35E 2o
of| 4] 40°Cel| 4] 24| 3¢ imcubation@hch, Tris buffer =
45k anti-BrdU antibody & #aldhch. 2% =4
shal olah Wl AFaREAE Hsia DABR s}
ek ofzed 42 Harris hematoxylin® & s}l

E it
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1) Transglutaminase T Bi#: wapd=z4 &
ek 10 Gy2h 20 GySolgh o4 o=l uls}ed
TGase 4% (cpmf200 pg protein)= 43 <Hel] 4] 4
F A (cytosolic  form)e] xel#ell=, Z+
1447, 2282, 1867 cpm/200 ug proteine =rpsli 4
o] qlylen) EFul Mg S4EE ZH 7,364,
8,705, 7,122 cpm/200 pg proteine & Zh77kell §2
#  Erbeh ksl A gbekol 2HE 3 (membrane
bound form) TGase2] #4A %7} EFul Azl

E &l
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kb 1,064, 1,588, 2,013 cpm/200 ug proteinS & 3
7Rl Zake] qlelen), EFM Ha|delle 2z
3,518, 3,901, 3,334 cpm/200 pg proteinz = 4] 7} F
Fholl F2ldt S7h gledchTable 1, Fig. 1)

2) Halsty HE: oizdedlde FEAAT #
457 gpska AbHEQ apoplosisE TEY 7 A
oo dbaba E=AF A4 =AY 24 9
apopiosis7} WHAE( gl glaFue] Foky ¥ el
algdet, dbabd Zabeke] 10 Gy Evhs 20 Gyoll 4]
Furl A% HA47 Fostalew 20 Gy 24 Faell
A oA A AR et A Ak wE
2ol 7 HAsh#] ghshekFig. 2).

2, A EALE apoptosis2| HE
1) ZEtso|AE #e 20 Gy =45 30 Aoy

Table 1. Changes of activity of transglutaminase in
transplanted fibrosarcoma tissue with radiation
(cpm/ 200 yg protein)

Cytosolic TGase Membrane bound

in Supernatant TGase in

Precipitate

Thrombin + - +
Control 1447 7364 1064 3518
100y 2282 8705 1588 3901
200Gy 1867 7122 2013 3334

oA AFEEN 45 239 4HEE AES B
24 4 dglar A9 apoptosis7h R gich 24
7b #HEtFole 3083 M2 FAwbdek e4l7E 12
A7bsh 2442 Ashiell 2207kl wleke] o2
M E2) Hfi}t apoptosis?t v Frlelgent ol
T A e IS gE HES] 242 33 g
aiglch 724017bel] ol FHlEe] HE} apoposis7) F
o] S7hsle] ojujiie FAiH ez FAR apoptosis
PAE fEg 4 glsdck 579l Sy S% apop-

] cytosole, t-  [] memb, -
B cytosole, 1+ A memb, t+
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Fig. 1. Extensive apoptosis of the wmor afier 10 Gy(A)
and 20 Gy(B) irradiation with perivascular  viable

fibrosarcoma cells(A)

Fig. 2. A few individual apoptotic
cells are noted in 2 hours(A) and
Sl extensive apoptosis of the tumor

_- cells in 7 days(B) after 20 Gy
§ irradiation.
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osisol]l 2]2F AlE=] 445 3 4 2l chFig
3)

2) MAMO|EH BE: 206Gy AT 308 A5
Foll = T8 =4 #e] Fei® #AHE, apop-
posis 12| Ao SH% SFHES g g
glziel. & AENE sgduye] $3 W HWdoz
2] o]zo] TAET HESE #F FAH U=
HEEger YR EE HEYe] FHEE THEE
o] APl apoptosisF Povln 55 HHE &
glgick. 2417 Arbdeds 308 A9 faska

Fig. 3. A few pyknotic tumor
cells (right side) are noted in 30
minutes after 20 Gy radiation on
the mumor (Uranyl acetate-lead
citrate, x 4000)

Fig. 4. Margination of chromatin
and partial chromatolysis of the
nuclei are noted in 24 hours after
- 20 Gy radiation (Uranyl acetate-
W lead curate, x 5,400}

cf. 6-24A17FE] apoposis7t EA &) Frlalr] 4]
st et oz FEHeldr FHAY A4
DAyt 5+ glelel. 5~7%6lle apoposisTh  #© A 3]
Zobste] F42 == U apoposis§ FHEE
T+ sllchFig. 4, 5, 6, 7).

3) HYEXHEE ZM: 20Gy=AF 30wl 24
Al 745k 2] apoptosis?h cb #HkE] 7] Heoll = TGaseol|
gk ez shels o tHy Helide] glo] &
FAE Aol Fe Ao JAsgict, 724] el
Al 7l 24 S apoplosis?) el IHAE= A
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el gadel Sel4d& 3EY o= gl =
el #HubH el dEea] ez, el d4
57 ¢t HdEE Eddle ddor pHEsglon,
A HErE F oo A kAdub§ R
+ AEE EE 7 g

4) TdTEA F3}: 20 Gy =AF 3030 HH{5F
M EA M= Tl ZFelA] G498 AE57 72 3
A=A gkkel 243k A Q) TAT 45l 4%
T5 BEY 5 gl ¥ H{A TdT A9 ME
F7t Srtebe Ade] slsddh zEd 5-7dslE

Fig. 5. Intracellular apoptotic
body are noted in 24 hours after
20 Gy radiation (Urany]l acetate-
lead citrate, x 20,000)

Fig. 6. Many ecarly and later
stages  of apoptotic  bodies  are
noted in 5 days after 20 Gy
radiation {Uranyl acetate-lead citr-
ate, x 5,400)

TdT F48 HZE57 g S7ke ASE dde
v 3 Frhe ®ajeba|e gkgbeh 2@ apopuosis
7t weol o} Wif%t HE2] Aute] k=
g S s Apddk dEol M oS Bty
T fllchFig. 9.

) TGase T B%

20 Gy =AF 30polld 72417 HFbels Eq
TGases] FAHEHHE BAF 27 TGase HAEE
H A H(cytosolic formye] 30| 4576 cpm/200 pg
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protein, 24171el] 6,970 cpmf200 ug protein® 2 vhi
Erhgd et 2443k 22 BAES viehlo
13,199 opmy200  upe|E]o 72417 defl 3240
cpmf200 pg  protein, SUFECl|E 4453 cpmyf200 g
protein L2l 7Y o= 2283 cpmf200 pg protein 2
B gdmbe #4555 3 o

0 Gyadd 0EeA 7243 gkl B9
TGases) M E TRt 458 TGase 45 R
s (membrane bound form)e] 3KEel] 655 cpm/200

Fig. 7. Fibrosarcoma cclls are
stained positively with anti-T Gase
antibody and also in some apop-
wtic bodics and lucal cell death
ate noted in 72 howrs(A) and
confluent area of apopiosiz with
husically  same  stainability  of
tmnor cells in 7 days(B) ailer 20
G radiation {Immunostain meth
od for TGase )

Fig. 8. A fow apoptonc bodies
with positively stained by anti-
TdT anlibody arc noted in 2
hoursi A1 and confluent cell death
amd] a lew apoprotic bodies and
ncgative in fragmented colls ih 3
davs after 20 Gy radianom {Im-
munosiain (e TAT)

ug protein, 2471l 6.607 cpmf200 pe proeine 2 o
G opAsd et A0l bt Ee HET U
thHe] 8357 cpmf200 pg prowine] s 9lil 724]7he]
Fofl 5998 cpmy200 pg prowein, 3E o= 6071
cpmyf200 pg proein el 2 7Y 3o 6,170 coinf20K}
ue protein© 2 3t-sslic Fgkel g4 h JAd ¢
glelchTable 2, Fig. 10).
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Table 2. Sequential changes of activily of transgio
tammingse after radiadion{20 Gy o transplanted
fibrosarcoma (cpmf200 g prolein)

Cylosulic TGase Membrane Towingd

in Sapernaion ‘I'Crase in
Pricipitam
Throanbin + +

Comtrol 1.256 7433
30 min 4,576 6,554 -
2 hrs 6,970 f,607
6 hrs 4,638 5851
12 hrs 345 3,107
24 his 13,199 8,357
T2 hrs 3240 5,998
5 day 4,453 6,971
1710

T day 2,283

il &

Apoptosis®} Aol Tadxle] 3 tabg Wal g
apoplosisTHA 24 TGase®} Tasvt g} o] 3
Fasiz o} A= o 715-% wydsb] el Bl
= AEzetdsdz F921 481 Z{umor  necrosis
factor, TNF) =8 21 43443 4 Eallinerve

Fig. 9. A fow apoptotic bodies
with powilively stained by ani-
TAT wnmbody are powed in 2
hounsigA) and confluent cell deaih
and a few npoptotic bodies and
negalive: in fragment cells in 8§
days after 20 Gy radiation (Im-
Mutestain for TdT)

24 [ cviosdle, 1-

LA memb, t+

ﬂmm:ﬂn 2h 6h 12h 24h F2h 5d 7d
Fig. 10. Sequential changes of sctivity of transglutaminase
in trafsplunied fibrosarcoma after radiation,
cytosole,+  cytosolic  mansghuaminase  aclivity  with
thrombin  mesmba+: membrane bound  iratsglutsminase
activity with thrombin

growth factor recepior, NGFR)S 723 4ra 2 o]
A gl Hew ¢lia] el steli TGuwes
WA FIIRE lutamine 2H7)2} oh & gl 2 o
lysine 44| 7h2 isopeplide 27 o] wheld
PARETHe FREEY Al A3tEsT 4 geld
ghel . Tl TGase®) F3 71EL Peld MalS
H TR A YT deelng olddl E4 gy
o apoptosis I Fell vhel4: dlaEuke] wmal,
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AEH A7 BE2] S5 HEF2 WEe] o4y
= d4s dnsied of$ §53Hg ez o]
slo] @A Zbgg wba Qo wheba] ghelelA
w3 okzFol|l4 apoposis FEE 23S o 4l
v} oghdakg =A A3 5 9l H4EE vledE
WEsba gleba FA= s g™

A EAate) ofdt Z]He A apoptosist o AHeh
FHislo], AEst HESE AN FHE HEW
23 Aol whel, FH A FHE File] F54 ol
2= ez dae] FHE fAsSed § da
Ao, G4 EAue] shal Fait ¥ 4ol
t}. o|2}th apopiosisi= = el ut-5 2} (morphogenesis),
=2 2] o]z} el §|F(atrophy), wHelHH(embryoge-
nesis) A6l JERA Fagh |f-E su, Aeo|E
72l {cyioking), ¢ ZE A (lymphotoxin), glucocorticoid
o HHaA 25 F FUEgAdE Yepdopat
obad =) s glef

ApoptosisFH g2 T2 st Hue4 s
ol $ent, BAH FwelAe apoplosisTE  F
nucleosomeA}e] 2] DNA  Apgze| Feolals 3 gl
Ca™ Mg 2]EA4 endonuclease] 2j#to] Fasjckar
eteiz] glch e|ldt Ca' signal?] o Ca'' che-
lator®] M7}, wi= phorbol esterd o] &%k protein
kinase C2] #4182 Faled «dAls 5 ks Al
A =aA g wm Yo mdh ) Al (castra-
fon)¥F Yojrbis ARHL] = S(involution)§ ol 4
= TRPM-2 (testosterone repressed prostate message-21)
S-# AL}t cofos, c-myc 5 A e Frhslel
Hasle] fH4E B3 glok. o) g apoprosis?]
A 7]1AHE e xYeRs gEZ glucocor-
ticoidel] 2]#te] HolstA] apoplosis7l FEF]7] wFE
ol o]5 4oz 3 dAF7 wad Ade A 3
slE)Qlep . Ba| T-lEe Fde] gl =S
# t)Eeo] apoptosis®] F2 BWE 7o fteo
o, glucocorticoid, Ca'’ ionophore 2], T cell recep-
tor A=, ubAA =4 adenosine§-of, HEW cAMP
Z7}, toxin §o] Seo| apoptosisE fle], o] 34
o =2 (Ca oo|&4|, 5 poly ADP-ribosylation
Ae Eajo] viAEE Aoz FAET gl

g} elgh e chekgl el EEka of
# % apoptosis?] 7] Mol gt ol o5 Rdel
olct. 53] apopiosise] FEH SHog AEsE
Ca™" ©]&4 endonuclease 3H4 Ehel] 2]%l DNA ladder
pattern®] olfE E endonuclease?} o}FHE FE¥|
Afso] ¢A Hiled AFH o]Ex ot A
2% AEE ALEEE TGaser HAH H4e] vl

3 sl dse] 1 Aa]H 2]9)F apoptosis®}
oA gHA] 7] 7] Bolsbckar ARE el TGase?} apoptosis
9} od#tE] 7| = lead nirate 52 mitogen2Z THA|E
ZAE f53 oF, olEe] EEEe el apop-
totic body?} S7FE|at, TGase #4e] Fvhgle] f14]
ol whi} zhag wby] Al#bslte] Zajel] el ol
gz gop. g} o] TGase: ZZF ol wal
EEH AL REF ohEd, e =Fd PF
TGase C (type 11 TGase)2} ZH3EA 4| Eof] Fafzl=
TGase K (type | TGase)ute| Fill 2 dit=|o] i
c}. 5 apoptosisel FHElshed A= TGase C2] ub#
o] zrzEo| gor}, FHH=Ad E5F FEF 77
kDa2] TG E (type Il TGase)2] £a7} =] F
A7) == e uwbelel wiE programmed cell
death2] 7} Fadh x| Felo] Exsgl ub glep'™

b zAfE wbduE HEe] 4 AR =
ol wpe} chEo AAH HE Es S44 Al Ee]
A vebhe s Fa 7] M Ee A vhelde, w3
2] 3£ A flel] B34 2] polydeoxyribonucleotides7} WA}
A zAek elEFHog &EHFE ol FA71H
L] wbAH 24l ol Age] FHeR 47
Ela gled o] EAE fads] Faibgeln ¥
7} %4 DNAel Ai=e] SAE ol 74 sadl
olefdl #4-2 whad A Egk opd2} HE 54
g ol7|% § 9l AEd#lA F glucocoricoid | &A]
ol £ Y= ollA BAHhn Euslxw gl

Sl ol d E2F|HA] S ubAd 2AE 0EFe
= 2l d4sle AEA glgled Alfe] 7w
5o TdToll Zebr G495 MAE7 F8E37F 2
 xa]s] ZHAEo] apoptosis body®] FHHYE =H
gl wlell 2] TdTed 42 Fhisto] A4HY A
Eoll A Fasle Aeke] slglch o|AE FUW
o] Hol #|E L apoptosisell 2]sle] HEo] FHZeo]
ojibd wolgle MEE F4Fe] A Frksle
HAog A7Es ARey 44=E99d” g A
k2 TGasev} 7)ol F7bsbetzt Ha Fass 4
ghal PlEldde] gle Hegwx SAsglch oA
ol £o] 7Hak =4y #ae] gleglaln %
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