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NUCLEAR MATRIX CHANGES BY THE ANTISENSE INHIBITION OF
TRANSGLUTAMINASE C IN IN VITRO CULTURE OF SNU-1 CELLS

Jae-Hyun Jang, Suk-Keun Lee*, Young-Wook Park

Department of Oral and Maxillofacial Surgery, Department of Oral Pathology*,
College of Dentistry, Kangnung National University

It has been known that transglutaminase C (TGase C, TGase 1) is directly participated in the DNA organization of chromosome, and
affects the cellular processes such as proliferation, differentiation, and apoptosis of cells, but still not known what mechanism is work-
ing on. In this study, the cytogenetic and the immunohistochemical methods were used to observe the TGase C expression in the
nuclear chromosome of the proliferating cells, especially in mitotic stage. The human gastric adenocarcinoma (SNU-1) cell line was
used for immunohistochemistry and antisense inhibition study in vitro. The present study was also aimed to disclose the efficiency of
antisense inhibition by using antisense oligonucleotide DNA labeled with fluorescence, and found that anti-TGase C probe was diffuse-
ly infiltrated into the cytoplasm and the nucleus of the cell. By the antisense inhibition the nuclei of SNU-1 cells became rough nuclear
shape, as they were greatly reduced in TGase C immunoreactivity both for the normal and apoptotic SNU-1 cells. However, it is clearly
presumed that the TGase C directly interacts with the chromosome of SNU-1 cells and it may play an important role in the division and

organization of the chromosome during the mitotic stage.
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N Ze|HE =S f2l8 4 YA Bt
A F7HA & 2 TGase familyel = TGase 1 (TGase K), TGase 2
(TGase C), TGase 3 (TGase E), TGase X, coagulation factor VIII,
band 4.2, prostate TGase 5 771 9] M Z o4& TGase] 53] 9
. ol & 5 47112 TGases (TGases 1, 2, 3, X) &< AMg Ao 23}
A ZO HF Estot A Z5FAE AR Al FAHL HAEHE
AEo0), o] 52 713197 (comified envelope)E SHEE d] 7]
o] B} 49,
TGase C= A Z2) 54 - #3132 AZSEARAN 5
of DHEA Bojehe RN YMH R 71 ARAT

B50)n 5te] 34 Tease Co) Z7h9h 87 Lolulth. &
Aol sl L A% 29 ke 4
o, B o) Gl b AT el Dolik ol Al

2 o]

Fo| =2 Bl oo YA A AN E=EALHA w3 =
M TGaseE &1 2 3= 7l 723 AL/ 223 TS 5
Ro7 4HA Yok 3 tissue TGase:= Bj A 7] 9] thok 2)
371 Bol4 Bel 94, B3, Thake 243 710 BAHg %



S| BHEFE SNU-1 M[EF

o AEW ol AL sHe RO FeiA ko,
B oA TGase CO AR = HAAA A} Az
A sHA BAE, A EFFATALY TS
AT BIE v Aeker. wd A ESEATALE

ol A= TGase C 8429 &/o] T7te & 208 Wi
F9 $2HOE N2 02 B A5 A TGas
Tol tf g H 2] W52 TGasedl| o gk o]l & T
A BHETE AAR A TSR] dolipe
TGase C2] A A7} retinoic aC|d prostaglandin E2, interleu
23 TCF-B5- 3 22 2150l SJai A 5, o] ]
24 Sel= Aﬂ;-:—%&%ﬁd% & Qtoll TGase Ci= &3
AL & HE (posttranslational modification)S =3 &
01'811221 01\:}— 1446)

TGase C7} 2/ st=lw Al ol 7k Age] € w2

Ao Mol HEA L, o] T FHAES v
A2 FZE BFA 7]ﬂ1 A 2] +¥§>ﬁ ¥ 3} (ultrastructural
changes) & oF7]5ted Al A Z5EAILAAE ) Bk re,
o2l Felel Tease GO iy YL AT
ARy ol 9 A2 E g skste] 44 E 85 (phagocyto-
sis)o] doj A FEF EoF7] witol, FH ZH A A5
$o] dolupa] =S En} .

J5<k Tease O/ 1w ATE sHs Aol AED ol A
dojdrty 4 A Aoy, HFo dFdAEd osA
TGase C7} 91417 DNAG) 47 ofste] HE ] 5213} 23} o
N EZS5ZAdEA ) o 8kS mzths o] 4AE 9t o] A

o A TGase C7} DNA9] A3 A3slx, TGase C= DNA 2% o
992 DNAC] 2o} m A AR OLazﬂu}m

Rittmaster (1999) 52 APALE] A8 59t 1 M EZZA 3}
ATSEALILS) ARE Bl Aa Qe Akl
YMEY A2} el tissue TGaseS E%% b
o $43 EARRA o484 dntT ATk
o8] Aol Ehel Al 7] 2} FL 445 723} TGase C ant-
sense inhibitionoll A T4 o] N EE0] A ESEAIYA Y A= ¢
2 oprto g u];{%}d—ﬁoil ISl H A B 5= ok)\]-o kUl
At (Fig. 1 - a, b). Wk 2 Aol A= TGase C7} Al £5-FA}
FE gl oAFA AAs=AE Lot 7] 9]kl TGase C anti-
sense inhibitionS- A) 3] 5} 3

o] 9} o] TGase C= o}H = A3k 7] 0] W5
© ™ TGase C2] knockout mouseol] 8] A3 B& J AAol B
2 A ZF ) kS &3 antisense inhibitioned -7} 2 9 81tk 2 A
T B8 A7 Z antisense inhibition <3 -2 & 3}o] TGase C7}
sl BYaT 2l A ESH oW JE nAEIE 2T
2k 8 Aol 1, 24 2 TGase Cof| t] gl antisense probe g A 2}s}¢
oF Al 3 (SNU-1, Seoul National University, Korea)ol) A1 ] & 2}
o} 1 77, anticancer therapy 2] 72+ $]3F TGase Co] &4
%_Lo]' J—-Z]' O})Aq'-

S

=

m
o
R s )

=)
=
He

2,

H
S
2
&

yo i
20 ey

T oo
—L‘d— b

D
ol i

Ho
R 1o Ll fr Roox

rgg = ol-ﬂ o{o{:
I

¥ L 2

R

o =

-

o
6,

=]

S~
-

1
o of\
fu ot

J
I

!
!

Fl

tlo mn Ao

Z0flA{ transglutaminase C antisense inhibition0| 297|= MESHE Hiz}

. ATAE 2 oty
1. AiF| ob5tM HEOlA] antisense inhibition

Bl A 14 o] A F ¢}alA1S A= 351od Millipore filter (AABP tupe,
Millipore, Bedford, Massachusetts)ol] ¢1ojA] steel gridei] A Hl %5}
%Atk Serumless BGlb vl ¢kl (Gibco BRL, Grand Island, NY, USA)
of| ascorbic acid (0.2 mg/ml)3} penicillin/streptomycin/amphotericin
(100 units)& 78k 3 37°C, 5% COz vj k7)ol A 25=7F uf 5}
. o8k A7ul ok o sense T+ antisense oligonucleotide
probe= AHE-3H1=Hl o] - Genbank Z A ol A f-AHg o] 79
1= -5 <] cDNA sequenceE 48] 3}41 t}. Oligonucleotide probe
+= cDNAJI| A open reading frame(ORF)<] A HF & =7HEL9), 1]
3 39 non-ORF H-$Joll A} A&l ate] DNA synthesizer (ABI 394,
PE, Branchburg, N))Z #) 23193 2% PD-10 column (Sephadex G-
25M, Pharmacia Biotech, Uppsala, Sweden)& £3}e] o 38k &
diethyl ether2 A %3141 1, Iyophlllzer (Hanil Co., Seoul, Korea)el|
A el 54 AN F et 71w ALEsET,
A2 A U1 A sense probes] v F A7t 5
o] &tAl Y= oligonucleotide probes 2% Aelste] A3 S
Z1e) 5191 . Oligonucleotide probe+ Bl ¥l of] 30pMe] F=2 —Er
o3tgom ol& 74 o2 wlj ekl s} oligonucleotide probeE
ik Al okahd Wl & ABUS AUYY 10 %
A 2o 7 A3 o1 stereomicroscope® A vl-& B EH

w

o E ps
a2 %}%l, ol olate} 4 FA9) b W ARG
3 HEE 4 ste] Fordn o r Aaatgch

2. Atel f2M|EZ 3 (SNU-1)2f Bt

AFgFe] $1 A 2 (SNU-1, Seoul National University, Korea)&
Dulbecco's modified Eagle’s medium (D-MEM)o]] 2 37 COz incuba-
torel| ] wlj okatSa ). vl SFA] bottlee] 742 k7t ZojA] CO7t
25" & 97l 8% 3, 51500 254 botle EE0IF Ak,

3. Antisense inhibition

DNA synthesizer (ABI, USA)Z o] -&-3}o] & 325 %) 2} (fluorescein
B-cyanoethylphosphoramidite, Proligo, M010131)E- -2}3} antisense
primer (5' - ACACCTCTCTAAGAC - 3, Genbank, accession No.
MB5153) 5 A| 2k} oo, vl ok 91 41§ +<] culture bottleol] 1044V
o FER YT 497 vl okaolnh

4. uiLE Mzeo| F& H S2fo|= MIEf

Areke] 9 ekA 5= (SNU-1, Seoul National University, Korea)=
Ao g N T} Al T3} ek AP AL Aok
n)73& o] &3}e] <l 15m conical tubed] wjA] 2} A EE &
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Fig. 3.1t showed that the rate of apoptosis compared
among the negative treated group, sense probe
treated group and antisense probe treated group.

S AAT T TANS A Z9 kol wabA 310 FE AT
wj okl Abgre] 919kA) 3 (SNU-1, Seoul National University,

Korea)& 915 £ebol o) AMAAL 193] B 202

2 213HA4] 2 mouse monoclonal antibody¢] transglutaminase C
(TGase C, Neomarkers, Fremont, CA, USA)ol| tf &+ ™ & %2 5}5} %]
A FYstATh oA R FYFEJ YA R anti-mouse
9} anti-rabbite] £33 o] 2134 IgGE A3} streptavidin-per-
oxidase ®¥ S AF2-3}19ith (Dako, LSAB K0681, Copenhagen,
Denmark).

SNU-1 A| =0 A TGase Co] &g #
3913, <A antisense primerS @3
Seoul National University, Korea)ol| = TG
1 FFe #sith

(@]
©
i
=
-
S oo

)

6. MEsSAILE Y| 2t

=

AFe] 99hM Z 3 (SNU-1, Seoul National University, Korea) ]
oo A ) X3, sense probe #] x|, antisense probe %] x|+ zHz}
ol A x400 wj&¢] &n7d #AFE FH 547 sFEs Rot
Image Pro-4.0 (Media Cybernetics, MA, USA)2] Image analyzer %34}
A& Fote] AA A 250l th g A ZF AR Foll de
Al E9] W& (B)= 4 skl (Fig. 3).

M. A+Z
Ax| otsM HiEe| TGase C antisense inhibition

A7 oFa}A ul ekol A TGase Coll tf 8t antisense inhibitione] 2

3 reel A EE ATEEAFALE UOIE Ro) B
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At dde) Mz o] 7S 2Rl Al ETEAITE g
4] &2 2] condensation®] o2} 8] o] & HHAM A £ 0]
HASA R Hddhs Sold METTATANY Fd= ¥
Zstlt (Fig. 1-a, b).

Al M ZS (SNU-1)2| A2 HIEA| antisense in-
hibition

Abet S19HA 5 (SNU-) 9] v g5 th=w-oll A 2 Foll Sl
A 9 Al 25 FAMEEAF Fol 9 A Eol A transglutaminase C
o] o] Al xA A Z3 o v o2 eyttt (Fig. 1-c~
K). 33 antisense probe A X] -l 4= sense probe =} ] o) 1] &}
o] SNU-L Al 2ol & €] B fo] M GH 02 ALL P& B
A2 (Fig. 2 - b~i), ©] uj transglutaminase C2] W & 84 ] ¥H& 9
Fol @A skl Hra¥ 9 2H, the=2] apoptotic cell 50 #3251
o} (Fig. 2 - k, I). =3 838222 223} antisense probe: o]
Sato] wj ksl & A3} Aok R A g o] &3 P #F
o A} = TGase C antisense probe7} Al Tuj¢l] F83] 3 F 5o
&o] golxo] antisense inhibitiono] 422 0 & o] Fo] A& g
& AN (Fig. 2-)).

TGase Coll tjj &} antisense inhibitionS- 3] &+ A E o A 8] 2 o] &
A o] F=2la}al pyknotic heterochromating] 3 4 o] Bl a}9]
t} (Fig. 2 - b~I). TGase Col| tf 3} antisense inhibitionS- ) 3 4]
ol A A2 AlZ B sense probe A x| ofl W] ste] SolatA Al Z
SeAEE o] doju AEEE N2 7 dA A T
ATt (Fig. 1 - c~Kk, Fig. 2 and Fig. 3).

mlo io

A= 744 TGase Co 752 %7
inhibition ¥4 -< 0] st A % %
thate] A4kl ATFAH7}
w857 ¥e A *“ﬂ+°ﬂ*1 M XS s
o2 dHA Aok TS FLo| AT A
2 Eshe} A o] Hof 9l

T ]E}'_L 0} °© U:] *ﬂ =
retinoic acidel] ©]ate] ¢4 0] ZX*QI AL, A EW Ca7t 5
3 93-S stk kgt &, o] 9} B sk retinoic acid7} AF
o] FAASAZY kstol AT 5 FALE G vIX] & G o
gk Aol A o] B4 ] Foi7t plet pll0g] & oA sk
telomerase &9 571171 7170l 9lste] Lalo} A 25 F5A
B AA AT A7 ATk

B o N Bdo] hAE 9 obM £l SNU-L Al EFE
o], TGase C7F frARE QA 2ol A 22 YElll = 2 anti-
sense inhibitionS- ©]-&-3}¢] H]50] A Q] A 5 FAIEE o]
7bebe As HEGT ol JOoE AT | FAREE A2

K olN
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o] & Q3 TGase Col antisense inhibitiong A3 3} A Z 7}

A AoR F5HTh EW TGase CE FAaWS 9 &
AR EHO2 o] & 91 & Ao Al gL

okl T Eo] G Mo A TGase Co] M2 W 7] 5S €,
anticancer therapy?] 7}2+S 93k F-4 A £2 0 2 A TGase C9
TS Lot iAt }Qit‘r- ol A A 7| Wt F
3}e] antisense inhibition A& ¢ 7oA F5 what A4S
WA T A E ol A inoq L= "3 Z a3k (nuclear explosion)'o] 2}
T S (Fig. 1-a b). £ Aol e o A4S gels)
ol dAHA o2 N EFE v geta v e Al X7} TGase C
o]le et M zA s 5 A Ao A A LA A o]
Stz skl on, 23=E TGase C7F FA A
< o3ttt (Fig 1-c~k). 1 ohgo2 A 25
tisense inhibition AT E £38}o] oA o AHH oFs}
T A Urebd Al 29 8 Z i dAgo) %‘01‘%“7}
AL gl om, Huls] dojdts AL 8

(Fig. 2 - b~1). o] &f ¢t s} £ AF-2, A E7}F S 3]

AEA Yol A T3l g el 2 st 5o} 2)A| 2ol oJ3f glojA &
AL sFATEdIAE O A0, dyA £39 Ed3doz
Qe 77k dojur] wjZoll FF Aol Al 22 E Sy £
AAEEC] EoAE dFY H5lHR NEFeAIEAY &
A}o]r;]—

B oo i sh}e B gek g H e suk-S 93 TGase C
o] FEAE Yol I A st Aotk o] M Aol A De
Laurenzi (2001) S TGase C7} $1= knockout mouseE ©]4-3}od

o] 49 3IE AFsALH, o] BA :}343}7] !
exon 5¢} exon 6 2 intron 5& AMA &t} o] DA wrEo|
knockout mouse?] 7+z} g4l ol A TGase -'@W 0] FEHAHOE
ol A FFAL, AAH O & FAJo] o} 3= knockout
mouser= Ao AS ERlatith 11 AFREA TGase 2% Al
ESSAES T2 FRARANAN AR H FAH847
ofum, TGase 10|y} th& F7 9 o} YslAA] > TGase 2
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sense probes A|2tated 99k AESQ SNU-L Al 2Fel| A &35
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S 12lth wabA A F74A) antisense inhibition 2] 521 7ol A
Heht gl F8ES 7196k ol AR d5Ee €
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< R Qe & QoA FEuANtS Fokel Ede

Z0flA{ transglutaminase C antisense inhibition0| 297|= MESHE Hiz}

T UE GAEE Ao g 39T S Aotk

2 A7 AHE Foto] T Eo] SLshA] B HAA 24 v
WA, s
sense inhibition& H|E0]4 0 2 A Z5FAEE A o] Yo} &
gy Axe 78 A 77 AS Gt
TGase Cof] tf 3t antisense inhibition-2 x] &
QMo B A E} T2 TEEAX
gto] o 5olido] e Hdol 78 ALoE Azt 18E
2 oo o s ALty fsiA A4 Wol o] &x L
A= TGase CEH= & <}
o] 7 o]x:]-

=2
Rittmaster (1999) 52 Tt A 2SA 3
MESSATELE AL S doti7] 95 AF5 Algste A
ok 0] X F 9} WP tissue TGaseS A ESTALHE A
P EAAEA] 0] &8 QTHAL ST M. B ATl A
E5to] 3285 TGase C7} £Lo] 2hitalA| b2
N2 AMEFFATARNE G HAAT 2
SNU-1 A £3= 2] TGase C antisense inhibitione]] 2]ajj A
A AFE A EL AGS T FH9Y v S
A4S S U
¢} antisense probe7} Al XU & Hrpu} X F 5]
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A TGase C7} o 9 &hg 313 1S Aolehes As BolFe 2
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A4 wrgatel QalAe) B 2 wxal Ao B He A
< #FG (T able 1). &3] TGase C antisense inhibitione]] <] 3t
AZSEATAAE 820] Ao Bajse Soldh YL
BE AT & ‘JTGase Cele 348 A #4208 o]
Faamel & o r A hde] 7hsdttte Ae Al S w
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k5 B e ARE BEQ|Z 59 in situ hybridizationo] U
painting probeZ A}-&-3}+= fluorescence in situ hybridization (FISH)
7145 0] 43 TGase C antisense inhibitiono] A 3] 2 & A ) o)
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Table 1. Summary of the changes in the nuclear chromatin

Subject Types of reatment _ IHC of TGase C _ Signs of apopioss Nuclear chrt_)matln
in nuclear chromatin degradation
Normal control + ++ +
SNU-1 Sense control + ++ +
Antisense inhibition + +++ +++

+ :rare, + :slight, + + : moderate, + + + : strong
IHC : immunohistochemical staining

V. & =
AbE 9ok A Z el SNU-L A 5 v kS E35}e] TGase C anti-

sense inhibitiono] ka7 EH a1 Qe Al Lo A oW S
VA E7HE obn 3, Feke el A 919 Tease Co) 44
4g Fohu) Slste] A7 ANYF A3k he} B AES
AT
1. W2 3582 M A TGase C7F thE 21 SNU-1 A 5
o] MES A FAA A A3 vhgate] AAA o FE 2
T3t Y-S WA= AR FFEHUH
2. SNU-1 A X0 A A3 3l TGase Coll th 3 antisense inhibition
o] Lol A TGase C antisense probe7} =53] 4| £ Yo A F 5
o] Sl&ol el Al gl = et
3. SNU-1 A 7} TGase Col| t 3} antisense inhibitionol] ] 3}
AL 3l HHA Solst HIE%%*}“”H ol AFH
o sense probe Fo o) Hldt] AT S5
= Atk

ojgh 22 AIE Foto] TGase C7F £

A AEH ) 2] FLF AT T
TGase C&}+= & 47} antisense inhibitione]] ¢]&}e] 7]50] Ao
Ae o= F237F HA B HAo] vjf F&5HA 3=
o] FAEER Q8 HAZH AxsEAEEde] S7HE
oAt}

Hnes

1. De Laurenzi V, Melino G : Gene disruption of tissue transglutami-
nase. Mol Cell Biol 21:148-155, 2001.

2. Melino G, Piacentini M : Tissue transglutaminase in apoptosis : a
downstream or a multifunctional upstream effector? FEBS Lett
430:59-63, 1998.

3. Melino G, Candi E, Steinert PM : Assay for transglutaminases in cell
death. Methods Enzymol 322:433-472, 2000.

4. Steinert PM : A model for the hierarchical structure of the human
epidermal cornified cell envelope. Cell Death Differ 2:33-40, 1995.

5. Steinert PM, et al : Transglutaminase crosslinking and structural
studies of the human small proline rich 3 protein. Cell Death Differ
6:916-930, 1999.

90

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

Glozak MA, et al : BMP4- and RA-induced apoptosis is mediated
through the activation of retinoic acid receptor and in P19 embry-
onal carcinoma cells. Exp Cell Res 242:165-173, 1998.

Lee SK, Chi JG, Park SC, Chung SI : Transient expression of transg-
lutaminase C during prenatal development of human muscles. J
Histochem Cytochem 48:1565-1574, 2000.

Nagy L, et al : The promoter of mouse tissue transglutaminase gene
directs tissue-specific, retinoid-regulated and apoptosis-linked
expression. Cell Death Differ 4:534-547, 1997.

Thomazy VA, Davies PJ : Expression of tissue transglutaminase in
the developing chicken limb is associated both with apoptosis and
endochondral ossification. Cell Death Differ 6:146-154, 1999.
Amendola A, et al : Induction of "tissue transglutaminase in HIV-
pathogenesis : evidence for high rate of apoptosis of CD4+ T lym-
phocytes and accessory cells in lymphoid tissues. Proc Natl Acad Sci
93:11057-11062, 1996.

Fesus L, Davies PJA, Piacentini M : Apoptosis : molecular mecha-
nisms in programmed cell death. Eur J Cell Biol 56:170-177, 1991.
Piacentini M, et al : The expression of "tissue" transglutaminase in
two human cancer cell lines is related with the programmed cell
death (apoptosis). Eur J Cell Biol 54:246-254, 1991.

Piredda L, et al : Identification of 'tissue' transglutaminase binding
proteins in neural cells committed to apoptosis. FASEB J 13:355-364,
1999.

Melino G, et al : Retinoic acid receptors a and g mediate tissue-
transglutaminase induction in human neuroblastoma cells undergo-
ing apoptosis. Exp Cell Res 255:55-61, 1997.

Nagy L, et al : Identification and characterization of a versatile
retinoid response element (RARE/RXRE) in the promoter of the
mouse tissue transglutaminase gene. J Biol Chem 271:4355-4365,
1996.

Ritter SJ, Davies PJ : Identification of a transforming growth factor-
betal/bone morphogenic protein 4 (TGF-betal/BMP4) response ele-
ment within the mouse tissue transglutaminase gene promoter. J
Biol Chem 273:12798-12806, 1998.

Fesus L, et al : Apoptotic hepatocytes become insoluble in deter-
gents and chaotropic agents as a results of transglutaminase action.
FEBS Lett 245:150-154, 1989.

Piredda L, et al : Lack of "tissue" transglutaminase protein cross-link-
ing leads to leakage of macro molecules from dying cells. Cell
Death Differ 4:463-472, 1997.

Han JA, Park SC : Transglutaminase-dependent modulation of tran-
scription factor Sp1 activity. Mol Cells 10:612-618, 2000.

Nanda N, et al : Organization and chromosomal mapping of mouse
Gh/tissue transglutaminase gene (Tgm2). Arch Biochem Biophys
366:151-156, 1999.

Oliverio S, Amendola A, Di Sano F, et al : Tissue transglutaminase-
dependent posttranslational modification of the retinoblastoma gene
product in promonocytic cells undergoing apoptosis. Mol Cell Biol



22.

23.

24.

L] HI2HEI SNU-1 AMZZE0)A] transglutaminase C antisense inhibition0] 227 [= MZSHZE H3f

17:6040-6048, 1997.

Ou H, et al : Retinoic acid-induced tissue transglutaminase and
apoptosis in vascular smooth muscle cells. Circ Res 87:881-887,
2000.

Park SC, Yeo EJ, Han JA, et al : Aging process is accompanied by
increase of transglutaminase C. J Gerontol A Biol Sci Med Sci
54:B78-83, 1999.

Rittmaster RS, Thomas LN, Wright AS, et al : The utility of tissue
transglutaminase as a marker of apoptosis during treatment and pro-
gression of prostate cancer. J Urol 162:2165-2169, 1999.

25.

26.

27.

Casadio R, Polverini E, Mariani P, et al : The structural basis for the
regulation of tissue transglutaminase by calcium ions. Eur J Biochem
262:672-679, 1999.

Oliverio S, Amendola A, Rodolfo C, et al : Inhibition of tissue trans-
glutaminase increase cell survival by preventing apoptosis. J Biol
Chem 274:34123-34128, 1999.

You YO, Min SK, Kim KJ, et al : Effects of retinoic acid on replica-
tive senescence and apoptosis of normal human oral keratinocytes.
J Kr Maxillofac Reconstr Surg 23:481-492, 2002.

91



CHT*8IX| 2003;29:86-94

Fig. 1.

Fig. 2.
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a. salivary gland organ culture, TGase C antisense probe treated, H&E staining, separation of chromosome (arrows)(1000 x )
b. salivary gland organ culture, TGase C antisense probe treated, H&E staining, dissolution of chromosome (arrows)(1000 X )
¢. SNU-1 cells, negative control, TGase C immunohistochemical staining, prophase of the mitosis (1000 x )

d. SNU-1 cells, negative control, TGase C immunohistochemical staining, metaphase of the mitosis (1000 X )

e. SNU-1 cells, negative control, TGase C immunochistochemical staining, anaphase of the mitosis (1000 x )

f. SNU-1 cells, negative control, TGase C immunohistochemical staining, telophase of the mitosis (1000 x )

g. SNU-1 cells, negative control, TGase C immunohistochemical staining (1000 X )

h. SNU-1 cells, negative control, TGase C immunohistochemical staining (1000 x )

i. SNU-1 cells, negative control, TGase C immunohistochemical staining (1000 x )

j- SNU-1 cells, negative control, TGase C immunohistochemical staining (1000 x)

k. SNU-1 cells, negative control, TGase C immunohistochemical staining (1000 x )

(c~f: proliferating cells of the control, g~k : apoptotic cells of the control)

a. SNU-1 cells, sense probe treated, H&E staining, round nuclear shape (1000 X )

b. SNU-1 cells, antisense probe treated, H&E staining, pyknotic rough nuclei (arrows)(1000 x)

¢. SNU-1 cells, antisense probe treated, H&E staining (1000 x )

d. SNU-1 cells, antisense probe treated, H&E staining (1000 x )

€. SNU-1 cells, antisense probe treated, H&E staining (1000 X )

f. SNU-1 cells, antisense probe treated, H&E staining (1000 x )

g. SNU-1 cells, antisense probe treated, H&E staining (1000 x)

h. SNU-1 cells, antisense probe treated, H&E staining, pyknotic and condensed nuclei (arrow)(1000 X )

i. SNU-1 cells, antisense probe treated, H&E staining, pyknotic and condensed nuclei (arrow)(1000 x )

j- SNU-1 cells, antisense probe treated, fluorescent microscopic image, positive in the cytoplasm and nuclei (arrows)(400 X )
k. SNU-1 cells, antisense probe treated, TGase C immunohistochemical staining, conspicuous positive reaction (arrows)(400 X )
. SNU-1 cells, antisense probe treated, TGase C immunohistochemical staining, entirely negative reaction (100 <)

(c~i: cells showed various pyknotic rough nuclei)
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