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Abstract

Purpose: This study observed the changes in the telomerase activity, it's
developmental regulation, PCNA expression, and their correlation in rat’s
upper digestive organs during growth and aging.

Materials and Methods: Upper digestive organs(buccal mucosa, gingiva,
palate, submandibular and parotid glands, and tongue) were aseptically
removed from Sprague-Dawley rats of fetal(gestational 20 days), growing(l,
2, 3, b, and 7 weeks after birth) and adult(12 week old). Samples for

telomerase activity were frozen on liquid nitrogen immediately after sacrifice,



and stored until the use at -75T in order to measure it. telomerase activity
was measured by a PCR-based telomeric repeat amplication protoco(TRAP)
assay and quantitated with Photometric Telo TAGGG Telomerase PCR
ELISA plus(Roche Diagnostics GmbH. Mannheim. Germany). PCNA
expression were measured immunohistochemistry with anti PCNA Ab-1,
Clone PC10(NeoMark. California. USA).

Results: 1. Telomerase activities in buccal mucosa, palate and gingiva were
the highest in fetus and decreased gradually or rapidly after birth and then
diminished, but in salivary gland and tongue were the highest in fetus and
also high at 1 week and then decreased rapidly

2. PCNA expression in buccal mucosa, gingiva, tongue and salivary gland
was the highest in fetus and decreased gradually and then diminished. but
only in palate decreased rapidly after birth and then diminished.

Conclusion: The highest telomerase activity of embryonic stage decreased
rapidly after birth in rat's upper digestive organs. There may be a
developmental regulation of telomerase activity, but not a tissue—specific.
This telomerase activity seems correlated closely with PCNA expression in

rat’s upper digestive system.

Key Wards: Telomerase, PCNA, Upper digestive system.
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Telomere?] Zdo]lE #XA7|E EAE telomerased} M, o] £4E RN
9 gwlAz TAE F/]i'ﬂ’&%‘ﬂié‘(n'bonucleoprotein)i«’ﬂ GAA W A=
telomeric DNAE 3738}, telomere o] G-rich 7}=8 A3A]7]7] & F3 o
2 telomerase®] AA A A& RNAE o83t AAALE A(reverse
transcriptase) ©] g+,

Telomerase a/“% 7@’5} Aol ANE o= HALR kXl b H
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A A 9rE(polymerase chain reaction)a ©]-83 PCR-based telomeric
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o Aa AZEAAN EEAZE(mmortal celDE S R Pol= A H telomere?
Zol7} fAFHojok 3l o]t telomere Z0]2] # A= telomerase Ao <
o] dojutm gelA b 1822 telomeraseEA S AT ZA%1)
Ay #do] Qs Aom FAAAY. HE £2 AESA 7w g A
A F7)o M Az S vetds AESH AR5 Hd3 AxY S4%
Heo AL E 243 = oy WS 7HH1.Q04E1F10 13)

b o= 1 [olN=]

A e AAMEAA Q] telomerase EA L T 5ol , 24 Fol4 L
g3 A Boldon zA9 9= Aoz 24 9t Yamaguchi 5
2 e g Al7]e} vfole uwhE} telomerase®}t telomere®] Zo]7} ¥HAYEA
aElm 27 Boldor zA wm vda & ¢v. 183 Brestilny 5 9
SHA AN AMEel A A EZA telomerase /o] e AL ofnfxE HATHA S
a4 BEE AYstE 948 A 24 V)de] 7] WEd Aew FAE
At

olo & A+tE MA AR AasrAe] W A7) whe} telomerase 4 W
stE #Fsto], HAT A 224 Bo|A 0= telomerase &/do] FEFS WEAE
ero} HalAl sivt. Lol iAo AR AEvA e iy Al7|e mE A E
2 5Ee Hrl s YalA PCNA #Hd &9 Was #2353, telomerase
G Aze] FATH JE dEAd e dol Bzt 53



st g FEAEeA AV A 20d), ARV AE 15, 27, F, 57
2 7F) 2 s (*ﬁﬁ 127) 9] Sprague-Dawley WA E z+ Al7|E= b
T glol ortely £ HukelE FE WUtk Hriele HNES FF R T
d telomerase €4 AHES flst 7 A7IER 3ntyH F 210tEl E
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(1) Preparation of Extracts from Tissues

4% £4-2 microtomes ©o]&ste] 10~15 m FAZ A9ste] 200 wl
ice-cold Lysis reagent”’} A& A =% reation tubed] eF 50/ A= d¥H&
93 308 AR d3FHdA gl 4TColA 208 w9 16000 x golA
lysate® 94 Faste =42 A supernatant & A A 5} \:} A] fresh tube ©
%7 9t} Pelleted celld M¥A debrist SAAA FEE tissue extractE
175w AZ"F pipettingdtil standard methods® D1r‘j‘” =) %:EE sk},
TRAP ®b&& 38 wj7bA] AA Ao 398 AAAM -8 Tol] FEES B

22g dEdte SA degd 9t 4T & fAEHA B
. ZF AAEL control templateE ¢ A 25 il reaction
mixture(biotinyated telomerase substrate P1-TS, optimized anchor—primer P2,
nucleotides, and Tag DNA polymerase)® 5 pf internal standard(216bp
internal standard, DNA 0.001 mol/gf, IS)-8- PCR amplicationslt”] o] & &3 tube
2 27 &5 BAld BAS 7] Yt BE AAY control plateS 9l A
master-mixE F£4Y|3%ttl ZF PCR ®¥Fg vtk PCR amplication & H&fA A 4Ash
tube® 30 e master -mixE &713 AAE= 2 tubed 1~3 pb cell
extract(10® - 3 x 10° cell equivalents or 0.5~10 ug total protein) 2 v 3t}
Negative control& 7+ tubedll corresponding heat treated cell extract(10° - 3
x 10° cell equivalents or 0.5~10 ug total protein) = 1 ~3 wl 8t control
template= 2719 Z}zte] tubeo] 1 b lysis reagent®} 1wl control
template(positive control template DNA with the same sequence as a
telomerase product with 8 telomeric repeats, TS8)E pipetting $tt}. Total
volume 50 & 984 nuclease-free water(double—distilled) & H3}3L thermal
cyclerdl®  tubesE &7 oldl oprotocolS WEbAM  primer elogation ¥
amplicatione A3 Etl.  Primer elongation 25T 10~30%, telomerase
inactivation 94C 5%, amplication® denaturation 94C 305, annealing 50 30
%, polymerization 72T 90%%E 30 cycle ¥H¥ A)33tm 72C 1087 =¢. 2
23 4T A Al

(3) Hybridization and ELISA
Zr AAE YA 209 E8¥  reaction tubesdl 10 ul denaturation
reagent(0.5% sodium hydroxide ©]ShHE pipettingdtclt. Z+ tubed] 25 4l



amplication productE ¥ 1087F 220 wjokg 3}ar & tubed= 100 gl
hybridization buffer T(DIG-labeled detection probe complementary to
telomeric repeat sequences, P3-T)& I8l3 Y& tubells 100 s
hybridization buffer IS(DIG-labeled detection probe complementary to the
internal standard, P3-IS)E Y3 vortexingdte] AAHow EFA Y.
Pipetting scheme®] w&bA kite} 2o] FF%H precoated MTP modules®] 2+
welloll 100 g mixtureE Z}7F 931 self-adhesive cover foil2 well5& €&
k. 37CdAA 247+ &9 shakerdl MTP modules Hlsts 735
hybridization solutions-& #|# gt} 2}7He] well& washing bufferdl] 243k
30% ol 3¥W AL FAT S washing buffer & FAH2HA AAS 7zt
wello] 100 gl Anti-DIG-HRP working solution-& %3 cover foil & 7}A 1
MTP modulesZ €=t} Plate”} 300 pm & 3] dsts ¢ 3087 A&(18 ~
22C ) A2A7]5L solutions AT AATY . 250 @ washing buffer 2 &4
ok 30% ol Zb wellS oWl FAHE ¢ UhS washing buffer & ZA2=YA AA
st=d 2+ welld] 2294 prewarmed 100 g TMB substrate solution(3, 3, 5,
5’ -tetramethylbenzidine) = Y3 wellE2 foil 74t} Plate’} 300 rpmo &=
S Ast= Eob 10~2087F A& A4 color developmentE 84 AL slx
reacted substrateZS A A & E2gl9] color development & H3&A s17] ¢8| A
Z+ welldl stop reagent(5% sulfuric acid ©|dhHE Yt} o] stop reagent=
reacted HRP substrateZ 33 (blue) Mol A *=2Hyellow) 2 o= WA sh=d),
o] &= maximum sensitivityS 9=d] @23, Microtiter plate(ELISA) reader
£ o]&3}9 stop reagent® Y% 30EWA 450 nmolA  reference
wavelength¢l 690 nme} o] A &3 (absorbance)s =74 g},
Telomerase reaction®] specificity & #AAFSH7] At 4 Ul FZTnegative
controD®] AAE EA g (heat treatment)dte] A3t} o] telomerase
specific detection probe(P3-T)® ®A& & v FHEZE  telomerase
inactivation® =3t €7 7] Fo|t}. &4 UZE+ (negative control)&
0.1(A450nm-Af0nm  units) olstelvl. A dlZ=F(positive control) 1 gl
control template, low$t 1 pf control template, highZ o]&3dfe] Ar}. =
IS(Internal ~ standard), (ATS8-ATS8.0)/ATSS(ATSS: absorbance of control
template, ATS8.0: absorbance of lysis buffer)® & I 1087
substrate reaction 3| zZ}zZ} high= 2.0 ~4.0 283 low = 02 ~05 HYE 3
Art. AAY FHEAAN tixae] FEEY HoE W GHAS-AS0) o=
THAS: absorbance of sample, AS,0: absorbance of heat—treated sample).

9] Aol7t 2 o4& telomerased] &A%} & (telomerase —positive)3l
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sty Fols A 23AS 4 m FAY HAEL
3 eatelA st 100%, 95%, 90%, 80%, 70%
127 Aglst & S/HF2 6587 28 5

U A}3A= mouse monoclonal antibody® PCNA Ab-121 Clone PC10 T
(NeoMark. California. USA) S AH&3+9

mlm
_\i
O
ol
N
o
o
>
—
<o
AL o

d
(peroxidase) ",
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3 Al&gt & blocking serumedl 1057F WES-A)7| 1 dA}EAE 71gE v 4C
ol Al 12~14A17F &t whg-& A7l 1 & YA T
ek & o|AFAE oA 1587 vEE A7l vs v TBS ¢59
F7F 238 AHS skl 18] 531 Streptavidin-Horseradish Peroxidase(HRP) & 15
78 w22 A1 zZlv}. Histostain-plus kits(Zymed Laboratories Inc.) S o] &3}
307 weAI7IaL vl TBS  @Eddl 5&3F 23] AlAE st 337
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I g Ae] 72 229 telomerase &4 7 PCNA JEA| A G591 AL
FHEA Kendall-tau) & AT Lehal AF L37)Ae] 24 Sol4d @&
3H7] A 22719 telomerase &7 Aol ANOVA & AR&38te] 4513
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Im. A+ a3

1. Telomerase &] &4 W3}

D g849 229 telomerase &4 W3}
Al TRAP whg 235 HA7], A7 A=7]2 vyl ZF A7jd=
Hl sk A 20€ 1M &= telomerase €7d0] 7HE =4 2d Hlow S|
= oA 209 Robe wARE gEe] A Sy AT 2T E AR 15
Boh dAs @A dAHYoH AF 3T o]F FHE A=V R2FAE &
AdA@sA @A LHHAG (Fig. 1A). G- ZNA telomerases] &AL 2zt
e A dom nuste BA 20980 FAdHEEY 29 o
RS 1FE 1 AR =gk AF 255 A5V 12574 =

Il
SHA A = Ao (Fig. 1B).

2) A& =249 telomerase &4 W3}

Z219] TRAP Wk 23 A7), 437 2 A=7|2 vro] Z A7)
Ha vastd BA 20994 = A2 249 telomerase &/do] 714 =4 4
HAom AR [FAAME A dAHUT AT 25 o] A 579 12 F7}
A= A9 telomerase EAdo] WHHA ZFUtHFig. 2A). AL F3Z A
telomerase® €4S 72 Al7IEE AHAQ Fom vHluetHS A 208 M=
FA R 20 o] =4k, AT 1F= FAAHE FAREAH AF 254

MEEH 5719 12574 = A Ede] HA kg, 2B).
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3) A #49 telomerase ZA W3}

T &219] TRAP whg Aats A7, 437 2 A=7|2 vro] Z A7)
A sty A 2094 = A 249 telomerase €A o] 7MY =4 HH
Helow AT [FolMe =4 HAHJAY AF2F o|FHHe JAAH o=
At dASHA A FAHAL =78 2FAM = ALY Bl HA ek
th(Fig. 3A). 771 =&l A telomerase o] &8 7 A|7|HZ AGFAHQ o=
Hl sk & A 2090l = xRy 2v) Ak =95, AT 1 o
R 15" A= =Udtk AF2F o|FFHE AAHom

WA FAHAL A7) 12700 M = A Y] Bl HA G (Fig. 3B).
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5 o]t x2 9] telomerase &4 W3}
olgtil x419] TRAP wh& A& HA7], 447 2 A5712 Hro] 72 A

712 wastd A 2090 o]k 379 telomerase &4 o] 7 :

EHgow AS [FdqE =4 HHHdY. AF 2FRHe $498] &

of A% TFAAME A9 yEruA @kthFig. 5A). oldkad A A

telomerase®] A4S ZF Al7|EZ AHAHQ Fo =z nHustHE HA 20YdAME

FAERY A9 2 Ax =U%3, AT 1F= °“§ﬂ1§9} FrAbsE ATk, A%
FH&= 719 &de] vebA & v (Fig. 5B)

6) 3 A9 telomerase &4 W3}

5] x219] TRAP vhg A3E A7, 447 2 Ax7|2 v 72 A
2 sty efAy 2099 = 3 239 telomerase &40 7 =4 ey
ow AL 1FAME =4 Vel AF 2FdAFE F245] sl 457
Q1277 A = dASA EA FA=HAH(Fig. 6A). 3 =& oA telomerase?
e 4 A7IER AR o nustis A 0904 FHAUEE
th 28] o] =:kal, AT 1Fel M= FddE AL FAREAY. 1o AF
2FHE A% 12F AT A EA F-A5H 0 (Fig. 6B).
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Fig. 1. Expression(A) and quantitative assay(B) of telomerase activities in
development stages of rat’'s buccal mucosa. Telomerase activities in buccal
mucosa were the highest in fetus and then decreased gradually after birth.
Lane 0. gestational 20 days: Lane 1, 2, 3, 4, 5, and 6, 1-, 2-, 3, 5-, 7-, and
12-weeks after birth. Lane -, +: Negative control, postive control,
respectively.
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Fig. 2. Expression(A) and quantitative assay(B) of telomerase activities in
development stages of rat’s gingiva. Telomerase activities in gingiva were
the highest in fetus and then diminished rapidly after 2 weeks.

Lane 0. gestational 20 days: Lane 1, 2, 3, 4, 5, and 6, 1-, 2-, 3, 5-, 7-, and
12-weeks after birth. Lane -, +: Negative control, postive control,

respectively.
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Fig. 3. Expression(A) and quantitative assay(B) of telomerase activities in
development stages of rat’s palate. Telomerase activities in palate were the
highest in fetus and then decreased gradually at 2 weeks and diminished
after 12 weeks.

Lane 0. gestational 20 days: Lane 1, 2, 3, 4, 5, and 6, 1-, 2-, 3, 5-, 7-, and
12-weeks after birth. Lane -, +! Negative control, postive control, respectively.
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Fig. 4. Expression(A) and quantitative assay(B) of telomerase activities in
development stages of rat’s submandibular gland. Telomerase activities in
submandibular gland were the highest in fetus and also high at 1 week and
then decreased rapidly after 2 weeks and diminished after 7 weeks.

Lane 0. gestational 20 days: Lane 1, 2, 3, 4, 5, and 6, 1-, 2-, 3, 5-, 7-, and
12-weeks after birth. Lane -, +: Negative control, postive control,

respectively.
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Fig. 5. Expression(A) and quantitative assay(B) of telomerase activities in
development stages of rat’s parotid gland. Telomerase activities in parotid
gland were the highest in fetus and also high at 1 week and then decreased
rapidly after 2 weeks and diminished after 7 weeks.

Lane 0. gestational 20 days: Lane 1, 2, 3, 4, 5, and 6, 1-, 2-, 3, 5-, 7-, and
12-weeks after birth. Lane -, + Negative control, postive control,
respectively.
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Fig. 6. Expression(A) and quantitative assay(B) of telomerase activities in
development stages of rat’s tongue. Telomerase activities in tongue were
the highest in fetus and high at 1 week and then decreased rapidly at 2
weeks.

Lane 0. gestational 20 days: Lane 1, 2, 3, 4, 5, and 6, 1-, 2-, 3, 5-, 7-, and
12-weeks after birth. Lane -, +: Negative control, postive control,
respectively.
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2. PCNA ZA A

D @39 259 PCNA A A

A 2249 PONA FAATE HA7), 447 2R 4=7]12 vreo] 24 A
B2 ol wastd i 2090 PCNA EAAS7E 71 =7 2= A
AR 15 e A gdsdoy dader pase] A FFHEHE 79 T
dol HA &tk (Fig. 7).

2) A& =29 PCNA EAAF

z2le] PCNA #EAATE HA7], 447 2 A7z vrel 24 A7
M2 yiro] maskd Al 2080l PCNA EXAF7 71 =4 #d=dq
AE 17 A ddH0 o ARAoR Hadte] AF 7FodAs A9 @
dol HA erskeh (Fig. 8).

AL F

3) F71Z2 9] PONA EAA5

T £49) PCNA EAAFE 847, 447 2 4%/ el 2 A7)
We o] mmaw B4 2026 PONA EAAS7E 1% A SAE AT
BE 1FHH 49 2asol 4% 5EREE A9 W] w4 SYrhFigo)

4) otslid Z219) PCNA EA A5

ofald x4 ¢ PONA BAAFE B47), 447 9 A%7% o] 2 A
AWz o] wwsty B4 20206] PONA EA4%7k 744 A wha s ik,

AF 1558 Aoz fgaste] AF 5FFEHE A9 Edol =HA &t

5) olstd 22 ] PCNA A A
£24 9] PCNA AAFE A7, 447 2 A572 vre] 7 A
Fol mlarste eiA) 2040 PCNA EAAF7 7b = S = ek

AF 155H Aoz fgaso] AF 7:5H= A9 Edol =HA &t

6) 31 =49 PCNA EAAF

& x29] PCNA AA5 A7, 447 2 Ax72 vre] 2 A7H

2 prol wasty BA 20delA PCNA EAAF7E 7 =4 2d HoAw,
[e]

AF 1F5HE Aadoes gase] AF 755 A9 Ldo] HA st
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(Fig.12).

3. Telomerase &4 37 PCNA EA X 91¢] 77

o) R 4287719 ZF 22| 7ke) telomerase 4] 2 PCNA 4] 2] 422} €]
HAE 2 A7 E vluste] 2 A 208 94 telomerase €43 7 PCNA 3£
AAG B57F 7 A SEEH AL A 1T s A7 et 2 d4
3 Zastdvh A 2FdE AR 1720 o Zasdan AF 12574 I

AetA @A FEAHJAY e Zdo] HA &FUv. AH A9
Az EAe 43 A
gl ow Folg #ado] dAHKendall-tau A#A 0.81~1.00, p<0.05).
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Fig. 7. PCNA expression in the developmental stages of rat’s buccal
mucosa.

PCNA expression in buccal mucosa was the highest in fetus and decreased
gradually and then diminished after 3 weeks.
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Fig. 8. PCNA expression in the developmental stages of rat’s gingiva.
PCNA expression in gingiva was the highest in fetus and decreased
gradually after 1 week and then diminished after 7 weeks.

PCNA Labeling Index(%)

fetus Tweek 2weeks 3weeks Sweeks 7weeks 12weeks
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Fig. 9. PCNA expression in the developmental stages of rat’s palate.
PCNA expression in palate was the highest in fetus and decreased rapidly
after 1week and then diminished after 5 weeks.
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Fig. 10. PCNA expression iIn the developmental stages of rat's
submandibular gland. PCNA expression in submandibular gland was the
highest in fetus and decreased gradually after 1 week and diminished after 5
weeks.
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Fig. 11. PCNA expression in the developmental stages of rat’s parotid gland.
PCNA expression in parotid gland was the highest in fetus and decreased
gradually after 1 week and then diminished after 7 weeks.
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Fig. 12. PCNA expression in the developmental stages of rat’s tongue.
PCNA expression in tongue was the highest in fetus and decreased

gradually after 1 week and diminished after 7 weeks.
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V. 2% % u3

X—l

Telomere= telomeric DNA ¢} telomere structural protein & %
A QA= 4, ©] telomere structural proteine telomeric DNA$} 233t o &4
3leka WMol nucleaseZF-H telomeric DNAE E&3lE #-82 3l DNA

daty dgste] o o] A HeE AS WA oA (elomerase AHES X

1 = =2

A THFo AMFEAME telomerase B FTF Folx, £2 Eol]F

3 AT Eo)dom B Aow deAd d9 . Yamaguchi £
3, dH 5 de ZAVE dd AZHE UFo] telomerase €

S A% Ay dAEgH, Tgla 23
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ojHoR x4 Wi S B
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4 Solgoz
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t}. Prowse 5 % telomerase &4o] wAIstA 151
B3 vk ShSvh. Z1E]3L Bestilny
telomerase &/do] gl AL otk YASA S
gk A =4d7)Hol Sl7] wEelgtar FeA .
2 AT A= WA e A vholo] whep AH &8 7] A9 telomerase €4 W
38 dotE Al AT MA = A7k 22 telomeric DNA 9] ®HE A7]A <4
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Legends for Figures

Fig. 13. PCNA immunoreactivity at gestational 20 days in rat’s buccal
mucosa(x200).

Fig. 14. PCNA immunoreactivity at 1 week after birth in rat’'s  buccal
mucosa(x200).

Fig. 15, PCNA immunoreactivity at 3 weeks after birth in rat’s buccal
mucosa(x200).

Fig. 16. PCNA immunoreactivity at 12 weeks after birth in rat’s buccal
mucosa(x200).

Fig. 17. PCNA immunoreactivity at gestational 20 days in rat's
gingiva(x200).

Fig. 18, PCNA immunoreactivity at 1 weeks after birth in rat’s gingiva
(x200).

Fig. 19. PCNA immunoreactivity at 7 weeks after birth in rat’s gingiva
(x200).

Fig. 20. PCNA immunoreactivity at 12 weeks after birth in rat’'s gingiva
(x200).

Fig. 21. PCNA immunoreactivity at gestational 20 days in rat's
palate(x200).

Fig. 22. PCNA immunoreactivity at 1 weeks after birth in rat’s palate(x200).
Fig. 23. PCNA immunoreactivity at 12 weeks after birth in rat's
palate(x200).

Fig. 24. PCNA immunoreactivity at gestational 20 days in rat's
submandibular gland(x200).

Fig. 25, PCNA immunoreactivity at 1 weeks after birth in rat's
submandibular gland(x200).

Fig. 26, PCNA immunoreactivity at 5 weeks after birth in rat's
submandibular gland(x200).

Fig. 27. PCNA immunoreactivity at 12 weeks after birth in rat's
submandibular gland (x200).

Fig. 28. PCNA immunoreactivity at gestational 20 days in rat’s parotid
gland(=200).

Fig. 29. PCNA immunoreactivity at 1 weeks after birth in rat’'s parotid
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gland(x200).

Fig. 30. PCNA immunoreactivity at 7 weeks after birth

gland(x200).

Fig. 31. PCNA immunoreactivity at 12 weeks after birth

gland(=200).
Fig. 32. PCNA
tongue(x400).
Fig. 33. PCNA
tongue(x200).
Fig. 34. PCNA
tongue(x200).
Fig. 35 PCNA
tongue(x200).

Immunoreactivity

immunoreactivity

at gestational 20

immunoreactivity at 1 weeks after

immunoreactivity at 7 weeks after

at 12 weeks after
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