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Age-related changes of rat peritoneum tissue: molecular and pathology characteristics
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[ Abstract] Objective To observe the morphologic changes of rat peritoneum tissue in different age groups, so as to
explore the age-related molecular and pathology characteristics. Methods Eighteen male SD rats were evenly randomized into
three groups: 1-month group (the juvenile group) ; 8-month group (the youth group) ; and 18-month group (the elderly group).
The morphological changes of parietal peritoneum were observed by Hematoxylin-Eosin and B-gal staining. The peritoneal
thickness, peritoneal mesothelial cells and blood vessel count under unit area were analyzed semi-quantitatively. The expressions
of transforming growth factor-beta 1 (TGF-81) and kriippel like factor 15 (KLF15) mRNA or protein in the rat mesenteric
tissues were evaluated by RT-PCR and Western blotting analysis. Results The peritoneum gradually thickened with the
increase of age, accompanied by reduced peritoneal mesothelial cells and increased interstitial vascular proliferation (P<Z0. 05).
The expression of TGF-81 was gradually increased (P<C0. 05) and that of KLF15 was decreased (P<C0. 05) at mRNA and
protein levels, and the expression of TGF-B1 was negatively associated with KLF15. Conclusion It is speculated that TGF-81
may play a role in promoting the peritoneal aging process, while the KLLF15 factor may inhibit the peritoneal senescence.
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SEA SR AR S OHAIL ORISR D . R 2 2
NEHAMZH RS — AR IR 2 e 4, X
Tof R RS U 1 3 e A MR BRI 28 A R 73807 A 4]
TR ? X R At S AR R, 2
AT S W S MR N2 T R 8 MR ke A Y T
LR E R, WA A L2 M A% o
THAYEE R R P R, AL R e
8] 553§ 7K o AT IS ] 45 1 2H O e B
SR My TR B O . R E A R A
F(Kriippel-like factors, KLFs) F A ) KLF15 &
BT AT A DT SA AL BN AT AL A 7 AR
NREHSUR TR FIR AR WARGE . A58 B ROULEE 11
Wi Fr KLE15 fEfE I 2V A RFIEPEAE 1

1 ##m7IE

1.1 Z¥shmaasBa  SPEF itk SD K.
O30 3 UL A A A A HAEH G ANAR)
EHAS A 6 H, i RIS e L 5 gl
WA BR 5341 24 W S AL L3 0 1 T HIE 5« SCXK (D)
2007-0005], 4 H R BB FE 1) 7% T He A B 2 RL
PP . WFRAE 12 h IR SR 24°C 450040
X BE RS S B s PR BRI PR S ARIK N 32 BR ]
T35 5 SEG S MOk N 5L B IR T . AbBE R HR
JEF D) R S22 AR R 10 00 v FR R [ 16~
24 h JEBAEE CEHRUNK B R B R R A
L4 pm P AT IRARE- AL (H-E) e 8 1 g2 31,
P B (3-GaD Jutt, 53 WU R REAL 2L, BT HE J5 A
B47 0. 8 mL RNASafer (8.0 .4 C itk 5 4
A—T70 CUKFER-AT

L2 HEZ& KEIWELGY R R 5% s B
KA s TRAKE Yo, 8~10 min, 3L K P4 s 120 ER R 43
TRERD S ALK s ZOKR T 30 75 00 L RERORD 5
PReTyete, 3~6 s, Ji K YEide s FRR6IE L REL K 5 bk
B o H-E Je 68575 X200 558 T %t 45k U)
BEBLIEEL 20 A [RIRLEF 00 7 M6 R e E R E L 314K
JIE B ) R 240 M R B A7 T BRI RS2 2 i 5

1.3 pGal & PBS kvl f . H AL B-Gal
sk & (Biovision, K802-250) 1 B 454k , Y,

JG 37CH CO, 5 12 h, BRI g 0 )5 2 6
RUFR 0N . JeBE T 4 HORBRBENLIE 2 5kE) F, &
SR R B HRA AL S AT 5T 5 A A L AR S WL ¢
DX o LA BH P 4 S5 8 DA o5 A8 L S5 T
YA EAEEF Y B-Gal B R BH P20 4K

1.4 MBEagiEit KB F Bl (transforming
growth factor-beta 1, TGF-51), KLF15 mRNA #
4% 100 mg A REHLE T 15 mL B.0H
Hs A 1 mL TRIzol W H . UK 583 2 9K AR
SPHWEERE R 1.5 mL BLOE PRI E 5 mins I
A 200 pL G475 - IR 10 T 20 T #HE 3 min;
4'C .12 000X g B§.L> 15 min; PR FIE5H 280
L5 mL g0 9, FINASE & S R A 5 2 iR
T#E 10 min; 4°C .12 000 X g B> 10 min; 3 |
T FCHB AT UL 8 19 RNA BI3E. A 1 mL B
T5U L EEIR A ;4 C L7 500 X g BS.0> 5 min; 7 F i,
RNA JTiE7E = il T4 10~20 min, A 30~50
pL 119 0. 14DEPC /K i T3E i » — 70 CoKFE IR AT
IR RNA A2 Ak E ] M-MLV s sg
it 52 % 5% mRNA J5 #6471 PCR R0, fir A7 R4 1 4%
SERULA T . BIYFIANT : TGFR1 JEH 59
FiEJE % 5'-CTT CAG CTC CAC AGA GAA
GAA CTG-3', Fiif ¢4 5'-CAC GAT CAT GTT
GGA CAA CTG CTC-3'; KLF15 J:H 5% b ik
%1 5'-TCC TCC AAC TTG AAC CTG TC-3', Fiif
F¢31 5'-CTT GGT GTA CAT CTT GCT GC-3'; %
actin IEH B Y WA 5-AGG TCT TTA CGG
ATG TCA ACG-3', Fi#)¥%1 5-GTC CCT GTA
TGC CTC TGG TC-3', ¥ 4& 4. 94C 5 min;
94°C30 s,iBk 30 s(TGF-81 57C ,KLF15 62°C .3
actin 58'C), 72°C FEf# 30 s, TGF-B1, KLF15, &
actin 53z 4T 35,4035 PEER; 72°C LK GEfH 7
min, HLVKSEEIMT T WL, Fluor-S BER AR R 48
(Bio-Rad) /% , & - Fi Gelpro B {43 B ib 3, 312
H&0 5 Bactin WL LU

1.5 mmast TGFRlL & af KLF15 & é ey &
#x - BOREU RN 80 me, IS A AR IR = . A
HEZHW 1 mL 2% 20 min; ¥ ML E 1.5
mL B.0ET,4C 12 000X g B0 20 min; BT
3HET 0.5 mL BLOE IR E T — 70 CLRfF. BCA
EEARIRE S S i BRI AR T 100 C
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KA 3 min, 8 FEE >R ] SDS-PAGE i
Fraf AR L K BEALINEE 20 pls 78 596 M 45 J1E v ik
I SR PR HL TR (80 V) W 78 12 %043 85 I HL Tk I 5% FH 85
HLE (120 V), 1 IR B 5 12 7% 3 43 BRI 0. 5 em
AR 5 O PA P 5L 5 ol P U R L fEL I 300 mA,
70 min, FRRF I B b AR RS A IR AT 4k
B B U R T 5 0B RR WK (TBS B i)
FEH] 2 hy TBST e In—$t (TGF-1 1+ 200,
KLF15 1 : 250, B-actin 1+ 1 000),4CHEHE 12 h;
TBST VLML 1+ 4 000 Fi AR — 5T, I F
1 h; TBST PefiEE, ECL il RIMb 2 KOOI 5 &
52 o W H R RGN R 174 7, Quantity One
PBII T A  A5 0 K BEAEL, TH R A A AR N S
18 Bractin F HL(H .

1.6 “itzar AL ot £on. RH
SPSS 11. 5 B AT g i A L, Z 4L A 48 L
BOR TR Ry 22 53 » 2H 18] W5 5 b 5k ) 1LSD A
5 KB K (o0 2y 0. 05,

2.1 REFHARA—AEL  FEEEREM, X
B T S5 T TG I 2 AR K B T i 5 44 L AR A
ERAEGIF L (P<0. 05) 5 BUAFE A RIS L
ARG = (P<0. 05) 5 A K BUMME . 1 fig PR 2
R WLEF R A SR 2 Bl N S TR 5% A S5 18 b5 5
AL LI TR (P<<0. 05) PRI 1.5 2,

®1 BAKXRERENME
Tab 1 Body mass and blood pressure of rats in each group

n=6, rts

Body mass Systolic pressure  Diastolic pressure

Group
m/g p/mmHg p/mmHg
Juvenile  93.042.23 104. 045, 34 74. 645,03
Youth 368. 615, 21 122.847.09* 81.0+£9. 46
Elderly — 568.84:5.59*~ 115,047, 65" 76. 6-6. 43

* P<C 0. 05 vs juvenile group; & P<Z 0. 05 vs youth group.
1 mmHg=0. 133 kPa

®2 J[AXRMKELERLE

Tab 2 Changes of blood biochemical indices of rats in each group

n=6, rts

Index Juvenile group Youth group Elderly group
Blood glucose ¢/ (mmol « L) 5.68+0. 30 6. 00=£0. 30 6.22+0.27*
Total serum cholesterol ¢g/(mmol « L™1) 1. 3920. 97 1.554+0. 16 3.5640.17*4
Serum triglyceride ¢g/(mmol « L) 0.50+0. 02 0.714+0.06 0.98+0.03*4
Low density lipoprotein cholesterol ¢/ (mmol « L™1) 0.48+0. 59 0.7140.11 1.21+0.05*4
High density lipoprotein cholesterol ¢g/(mmol « L™1) 0.7940.09 0.77+0.13 0.64+0.07*
Blood urea nitrogen cp/(mmol « L™1) 5.5940. 32 6.2840. 28 6.8040. 28
Creatinine cg/(pmol « L™1) 61. 00+2. 08 64.80+1.73 72.60+2. 114
Aspartate aminotransferase zp/(U « L71) 132.30+1. 64 153.00+13. 83 146.10+1. 58~
Alanine aminotransferase zp/(U « L™1) 75.8043.75 83.80+4.91 68.80+2.10*4

* P<C0. 05 vs juvenile group; £ P<C0. 05 vs youth group

2.2 REABEMBHELERVEFKE %)
TR REZ IS R R S — 2R N e F
HRETEL) B 240 i+ ) B T e Joi sk o [ e T ik o P L
LR 2 A M L B) R I T A F o (B 1A AR
2 WL TS 3% T () B 44 T 3% L 40 R RS A 4 A D )
J2 248 L R i 5 o A 8 4 ) e T B R 4 R O AT
DL 53 J 2T 248 40 Bf 1 A= F i 7 384 2E (] 1B) 5 4R

2 I 5 30 T () 1 440 i A s S 5 & L 6 43 1] B2 240 i
I8 Vo R SO R 5% [ R T T ] 4 R, IR AT LR
AT A g A A S AE B B £ (B 10,
o BT B Bl S A I A R i E
W34 L (P<<0. 05) . 8] Bz 41 Jif %k 5 328 ok 2> (P<<
0. 05) , [A] B T K& Jo 1 48 14 A 51 W 2 (P<< 0. 05),
W 3,
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Fig 1 H-E staining of rat anterior abdominal wall

A Juvenile group; B: Youth group; C: Elderly group. Original magnification: X 200

®3 BAXREBEESFUTFESIHTH
Tab 3 Semi-quantitative analysis of rat

peritoneum morphology in each group
n=6, rts

Thickness of

peritoneum

Peritoneal Vessel count

Group mesothelium

cell count (mm™2) d/pm (mm™)
Juvenile 26.643. 34 9.5+2.17 18. 7+ 6.51
Youth 14.4=£2.07* 18.647.20* 63.5414.22*
Elderly 7.54£1.58*4& 60.1£3.18*4& 92.4412.85*4

* P< 0. 05 vs juvenile group; £ P<C 0. 05 vs youth group

2.3 ZBAKXKRABEMMEBGal & WK 2 R,
B-Gal JeafHYER R AR A i I R Bl 0. B
REAF I 1 1, IR IR A 2 -Gl FH P 40 32 ¥ 4

@

Z W AR R A A S A LT N Y
FRPEZN BB U2 10, 143, 3,22. 2+2. 8,31. 0+
2. 8> IRl LA 22 S A G2 i L (P<<0.. 05)
2.4 RT-PCR #&m &8 K M & B4R TGFR1
mRNA #= KLF15 mRNA # ki TGF1 mRNA
LT HF TR EEA MR RIEEA S h B,
H D {EE E0ras AR R 0. 11£0. 02,0, 46+
0. 04.0. 8524=0. 04, [ffi 25 4= &5 184 i i 26 3 ( P<<0. 05,
Kl 3A), KLF15 mRNA 7E4J4FE4] 5 F 41 B 4F41
MR BRI IR LU 38, 1 D (B E B A R K
YK 0. 6970, 09,0, 4040, 04,0, 0240, 01, i 5 4F
4184 i 7 86 9 (P<<0. 05, 8] 3B) .

©
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Fig 2 p-Gal actosidase staining results of rat anterior abdominal wall

A Juvenile group; B: Youth group; C: Elderly group. Original magnification; X 200

1 2 3 Marker

—500 bp
TGF-f1 _
(298 bp)
/)’—_acﬁn - —500 bp
(459 bp)
A

1 2 3

Marker

500 bp
KLF15 _
(198 bp)
f-actin _ —500 bp
(459 bp)
B

3 HEKRIFRE TGF-B1 mRNA(A)FI KLF15 mRNA (B) i Ri%
Fig 3 Comparison of TGF-1 mRNA (A) and KLF15 mRNA (B) expression in rat mesentery in each group

1: Juvenile group; 2: Youth group; 3: Elderly group. TGF-81: Transforming growth factor-beta 1; KLF15: Kriippel like factor 15
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2.5 EORBIIPTFW ALK B AL
TGF-Bl #= KLF15 &g ¢ &k  TGF-B1 & [A7E4)
R HAEH CEHFAN R BUIEIRH A b5k, Hop
FERHT D EMKIK N 0. 0840. 03,0. 42+0. 36,
0. 8140. 60, [f 25 4F i 18 i i 36 38 (P << 0. 05, [&
AN, KLF15 SEETEAFA A EFE A KR
JERRLA R rh Rk 2P g 40T D EARYICH 0. 87+
0.03.,0.41£0.04.0. 120. 03, Fifi 5 4= %5 35 i 1 26
I (P<<0. 05, & 4B) ,

TGF-p1
(15 000)

KLF15
(44 000)
B-actin
(43 000)

1 2 3
(43 000) A
1 2 3
~ ———
4 FHHAKXRBHRE TGF-p1(A)F1 KLFI5(B)EHEE
Fig4 TGF-B1 (A) and KLF15 (B) protein expression
in rat mesentery in each group

1: Juvenile group; 2: Youth group; 3: Elderly group; TGF-g1:

Transforming growth factor-beta 1; KLLF15: Kriippel like factor 15

2.6 XKRAMEML TGFAl 5 KLF15 & & &40
EWHH AR TGE-pl 5 KLF15 A FKE L
TR (r=—0. 97, P<C0. 05),

RIS &

T NIREA A8 A W IRTE A= i Je A —Fh
AP 2205 T A IR A AR X R R A
FRAEHEAR KT VL A LA B o3 KO S R B
A C T3 AL AH O 1 32 B2 v B v b Jtg
SR A DG T A2 UL B B — b
VERETE 4x PR R E ROBLR] . [ N AN S IR IR 2 A
KRBT LR b T H B AT AH DG A P B AL 7 R
KESE I 2R 5 S 0N P R R AR
(stress-induced premature senescence, SIPS) , X
ot fE XA 200 0 2 A AR i i F) 44 6 0 -5 48 L 19
FLRMFE AR TE T 0] B 5 TG i 1 o T A
SER—EL AR AR DL S0 07 1 2 B9 SCRR IR I
AHIE S X P B IS 3 0% 4 2 A B8 23 1 B
FHIE

JiR R 3 [ e 40 L % ) B e o A 6 4 i 4

PO 2L 8 » R ) iz 240 25 2 AR Joie 6 4 . 404 A
i BRI T AEAL BRI R B . fEIRIR A F d fe
w1 Bz 240 T AR 7 SRR S i ] A A A
2 LA AL MR 40 AT £ 1) B 24
WARE TIX BN RE. LAk, 72 [H) Bz 40 i o fe il 7
3 — A SRR 2 1) [ T2 S A0 5% K Cepithelial-
mesenchymal transition, EMT) B EE . 55 1k B9 B £
S0t SR 410 B 47 43 00 201 4 3 5 Cexceracellular
matrix, ECM)IRETT . 7EH B AT e J ] K 2
JRL AR I AR A EMT 2 S U IR 41 2L 47 AL i
DS AL R I PR W T o B R . AR R
B K BRI O8O AR U 5 4 7 4 KR
R AR T 3 1 ] Sz 240 s i #5850 1) B2 4 ot
Ve SR TORR R [ BT 20 Jo Al 1 V52 ol 2T 4 240 A 1,
AW R 22, 5 R N I A MR R 8 i B
LR T MR R AT A AL B

Dimri 851 % 8. 7ER SN 37 9 N A (A i 2T
HEANE R+ B-Gal H (0 B 3 Bl AU 33 0 T 38 o e
FERE Al R R 8 B-Gal & O 3 # M K Y B-Gal
(senescence-associated-p-galactosidase, SA-3-Gal),
[F IR AR A B TR RGET 45 40 i S 3 B 1 S A g o SA-
B-Gal HYZIA L % BUA Bl 3% I 39 1 17 38 o A9 BE 4%
SA-B-Gal FEIEZANME P iF 7 PERRIR X — 4 R AR 3
B2 R B2 S L1 bR 25200 M o A B
L2 H TR ok )32 4 A S Y AR )~ 4
PRo AWFTTEE AR B AR I 3 R 3-Gal et [k
A 2 (P<<0. 05) JIESE T I IRAT AES I E e 2

TGF-B1 J2—F Z AR AN 7 2 5 5 2
AR EEE IR JRAE | LA AR A ECM AR
G—FIR . TGF-BL M UP R 2
M FEZTTX B AT DLl 2 M Smads KL 1%
240 e SRV S R 5 5 B AN TR 8 B 1) 220 T 2 e s
AR Gy 307, BT S A0 R A . TGEF-
BL AL F T2 TA PR B0E AT AR O R 2T 4 AL 1 36
[l - 219 T IR LT A0S sl A2 5 B Be i 4
i IR S PREAE ST RS EAR 2 PN
A R 7L RAE N 5 S EMT 84 38 i ¥ LA
TGF-1 {5 25 AL o RN F7 1 N 5 ]
B A TGE-BL 73 MAE T » 3 A0 i A L % s
TN T R TR] B A )

KLFs i & BAZ AW A7 A 1) — S8 1 2
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D] - 15 7K T Wil A 1% 1 o v 3o D, L 3 0K S B
TR, #EI KLE1S H 72 TGE-RL iy #549LH
T R TR RS R B SR 0 43 L AR
KLF15 0] B A K 1 Fi i I 2 R
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