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Effect of TGF-41 Antisense Oligodeoxynucleotides on Fibrosis of Peritoneum in Peritoneal
Dialysis Animal Model and Mesothelial Cells Cultured in High Glucose Media
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Kwan Kyu Park, M.D.* Jeong-Ho Lee, M.D.’, Hyun Chul Kim, M.D.

Dong San Kidney Institute and Department of Internal Medicine,
Keimyung University School of Medicine, Daegu, Korea
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Department of Internal Medicine, Dongguk University', Kyungju, Korea

Abstract : Ultrafiltration failure is a major cause of dropout of long—term peritoneal
dialysis (PD), and often related to peritoneal fibrosis. High glucose solution in dialysate
has been implicated as a culprit of peritoneal fibrosis in long—term PD patients. We
examined the protective effect of TGF —p1 antisense on peritoneal fibrosis. Human
peritoneal mesothelial cells (HPMCs) were isolated from omentum and divided into three
groups as control, incubated with high glucose, and incubated with high glucose and
trans fected TGF —f1 antisense groups. In animal experiment, Sprague—Dawley rats were
divided into two groups as control PD group and TGF—pf1 antisense treated PD groups.
The degree of fibrosis were assayed by RT-PCR, H&E stain, immunohistochemistry
stain and Masson's Trichrome stain. The TGF —p1 expression in vitro increased 1.6
times in the group treated with high glucose solution, and was normalized by the addition
of TGF—41 antisense. In the animal model of PD, submesothelial thickening and
depositions of collagen were seen under light microscopy. The degree of peritoneal
fibrosis increased with the time on PD treatment. The addition of TGF—41 antisense into
the dialysate reduced the deposition of collagen, however, it failed to show the protective
effect against peritoneal thickening. In conclusion, the present study demonstrates that
high glucose up—-regulates TGF —p1 expression in the cultured HPMCs, which is
normalized by addition of TGF—p81 antisense. The protective effect of TGF—41 antisense
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on peritoneal fibrosis could not be demonstrated in the animal model of PD.

Key Words : Antisense oligodeoxynucleotide, Fibrosis, High—glucose, Peritoneal

dialysis, Transforming growth factor—51
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1. TGF-p1 antisense ODNs H|&}

TGF—pA1 antisense ODNs o tfsF 24 ¢ X
P2 ZA TGF-1 471412 <l thel DNAsis 22
1% (Hitach Software, CA, USA)& AF&51o] 171
9] A HZ zZlE= antisense ODNs & A5}
.21 @/1Ade gsd g 50—
TGTGTGTGATGTCTTTGGTTTTGTCATAGA
TTGCGTTGTTGCGGTC-3" (TGF —41 site;
755-800). T+ FE 9 24 7+ S Yste] 57
Bhg JIAFSIAIZ] 3 BamHI A & H7HAIA 58
mer 2] TGF—fl antisense ODNs& HFC] @ Y AL
(Seoul, Korea) 256 F-F A A 5Fo] AR5
58 mer® TGF—-p41 antisense ODNs& =g 3}
95 CollA 34 & 45 71t F d2olA AA 3]
23|3 T4 DNA 92545 #7lske] 16TCoA 16
A ZE RS AIA ABA AT A2 RIS 9151
15% denaturing polyacrylamide gelelA] A7) %
sto] 99 antisense ODNsY &48 &lst 7 4

ol AFSE oL

2. Hemagglutinating virus of Japan(HVJ)-
liposome M=

G A dE 37ColA] 109 ZF wiFst & HVI
Hko] 2] A5 polypeptone©] 8435t Fd3kar 35.5
CTolld 3d T wi<getsith 4CelA 1d T & &
kel A mpolel A TS FE8 o] 47T,
3,000 rpmelAl 107 3F Q452 5t A2 F
SFt. 283 AdSele tAl 4C, 15,000 rpmellA]

50+ 4F g4 elstel H4dES balanced salt
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solution(BSS) ol o] HVJ rlolel A& 2| siA] A}
L3519 th. HV] —liposomeS W57 3l egg
volk phosphatidylcholine(ePC),
phosphatidylethanolamine (DOPE), egg volk

dioleoly

sphingomyelin(eSph), bovine brain phosphatidy
Iserine (bPS), cholesterol(Chol) & 16.7 : 16.7 :
16.7:10: 509 B &% FH Y F2 =% 5
=0 75 HollA g stHA] FHbAA FH o
ok A Mg YAk otk ©17]el antisense
ODNs g} AF9j4l e =2 H]%“* §V\] HVJ #polei A%
A2 5 37 CollA A3 F8ll 25014 0.2 m A
B S o] &3l 7%]7ﬂ7]# ]715}?3\13}. ojgA AL &
£ 30% sucrose 0] B3l 2ad A4 £7]
of M% Holx AFF THAHA A F 41
25,000 rpmellA] 2417 ¢t AXEE § &
S gAdst TelA HVI-liposomes®] &
antisense ODNs& & 46t AHE-5H T

i
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Lok =945 3 Stylianou 5-[14]9] 7<%k

HE ol gt Zase IARTE AA"E 0
5 5% CO2, 37TNA

oA RIS, el a A

M199 niFe o & 24 A1 7k vjgst £ njekel 2] Ak
S WISt 01 T 7277 vty W FA-S ke 5=
At Aol ARGSE B2 Fo A EZ = A < 39
oy g AEZE ARSI TE B T AEZ T A
dAnjFo = %—EMEA % 2 FEjel “574'%” g

cy
EH 5 Mo Q_sl—oﬂ FURCE ;\] 3l 5} o] Okl\é HRS-S Hol o

= gl

4,858 ZO M=o XI= X TGF-41
antisense ODNs A FE =2

S Aol A TGF-41

wiEe] mEgol Bt
o WHE SR FAST] Aol 100
mM EETE F43 wAelA westel RT-PCR
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Fig. 1. Human mesothelial cell outgrowth from an explant of omentum.
Cells have adopted the polygonal appearance characteristic at

confluency (x 100).
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stk AR G A2 Lipofectamin Plus
Reagent(Invitrogen, CA, USA) S AR&-&lod A&l &}
“om TGF-A1 antisense ODNs+= 2} A 3Zr] ek
Alel 4 pgs AHEskAt 2822 TGF-41
antisense ODNs7F B2 23 A3 Y2 ka7
A=ol4l 2& glsk/] A5k TGF —41 antisense
ODNsell 32 QIXsto] b Gar Tl +
Fdu| Ao s BASAT AFre Bu 2y
S M199 WA oA HeFe 7, 100 mM 2=
A3 M199 iR oA wjFet # 100 mM £
-8k M199 HWiF]ellA TGF—B1 antisense ODNs
S AR A WSt o2 o] ddlst
RArE. 7F 2o A wjeker ek Su) A el A RNA-
Bee (TEL —~TEST, TX, USA)E A43}9] total
RNAE F&3 & 233 % A (Beckman, Peapagk
USA) 2 &gk AAE 5 Sdotglon, &3
RNA 2 pgs 8082 AHASIe] cDNAS §443)
Ak o] ¢ o7 3132 Dakhama S [15]
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DNAS

o] AFE-3F 713 B 714949 & 7R+ TGF— 61
= % 7}ke] 94 Coll A 55-
94°ColA 1%, 56Tl 40

5
primer set(Table

oF WMAAZTE 1§
&, 72°CeA 12 WA ]

72TCelA 102 &< §E-3AI A PCRE Al 35 &
1.5% agarose geldlA] D795k TGF-41<]
BHel# S LAS-3000 image analyzer (Fuyjifilm,
Tokyo, Japan) # W& 75 Skl FFsal o
o, GAPDHE] ko= W A5tk

= 2 A 253 WSt

AHEE Y EUHEA 2 AE 280~300 g AF29
7 Sprague —Dawley 3H 9 7o =3 4

st & 4.25% XX T A (Boryung, Seoul,

Table 1. Primer set of TGF- /1 mRNA

EABE KRN $23% 25k 2004

Korea) % m¢l 33] w&shoivh Ho =a A2
s _JHE_ zgu}ﬁ A7 & AXNE7| st q

-
ol

3l L%? =3 ES’JE}

o=
==
Parmer, IL, USA) & 57 U= A4 7, U5 A
ﬁ% 7”3 ‘ﬂ}? HEe] &7 14

Johe s o) Eake AR £7 2
A WA Sstel 156 FApis & A g
& F &7 ol Aga o, BuY

E
A o of

B (ol 8

o

)
ke

=l
=

e}

et

w

N}
i
ﬂl
3
_h

N
Rl
FO
e
2 r>“
o

J}E?&Wlo
oo
IR

o 32

6. FUEM ZSES2HEN TGF-p1 antisense

3% 2 HYEAT A YETh=2)F 357
e AgsEA i 18 % 19, 8,

=

' 5

1594 TGF—41 antisense ODNs 50 pg< %r—'.L—Er
2]
2]

EEL)
6—_].:_

\,
Jo
2
e
L]
ik
=

B B MstE Aving] 9
REECIEEE DR

&
o
.
L
[e3

Sequence

Product size (bp)

Sense : 57 -GCCCTGGACACCAACTATTGC-3’

Antisense

335

: 57 -GCTGCACTTGCAGGAGCGCAC-3’
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S5 #A5E7] 915ke] Masson's trichrome §4&
A &EGTE T I TGF-p19 T 452 #Zd

7] Fato] SEEY FAE ARt A ez )
A= 3 TGF -1 A
37 CAl 3087 HbgA 713, 22 A=
biotinylated anti—mouse [gG(LSAB kit, DAKO,
USA)® 37Cel A 15& 3 RE3 A o,
Streptoavidin peroxidase (LSAB kit, DAKO,
USA)E 37T el A 158 2 ®Eg A 7] &

DAB(3,3" —diaminobenzidine tetrahydrochloride)
BoAske] skl vh

g I,

1. 05t T o 2 X286 20t Zg|N=o|
M TGF-p1 antisense ODNs7} TGF- 31

mRNAZ| &5 0jl O|X | = &3}

AFE EEGOR ASe 5 A 2] A
TGF—41 mRNAY Fd o] = M199 YISk
Hof| Hjgket ol nlsA 1.6¥ 4% Frkskdt. 2
g3 AFle xrgor 25389 TGF-41
antisense ODNs& AP G AAIA wj st iLOﬂ
A TGF =81 mRNA & Fawo] gt 112 4
F£O 7 ﬁxﬂﬁ A AR Fig 2). Ant1sense

ODNs9] Eut Zu) A% ) 22] AR g7he] & A5z
lol| A f‘féJaL o] wagsto 2 skl (Fig. 3).

ME

OIA =atEAo of

ro

e

N
19 1
1o jo
im
o
1% o
1o
o
=

i}
&
ol

1
1)
T
Jx
>

1o m[o
Jz

18 o8
n

J

ﬂll

}x

AN

O}g ;ﬂz_—rL _z‘ﬂﬁ o) 6Z 8

Al o)A EHEk
F 2Tl As dY3 4ds

el A gl
ol A Fefo] njg-rjof g
| A55 F95 Hd 2 o]
A%t Fig. 4). TGF-ple] s+ Welzx
A tlE el A AL FE A ek

ol

—
(AN}
Y
( r_\|1_‘
i

Jo
to 48 1
oli

ol

4

ra

jus]

i L il
A
>,
=
ofj
o

H B
EIR)JL Jlm -l_>|.l4
32 ol
n KX ol
=
N
(R
S

1z

)

21 R T oo m N
N o & T ook

o

=

H TGF—-41¢] ¥alo] 85 A Huk 234
ZolA FElo] Fbstd o™, 129 A&
TGF 419 a8 Ad o vla 7ha 5}
ou 5 S Az o grekAaL 3y 1Hd =
of FAAA ATk Fig. 5). ok ef HAH-7 2
AES A#Z3] €93 Masson' s trichrome 341
A izl vBlEiA FA7)7ko] o5 ofal
z e Azfo] Frbergl on, 53] 125 Aol A+
FYoF -4 Ao ofw A o] TrFE O AU
t}(Fig. 6).
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3. FUEM ZSERHO|AM TGF-41 antisense

ODNs2| S%tM 7 et X &ut

2 T AA 357
A Uﬂ‘zr 13 TGF-p41
HEEA oo o] F2¢]35 3
9 W& Bubel Ma3) JeE HUekg vk H&ES
Aol eF 7o Hue] FAE 3 g 2o glol 7
Y= A9}, TGF—-41 antisense ODNs= ¢ 3+
‘Eoﬂjﬂ TGF*MQ H]—{j‘;]o] 71—/\3]_ 7:]‘8}:0] 9\,104 OL]_
T3t Aol g1l Masson’s trichrome$d 2ol
Aot d e J& B9 A& AerF skt

Fig. 7).
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B7IZE HEEA G AR gl = 5 &
Foi Qe /e Ao Sdo i Fu Faest
S71ore] Ao ) mRge] S A 3571 A
of it ghejedat o] ASHA k. o] u HeEe
Fug 4 IR AZY /A9 FY, A48 o
7k e WIS o wE A o] UEhdtt
[16,17]. F% A3k ¢ dQloi &= HUey
o dwbAe = AREH I 9l wAR A ]l FA e
Mgt o] NS E AL QA -6, @A A
WO HUEA e nETY wRY e ARG
BLuE pH o 5AC0R ks nlde s S
Z ojZe] K Afste zdets Ao 4EA 3l
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4 GAPDH
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Fig. 2. The effect of TGF-41 antisense oligodeoxynucleotides (ODNs) on high glucose induced TGF-51 mRNA
upregulation in human peritoneal mesothelial cells (HPMCs). After incubation of HPMCs with control (5.6 mM
glucose) or high glucose (HG, 100 mM glucose) for 36 hours, total RNA was isolated, reverse transcripted and
amplified by polymerase chain reaction (A). TGF- 8l level of each conditions was measured by LAS-3000

image analyzer (B).
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TGF-p1
AR FHE AR AR S
TGF-419 &4 slel+= MCP-1[21], PKC
protein tyrosine kinase, AP—1[23], SP—1
2 QIAEo] #ofsh= Ao m dHA Sl olE %
AEE 2A% B B AR A A e

MY A7E0] Yol Gk 53l fAA A 2l e

A
w
]

FF

A AMAA o7 EE3] 23 glom,
I g A= A8k interleukin
(IL)=10, IL—1 receptor A3A|, nuclear factor—
kappa B (NF—#B) antisense; &% F3%9] 712
£ 95k hyluronan synthase HHAS), vascular
endothelial growth factor (VEGE) ZA3HA]; 5= 4
F3+5 9457 915F9 tissue plasminogen
activator (tPA)
activator (uPA), plasminogen activator
inhibitor (PAD —1 antisense, T'GF -8 234, heat
shock protein 47 (HSP47) & AF&St A7 H
Tuo] JAuH24], E AFelA = B8 LA FH 7

stel &5t 54 W e] ofe] 7hA) Ay E 24
of #oistar, 53] TGF-41 9 Mxze7 A& A4
sto] Afgtel Zo] #ojsti- Ao ' dEA A &

-
T
AS

O

—

urokinase plasminogen
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Fig. 3. The fluorescein labeled TGF-41 antisense oligodeoxynucleotides
are transfected to human peritoneal mesothelial cells (x 100).

£

Fig. 4. The change in the thickness of peritoneum after peritoneal dialysis (PD). The
peritoneum in the abdominal wall has thin and intact mesothelial cell layer in
control (A). There is an increase in the peritoneal thickness after PD (B: PD for
6 weeks, C: PD for 8 weeks, D: PD for 12 weeks). There is a marked increase
in the submesothelial thickness in D (H&E stain, x 100).

2 o] TGF—-41 antisense Antisense ODNs+= 54 5= 574 4212 mRNA

o=
- [e]
ODNSE,‘ o] &3 FAdAANEE A=A o AR Ao e Ao M RNase HY &5
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Fig. 5. The immunohistochemical stain for the expression of TGF- 41 on peritoneum
after peritoneal dialysis (PD). The increased TGF-41 expression is observed in
the peritoneum after PD (A: control, B: PD for 6 weeks, C: PD for 8 weeks, D:

PD for 12 weeks) (x 100).

Fig. 6. The deposition of collagen on peritoneum after peritoneal dialysis (PD). The
increased deposition of collagen is observed along with the period of PD (A:
control, B: PD for 6 weeks, C: PD for 8 weeks, D: PD for 12 weeks) (Masson s

trichrome stain, x 100).
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3o, gRE Bak gl AT Ao 24 S phosphorothioation ©]4} methylphosphonation
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PD + TGF-§l antisense

Fig. 7. The effect of TGF- gl antisense oligodeoxynucleotides (ODNs) on the fibrosis of
the peritoneum in peritoneal dialysis (PD) rats. The thickening of peritoneum is
observed similarly between two groups, but the deposition of collagen is
suppressed in the group treated with TGF-g1 antisense ODNs. A, C and E:
control (PD for 3 weeks), B, D and F: PD for 3 weeks treated with TGF-gl
antisense ODNs; A and B: H&E stain, C and D: TGF- gl immunohistochemical
stain, E and F: Masson’s Trichrome stain (x 100).

S Ythia kgl §80] vifg- W Bk of 4 A7 Fell A= TGF—41 mRNAS] & =Fo| of
Y& 8k M3 o] SRS a el 23] A &8l 2 TR TS A% e, ek
B BAlgo] AuR(256.26]. olEet BFAEE F5 HFdAn A AAS 59 TGF -1 antisense
Eivd H'O’H 2 ATFolA = AESA 7 Aonkgo] v ODNs7F Hut 294 2 & Sxgrnedd 28
3, AIE YR antisense ODNs aabdd 714l & 18 4= sk, 2oy 5354 s d S Sl
o] H2 Jlo® Azl HVJ-liposome HH [27] A Ve i HE AR WE s @
< o] &3kt A 4 AWk, TGF -4l antisense ODNsS &

Ay aERs ERgel o3 57 S 7 s A e Bl 2 TGF-4A1
Alzze ] TGF-p1 Ed2 tizxdto] vla] 1.64) g H ol A o] AHAe 7] o, B a4
Z7FF AL TGF— 41 antisense ODNs5 A& 3229 FALC dizLel vl fFAg Aol7l flef 7
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