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tissue inhibitor of matrix metalloproteinases (TIMPs; TIMP-13}

TIMP-2)9] W} SHEE SH3STh. AMgrel Hatoz Hy 2

PN

T
Collagenases®} TIMPs®] mRNA @3-S real time-PCR, thul wh3]e
Western blot, 1#] il llagenases®] A== ELISAE =H 5o,

et g A% v

1. Al 18 collagen®] whl vt HA} oo H|sle] I1E
Foll A 148 F7HEAE whE (P<0.05), AXEZ=FO] 2

st Al 38 collagene] ©¥] T&o= oujl= W37 1A

iox

2. MVP-12} MMP-8<] mRNA &S nELEGFwtolA A} XET
of msle]l Z+zk 2.10uH, 2.03v] 743 THP<0.05). 2}

G Abolel MMP-139] mRNA "ol = ol @k 2ol 7k glRdet.

of v AALS A wjgelM = nxEFwl G E=
ol mlgko] om Al HAHAY (AEE=TT vs. GG F

AR T MMP-1, 32.6%; MMP-8, 21.3%; MMP-13,

23.8%)(P<0.05). ¥y = Alolol  AlE g3



collagenase?] ©@ul @& o= F-2|sk ZFo]7} GlAT}.
59 S AE ekl W MP-1% MUP-89] 1|3l MMP-13¢]

chd

i
rr
=
kel

St

X

247} 12.6+0.3 pg/ml, 14.940.93
pg/ml & AA FLo] 36.0+4.7 pg/ml, 31.3+£7.03 pg/ml
of Hlgte] Sm A FHAE YATHP<0.05). Lt F
Abololl MMP-13¢] A= Z+7b 37.5+0.43 pg/ml, 35.6+
0.52 pg/ml= F<]gk zto] 7} AT

TIMP-13} TIMP-22] mRNA @& AHAF Emwdto] H|ste] a1
Gl ZzE 189, 1.59 S7FE At (P<0.05).

o AE wfek o) TIMP-13F TIMP-29] wha whee 31 ¥ =rfo
A gl Hlske] ZkzE 1.7, 1.6¥) S7HE AT
(P<0.05). Z2&8lv %+ Alolol AxE g3 ] TIMP-13}

TIMP-22] w9l vk of = olu]| = ZFol= G},
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oo gto] My} collagen A7 T7FE st 3] 3 %7
o] o] FukEm® M X% o HUREAS AR 9 AL
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A2 9] 71 A BT Fale ddol oste] o] FolA
A EHed, AE 9 71 A St dodsts i A AR
+ TGF-B, 28 #E3fof #Host= 4] AAEE matrix
metalloproteinases (MMPs)¢} MMPse] W% < AA]  (endogenous
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collageno] 7] wj&oll, A 43 collagen® #&fo] Told}t

oA 9lE MMP-29F MMP-9, z¥]al TIMP-13} TIMP-2¢] W3S #z

7149 FHo] 547
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Z77h wle] Ak waE % Qo] gk, Hoel: s]de #
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ol

| gax B

o

Fr3toll #od Aolek= 714 sfell A7 X3y
ol MMP-2, MMP-9, 1|3l TIMP-1°] AIXE <] 7]de] FA o] Hofgir}
T Bavh AAT. aey Hu FoAEe A9, oy TR A
3z 9 71d FollAx= Al 1383 Al 3% collagens T8 st A
ow A o, A HHA FARRE HEd £2AE Ko
= silicaol 9Jgt 3184 EHu+4d (chemical peritonitis)oll X%k A
183 Al 3% collagen®] F= HFHEJctE Bzt AT, Al 13
I Al 38 collagen?] E3lols HA7MA F2 AFE o] & MP-2¢
MP-93}+= Y& collagenases (MMP-1,MMP-8,-12]3L MMP-13)2} TIMPs
(TIMP-12} TIMP-2)7} #eldl= Aoz AdHA dfole EFsta™,

skl WA E w7 f13k Ao FolA ols9 WEE

3% collagen? 3¢t ##Ho] J+= collagenases (MMP-1, MMP-8,



183 MMP-13)9F TIMPs (TIMP-13} TIMP-2)¢] W3lE Asto =y
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I. Az R 9y

[~

1. 9t 29 A2 (human peritoneal mesothelial cell) ®j<
Ba Zy M E+ Stylianou 772 WHEES o] &3dte] EEsoiT).

;A S eEe AN SAREEH AW 5

(phosphate buffered saline, PBS)E o]&ste] FuS 33] A3
S 37Co A 0.05% trypsin—0.02% ethylenediaminetetraacetic acid
Ao 2083 Ak, o] F A JEES A|AG thE 4T

g3 5 JHES 100 FHetd A,

A

o A 1,200 rpm& 2 1087+ 94
100 U/ml penicillin, 100 #g/ml streptomycin, —LZ]3l 26 mM

NaHCO; & M-199 wiFeH o= AHelgh th3 100 mm Wi 870l &5

3ty 37C, 5% CO, =7 3ol A vfeFatgdch, wjfa o B2 2447
So|, g3 o]FolE 3Unitt wmekattt. Huk FIAEE G4

A= dn) A Ftoll 42 dHejet vimentind cytokeratin®] &4 %

desmin®t A VI o1zte] 22 woddy dAnjgow sholdto v

o|N
ol

Bk, RE AFe A 1 EE A 2 A SIAEE o] &

ato] Aldst3itt.



2. AIX A3
Euk 29 A Z7F 100 mm Bl 8 7]l subconfluent 3+ AFEfol A 11

wro A3 A9 APAATE. 2447 Bt 058 SHlorE Aol 3

3. RNA 3% Y real time-PC(RE ©]&3 mRNA 239 =4

g

o2
Fel
oy
oft
;

Rl
bl

T AXEGoR A3 5 FIAEZIEREYH F
RNAS FZ38t7] #18te] 100 mm i -&7]ell 800 u£°] RNA STAT-60
reagent (Tel-Test, Inc., Freiendswood, TX, USA)E H7}sk & A
2o 587 HASEA Y. o] F 160 ] chloroforme #H7}slar 30%
b Fas] EE50 AL F A2 3%zt B ths, 4TelA

12,000 rpmo. 2 1587 JAIE

k)
o

T ATHE AEL tubeE HF
t}. o1 7)o 400 9] isopropanol< F7}8Fal 4TCelA 12,000 rpme
2 30 dAEEE AldEdth. RNA FHHES 70% ice-cold

ethanol®= A&, SpeedVac (Savant, Farming-Dale, NY, USA)S o] &

10



sl 724171 diethyl pyrocarbonate (DEPC) S/F=2 3843}
t}. E2¥" RNA %7} =%+ spectrophotometry’d 260 nme}t 280 nm
ol =A% optical density (0.D). = o]&3}o] 3elsti).

cDNAT cDNA synthesis kit (Boehringer Mannheim GmbH, Manngeim,
Germany)E& ©]-83le] A&k, MEZRE 23 F RNA T 2
g2l RNAol 10 uM random hexanucleotide primer, 1 mM dNTP, 8 mM
MgCl,, 30 mM KCI, 50 mM Tris-HClI, pH 8.5, 0.2 mM
dithiothreithol, 25 U RNAse inhibitor, Z12]3L 40 U AMV reverse
transcriptase’} X349 20 pl TFES 30TCoA 1048, 42TCAA 1
AZE, aElar 99TelM 5B WEAIA HAE (reverse
transcription) #A S F1 3T},

Collagenases®} TIMPs©] mRNA &2 real time-PCRES ©] 83}
X151, Primers Life Technologies (Rockville, MD, USA)el
o g ste] AZFFstgior, Zhzbe]l PCR AHES 0.05 ug/mL ethidium

bromide7} &% 2% agarose gelolx] H7|gEdle] Z=Z 5 FHdA}

Real time-PCR& 25 ng RNAo| &|d3l+= cDNA 5 «£, 10 #£2] SYBR
Green PCR master mix (Applied Biosystems, Foster City, CA, USA),
183 22 5 pmol 9] sense®} antisense primer”Z} ESE 20 pl W

S =3E7 ABI PRISM 7700 Sequence Detection System (Applied
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Biosystems)& ©]-83le] Ald)alqitt. PCR 272 95Tl A 91t vt

SAIZ F, 94.5TCoA 45%, 60TCANA 45%, 2&]al 72TCelA 1+

b S A7I = AE 353 AlFET. PRS Alds & 2xE
60CoNA 95CE A3 o] melting curveE T-3IA T, ZE A F
S 7} sample®d triplicate® A]393t4 . Comparative CT WS

o)-g-ato] Zhzbe] mRNA %2 F4atlon], GAPDHO] A= X AES]
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Table 1. Sequences of primers and sizes of PCR products

Sequences (5" —3’ ) PCR size (bp)

MMP-1

Sense GGG AGA TCA TCG GGA CAA CTC 79
Antisense GGG CCT GGT TCA AAA GCA T
MMP-8

Sense GCC ATC CCT TCC AAC TGG TA 38
Ant isense AGC CCA GTA TTG GTT GCC TTT
MMP-13

Sense TGT TGC TGC GCA TGA GIT C 61
Ant isense TGC TCC AGG GTIC CTT GGA
TIMP-1

Sense CTG TGG CTC CCT GGA ACA 67
Ant isense CCA ACA GIG TAG GIC TTIG GIG AAG

TIMP-2

Sense AAG AGT TGT TGA AAG TTG ACA AGC A 63

Ant isense CGG ACC GAC CGA TTIG C

4. Western blot& ©]&3 o9 dWge] 53
vk 7)ol AEXELE sodium dodecyl sulfate (SDS) sample
buffer [2% sodium dodecyl sulfate, 10 mM Tris-HCI, pH 6.8, 10%
(vol/vol) glyceroll& o]&ste] &afA 5, lysates 4TColA
12,000 rpn&.2 10323 AAE2d v ASdS Fsin. =4
@2 Bio-Rad kit (Bio-Rad Laboratories)& ©]-83le] &

g

=

247} 50 pg® aliquotdte] B ueRlth. 50 pg] @S

Laemmli sample buffer®} =33k & 100Co|A 5&7F 71<E3 g,

13



SDS-polyacrylamide gelS ©o]&3}e] HA7|d&S A, A7]|9 %
S gel] @S semidry blotting 7]AIE ©]&3to] Hybond-ECL
membrane (Amersham Life Science, Inc., Arlington Heights, IL,
USA)ell dojrl e, Ao A 143 &<k blocking buffer A (1 X

PBS, 0.1% Tween—-20, and 8% nonfat milk)= *X|3gF 3 354 &

ogh

oF 4TCo A 1:200~1:1,0000.% 3]A3%F A 18 collagen, A 3
collagen, MVP-1, MMP-8, MMP-13, TIMP-1 X+ TIMP-2¢| tjigh
monoclonal H+= polyclonal &3]  (Calbiochem, Darmstadt,
Germany)9} WH&-AlZTh. Membraned 1 X PBS®} 0.1% Tween-20= 15

ZF 13], 58%F 23] AMAT T 1:10000.2 3]A1¥ horseradish

M
M

peroxidase-linked goat anti-mouse IgG (Santa Cruz Biotechnology,
Inc., SantaCruz, CA, USA) %+ horseradish peroxidase-Iinked
goat anti-rabbit IgG (Santa Cruz Biotechnology, Inc.)7} ¥t
buffer A9} 1A|ZF &2t HESAIHTH. HFAHOSZ membrane ECL
chemiluminescent €< (Amersham Life Science, Inc.)<S ©]-83}o]
HFAZ o™, densitometer= 0.D. 5 S7A3IATE.

MMP-1, MMP-8, —1g]il MMP-13 &t} UH-2 A

o

e ool 5= uj

OFoN S o] 83 AdAr HPEr),

o 1=

14



4. ELISA &4

wj kel ) MMP-1, MMP-8, z@]a MMP-13¢] A =+ ELISA kit
(R& systems, Inc., Minneapolis, MN, USA)E o] &3}o] =A 3}t
2vs] 71=skA, Z; kitoll A A3k standard collagenase (MMP-1,
MMP-8, = MWP-13)¢ 5 AWZ B4 & o] 553 wjIAs 7t
ZF 150 @A 96-well multiplateo] HaiL AF2ellA 3A3F &k W&
AL 3, 300 wee] AlH ghEdom 43 AAH I thg standardel &
200 10°] p-aminophenylmercuric acetate (APMA)S, —rg]ar 213 uj

A AT}, o]

olo

Fohol = diluentS H7FE = 37°CAA 247 B 1

b4

300 we AR gEHdo=zm 43 AHI TS quenched
fluorogenic substrate 200 S H7}star, 37ColA Hlo] 2tz
Z7A sfol] 18417 &<k WEEA]Z] ¥ luminescence spectrometry’y

320 nm (excitation wavelength)®} 405 nm (emission wavelength)oll

A E48 0. ¢S ool #% st

RE A¥E PG4 £ FFoxF (SEE FA L. B4 BALS
SPSS &4 1% A8 11.0 F (SPSS, Inc., Chicago, IL,
USA)& o] &3t Fastdtt. zF 7+ Hlao|= Kruskal-Wallis

o wag wes 34 o]8skglon, Kruskal-Wallis 37874



p

kel aho .

o197} = A9 Mann-Whitney U HA OS2

A

16



m. 23

1. 2¥=3o) 23 A 183 A 38 collagen 2] &g W3}

!

Al 18 collagen®] &8 W& HA} ¥ =daol] Hsle]
Tgwoll A felstAl SUkE wkHe, mxE = o3k A 3¥

collagen®] &9 WA= om9l= W37t Ut (Fig. 1).

Type I collagen —p

B-actin ——p

Figure 1. Representative Western blot of type I collagen and
type III collagen in cultured HPMC exposed to LG, LGHMN, and HG
(cell lysates).
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* p<0.05 vs. LG and LGtM

Figure 2. MMP-1, MMP-8 and MMP-13 mRNA expression assessed by
real time-PCR in cultured HPMC exposed to LG, LGtMN, and HG
(cell lysates).
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dA I TS 283l AL EE Ao AlE faf o
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W collagenases (MMP-1, MMP-8, —1@]al MMP-13) whuleo] Hlg o=
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vl Akol7k gl (Fig. 3).

MMP - 13 —

B-actin — |

Figure 3. Representative Western blot of MMP-1, MMP-8, and MMP-
13 in cultured HPMC exposed to LG, LGHMN, and HG (cell lysates).

3. AxEQoR A% HH FIAE A TIMPs mRNA 2 @9
g Wl
GAPDH nRNA®Z X 438 TIMP-13} TIMP-2 mRNA®] &S A} ¥wwd
ol wlste] uEERelx Z4zF 1.789F  1.508)  TUEE AT
(P<0.05). ool whafl WU ET3 A gt Abolo] TIMP-13%
TIMP-22] mRNA 'Z&el= F4 3k ZFol7}F I (Fig. 4).

mRNAS] L@ = ] nxEFo|th RhyFo] Hul Fu A A

4

TIMP-10]4} TIMP-2¢] whwl uk& of =



2.0 T 2.0
g : *
Sl Ly -
. S
= g .
0 0

LGHMN HG
* p<0.05 vs. LG and LGtM

Figure 4. TIMP-1 and TIMP-2 mRNA expression assessed by real
time-PCR in cultured HPMC exposed to LG, LGHMN, and HG (cell
lysates).

TIMP-1 —

TIMP-2 —

i —

Figure 5. Representative Western blot of TIMP-1 and TIMP-2 in
cultured HPMC exposed to LG, LGHMN, and HG (cell lysates).
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4, Bu} =92 g W collagenases BT A E o W3}
Bub Fu A E wfoked o MMP-1, MMP-8, @]l MMP-139] v 2

de mzugedd 44 TEgzel vistel ougsl pangl

)

(P<0.01) (Fig. 6).

Figure 6. Representative Western blot of MMP-1, MMP-8, and MMP-
13 in cultured HPMC exposed to LG, LGHMN, and HG (media).

w3, Buk FulAE wjkd ) MMP-13 MWP-89] A EE I¥EE
Garoll A A Ewwae] Hlgte] FolakA AT 23 MIP-1
o FrEE AN FEYT 36.014.7 pg/ml, LIEEY

pg/ml (P<0.01)o]lom | MMP-8& z+z} 31.3+7.03 pg/ml, 14.9+
0.93 pg/ml (P<0.04)Z ILEEFTolA MIP-13} MMP-8¢] A==

guig A #AAEUT. 2} MMP-13¢9 %= 7hzt 37.5+0.43

21



pg/ml, 35.6+0.52 pg/ml&E SFat Alolo] omglE zfo]:= glTh

(Fig. 7).

. 8.
8
. 8.
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T
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T

Active MMP-1 (pg/ml)
8
*

Active MMP-8 (pg/ml)
8

I

Q

=
(=)
T

Active MMP-13 (pg/ml)
[\~]
o

—
(=]
T

(=}

:

(=}

LG LGHN HG LG  LGHN

* p<0.05 vs. LG and LGtM

Figure 7. ELISA of MMP-1, MMP-8, and MMP-13 in cultured HPMC
exposed to LG, LGHMN, and HG (media).

5. 5 TIAX wiF W TIMPs @ o] H3}

=
]
op

s Aypet= &l vk W TIMP-13} TIMP-29] )

O YT A AN EegT HEke] zZhzF 1,789} 1.61)
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LG LG + MN HG
1 1 1

TIMP-1 — > e e all e G

v

:

Figure 8. Representative Western blot of TIMP-1 and TIMP-2 in
cultured HPMC exposed to LG, LGHMN, and HG (media).
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ABSTRACT

The effects of high glucose on collagenase and tissue
inhibitors of metalloproteinases in cultured

human peritoneal mesothelial cells

Jin-Ju Kim

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Shin-Wook Kang)

Continuous ambulatory peritoneal dialysis (CAPD) has been used
as a long-term renal replacement therapy for patients with end-
stage renal disease. However, after long-term treatment with
CAPD, peritoneal fibrosis (PF) has been observed in some
patients, resulting in membrane failure. /n vitro and i/n vivo

studies have demonstrated that denudation of mesothelial cells
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from the peritoneum and excessive deposition of extracellular
matrix (ECM) are the structural determinants of PF. ECM
accumulation results from imbalanced matrix protein metabolism
between synthesis and degradation, which has been widely
investigated in diabetic nephropathy. Previous studies have
demonstrated that ECM synthesis 1s increased in human
peritoneal mesothelial cells (HPMCs) wunder high glucose
conditions, but the effects of high glucose on degradative
pathways, which is mediated by matrix metalloproteinases (MMPs)
and tissue inhibitors of metalloproteinases (TIMPs), have not
fully explored.

The purpose of this study was to elucidate the effects of
high glucose on these proteolytic processes in cultured HMPCs.
Since the main ECMs accumulated in PF are type I and type III
collagen, I investigated collagenases (MMP-1, MMP-8, and MMP-
13) activity, expression and TIMPs (TIMP-1 and TIMP-2)
expression, which are known to be involved in the degradation
of type I and type III collagen. In addition, I determined type
I and type III collagen levels in high glucose-stimulated HPMCs.

HPMCs were isolated from a piece of human omentum and were
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incubated with M199 media containing 5.6 mM glucose (LG), 5.6
mM glucose + 34.4 mM mannitol (LGHM), or 40 mM glucose (HG).
After 72 hours, cells were harvested for messenger RNA and
protein, and media were collected. mRNA expressions was
determined by real time-PCR, protein expressions by Western
blot, and collagenase activities by ELISA. The results were as

follows;

1. Type I collagen protein expression was significantly higher
in HPMC exposed to HG compared to LG cells (average 1.4-fold,
p<0.05), whereas there was no difference in type III
collagen protein expression.

2. MMP-1 and MMP-8 mRNA expression in HG-stimulated HPMCs were
decreased by 55% and 51%, respectively, compared to LG cells
(P<0.05). However, there was no difference in MMP-13 mRNA
expression between LG and HG cells.

3. Collagenase protein expressions were significantly lower in
HG media compared to LG media (MMP-1, 32.6%; MMP-8, 21.3%;
MMP-13, 23.8% of LG) (p<0.05), but there were no differences

in collagenases protein expression in cell lysates.
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4. MMP-1 and MMP-8 activities in HG media (12.6 * 0.3 pg/ml,
14.9 + 0.93 pg/ml, respectively) were significantly lower
than those in LG media (36.0 + 4.7 pg/ml, 31.3 * 7.0 pg/ml,
respectively) (p<0.05). but there was no difference in MMP-
13 acitivity between LG and HG media.

5. TIMP-1 and TIMP-Z2 mRNA expression in HG stimulated HPMCs
were 1.8-fold and 1.5-fold higher, respectively, compared to
LG cells (P<0.05).

6. TIMP-1 and TIMP-2 protein expression in HG media were 1.7-
fold and 1.6-fold higher, respectively, compared to LG media
(p<0.05), but there were no differences in TIMP protein

expression in cell lysates.

In conclusion, these results suggest that the impairment of
matrix degradation may contribute to ECM accumulation 1in

peritoneal fibrosis.

Key Words: pertitoneal fibrosis, collagen, matrix metallopro-

teinase, tissue inhibitor of matrix metalloproteinase.
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