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The Expression of Matrix Metalloproteinases and Tissue Inhibitors of
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in Patients with Varicose Veins
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Purpose: Although varicose veins are very common in adults, the mechanism of the disease has not been
established. Degradation of the extracellular matrix is regulated by various matrix metallopreteinases (MMPs) and
their inhibitors tissue inhibitor of metallaproteinase (TIMPs). This study was performed to analyse the relationship
between venous wall degeneration and expression of these matrix proteinases.

Methods: Twelve great saphenous vein (GSV) segments from 7 patients without varicose veins (control) and 86
GSV segments from 18 patients (22 limbs) with varicose veins (Cy45EpAsPr) were used for this study. Light
microscopic examination was used in the evaluation of vein wall degeneration, immunohistochemistry and Western
blotting for the expression of MMPs (MMP-1, MMP-2, MMP-9 and MMP-13) and TIMPs (TIMP-1 and TIMP-2),
and zymography for gelatinolytic activity of MMP-2 and MMP-9 were performed.

Results: MMP-9 was more strongly expressed in the vein wall of both control and patient groups, especially in
the endothelial cells and medial muscle layers and TIMP-2 followed. The expression of MMP-9 was closely related
to the degree of venous wall degeneration. Activated MMP-2 and MMP-9 were observed in both groups and
expressed more in the proximal GSV of the patients. In the Western blotting, the expression of MMP-9 and
TIMP-1 were significantly higher than other MMPs and TIMP-2 in the patients with varicose veins.
Conclusions MMP-9 is much more expressed in the wall of degenerative veins. This matrix-degrading enzyme

may play an important role in the degeneration of venous wall followed by its remodeling. (J Korean Surg Soc
2010;79:S16-25)
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Rl YA AR T $E TS 1892814
9] spApFol A 53 86712 A =87 H (proximal 22, Hunter
22, Dodd 21, Boyd 21)3} 2702 J&-9-3]&S At
& 799 gAtellA 5 12709 WA (proximal 6,
Dodd 3, Boyd 3)& 7IAl2 AT+E Al3¥s}ad

SAGT BAEE P 108 (12814), ol% 83 (105
Ao g HFAHL 557493, N2 YA 69, o7
14o 2 FHFAd-L 66.64% ) A4 W 5};}:,@4 s
AR BT BFU CBAP BFHOE T
3l B 144 (clinical, C) #FollA C2 (Varicose vein) 12
3}A], C4 (hyperpigmentation, dermatitis) 75}4], C5 (healed ve-
nous ulceration) 33}A|$t}h. A2l H (etiology, E), 3NH-&4
(anatomy, A), ¥ el A 2] &3] (pathophysiology, P) £l A=
25 QaAoln], Aol Fbew, Aujee] o fol
O|3t Bp, A, PRE ETE AU o] 5 F SFoE dEF
e FETE FETFEsh A A4 HIkE Bl

o= 63lAA Jdck(Table 1). HZE F T3 ES

Table 1. Comparison between the clinical category and the number
of severely dilated venous valves of the patients with var-
icose veins (n=22 limbs)

No. of dilated venous valve

Category
Proximal ~ Hunter Dodd Boyd Total

CEAP*

C2 n=12) 2 5 6 5 18

C4 (n=7) 2 5 6 4 17

C5 (n=3) 0 1 2 1 4
Truncal varicosity

(—) (n=16) 4 6 9 7 26

(+) m=6) O 5 5 3 13
Total 4 11 14 11 39

*CEAP (C = clinical; E = etiological; A = anatomical; P = patho-
physiological), represented by an ad hoc committee of the
American Venous Forum, 1994.
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9] protein extraction buffer (Tris-HCL 50 mmol/L, NaCl 150
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(cystein protease inhibitor) 2 mmol/L, 0.02% NaNO;, 2%
DMSO)E ol #Asteleler. #4348 242 #ColA
12,000 rpm&. & 2057 AA g2 A 3 F=NS 3
FaAt. F25 dmAe] S5 protein assay kit (BCA
method, Pierce, USA)E ©]-&3} ELISA reader’] 2 274 &}
zymography®} Western blotting2 A] 2§38} e}

2) Zymography

3 iz MMP 2 TIMPS] Alz}el
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Tris HCL 63.0 g, NaCl 117 g, CaCl, 7.4 g, Brij 35 02% (wjv),
distilled water to 1 L)Z Zo}Fic}. 4ol A4 30&7F zymo-
gram developing bufferZ 33 Fel & FAAZ F }A] A
2 developing bufferZ Zol ¥ 37°Col|A] 24~48A]17F 5
ol wjokslgdc}. o] & 0.5% Coomassie blue R-2502. 2 30&-7¢
o A skl MMP-2, MMP-9¢l] 3l=] = 66 kD, 86 kD] W=
= ZolA AwAg 7 Folof| didE = o] 5 AHEE
Chemi imager 5500 (Alpha Innotech Co., USA)S o]-&-3}o]
Agsha A w2 v S

zymogram developing buffer (Tris Base 12.1 g,

3) HAHSRAA

Al Fn]t 35S 5% SDS sample buffer (Biosesang
Inc., Seongnam, Korea)ol] 457} 7143k & Z+zho] whwial =
S protein assay kit (BCA method)E ©]-8-3}o] ELISA read-
e/l BABHE & lelol 27he] Galubeh B
~20 1) A tislo] 10% SDS-PAGE (sodium do-
decyl sulfate polyacrylamide gel electrophoresis) vertical slab
mini-gelsol] A 2|3k oh3
L31o] 5087F 15 v ZgtollA] nitrocellulose membrane fil-

Semi-Dry transfer (bio-rad)E- ©|

Fig. 1. These photos show histological findings of the proximal segment of the great saphenous vein without axial reflux obtained from
a 49-year-old male (control) who underwent living-related liver transplantation. The intimal (black arrow) and medial muscle layers
are relatively well preserved (A) (Masson’s trichrome stain, x100). Also the internal elastic lamina (black arrow) and black-colored
elastin fibers in medial muscle layers are not disrupted (B) (Verhoff’s elastic fiber stain, x100).
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Fig. 2. These photos show histochemical findings of the proximal segment of diseased saphenous vein obtained from a 57-year-old male
with varicose vein. There are abundant intimal hyperplasia (black arrow, <) and disorganized mid and outer medial muscle layers
(black arrow, <) with increased blue-colored collagen fibers and fibrosis (A) (Masson’s trichrome stain, x100). Also the internal
elastic lamina is disrupted (black arrow) and black-colored degenerative elastin fibers in medial muscle layers are fragmented (B)
(Verhoff’s elastic fiber stain, x100). The matrix metalloproteinase-1 (MMP-1) is not expressed (C) (x100), whereas MMP-9 is
strongly expressed (brown color) through endothelial cells (single black arrow), mid-outer medial muscle layers (double black arrows)

and vasavasorum (black arrow head) (D) (x100).
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Fig. 3. Degree of degeneration in vein wall according to sites and
layers of patients with varicose veins.The changes of me-
dial layers are more prominent than intimal layers regard-
less of the sites of vein segments (P<0.05).

el WAdol IR
At o ok ] kol upE HAE 4 lA
Ak e] A BE elellA ket Fete] WA o] $E
1o (Fig. 2A, B), th&Tol| vlste] foJeiA| 2 A&
UEhH A ShAboll A Wikl For FEaSe) HA R
7} frefstAl 2 AR PAE G o vFg. 3), AF, B
%

A9 S1A, AFA Wstoll whE Aol B eI

=

22} $A2e]) Aulasiol A Ausiete] oy o
B0 A2 e A7 fapgelld WA e A%t o)

N
—r

;

B Proximal intima [ Dodd intima
Il Proximal media 8 Dodd media

3593 Hunter intima 3 Boyd intima
= Hunter media [ Boyd media
Proximal 3.0
2.5 1
Hunter
2.0 1
1.5 1
Dodd
1.0 1
Boyd 0.5

0.0 =
S LI
RN NN

Fig. 4. The degree of expression of matrix metalloproteinases
(MMPs) and tissue inhibitors of metalloproteinases
(TIMPs) according to the sites and the layers of the pa-
tients with varicose veins.The expression of MMP-9 is
much higher than other MMPs and TIMPs regardless of
the sites of vein segments (P <0.05).

MMP-9
(86 kD)

MMP-2
(66 kD)

Fig. 5. This photo shows zymogra-
phic activity of matrix met-
alloproteinase-2 (MMP-2) and
MMP-9 in control and vari-
cose veins. P = Proximal; H

P B P H

D B = Hunter; D = Dodd; B =

Control

Varicose vein Boyd.
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3) Zymography
Agtel Eall e goti 7] 918 zymography 73} MMP-2
°F MMP-92] WHE7} Sk Btz ol A] hofelA] W

P oH (Fig. 5), AAH =2 thzde] &4 =7t 3ol

Table 2. The zymographic activities of the controls and the pa-
tients

Degree of activity (mean)

MMP-2* MMP-9
Control (n=5) 16.37£9.68 18.17£14.91
Patient (n=57) 7.22+7.08 5.2645.22
Proximal (n=16) 10.18+8.99 " 7.28+5.73*
Hunter (n=13) 4.17+2.46 3.33+2.36
Dodd (n=13) 5.06£2.56 3.59+1.90
Boyd (n=15) 8.59+8.85 6.22+7.37
*MMP = matrix metalloproteinases; "The activities of proximal

site are higher than those of Hunter and Dodd sites (P<0.05).

Hsto] A ZA = ek MMP-29F MMP-99] o4 Wl
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th(Table 2). 3FApTollAl &= MMP-2 B MMP-99] Al =7}
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sLoll A MMP-19] 3ol 4] tiztell wlste] 3
z

M,o_ur, a 94 MMPs 3 TIMPsol| 4+

%E’] Z] OLO]—[;]_

A519S wl) MMP-9o] TIMP-1-S 4| £] &
TIMP-201] Hleto] frof3iA] £ T2

b ““f
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e Aoudh A. A -
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— L.
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Control
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Fig. 6. This photo shows Western blotting expression of matrix
metalloproteinase-1 (MMP-1), MMP-2, MMP-9, MMP-13,
tissue inhibitors of metalloproteinase-1 (TIMP-1), and
TIMP-2 protein in control and varicose veins. P = prox-
imal; H = Hunter; D = Dodd; B = Boyd.

Table 3. The results of Western blotting in the patients with varicose veins

Site MMP*-1 MMP-2 MMP-9 MMP-13 TIMP -1 TIMP-2
Proximal (n=13) 0.37£0.38 0.26+0.18 0.39+0.27 0.20+0.10 0.28+0.20 0.30+0.31
Hunter (n=13) 0.29+0.28 0.32+0.65 0.49+0.40 0.23+0.17 0.38+0.22 0.20+0.16
Dodd (n=12) 0.36£0.36 0.39£0.60 0.57+0.47" 0.2310.17 0.31£0.23 0.16£0.08
Boyd (n=12) 0.31£0.30 0.3310.46 0.25+0.18" 0.16£0.10 0.26£0.15 0.13£0.08
Total (n=50)§ 0.33£0.32 0.32+0.49 0.43£0.36 0.20£0.14 0.3£0.20 0.20£0.19

*MMP = matrix metalloproteinases; TTIMP = tissue inhibitor of metalloproteinase; p =0.045; *The total amounts of MMP-9 and TIMP-1

are more than those of other MMPs and TIMP-2 (P<0.05).
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