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1. Introduction
Long-term peritoneal dialysis (PD) leads to peritoneal injury with functional decline, such as
ultrafiltration loss. Peritoneal injury is often accompanied by histological changes, such as
peritoneal fibrosis and sclerosis. These complications involve evident diffuse fibrous
thickening and/or edema of the peritoneum, and chronic inflammation (epithelial to
mesenchymal transition of mesothelial cells as well as migration and proliferation of
polynuclear leucocytes, macrophages, and mesenchymal cells in the peritoneum). At worst,
peritoneal injury leads to encapsulating peritoneal sclerosis (EPS), a serious complication of
PD [1-6]. At early stage of EPS (preEPS stage), peritoneal effluent with signs of inflammation
is often observed [2]. At advanced stages of EPS, the small intestine adheres and is
encapsulated within a collagen rich thick peritoneum to form a cocoon-like mass. As a
result, EPS is associated with clinical symptoms, such as loss of appetite, nausea, vomiting,
and emaciation due to malnutrition, as well as symptoms of intestinal obstruction that
include abdominal pain, diarrhea, constipation, or lowered peristaltic bowel sounds. The
incidence of EPS is not high: it occurs in about 0.4%–3.3% of patients who undergo PD.
However, EPS has a high mortality rate, about half of the patients with EPS die [2-5]. The
causes of functional disorders of the peritoneum are believed to be fibrosis, sclerosis,
inflammation, angiogenesis, and vasculopathy. Peritoneal injury is probably caused by
multiple factors, such as infection with bacteria or fungi resulting in peritonitis [2, 5, 6];
antiseptics [7-11]; exogenous materials like particulates and plasticizers [7]; and continuous
exposure to nonphysiological PD solutions having high concentrations of glucose and
glucose degradation products (GDPs), low pH, and high osmolarity [2, 12, 13].
Administration of corticosteroids, tamoxifen, immunosuppressive agents, and total
parenteral nutrition are effective in the early stage of EPS development [2-4, 6]. However,
for advanced EPS, in which bowel adhesions have formed, the only effective therapeutic
method is surgical dissection of the encapsulated peritoneum; this must be performed by
skilled surgeons using specialized techniques [2-5, 7]. It is important to monitor peritoneal
injury, and develop methods for an early diagnosis of EPS. At present, major diagnostic
methods for EPS include abdominal palpation (for identification of a mass) and finding
clinical symptoms of bowel obstruction, like those found in the ileus [2]. However, these are
not objective criteria and it is not rare that no typical symptoms are found even in advanced
cases of EPS. Some physicians utilize diagnostic imaging methods for detection of EPS, such
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as X-ray, computed tomography, and ultrasonography; however, these methods are not
suitable for early diagnosis because they can detect only EPS in an advanced stage [2, 3, 6].
C-reactive protein (CRP) and interleukin-6 (IL-6) are often used as biochemical markers for
inflammation [2, 6, 14, 15]. However, since their levels also increase during infectious
peritonitis, they are inadequate to be used as definitive diagnostic markers that can
differentiate EPS from infectious peritonitis [14]. As mentioned previously, corticosteroids
and immunosuppressive agents have been employed as effective initial therapies for EPS [24, 6]; however these drugs, compromise the immune system with the risk of aggravating
symptoms when administered to patients with infectious peritonitis. Therefore, a method
can differentiate EPS from infectious peritonitis is required for the early diagnosis of EPS.
To perform PD safely, it is important to monitor peritoneal injury that may progress to EPS
and diagnose EPS at an early stage; it is then necessary to prevent peritoneal injury from
developing into severe EPS.
During tissue injury, such as sclerosis or fibrosis, tissue destruction and excessive
remodeling occur. In such events, matrix metalloproteinases (MMPs) degrade components
of the extracellular matrix (ECM) and play significant roles in regulating angiogenesis,
epithelial to mesenchymal transition, and migration of cells that promote fibroplasias or
inflammation. MMP-1, an interstitial collagenase, degrades types I, II, III, VII, and X
collagen. MMP-2, a gelatinase, degrades gelatin, type IV collagen, fibronectin, laminin,
proteoglycan, and elastin. MMP-3, a stromelysin, degrades proteoglycan, gelatin,
fibronectin, laminin, elastin, and type IV collagen. MMP-9, a gelatinase, degrades gelatin,
type IV collagen, proteoglycans, elastin, and entactin. Membrane-type MMP-1 (MT1-MMP)
contains a C-terminal transmembrane domain that anchors to the plasma membrane and
cleaves proMMP-2 to produce its active form on the cell surface. Tissue inhibitors of MMP
(TIMPs) inhibit ECM degradation by MMPs and play important roles in the
proteolytic/antiproteolytic balance. TIMP-2 inhibits the activity of MT-MMPs, but TIMP-1
does not. MMP expression is enhanced in various tissues during inflammation, fibrosis and
sclerosis. Increased serum levels of MMP-1 and MMP-3 in rheumatoid arthritis [16], MMP-1,
MMP-8, and MMP-9 in cystic fibrosis [17], MMP-9 in chronic obstructive pulmonary disease
[18], MMP-2, MMP-9, and TIMP-1 in acute coronary syndrome [19], MMP-9 and TIMP-1 in
aortic sclerosis [20], MMP-2 in liver cirrhosis [21], MMP-2 and TIMP-1 in hepatic fibrosis
[22], and MMP-2 in chronic kidney disease [23, 24] suggest a relationship between MMP
levels and pathology of tissue injury.

2. Production of MMP-2 in animal models of peritoneal injury
MMP-2 production increases in animal models of peritoneal injury induced by stimuli such
as antiseptics, exogenous materials, and GDPs.
In rodent models of peritoneal injury, the development of EPS was analyzed by injecting the
antiseptic chlorhexidine gluconate into the peritoneal cavity to induce inflammation [7-11].
In this model, MMP-2 levels in the peritoneal effluent and MMP-2 gene expression in the
peritoneum correlated with changes in thickness of the peritoneum, inflammation, D/D0
glucose levels, and net ultrafiltration. In another model, peritoneal injury was induced by
injecting talc, an exogenous material, into the peritoneal cavity. MMP-2 levels in the
peritoneal effluent and MMP-2 gene expression in the peritoneum increased with the
development of peritoneal injury [7]. GDPs are generated in PD solutions during heat
sterilization and storage, and contribute to the bioincompatibility of conventional PD
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solutions. MMP-2 levels in the peritoneal effluent increased in models of peritoneal injury
induced by methylglyoxal (MGO) or formaldehyde, both extremely toxic GDPs [12, 13]. In
models of peritoneal injury induced by chlorhexidine gluconate and MGO, abdominal
cocoons were often formed, while in models induced by talc and formaldehyde, adhesions
of the peritoneum were observed [7-9, 11, 12]. In many animal models of peritoneal injury,
MMP-2 levels in the peritoneal effluent correlated with changes in inflammation, thickness
of the peritoneum, D/D0 glucose levels, and net ultrafiltration. Thus, peritoneal injury is
caused by increased MMP-2 induced by various stimuli, such as antiseptics, exogenous
materials, and GDPs in the PD solution. Therefore, MMP-2 may play an important role in
the development of peritoneal injury leading to EPS.

3. MMPs as peritoneal injury markers in clinical diagnosis
Results of the peritoneal equilibration test (PET) performed clinically have shown that
MMP-2, -3, and TIMP-1 levels in the peritoneal effluent correlate with peritoneal injury
(Figure 1) [25, 26]. PET is the method most frequently used to estimate PD efficiency and
peritoneal injury [2, 27]. MMP-3 levels are influenced by gender and etiology of end-stage
renal disease [26] and TIMP-1 expression is known to be induced by various factors, such as
IL-1, tumor necrosis factor- , and transforming growth factor- [23]; however, MMP-2 is
usually expressed constitutively. MMP-3 and TIMP-1 may therefore be more easily affected
by various factors than MMP-2. The measured D/S ratios of MMP-3 were nearly equal to
the predicted D/S ratios when MMP-3 was transported only from the circulation [26]. This
result suggests that most MMP-3 in the peritoneal effluent may be transported from the
circulation. In contrast, the measured D/S ratios of MMP-2 and TIMP-1 were significantly
higher than those predicted [26]. In addition, the correlation coefficient between the
drainage levels of MMP-2 and TIMP-1 was higher than that between the drainage levels of
MMP-2 and MMP-3 [26]. The difference between the measured D/S ratio and the predicted
ratio may be attributable to the local production of MMP-2 and TIMP-1 in the peritoneal
tissue along with their transport from the circulation [28]. In addition, MMP-1 and TIMP-2
were not detected in the peritoneal effluent of most patients. Therefore, MMP-1 and TIMP-2
are unsuitable as markers for determining the extent of peritoneal injury. These results
suggest that MMP-2 may be a more useful marker of peritoneal injury with increased solute
transport than other MMPs or TIMPs.
IL-6, hyaluronic acid, and cancer antigen (CA) 125 are often used as markers of peritoneal
injury [2, 29]. In the study by Kaku et al., although the sample size was not sufficient for a
statistically significant relationship, the correlation coefficient between the peritoneal solute
transport rate and MMP-2 levels was higher than that for IL-6, hyaluronic acid, or CA125
[15].
MMP-2 and/or MMP-9 degrade the endothelial basal lamina and increase vascular
permeability [30]. Swann et al. have also reported that an increase in the permeability of the
blood-brain barrier is associated with an increase in MMP levels, which digests the
endothelial basal lamina that forms the barrier [31]. In PD, the microvascular wall and
probably the interstitial tissue are the main barriers for peritoneal fluid and solute transport.
MMP-2 digests type IV collagen and laminin, which are the main basement membrane
components of the microvascular wall and the mesothelial layer. Thus, injury to the
basement membrane by MMP-2 may result in fast solute transport rates. Giebel et al. have
reported that elevated MMP-2 or MMP-9 expression in the retina may facilitate an increase
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in vascular permeability by degrading occludin, the tight junction protein of endothelial or
epithelial cells [32]. Osada et al. have reported that MMP-2 was mainly observed around

(A)

(B)

Fig. 1. Relationship between the peritoneal solute transport rate and MMP-2 levels in the
peritoneal effluent.
The peritoneal solute transport rate was assessed using PET. MMP-2 levels in the peritoneal
effluent obtained from PET were analyzed by enzyme-linked immunosorbent assay. (A)
D/P creatinine ratios versus MMP-2 levels. (B) D/D0 glucose ratios versus MMP-2 levels.
the blood vessels in the peritoneal tissues from long-term PD patients [33]. In PD,
destruction of the tight junction of endothelial cells by MMP-2 may result in
hyperpermeability of the peritoneum. From these studies, it is apparent that MMP-2 may
directly increase the permeability of the peritoneum by destruction of the basement
membrane and tight junction of endothelial cells.
A multi-center clinical study and a case report revealed markedly increased MMP-2 levels in
peritoneal effluents of patients with moderate peritoneal injury with ascites [2, 25, 34]. In
addition, EPS was shown to develop in more than half the patients having MMP-2 levels of
more than 600 ng/ml, although half of the patients had been treated with steroids [26]. On
the other hand, MMP-2 levels in the effluents of patients with EPS tended to be lower than
those of patients with moderate peritoneal injury [26]. In advance-stage of EPS, the
inflammation is weak and then MMP-2 levels in the effluents may be decreased. These
findings suggest that a change in MMP-2 levels may be used as indicator of peritoneal injury
or progression to EPS.
MMP-9 is hardly detected in the peritoneal effluent of patients without infectious peritonitis.
However, in patients with infectious peritonitis, MMP-9 levels in the peritoneal effluent
increased markedly with a slight increase in MMP-2 levels [25, 35, 36]. These findings
suggest that peritoneal injury that may lead to EPS can be clearly distinguished from
infectious peritonitis by analyzing MMP-2 and MMP-9 levels in the peritoneal effluent
(Figure 2). Many biomarkers, such as IL-6 and CRP, increase during peritoneal injury and
infectious peritonitis. Therefore, MMP-2 may be a useful indicator for peritoneal injury that
can differentiate from infectious peritonitis.
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Fig. 2. Analysis of the peritoneal effluent with gelatin zymography.
Gelatinases in the peritoneal effluent were analyzed by gelatin zymography. Gelatinases
were detected as unstained proteolytic bands in gel stained with Coomassie Brilliant Blue.
Lane 1: MMP marker (Chemicon International, Inc., Temecula, CA, USA). Lane 2: Control
patient. Lane 3: Patient with mild peritoneal injury. Lane 4: Patient with moderate peritoneal
injury (preEPS). Lane 5: Patient with severe peritoneal injury (EPS). Lane 6: Patient with
bacterial peritonitis.
Minami et al. investigated the correlations between 2-microglobulin ( 2MG) and peritoneal
injury biomarkers (e.g. hyaluronic acid, IL-6, MMP-2) in the peritoneal effluent obtained
from a 7.5% icodextrin-based PD solution (ICO effluent) [37]. 2MG, hyaluronic acid, and
MMP-2 levels in the ICO effluent were significantly higher than those in the 2.27% glucosebased PD solution effluent. There was a trend toward higher IL-6 levels in the ICO effluent,
although no significant differences were seen. There were positive correlations between the
levels of various biomarkers and 2MG. Those authors proposed that subclinical injury of
the peritoneum by ICO treatment may accelerate peritoneal permeability to increase 2MG
in the effluent.
Nishina et al. have reported that MMP-2 levels decreased in the peritoneal effluent and
peritoneal function improved when conventional solutions (acidic pH and containing high
levels of GDPs) were replaced with new PD solutions (neutral pH and containing low levels
of GDPs) in high-transporter patients undergoing PD [38].
Thus MMPs are possible markers of peritoneal injury that can differentiate from infectious
peritonitis. A diagnostic method using peritoneal effluents enables easy sampling, is noninvasive, and is not painful for patients. An MMP-9 test kit has been developed to diagnose

www.intechopen.com

80

Progress in Peritoneal Dialysis

infectious peritonitis. This kit consists of an anti-MMP-9 antibody conjugated to a colloidal
dye designed to detect MMP-9 in a nitrocellulose membrane dipstick assay based on
immunochromatography [36, 39]. The diagnosis can be successfully completed within 10
min. If such a test kit were developed for MMP-2, peritoneal injury could be monitored
easily and rapidly at home.

4. Production of MMP-2 in the peritoneum
MMP-2 in the peritoneal tissue and effluent is considered to be primarily derived from
activated cells in the peritoneum.
Gene expression analysis and/or immunohistochemistry analysis revealed that MMP-2,
MT1-MMP, and TIMP-2 are produced in the peritoneal tissue [7-13, 25]. MMP-2 is produced
by peritoneal cells, such as macrophages, mesenchymal cells, endothelial cells, and
mesothelial cells (Figures 3 and 4, Table). These peritoneal cells are activated by various
stimuli, such as infectious peritonitis; exogenous materials like particulates; antiseptics;
advanced glycation products; and GDPs and also the pH of the PD solution. These activated
cells produce various cytokines, growth factors, and other mediators that induce peritoneal
injury. Macrophages may infiltrate or migrate into the peritoneum while ECM is being
degraded by MMP-2 produced by these cells [8, 12]. In cultured human mesothelial cells, the
production of MMP-2 is upregulated by transforming growth factor- and is decreased by
thrombin [40-42]. Activated mesothelial cells transform to mesenchymal cells and then the
epithelial-to-mesenchymal transition of mesothelial cells subsequently induces MMP-2
production [13, 43]. Transformed mesothelial cells may invade the peritoneum while ECM is
being digested by MMP-2 and upregulates the production of vascular endothelial growth
factor that enhances angiogenesis, nitric oxide synthesis, and vascular permeability [25, 26].

Fig. 3. MMP-2 production in the peritoneum of rat models of peritoneal injury.
MMP-2 production in the parietal peritoneum was immunohistologically analyzed using an
anti-MMP-2 antibody. (A) The histological image of the parietal peritoneum of the talctreated rats. Mesenchymal cells, macrophages, and peritoneal mesothelial cells that produce
MMP-2 are shown by shaded arrow heads, open arrow heads, and closed arrow heads,
respectively. (B) The histological image of the parietal peritoneum of the chlorhexidine
gluconate-treated rats. Macrophages and vascular endothelial cells are shown by open
arrow heads and shaded arrow heads, respectively.
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MMP-2-producing cells

target of MMP-2

histological change

macrophages
mesenchymal cells (fibroblasts)
mesothelial cells
endothelial cell

ECM
ECM
ECM, BM
ECM, BM

inflammation
fibrosis, inflammation
EMT
angiogenesis
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ECM: extracellular matrix, BM: basement membrane, EMT: epithelial-to-mesenchymal transition

Table 1. Tissue destruction by MMP-2 in the peritoneum

Fig. 4. Tissue destruction by MMP-2 in the peritoneum.
MMP-2 is assumed to destroy peritoneal tissue. Macrophages may infiltrate or migrate into
the peritoneum while ECM is being degraded by the MMP-2 produced by these cells.
Mesothelial cells may transform to mesenchymal cells (epithelial to mesenchymal transition:
EMT) and infiltrate or migrate into the peritoneum, which is being digested by MMP-2.
Activated mesenchymal cells synthesize ECM proteins that lead to peritoneal fibrosis or
migrate during the disassemble of ECM of the peritoneum by MMP-2. Angiogenesis of
capillaries may occur while ECM is being degraded by MMP-2 produced by activated
endothelial cells.
Del Peso et al. have reported that the transition of mesothelial cells to mesenchymal cells is
an early event during PD and is associated with fast peritoneal transport [44], which may
explain why drainage levels of MMP-2 reflects the peritoneal transport ratio. Activated
mesenchymal cells, such as myofibroblasts or fibroblasts, synthesize ECM proteins or
migrate during the disassemble of ECM of the peritoneum by MMP-2 or other proteinases
[8-12, 33]. Presence of excessive ECM proteins, such as collagen, leads to peritoneal fibrosis
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with peritoneal thickening and promotes the production of MMP-2 by myofibroblasts [9]. In
addition, neomicrovascularization may occur while ECM is being degraded by MMP-2
produced by activated endothelial cells in the microvasculature [10, 12, 33].
According to the results of D/S ratio analysis, most MMP-2 in the peritoneal effluent is not
transported from the circulation [26]. The measured D/S ratios of MMP-2 were higher than
those predicted when MMP-2 was transported from the circulation only by diffusion.
In summary, MMP-2 is produced by various peritoneal cells activated by a variety of
stimuli. Because MMP-2 is produced primarily in the peritoneum, its drainage levels may
indicate the condition of peritoneal injury.

5. Protection from peritoneal injury by inhibition of MMP-2
Peritoneal injury may be avoided by drugs that inhibit MMP-2 activity. Ro et al. have reported
that the MMP inhibitor ONO-4817 controlled angiogenesis, infiltration of macrophage, and
peritoneal fibrosis in rat models of peritoneal sclerosis [10], which suggests the possibility of
protection from peritoneal injury by inhibition of MMP-2 activities.
Angiotensin-converting enzyme (ACE) inhibitors have been shown to have inhibitory
effects on MMP-2 activity [45, 46]. Yamamoto et al. have proposed a mechanism for the
inhibitory specificity of ACE inhibitors against MMP-2 using three-dimensional models of
the MMP-2-ACE inhibitor complex. Furthermore, these authors showed that ACE inhibitors
directly inhibited MMP-2 activity in the peritoneal effluent from patients on PD [47]. In
experimental animal models, use of ACE inhibitors protected the animals from peritoneal
injury with fibrosis thickening and functional decline, such as increased solute transport [4850]. Sampimon et al. have reported the clinical possibility of a protective effect of ACE
inhibitors on the development of EPS although it did not achieve statistical significance [51].
Thus, randomized controlled trials are needed to determine the level of protection gained
against peritoneal injury using drugs, such as ACE inhibitors, that have an inhibitory effect
on MMP-2 activity.

6. Conclusions
MMPs play critical roles in peritoneal injury. To perform PD safely, it is important to clarify
the mechanisms by which MMPs cause peritoneal injury. MMP levels in the peritoneal
effluent may be used as markers of peritoneal injury that can differentiate early EPS from
infectious peritonitis. In addition, patients undergoing PD may be protected against
peritoneal injury by controlling MMP activities. Future studies should examine the changes
in MMP-2 levels with regard to progression of peritoneal injury to EPS and confirm the
effects of MMPs inhibitors in controlling peritoneal injury

7. References
[1] Gandhi VC, Humayun HM, Ing TS, Daugirdas JT, Geis WP, Hano JE. Sclerotic
thickening of the peritoneal membrane in maintenance peritoneal dialysis patients.
Arch Intern Med 1980; 140: 1201-1203.
[2] Kawanishi H, Moriishi M, Ide K, Dohi K. Recommendation of the surgical option for
treatment of encapsulating peritoneal sclerosis. Perit Dial Int 2008; 28 Suppl 3: S205210.

www.intechopen.com

Matrix Metalloproteinases Cause Peritoneal Injury in Peritoneal Dialysis

83

[3] Balasubramaniam G, Brown EA, Davenport A, Cairns H, Cooper B, Fan SL, Farrington
K, Gallagher H, Harnett P, Krausze S, Steddon S. The Pan-Thames EPS study:
treatment and outcomes of encapsulating peritoneal sclerosis. Nephrol Dial
Transplant 2009; 24, 3209-3215.
[4] Brown MC, Simpson K, Kerssens JJ, Mactier RA; Scottish Renal Registry. Encapsulating
peritoneal sclerosis in the new millennium: a national cohort study. Clin J Am Soc
Nephrol 2009; 4:1222-1229.
[5] Johnson DW, Cho Y, Livingston BE, Hawley CM, McDonald SP, Brown FG, Rosman JB,
Bannister KM, Wiggins KJ. Encapsulating peritoneal sclerosis: incidence,
predictors, and outcomes. Kidney Int 2010; 77: 904-912.
[6] Brown EA, Van Biesen W, Finkelstein FO, Hurst H, Johnson DW, Kawanishi H, PecoitsFilho R, Woodrow G; ISPD Working Party. Length of time on peritoneal dialysis
and encapsulating peritoneal sclerosis: position paper for ISPD. Perit Dial Int 2009;
29: 595-600.
[7] Hirahara I, Umeyama K, Urakami K, Kusano E, Masunaga Y, Asano Y. Serial analysis of
matrix metalloproteinase-2 in dialysate of rat sclerosing peritonitis models. Clin
Exp Nephrol 2001; 5:103-108.
[8] Hirahara I, Umeyama K, Shofuda K, Kusano E, Masunaga Y, Honma S, Asano Y.
Increase of matrix metalloproteinase-2 in dialysate of rat sclerosing encapsulating
peritonitis model. Nephrology 2002; 7: 161-169.
[9] Hirahara I, Ogawa Y, Kusano E, Asano Y. Activation of matrix metalloproteinase-2
causes peritoneal injury during peritoneal dialysis in rats. Nephrol Dial Transplant
2004; 19: 1732-1741.
[10] Ro Y, Hamada C, Inaba M, Io H, Kaneko K, Tomino Y. Inhibitory effects of matrix
metalloproteinase inhibitor ONO-4817 on morphological alterations in
chlorhexidine gluconate-induced peritoneal sclerosis rats. Nephrol Dial Transplant
2007; 22: 2838-2848.
[11] Kurata K, Maruyama S, Kato S, Sato W, Yamamoto J, Ozaki T, Nitta A, Nabeshima T,
Morita Y, Mizuno M, Ito Y, Yuzawa Y, Matsuo S. Tissue-type plasminogen
activator deficiency attenuates peritoneal fibrosis in mice. Am J Physiol Renal
Physiol 2009; 297: F1510-1517.
[12] Hirahara I, Kusano E, Yanagiba S, Miyata Y, Ando Y, Muto S, Asano Y. Peritoneal
injury by methylglyoxal in peritoneal dialysis. Perit Dial Int 2006; 26: 380-392.
[13] Hirahara I, Ishibashi Y, Kaname S, Kusano E, Fujita T. Methylglyoxal induces peritoneal
thickening by mesenchymal-like mesothelial cells in rats. Nephrol Dial Transplant
2009; 24: 437-447.
[14] Hind CR, Thomson SP, Winearls CG, Pepys MB. Serum C-reactive protein
concentration in the management of infection in patients treated by continuous
ambulatory peritoneal dialysis. J Clin Pathol 1985; 38: 459-463.
[15] Kaku Y, Nohara K, Tsutsumi Y, Kanemitsu S, Hara T, Yoshimura H, Hirahara I, Kusano
E. The relationship among the markers of peritoneal function such as PET, MMP-2,
IL-6 etc, in pediatric and adolescent PD patients. Jin To Touseki 2004; 57 (Suppl):
296-298.
[16] Green MJ, Gough AK, Devlin J, et al. Serum MMP-3 and MMP-1 and progression of
joint damage in early rheumatoid arthritis. Rheumatology 2003; 42: 83-88.

www.intechopen.com

84

Progress in Peritoneal Dialysis

[17] Roderfeld M, Rath T, Schulz R, Seeger W, Tschuschner A, Graf J, Roeb E. Serum matrix
metalloproteinases in adult CF patients: Relation to pulmonary exacerbation. J Cyst
Fibros 2009; 8: 338-347.
[18] Brajer B, Batura-Gabryel H, Nowicka A, Kuznar-Kaminska B, Szczepanik A.
Concentration of matrix metalloproteinase-9 in serum of patients with chronic
obstructive pulmonary disease and a degree of airway obstruction and disease
progression. J Physiol Pharmacol 2008; 59 Suppl 6: 145-152.
[19] Tziakas DN, Chalikias GK, Parissis JT, Hatzinikolaou EI, Papadopoulos ED, Tripsiannis
GA, Papadopoulou EG, Tentes IK, Karas SM, Chatseras DI. Serum profiles of
matrix metalloproteinases and their tissue inhibitor in patients with acute coronary
syndromes. The effects of short-term atorvastatin administration. Int J Cardiol 2004;
94: 269-277.
[20] Rugina M, Caras I, Jurcut R, Jurcut C, Serbanescu F, Salageanu A, Apetrei E. Systemic
inflammatory markers in patients with aortic sclerosis. Roum Arch Microbiol
Immunol 2007; 66: 10-16.
[21] Murawaki Y, Yamada S, Ikuta Y, Kawasaki H. Clinical usefulness of serum matrix
metalloproteinase-2 concentration in patients with chronic viral liver disease. J
Hepatol 1999; 30: 1090-1098.
[22] Kasahara A, Hayashi N, Mochizuki K, Oshita M, Katayama K, Kato M, Masuzawa M,
Yoshihara H, Naito M, Miyamoto T, Inoue A, Asai A, Hijioka T, Fusamoto H,
Kamada T. Circulating matrix metalloproteinase-2 and tissue inhibitor of
metalloproteinase-1 as serum markers of fibrosis in patients with chronic hepatitis
C. Relationship to interferon response. J Hepatol 1997; 26: 574-583.
[23] Jones CL. Matrix degradation in renal disease. Nephrology 1996; 2: 13-23.
[24] Nagano M, Fukami K, Yamagishi S, Ueda S, Kaida Y, Matsumoto T, Yoshimura J,
Hazama T, Takamiya Y, Kusumoto T, Gohara S, Tanaka H, Adachi H, Okuda S.
Circulating matrix metalloproteinase-2 is an independent correlate of proteinuria in
patients with chronic kidney disease. Am J Nephrol 2009; 29: 109-115.
[25] Hirahara I, Inoue M, Okuda K, Ando Y, Muto S, Kusano E. The potential of matrix
metalloproteinase-2 as a marker of peritoneal injury, increased solute transport, or
progression to encapsulating peritoneal sclerosis during peritoneal dialysis--a
multicentre study in Japan. Nephrol Dial Transplant 2007; 22: 560-567.
[26] Hirahara I, Inoue M, Umino T, Saito O, Muto S, Kusano E. Matrix metalloproteinase
levels in the drained dialysate reflect the peritoneal solute transport rate: A
multicenter study in Japan. Nephrol Dial Transplant 2011; 26: 1695-1701.
[27] Twardowski ZJ, Nolph KD, Khanna R, et al. Peritoneal equilibration test. Perit Dial Bull
1987; 7: 138-147.
[28] Zweers MM, de Waart DR, Smit W, Struijk DG, Krediet RT. Growth factors VEGF and
TGF-beta1 in peritoneal dialysis. J Lab Clin Med 1999; 134: 124-132.
[29] Coester AM, Smit W, Struijk DG, Krediet RT. Peritoneal function in clinical practice: the
importance of follow-up and its measurement in patients. Recommendations for
patient information and measurement of peritoneal function. Nephrol Dial
Transplant Plus 2009; 2: 104-110.
[30] Soccal PM, Gasche Y, Pache JC, et al. Matrix metalloproteinases correlate with alveolarcapillary permeability alteration in lung ischemia-reperfusion injury.
Transplantation 2000; 70: 998-1005.

www.intechopen.com

Matrix Metalloproteinases Cause Peritoneal Injury in Peritoneal Dialysis

85

[31] Swann K, Berger J, Sprague SM, et al. Peripheral thermal injury causes blood-brain
barrier dysfunction and matrix metalloproteinase (MMP) expression in rat. Brain
Res 2007; 1129: 26-33.
[32] Giebel SJ, Menicucci G, McGuire PG, Das A. Matrix metalloproteinases in early diabetic
retinopathy and their role in alteration of the blood-retinal barrier. Lab Invest 2005;
85: 597-607.
[33] Osada S, Hamada C, Shimaoka T, Kaneko K, Horikoshi S, Tomino Y. Alterations in
proteoglycan components and histopathology of the peritoneum in uraemic and
peritoneal dialysis (PD) patients. Nephrol Dial Transplant 2009; 24: 3504-3512.
[34] Masunaga Y, Hirahara I, Shimano Y, Kurosu M, Iimura O, Miyata Y, Amemiya M,
Homma S, Kusano E, Asano Y. A case of encapsulating peritoneal sclerosis at the
clinical early stage with high concentration of matrix metalloproteinase-2 in
peritoneal effluent. Clin Exp Nephrol 2005; 9: 85-89.
[35] Fukudome K, Fujimoto S, Sato Y, Hisanaga S, Eto T. Peritonitis increases MMP-9
activity in peritoneal effluent from CAPD patients. Nephron 2001; 87: 35-41.
[36] Ro Y, Hamada C, Io H, Hayashi K, Hirahara I, Tomino Y. Rapid, simple, and reliable
method for the diagnosis of CAPD peritonitis using the new MMP-9 test kit. J Clin
Lab Anal 2004; 18: 224-230.
[37] Minami S, Hora K, Kamijo Y, Higuchi M. Relationship between effluent levels of
beta(2)-microglobulin and peritoneal injury markers in 7.5% icodextrin-based
peritoneal dialysis solution. Ther Apher Dial 2007; 11: 296-300.
[38] Nishina M, Endoh M, Suzuki D, et al. Neutral-pH peritoneal dialysis solution improves
peritoneal function and decreases matrix metalloproteinase-2 (MMP-2) in patients
undergoing continuous ambulatory peritoneal dialysis (CAPD). Clin Exp Nephrol
2004; 8: 339-343.
[39] Ro Y, Hamada C, Io H, Hayashi K, Inoue S, Hirahara I, Tomino Y. Early diagnosis of
CAPD peritonitis using a new test kit for detection of matrix metalloproteinase
(MMP)-9. Perit Dial Int 2004; 24: 90-91.
[40] Martin J, Yung S, Robson RL, Steadman R, Davies M. Production and regulation of
matrix metalloproteinases and their inhibitors by human peritoneal mesothelial
cells. Perit Dial Int 2000; 20: 524-533.
[41] Naiki Y, Matsuo K, Matsuoka T, Maeda Y. Possible role of hepatocyte growth factor in
regeneration of human peritoneal mesothelial cells. Int J Artif Organs 2005; 28: 141149.
[42] Haslinger B, Mandl-Weber S, Sitter T. Thrombin suppresses matrix metalloproteinase 2
activity and increases tissue inhibitor of metalloproteinase 1 synthesis in cultured
human peritoneal mesothelial cells. Perit Dial Int 2000; 20: 778-783.
[43] Margetts PJ, Bonniaud P, Liu L, et al. Transient overexpression of TGF-{beta}1 induces
epithelial mesenchymal transition in the rodent peritoneum. J Am Soc Nephrol
2005; 16: 425-436.
[44] Del Peso G, Jiménez-Heffernan JA, Bajo MA, et al. Epithelial-to-mesenchymal transition
of mesothelial cells is an early event during peritoneal dialysis and is associated
with high peritoneal transport. Kidney Int 2008; 108 (Suppl): S26-33.
[45] Lods N, Ferrari P, Frey FJ, Kappeler A, Berthier C, Vogt B, Marti HP. Angiotensinconverting enzyme inhibition but not angiotensin II receptor blockade regulates

www.intechopen.com

86

[46]

[47]

[48]

[49]

[50]

[51]

Progress in Peritoneal Dialysis

matrix metalloproteinase activity in patients with glomerulonephritis. J Am Soc
Nephrol 2003; 14: 2861-2872.
Williams RN, Parsons SL, Morris TM, Rowlands BJ, Watson SA. Inhibition of matrix
metalloproteinase activity and growth of gastric adenocarcinoma cells by an
angiotensin converting enzyme inhibitor in in vitro and murine models. Eur J Surg
Oncol 2005; 31: 1042-1050.
Yamamoto D, Takai S, Hirahara I, Kusano E. Captopril directly inhibits matrix
metalloproteinase-2 activity in continuous ambulatory peritoneal dialysis therapy.
Clin Chim Acta 2010; 411: 762-764.
Imai H, Nakamoto H, Ishida Y, Yamanouchi Y, Inoue T, Okada H, Suzuki H. Reninangiotensin system plays an important role in the regulation of water transport in
the peritoneum. Adv Perit Dial 2001; 17: 20-24.
Sawada T, Ishii Y, Tojimbara T, Nakajima I, Fuchinoue S, Teraoka S. The ACE inhibitor,
quinapril, ameliorates peritoneal fibrosis in an encapsulating peritoneal sclerosis
model in mice. Pharmacol Res 2002; 46: 505-510.
Duman S, Wieczorowska-Tobis K, Styszynski A, Kwiatkowska B, Breborowicz A,
Oreopoulos DG. Intraperitoneal enalapril ameliorates morphologic changes
induced by hypertonic peritoneal dialysis solutions in rat peritoneum. Adv Perit
Dial 2004; 20: 31-36.
Sampimon DE, Kolesnyk I, Korte MR, Fieren MW, Struijk DG, Krediet RT. Use of
angiotensin ii inhibitors in patients that develop encapsulating peritoneal sclerosis.
Perit Dial Int 2010; 30: 656-659.

www.intechopen.com

Progress in Peritoneal Dialysis
Edited by Dr. Ray Krediet

ISBN 978-953-307-390-3
Hard cover, 184 pages
Publisher InTech

Published online 17, October, 2011

Published in print edition October, 2011
Progress in Peritoneal Dialysis is based on judgement of a number of abstracts, submitted by interested
people involved in various aspects of peritoneal dialysis. The book has a wide scope, ranging from in-vitro
experiments, mathematical modelling, and clinical studies. The interested reader will find state of the art
essays on various aspects of peritoneal dialysis relevant to expand their knowledge on this underused
modality of renal replacement therapy.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:
Ichiro Hirahara, Tetsu Akimoto, Yoshiyuki Morishita, Makoto Inoue, Osamu Saito, Shigeaki Muto and Eiji
Kusano (2011). Matrix Metalloproteinases Cause Peritoneal Injury in Peritoneal Dialysis, Progress in Peritoneal
Dialysis, Dr. Ray Krediet (Ed.), ISBN: 978-953-307-390-3, InTech, Available from:
http://www.intechopen.com/books/progress-in-peritoneal-dialysis/matrix-metalloproteinases-cause-peritonealinjury-in-peritoneal-dialysis

InTech Europe

University Campus STeP Ri
Slavka Krautzeka 83/A
51000 Rijeka, Croatia
Phone: +385 (51) 770 447
Fax: +385 (51) 686 166
www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai
No.65, Yan An Road (West), Shanghai, 200040, China
Phone: +86-21-62489820
Fax: +86-21-62489821

© 2011 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

