
ORIGINAL ARTICLE

Decreases in plasma MMP-2/TIMP-2 and MMP-9/TIMP-1 ratios
in uremic patients during hemodialysis

Li-Che Lu1,2 • Chung-Wei Yang1,3 • Wen-Yeh Hsieh4 • Wan-Hsuan Chuang1 •

Yi-Chang Lin1 • Chih-Sheng Lin1

Received: 6 October 2015 / Accepted: 15 December 2015 / Published online: 28 December 2015

� Japanese Society of Nephrology 2015

Abstract

Background Matrix metalloproteinases (MMPs) and their

endogenous tissue inhibitors (TIMPs) play important roles

in the pathophysiology of renal diseases. Imbalanced

MMPs/TIMPs are implicated in the vascular alterations of

uremic patients on hemodialysis (HD). We have investi-

gated the plasma levels of MMP-2, MMP-9, TIMP-1 and

TIMP-2 in uremic patients and the effects of a course of

HD on the changes in these factors.

Methods There were 382 uremic patients on regular HD

treatment and 50 healthy controls enrolled in this study.

The plasma MMP-2 and MMP-9 levels were detected by

gelatin zymography, and TIMP-1 and TIMP-2 concentra-

tions were determined by ELISA assay.

Results Significantly higher plasma MMP-2 and MMP-9

and decreased TIMP-1 in the uremic patients were detected

compared with those in the controls. Therefore, there were

markedly higher MMP-2/TIMP-2 and MMP-9/TIMP-1

ratios in the uremic patients. In the course of a single HD

session, the plasma MMP-2 level was significantly

decreased from pre-HD to post-HD. TIMP-1 concentration

was significantly increased from pre-HD to post-HD.

Although the HD session did not have a significant effect

on the levels of plasma MMP-9 and TIMP-2, both plasma

MMP-2/TIMP-2 and MMP-9/TIMP-1 ratios were signifi-

cantly decreased from pre-HD to post-HD levels.

Conclusion HD session could decrease MMP-2 and

increase TIMP-1 level in the circulation of uremic patients.

The physiological significance of reduced MMPs/TIMPs

ratio due to a single HD session is required to further

validate.

Keywords Hemodialysis � Matrix metalloproteinase �
Tissue inhibitor of matrix metalloproteinase � Uremic

patient

Introduction

Matrix metalloproteinases (MMPs) are a family of zinc-

dependent endoproteinases that cleave many components

of extracellular matrix (ECM) and play key roles in the

physiologic processes of embryonic development, mor-

phogenesis and tissue remodeling [1]. MMP activities are

inhibited by interactions with their endogenous inhibitors,

i.e., tissue inhibitors of MMPs (TIMPs) [2]. The MMPs and

TIMPs regulation might be interrelated with the patho-

genesis of several diseases [3] because of the abnormal

ECM deposition that is caused by imbalanced MMPs and

TIMPs. Besides cardiovascular diseases [4, 5], there is now

clear and growing evidence indicating that abnormal MMP

activities and/or imbalanced MMPs/TIMPs have been

implicated in progressive chronic kidney disease (CKD) [6,

7]. Importantly, imbalanced MMPs/TIMPs induce a dise-

quilibrium between ECM synthesis and degradation, i.e.,
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ECM metabolism, and this pathologically and physiologi-

cally promotes vascular, glomerular and tubular alterations

related with end-stage kidney disease (ESKD) [6, 8].

Imbalanced MMPs/TIMPs in ESKD may also promote

cardiovascular disease [4, 5]. It is well documented that

increased morbidity and mortality of patients with ESKD is

highly associated with predictable cardiovascular compli-

cations, especially in ESKD patients on hemodialysis (HD)

[9].

There are currently at least 28 MMPs identified. Among

known MMPs, gelatinases (MMP-2, 72 kDa; MMP-9,

92 kDa) are the most studied because accumulated data

show that both enzymes play important roles in the

pathogenesis of cardiovascular diseases and CKD [4, 8].

TIMPs (21–28 kDa) are specific endogenous molecule that

bind MMPs and inhibit MMPs activity [2]. TIMP-1, -2, -3

and -4, have been identified in humans and their expression

is regulated during development and tissue remodeling

[10]. TIMPs can generally inhibit all MMPs; however, the

evidence indicates that TIMP-2 and TIMP-1 are the main

inhibitors of MMP-2 and MMP-9 activity, respectively

[11]. Therefore, the changes in serum or plasma TIMP-1,

TIMP-2, MMP-2, and MMP-9 levels associated with sev-

eral disease pathogenesis have been usually discussed.

Several studies have been performed to examine serum or

plasma MMP-2, MMP-9, TIMP-1 or TIMP-2 levels in the

ESKD patients on HD [12–21]. However, conflicting

results have been reported. These differences among

studies may be explained by the variances in genetic fac-

tors, causal diseases, clinical conditions, and so on. How-

ever, it is noticeable that a small number of patients (less

than one hundred patients for each study) were enrolled in

these studies.

In the present study, we compared plasma MMP-2,

MMP-9, TIMP-1, TIMP-2, MMP-2/TIMP-2 and MMP-9/

TIMP-1 levels in 382 uremic patients on HD with those

found in healthy volunteers. We also examined the effects

of a single HD session on these circulating biochemical

factors.

Materials and methods

Patient population and treatment

The present study included 382 uremic patients (aged

65.9 ± 13.8; range 33–96 years; average HD therapy time

was 7.6 years) who are on regular HD treatment and 50

healthy subjects (aged 63.5 ± 14.5; range 31–87 years)

(Table 1). The combinations of beta-blocker and angio-

tensin-converting enzyme inhibitor were mandatory for

hypertension control in the HD patients (i.e., uremic

patients).

The control group consisted of 50 healthy subjects that

were carefully selected for any symptoms, including out-

patient diagnosis, clinical examinations and laboratory

tests, to exclude either cardiovascular or renal disease. The

study protocol (IRB20130811R) was reviewed and

approved by the Bioethics Committee of Shin Kong Wu

Ho-Su Memorial Hospital (Taiwan) and written informed

consent was obtained from all participants.

HD procedure

The uremic patients were routinely dialyzed three times

per week for 3–4 h with a polysulfone hollow-fiber

membrane of Fresenius Medical Care 4008S (Deutschland

GmbH, Bad Homburg, Germany), bicarbonate dialysate,

and standard heparin anticoagulation. Reverse osmosis

was used for water treatment and the dialysate was reg-

ularly checked for the presence of endotoxin. Hepar-

inized, fasting venous blood was sampled just before and

at the end of the HD session (referred to as pre-HD and

post-HD, respectively). The blood samples were cen-

trifuged at 1000g for 10 min and plasma fractions were

immediately stored at –80 �C until they were used for

biochemical measurements.

Table 1 Clinical and biochemical characteristics and risk factors for

HD patients and controls

Controls HD patients

Number 50 382

Gender (M/F) 27/23 191/191

Age (years) 63.5 ± 14.5 65.9 ± 13.8

Weight (kg) 57.4 ± 13.4 61.4 ± 38.7

Total protein (g/dL) 6.88 ± 0.45 6.92 ± 0.52

Albumin (g/dL) 4.07 ± 0.33 4.04 ± 0.33

Glucose AC (mg/dL) 97 ± 26 127 ± 60***

Cholesterol (mg/dL) 168 ± 32 160 ± 38

Triglyceride (mg/dL) 138 ± 80 148 ± 96

Hct (%) 39.2 ± 3.9 31.7 ± 3.2***

MCV (fL) 91.0 ± 6.6 92.6 ± 7.0

Platelet (9103/lL) 243 ± 81 199 ± 65***

Hb (g/dL) 12.0 ± 1.4 10.4 ± 1.1***

WBC (9103/lL) 6.52 ± 2.38 7.14 ± 2.28

RBC (9106/lL) 4.34 ± 0.54 3.44 ± 0.44***

Year of HD treatment (years) – 7.59 ± 6.66

Kt/V – 1.62 ± 0.24

Data are expressed as the mean ± SD. Biochemical data are before an

HD session

Hb hemoglobin, Hct hematocrit, HD hemodialysis, MCV mean cor-

puscular volume, RBC red blood cells count, WBC white blood cells

count

*** P\ 0.001 vs. controls, unpaired Student’s t test or Mann–

Whitney’s test
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Hematological and biochemical assays

Hematological and biochemical parameters, including total

protein (TP), albumin (ALB), glucose AC, cholesterol,

triglyceride, blood urea nitrogen (BUN), uric acid, crea-

tinine, mean corpuscular volume (MCV), hematocrit (Hct),

platelet, hemoglobin (Hb), and the red blood cells count

(RBC) as well as white blood cells count (WBC), were

determined by routine procedures using an automated

analyzer (ADVIA1800; SIEMENS, Munich, Germany).

Zymography for the assay of plasma MMP-2

and MMP-9 levels

The activities of gelatinases (MMP-2 and MMP-9) in

plasma were measured by gelatin zymography as our pre-

vious report [22]. The plasma was mixed with 2 9 zy-

mography sample buffer [0.125 M Tris–HCl, pH 6.8, 20 %

(v/v) glycerol, 4 % (w/v) SDS, and 0.005 % bromophenol

blue], incubated for 10 min, and then loaded into SDS-

PAGE that was performed on 8 % acrylamide gels con-

taining 0.1 % (w/v) gelatin (Sigma–Aldrich, St. Louis,

MO, USA). After electrophoresis, the gel was washed

twice for 30 min in zymography renaturing buffer (2.5 %

Triton X-100) with gentle shake to remove SDS, then

incubated for 18 h at 37 �C in reaction buffer (50 mM

Tris–HCl, pH 7.4, 200 mM NaCl, and 5 mM CaCl2). The

gels were then stained with Coomossie blue for 30 min

prior to destain with destain buffer (50 % methanol, 10 %

acetic acid, and 40 % ddH2O). Finally, gelatinolytic

activities on the gels were presented as transparent bands

on the blue background. Gelatinolytic activities were

identified as clear zones and calculated densitometric value

of the lyses against a dark blue background on zymography

gels using ImageJ software (National Institutes of Health,

Bethesda, MD, USA), which quantified both the surface

and the intensity of the lysis bands after scanning of the

gels. The levels of MMP-2 and MMP-9 gelatinolytic

activity of certain clear zones were then normalized to the

levels in recombined human MMP-2 (#M9070; Sigma–

Aldrich, St. Louis, MO, USA) and MMP-9 (#M8945;

Sigma–Aldrich) as controls on the same zymography gel,

respectively.

Enzyme-linked immunosorbent assay (ELISA)

for TIMPs

The concentrations of TIMPs in plasma were determined

using human TIMP-1 and TIMP-2 ELISA kits (Abcam,

Cambridge, MA, USA) according to the manufacturer’s

recommendations. The samples were diluted appropriately

to fall within the standard range of the assay. Each

recombinant human TIMP-1 and TIMP-2 were used as a

standard. The diluted plasma was incubated in ELISA

plates, in which wells had been coated with anti-human

TIMP-1 and TIMP-2 primary antibodies. Following the

addition of biotinylated secondary antibodies, the plates

were washed and reacted with horseradish peroxidase

(HRP)-conjugated streptavidin. Tetramethylbenzidine

(TMB) one-step substrate was used to detect the targeted

protein and the product was measured at 450 nm using a

micro-plate reader (Thermo Scientific Multiskan EX,

Waltham, MA, USA).

Statistical analysis

Statistical analyses were performed using the SPSS statis-

tical software package (version 19.0 for Windows; SPSS,

Chicago, IL, USA). All parameters are presented as the

mean with the standard deviation (SD). Clinical features

were compared between the groups using the unpaired

Student’s t test or Mann–Whitney’s test. A value of

P\ 0.05 was considered statistically significant.

Results

General clinical characteristics of the HD patients

The clinical characteristics of study subjects, including 382

uremic patients (or named as HD patients; the patients on

hemodialysis) and 50 healthy controls are listed in Table 1.

Generally, glucose AC in the uremic patients were signif-

icantly higher than those in the controls (P\ 0.001),

whereas a lower Hct, platelet, Hb and the number of RBC

was detected in the HD patients compared with those in the

control (P\ 0.001). The levels of total protein, albumin,

cholesterol, triglyceride, MCV and the number of WBC in

both groups were insignificantly different (Table 1).

Two major uremic toxins, BUN (71.2 ± 17.4 vs.

14.2 ± 5.0 mg/dL, P\0.001) and creatinine (9.03 ± 2.11

vs. 0.87 ± 0.34 mg/dL, P\0.001), and CRP (4.92 ± 3.61

vs. 0.51 ± 0.30 mg/L, P\ 0.001), a biomarker of physio-

logical inflammation, in the uremic patients were markedly

higher than those in the healthy controls (Table 2).

Plasma MMPs and TIMPs in the HD patients

Plasma MMP-2 and MMP-9 levels in the HD patients were

significantly higher than those in the healthy controls

(567 ± 117 vs. 430 ± 81 ng/mL for MMP-2 and

329 ± 90 vs. 255 ± 23 ng/mL for MMP-9, P\ 0.001).

The plasma TIMP-1 concentration was significantly lower

in the HD patients compared with that in the healthy

controls (325 ± 90 vs. 373 ± 60 ng/mL, P\ 0.001).

There were no significant alterations in the TIMP-2
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concentration in the HD patients compared with that in the

healthy subjects (116 ± 34 vs. 123 ± 57 ng/mL,

P = 0.172) (Table 2). Increasing plasma MMP-2 and

MMP-9 levels as well as decreasing TIMP-1 concentration

resulted in significantly increasing MMP-2/TIMP-2 and

MMP-9/TIMP-1 ratios in the HD patients compared with

both in the healthy controls (5.39 ± 2.19 vs. 4.02 ± 2.43

for MMP-2/TIMP-2 and 1.11 ± 0.47 vs. 0.77 ± 0.19 for

MMP-9/TIMP-1, P\ 0.001) (Table 2).

The correlations between plasma MMPs, TIMPs,

MMPs/TIMPs, and clinical and biochemical characteristics

in the HD patients were shown in Table 3. The signifi-

cantly positive correlations were observed between Glu-

cose AC and plasma MMP-2, MMP-2/TIMP-2, MMP-9 as

well as MMP-9/TIMP-1 in the HD patients. Hct, MCV and

Hb were significantly correlated with MMP-9 or MMP-9/

TIMP-1, but not with MMP-2 and MMP-2/TIMP-2. All

measured clinical and biochemical characteristics in the

HD patients were not correlated with the TIMP-1 and

TIMP-2 plasma levels.

Changes during the HD session

The parameters of BUN, creatinine, CRP, MMP-1, MMP-

9, TIMP-1 and TIMP-2 in the uremic patients before (pre-

HD) and after (post-HD) a single HD session have been

determined and compared. The results show significant

reductions of BUN and creatinine in post-HD, whereas the

serum CRP level in the uremic patients was similar

between pre-HD and post-HD (Table 4).

The plasma MMP-2 level was significantly decreased

from pre-HD 567 ± 117 ng/mL to post-HD 524 ± 89 ng/

mL (P\ 0.001). The plasma MMP-9 level was also

decreased due to HD treatment, however, the difference did

not reach significance (329 ± 90 vs. 317 ± 81,

P = 0.067). Plasma TIMP-1 concentration was signifi-

cantly increased from pre-HD 325 ± 90 ng/mL to post-HD

358 ± 102 ng/mL (P\ 0.001). However, TIMP-2 con-

centration in pre-HD (116 ± 34 ng/mL) was similar to that

in post-HD (119 ± 40 ng/mL) (Table 4).

Decreasing MMP-2 and increasing TIMP-1 result in

significantly reduced plasma MMP-2/TIMP-2 and MMP-9/

TIMP-1 ratios in the uremic patients after an HD session

comparing both ratios in the uremic patients before HD

session. The plasma MMP-2/TIMP-2 and MMP-9/TIMP-1

ratio was significantly reduced from pre-HD 5.39 ± 2.19

to post-HD: 4.98 ± 2.03 (P\ 0.01) and from pre-HD

1.11 ± 0.47 to post-HD: 0.97 ± 0.41 (P\ 0.01), respec-

tively (Table 4).

Dehydration induced by HD treatment may affect the

concentration of circulating TIMPs, therefore, TIMP-1 and

TIMP-2 plasma levels normalized by serum total protein in

the samples of pre-HD and post-HD have been calculated

and compared in Table 4. Indeed, the difference of TIMP-1

plasma level between pre-HD and post-HD was little sig-

nificance after including the factor of HD dehydration.

However, a significant difference (P\ 0.05) of plasma

TIMP-1 is still could be obtained.

Discussion

We reported increased MMP-2 levels as well as decreased

TIMP-1 concentrations in the circulation of uremic patients

compared with those in the healthy controls; therefore,

there were higher ratios of circulating MMP-2/TIMP-2 and

MMP-9/TIMP-1 in the uremic patients on HD. In the

course of an HD session, decreased MMP-2 and increased

TIMP-1 in the circulation were observed. These results

point to the reductions of circulating MMP-2/TIMP-2 and

MMP-9/TIMP-1 ratio after a single HD session.

MMP-2 and MMP-9 play important roles in the patho-

genesis of progressive CKD. A lot of studies had been

executed to examine MMP-2 and MMP-9 activities in

patients with different stages of CKD (Table 5). The results

of most of these studies showed increased MMP-2 levels in

ESKD patients compared with healthy controls [13, 16, 17,

19] and proposed that increasing MMP-2 maybe associated

with kidney damage. In this study, we revealed a statisti-

cally significant increase in the plasma MMP-2 level in

uremic patients. The result is consistent with the most

previous work. The experimental evidence showed an early

upregulation of MMP-2 expression in the areas of elastin

degradation and smooth muscle cells phenotype change in

CKD course, which is associated with increased circulating

Table 2 Plasma levels of uremic markers, MMPs/TIMPs system in

control and HD patients

Control (n = 50) HD patient (n = 382)

BUN (mg/dL) 14.2 ± 5.0 71.2 ± 17.4***

Creatinine (mg/dL) 0.86 ± 0.33 9.03 ± 2.11***

CRP (mg/L) 0.51 ± 0.30 4.92 ± 3.61***

MMP-2 (ng/mL) 430 ± 81 567 ± 117***

MMP-9 (ng/mL) 255 ± 23 329 ± 90***

TIMP-1 (ng/mL) 373 ± 60 325 ± 90***

TIMP-2 (ng/mL) 123 ± 57 116 ± 34

MMP-2/TIMP-2 4.02 ± 2.43 5.39 ± 2.19***

MMP-9/TIMP-1 0.77 ± 0.19 1.11 ± 0.47***

The normally distributed data were expressed as the mean ± SD

BUN blood urea nitrogen, CRP C-reactive protein, HD hemodialysis,

MMP-2 matrix metalloproteinase 2, MMP-9 matrix metalloproteinase

9, TIMP-1 tissue inhibitor of metalloproteinase 1, TIMP-2 tissue

inhibitor of metalloproteinase 2

* P\ 0.05, ** P\ 0.01 and *** P\ 0.001, post-HD vs. pre-HD

patients, Student’s t test
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MMP-2 level [4, 23]. These alterations clearly promote

vascular medial layer calcification and the increases in

MMP-2 level correlated positively with vascular stiffness

and phosphate concentrations in CKD patients [8]. In line

with our results showing increased MMP-2 level in uremic

patients, the elevated circulating MMP-2 levels have also

been described as an indicator of cardiovascular disease in

HD patients [13, 24].

Compared to MMP-2, very conflicting results on MMP-

9 level in progressive CKD and ESKD patients have been

reported (Table 5). Our result of increased circulating

MMP-9 level in the uremic patients was in agreement with

the results obtained by previously reports [12, 16–18];

however, contrasting results have been presented by Rysz

et al. [20] who have reported a decreased MMP-9 level in

ESKD or HD patents. Although a few papers reported

decreased or unaltered circulating MMP-9 levels in ESKD

patients [12, 20], several studies including ours have

indicated significantly elevated MMP-9 associated with

progressive CKD, ESKD or patients on HD (Table 5).

However, it is well known that when measuring circulating

MMP levels, care should be taken to avoid artificial results

caused by sample preparation and there are also remarkable

differences between plasma and serum samples [25].

Decreased TIMP-1 in the uremic patients was detected

in this study. TIMP-1 is the major member of four TIMPs

identified in humans [10]. Pleiotropic functions and clinical

implications of TIMP-1, including cancer, cardiovascular

disease and CKD, have been reported [17, 26]. Musial and

Zwolinska [27] have showed that the increase in serum

TIMP-1 concentrations in children with CKD appears only

in the late stages of renal failure and proposed that

increased TIMP-1 is an anti-fibrotic response to ECM

accumulation.

Significantly increased plasma MMP-2 and MMP-9

levels and decreased TIMP-1 concentrations in the uremic

patients were detected in our study. Therefore, there were

markedly higher MMP-2/TIMP-2 and MMP-9/TIMP-1

ratios in the HD patients. There are evidence for imbal-

anced MMPs/TIMPs ratios and increased ECM deposition

in the development of CKD [6, 7, 28]. Marson et al. [7]

wrote a detailed review evaluating the role of imbalanced

MMPs/TIMPs in the pathogenesis of cardiovascular alter-

ations found in ESKD patients and validate the

Table 3 Correlations between plasma MMPs, TIMPs, MMPs/TIMPs, and clinical and biochemical characteristics in the HD patients

MMP-2 (ng/mL) TIMP-2 (ng/mL) MMP-2/TIMP-2 MMP-9 (ng/mL) TIMP-1 (ng/mL) MMP-9/TIMP-1

Total protein (g/dL) 0.054 0.042 0.036 0.058 0.016 0.063

Albumin (g/dL) 0.098 0.035 0.063 0.080 -0.001 0.112*

Glucose AC (mg/dL) 0.514*** -0.029 0.304*** 0.230*** -0.038 0.188**

Cholesterol (mg/dL) 0.021 -0.002 -0.010 -0.045 0.028 -0.025

Triglyceride (mg/dL) 0.071 -0.010 0.062 0.018 -0.080 0.066

Hct (%) 0.079 0.053 0.034 0.112* -0.030 0.139**

MCV (fL) 0.110 0.026 0.047 0.113* 0.073 0.058

Platelet (9103/lL) 0.042 0.005 0.026 0.055 0.001 0.039

Hb (g/dL) 0.073 0.035 0.040 0.099 -0.062 0.154**

WBC (9103/lL) -0.060 -0.028 0.016 -0.003 0.048 -0.015

RBC (9106/lL) 0.057 0.077 0.016 0.060 -0.019 0.093

Hb hemoglobin, Hct hematocrit, HD hemodialysis, MCV mean corpuscular volume, MMP-2 matrix metalloproteinase 2, MMP-9 matrix

metalloproteinase 9, RBC red blood cells count, TIMP-1 tissue inhibitor of metalloproteinase 1, TIMP-2 tissue inhibitor of metalloproteinase 2,

WBC white blood cells count

Statistically significant correlation coefficients, * P\ 0.05, ** P\ 0.01 and *** P\ 0.001, were indicated

Table 4 Plasma levels of uremic markers, MMPs/TIMPs system in

patients before (pre-HD) and after (post-HD) a single HD session

Pre-HD Post-HD

BUN (mg/dL) 71.2 ± 17.4 17.4 ± 5.7***

Creatinine (mg/dL) 9.03 ± 2.11 2.91 ± 1.12***

CRP (mg/L) 4.92 ± 3.61 4.66 ± 3.49

MMP-2 (ng/mL) 567 ± 117 524 ± 89***

MMP-9 (ng/mL) 329 ± 90 317 ± 81

TIMP-1 (ng/mL) 325 ± 90 358 ± 102***

TIMP-1/total protein (ng/mg) 4.73 ± 1.38 4.95 ± 1.49*

TIMP-2 (ng/mL) 116 ± 34 119 ± 40

TIMP-2/total protein (ng/mg) 1.68 ± 0.51 1.63 ± 0.56

MMP-2/TIMP-2 5.39 ± 2.19 4.98 ± 2.03**

MMP-9/TIMP-1 1.11 ± 0.47 0.97 ± 0.41**

The normally distributed data were expressed as the mean ± SD. ***

P\ 0.001 controls vs. patients, Student’s t test

BUN blood urea nitrogen, CRP C-reactive protein, HD hemodialysis,

MMP-2 matrix metalloproteinase 2, MMP-9 matrix metalloproteinase

9, TIMP-1 tissue inhibitor of metalloproteinase 1, TIMP-2 tissue

inhibitor of metalloproteinase 2
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contributions of using MMP inhibitors in the treatment for

ESKD. So far, the change in MMPs/TIMPs balance in

ESKD specifically associated with impaired renal function

is not well understood. Further studies are necessary to

conclude a causal association between the regulation of

MMPs/TIMPs and progression of CKD. A particular

imbalance between MMP-2 and its endogenous inhibitor,

TIMP-2, has been implicated in the vascular alterations of

ESKD [8]. The vascular alterations in ESKD may be

related to imbalanced MMP-2/TIMP-2 in serum or plasma

[4, 8, 23]. These propositions were supported the findings

in our study, i.e., higher MMP-2 levels in the uremic

patients with original cause of hypertension.

In the present study, we demonstrated higher concen-

tration of blood glucose AC in the uremic patient indicated

diabetic uremia (Table 3). There were around 30 % of the

HD patients enrolled in this study with original disease

caused by diabetes mellitus (DM). Additionally, our results

indicated significantly positive correlations between glu-

cose AC and plasma MMP-2 as well as MMP-9, that also

resulted the significantly positive correlations between

glucose AC and MMP-2/TIMP-2 as well as MMP-9/TIMP-

1 ratios in the HD patients. DM is associated with an

increased risk of vascular disease [29, 30] and impaired

regulation of ECM remodeling by MMPs may contribute to

the development of vascular complications in diabetic

nephropathy (DN) [10, 31]. Several MMPs are increased in

the plasma and urine of patients with diabetes [32].

Increased levels of both MMP-2 and MMP-9 have been

demonstrated in the serum from patients with type 1 dia-

betes [33]. In a recent large scale clinical study, the data

showed that circulating MMP-2 level starts to rise early

before the onset of microalbuminuria induced by diabetes

and increased almost twofold in the patient with a

microalbuminuria duration of more than 5 years [34].

According to the results, the authors proposed MMP-2 as

potential marker of early nephropathy in type 1 diabetes.

In 2002, Chou et al. [35] first reported the MMP-2,

MMP-9, TIMP-1 and TIMP-2 in HD patients to look into

the effect of HD process on the MMPs and TIMPs changes.

In the study, the authors showed decreased circulating

MMP-2 and MMP-9, increased TIMP-2 and unaltered

TIMP-1 in the patients post an HD session; however, no

data addressing the MMPs/TIMPs ratio was reported, and

only 40 HD patients were enrolled. Rysz et al. [20] have

also simultaneously assessed the changes of plasma MMP-

2, MMP-9, TIMP-1 and TIMP-2 in patients on HD. This

study showed significantly decreased plasma MMP-2 and

TIMP-1 as well as slightly increased MMP-9 and MMP-9/

TIMP-1 after an HD session. However, there were only 18

patients on regular HD treatment enrolled in the study. In

the present study, we observed that the plasma levels of

MMP-2, MMP-9, TIMP-1 and TIMP-2 were differentially

affected by HD session in 382 uremic patients and the

results show a significant decrease in MMP-2 and increase

in TIMP-1 after a single HD session.

Several studies have analyzed the effects of an HD

session on the circulating levels of MMP-2 and MMP-9.

However, conflicting results have been reported (Table 6).

In line with our findings, most studies have shown that HD

treatment reduced or had no effect on MMP-2 and MMP-9

levels [14, 19, 35, 36]. Variable results have also been

reported for the effects of HD on TIMP-1 and TIMP-2

levels (Table 6) [17, 20, 35]. Rysz et al. [20] showed sig-

nificantly decreasing plasma TIMP-1 and no significant

change on TIMP-2 level after an HD session. Comparing

our data with this previous report, significantly decreased

MMP-2 after an HD session is consistent; however, the

Table 5 Studies to compare MMP-2, MMP-9, TIMP-1 and TIMP-2 levels in progressive CKD patients with those found in healthy controls

Sample

(serum or plasma)

Pat/Con Age MMP-2 MMP-9 TIMP-1 TIMP-2 MMP-2/TIMP-2 MMP-9/TIMP-1 References

Serum 18/15 58 ± 32 = ; ; ; : = [20]

Serum 19/30 NI (children) : : : : ; : [18]

Serum 23/18 59.8 ± 13.7 : = NA NA NI NI [19]

Plasma 30/18 53.9 ± 2.3 : : NA NA NI NI [16]

Serum 21/20 25.5 ± 10 NA = NA NA NI NI [14]

Serum 40/20 60 ± 15 : = : : NI NI [13]

Serum 16/20 58.1 ± 6.7 ; = ; ; : : [15]

Plasma 98/38 51 ± 11 : NA NA : NI NI [21]

Plasma 60/40 60.5 ± 1.9 : ; NA NA NI NI [12]

Serum 37/24 NI (children) : : : : ; : [17]

Plasma 382/50 65.9 ± 13.8 : : ; = : : This study

The data in this table was derived and expended according to previous report by Marson et al. [7]

Up arrow higher levels than healthy controls, equal symbol similar levels compared with healthy controls, down arrow lower levels than healthy

controls, NA not available, NI not indicated, Pat/Con number of CKD patients/number of healthy controls
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increases in MMP-9 and MMP-9/TIMP-1 are controversial

results [36]. These differences between our data and the

previous reports may be explained by differences in causal

diseases, age, genetic factors, type of dialysis membrane,

clinical conditions and pharmacological interventions.

Another important issue is the serum used in the study by

Rysz et al. [20] and plasma used in this study. It is not clear

why TIMP-1 (a 21-kDa molecule) concentration was

increased and the level of MMP-2 (72 kDa) was decreased

during a single HD session. The larger size of MMP-2

should have precluded its filtration, thus suggesting that a

mechanism other than ultrafiltration is certainly involved.

Interestingly, although HD activates inflammatory

responses, which promote MMPs release [19], no study has

shown increased MMP-2 levels after an HD session.

Neutrophil and monocyte activation in CKD patients

under HD have been reported [37]. It is expected that

increasing neutrophil MMP-9 could be detected in the

circulation of HD patients under HD. However, our results

do not match this expectation (Table 4). It is very com-

plications of the effects on plasma MMP-9 activity during

HD. Grzela et al. [38] have indicated that heparin treatment

could decrease plasma MMP-9 activity, but not MMP-2, in

the patients with abdominal aortic aneurysm. Additionally,

MMP-9 is also produced and secreted by several cell types,

including vascular endothelial cells. HD removing uremic

toxins can decrease MMP-9 expression of vascular

endothelial cells [39]. Overall the discussion above,

insignificant difference of plasma MMP-9 activity between

pre-HD and post-HD detected could be reasonably

explained.

It has been shown that HD treatment increased circu-

lating TIMP-1 level and the results of the current study

support this report [36]. However, the contradicting result,

i.e., decreased TIMP-1 due to HD process, also have been

reported [17, 20]. In the present study, decreased MMP-2,

increased TIMP-1 and insignificantly altered MMP-9 as

well as TIMP-2 levels in the circulation after a single HD

session were detected. A few papers have reported the

effects of the HD process on circulating MMPs/TIMPs

ratios. Rysz et al. [20] showed that MMP-2/TIMP-2 and

MMP-9/TIMP-1 were not affected by HD process and

Marson et al. [36] indicated that MMP-9 genetic variants

could modify the effects of HD on circulating MMP-9 level

and an increased MMP-9/TIMP-1 ratio detected in the

circulation after HD treatment. Our study is the first to

report significant reductions in both MMP-2/TIMP-2 and

MMP-9/TIMP-1 ratios after a HD session.

In spite of the small changes of MMPs/TIMPs come

from a single session of HD, uremic patients need to

receive HD session more than three times per week and

should live a long time on HD treatment. Therefore, we

proposed that a little reduced MMPs/TIMPs ratio during

each HD session could meet some of significantly biolog-

ical consequences for long-term HD treatment. Increased

circulating MMPs production and/or MMPs/TIMPs ratio

seem to correlate more with increased thrombotic inci-

dence and atherosclerosis observed in the patients with

CKD [4, 5]. Zafeiropoulou et al. [39] have demonstrated

that removal of circulating uremic toxins by HD treatment

could reduce the MMPs (MMP-2 and MMP-9) and

enhance TIMPs (TIMP-1 and TIMP-2) production by

vascular endothelial cells in vitro as well as their enzymatic

activity. This proposition is confirmed by Rysz et al. [20],

they indicated that route HD-related washout of uremic

toxins would partially explain the decrease of MMP-2 in

the patients. Therefore, regular HD related with the

decreases of MMPs activity and/or MMPs/TIMPs ratio

might be reduce the risk of cardiovascular incidents

observed in the patients with CKD.

Table 6 Studies to compare MMP-2, MMP-9, TIMP-1 and TIMP-2 levels between pre-HD and post-HD in the uremic patients during a single

HD session

Sample (serum or plasma) Pat Age MMP-2 MMP-9 TIMP-1 TIMP-2 MMP-2/TIMP-2 MMP-9/TIMP-1 References

Serum 18 58 ± 32 ;; , ;; , , , [20]

Serum 19 NI (children) ;; ;; ;; ;; NI NI [18]

Serum 23 59.8 ± 13.7 , , NA NA NI NI [19]

Serum 21 25.5 ± 10 NA , NA NA NI NI [14]

Plasma 40 50.5 ± 2.1 ;; ;; , :: NI NI [35]

Plasma 98 51 ± 11 ;; NA NA , NI NI [21]

Plasma 94 51 ± 10.8 NA :: :: NA NA :: [36]

Plasma 382 65.9 ± 13.8 ;; , :: , ;; ;; This study

The data in this table was derived and expended according to previous report by Marson et al. [7]

Up arrow hemodialysis increases the levels, left–right double arrow similar levels compared with healthy controls, down arrow hemodialysis

decreases the levels, NA not available, NI not indicated, Pat number of HD patients
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Conclusion

The alteration in MMPs, TIMPs and MMPs/TIMPs ratio in

HD patients might be explicitly related to impaired renal

function and the pathogenesis of renal diseases. The

decrease in plasma MMP-2, increase in plasma TIMP-1

levels and imbalanced MMPs/TIMPs ratio might play a

key role in the progress of CKD and the effects of a single

HD session. The preliminary data present herein could

form the basis of further study.
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