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B 2 pusg ABSTRACT s

The glomerular mesangial cells (GMC) play a central role in the synthesis and turnover of the
glomerular mesangial matrix, The breakdown of the matrix likely depends on the balance hetween
of a variety of proteinases including matrix metalloproteinases and their biological inhibitors
secreted by the GMC, and any disturbance in the balance may result in appearance of various
pathological states such as glomerulosclerosis. We therefore studicd pattern secretion of matrix
metalloproteinases (MMPs), MMP-1, MMP-2, MMP-3, MMP-9 and their biological tissuc inhibitor
of matrix metalloproteinases (TIMPs), TIMP-1 and TIMP-2 by cultured human GMC. We also
measured MMP-1/TIMP-1 complex level in the cell culture supernatants, For this purpose, the
GMC were incubated under serum-free conditions with medium (RPMI-16403 alone or in
combination with TNF-z {30 ng/ml} or phorbol myristate acetate (PMA)(S0 ng/ml) for exactly 24,
48 and 72 heours. The above parameters were assayed by established ELISA technigues. Our results
showed that the lowest and largest secretions were related to MMP-9 and MMP-2, respectively. The
resulls indicated that the MMPs and TIMPs secretion were increased by TNF-g (MMP-1, MMP-2,
TIMP-1 and TIMP-2) and PMA (MMP-Z, TIMP-1 and TIMP-2), significantly (P<0.05). These
resulls suggest that the GMC can synthesis and release various MMPs and their inhibitors (TIMPs)
that, in part, control turnover of extracellular matrix proteins.
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INTRODUCTION ditferent  glomerular  diseases  including  IgA
Glomerular mesangial cells (GWO) heve different nephropathy,  nen-led mesangioproliferative
potential roles including: structural support for glomerulosclerosis, membranoproliferative
the glomerulus and specizlly the capillary loops; elomerulosclerosis,  lupus  nephritis,  diabatic
generation  and  turnover  of extracellular nephropathy,  focal  glomerulosclerosis  and
mesangial malrix; target site for vasoactive agents variants of minimal change disease (23, The key
such as vascconstrictors and vasodilators; target features of these diseases are mesangial cell
site for inflammatory mediators, prowth faciors proliferation andor MICsAnS i matrix
and cytokines with effect on, for example, local accumulation (341 Therefore, the study of
hemodvnamics, cell proliferation  and  matrix factors that affect mesangial cells proliferation
wrnover;  site of  production  of  vasocactive and mesangial matrix turnover are imporlant to
mediators and growth modilving agents; site of understand the pathogenesis and o desion new
production o warions  prowth  factors and therapeutic approaches for glomerular diseases
cvtokines such as PDRGE, IL-1 and TG (41 The turnover of the glomerular mesangial
expression  of  chemokines  and  adhesion matrix is dependent on a balance between its
malecules; generation of plasminegen sctivator synthesis and degradation, and a change in either
and inhibitors; handling of macromolecules such of these dynamic parameters will potentially
as lipids, immune  complexes and  advanced results in o moerphological and functional changes
glyvcation endproducts (AGE) (1)1 Furthermore, within the glomerulus (3). Since secretion of
the mesangiul cells are actively invalved in glomerular  mesangial  cell-derived  matrix
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metalloproteinses (MMPs) and their biological
inhibitors (TIMPs) may play an important role in
the twnover of the slomerular extracellular
matrix under basal and pathological conditions
(6}, the study on pattern release of MMPs and
TIMPs by human glomerular mesangial cells into
cell culture would be necessary. However, since
the GMC might be secret the MMPs and/or
TIMPs al an undetectable level, the GMC were
gxposed 1o stimulator factors, THNF-a and PMA
{or increasing secretion of MMPs and TIMPs.

MATERIALS AND METHODS

Reagents.

Amphotricin B, Penicilling streptomycin, phorbol
| 2-myristate |3-acetate (PMA) and DNA (from
Calf Thymus) were purchased from  Sigma
Chemical Co, (St Luwis, MO, USA) Fetal Calf
Serum (FCS) and PBS were from Biochrom K&
(Berlin, Germany). The medium RPMI 1640 with
L-glutamine was rom BioWhitttaer (MD, USA)
and human recombinant THNT-o0 was obtained
from Boehringer Mannheim Gmbll (Mannheim,
Germany ). Hoechst 33258 were purchased from
Fluka (Deisenhofen, Germany). ELISA kits [or
measurement of the MMPs and TIMPs were
purchased from  Amersham  International  Ple
{Buckinghamshire, England).

Methods:

fvedation of plomernlar wmesangial cells: Human
Cilomerular mesangial cells were isolated from
nephroctomized  patients  with Kidney  tumar,
FHluman mesangizl  cells were obtained  from
primary glomerular explants which were isolaled
using a graded-sieve technique and were plated
from culture in REMI 16410 tissue culture medium
supplemented with 20% (V/V) FOS, 100 1U/mL
penicilling 100 pg/ml. streptomycin and 025
pe/mL amphatricin B

fdentification of glomernlar mesangial cells: The
identity of the mesangial cells was confirmed by
the Tollowing  criteria: (1) morphology: {2)
survival ina  medium  containing  Devaline
substituted for L-valine (excluding fibroblastic
cells); i3 resistance 1o
aminonucleoside (10 pg/mL) but susceptibility 1o
mitamyein C {10 pg/ml) {excluding epithelial
cells); (4) presence of receptors specific 1o
angiotensin 11 and contraction in response 1o
angiolensin 11; (3) Positive staining for smooth
muscle c-acting {(6) negative staining for factor
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VT (excluding endothelial cells) and cytokeratin
fexcluding epithelial cell),

Caltnre of glomerulay mesangial cells:

The mesangial cells were cultivated in 25-om’
Masks and incubated at 37 °C in a humidified
aimosphere of 3% CO2 and 93% air. The cells
after four to cight passages were used for this
experiment.

Experimental conditions.

After the cells reached 93% confluency, plates
wers randomly assigned to one of the following
experimental conditions: (1) RPMI 1640 medium
only, (21 the medium  containing PMA - (30
miml); (39 the medium containing T™F-a (30
el {4y the medium containing dimethyl
sulfoxide (DMS0) as solvent of PMA. Before
starting of the experiments, the confluent cullures
were washed twice with serum-free medinm and
incubated under serum-free conditions for 24
hours. Subsequently, the above chemicals were
added o the medium and the cultures were
cubated exactly for 24, 48 and 72 hours. Afler
end of incubation time, the supernatants were
collected  and  centrifuged.  The  cell-free
supernatants were transferred inte ather clean
tubes and stored at less than -80 °C until assay.
The cultures were washed with PBS; then, the
cells were harvested by trypsination, for assay of
DA content.

Measyrement of DNA-

For assay of DNA, the harvested cells were lysed
by sopication and then DNA - contents  were
measured  using Hoechst 33238 dye, at the
wavelengths of 355 nm for excitation and 460 nm
for emizston, spectroflucrometrically,

Measnrement of MMPs and TIMPs.

In this study, the levels of MMP-1, MMP-Z,
MMP-3, MMP-9, TIMP-1, TIMP-Z and MMP-
LTIMP-1 complex were assaved by established
ELISA technigues, using ELISA kits for MMPs
and  TIMPs  prepured from Amersham
International  Ple [Hl{J'l'R;‘aKTM}_ Then, the
concentrations  of  MMPs and  TIMPs  were
calculated on the basis of the DNA content (ng/ug
of DNA).

Stativiical analysis:
Results were expressed as the mean + SEM. The
P05 was considered to be significant. For
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statistical analysis ol results by Student r-Test and
Mann-Whitney  (-Test, the GrapPad software
version 2.01 (GraphPad Sollware Ine, San Diego,
CA) was used,

RESULTS
Matrix metalloproteinases (MMPs) are
responsible for the breakdown of extracellular
matrix proteins. The activity of these eneymes is
inhibited by biolegical tiszue inhibitors such as
TIMP-1 and TIMP-2 (3} However. imbalance
between MMP: and TIMPs  may  result in
development of various pathological states in
different organs such as kidnev, Therefore, we
studied the release of MMPs and TIMPs by the
clomerular mesangial cells (GMC) The cells
were exactly incubated for 24, 48 and 72 b under
serum free conditions with or without THNEF-o,
PMA or DIMES0E as solvent. Then, the conditioned
media were collected for assay of MMPs and
TP by ELISA 1echnique and the cells were
harvested by trvpsination for counting the cells
and measurement of DNAL Cur resulis show that
the GMCO secret MMP-1 at a detectable lavel,
time-dependently, and this secretion can stimulate
by TNF-z st a significant level (p=0.05), whereas
PMA can increase the release of MMP-1, but this
effect in not significant (figure 1), As shown in
figure 2, secretion of TIMP-1 is elevated by TNF-

o and PMA, significantly, Our results indicate
that the release of MMP-2 and TIMP-2 as TIMP-1
can stimulate by TWF- and PMA., but these
effects are significant emly after 24 and 48 hours
imee Dgures 3 and 4). The results show that the
ratios of MMP-UTIMP-1 and MMP-2/TIMP-2
are not affected by TNF-zx and PMA except that
the effects of TNF-oe on MMP-1/TIMP-D ratio
aller 24 h incubation {Figures 5 and &), TNF-2
can decrease this ratio significantly (P=0.035),
because the effect of TNF-oe on TIMP-1 is more
than on MMEP-1. especially after 24 h incubation.
The present results show that the GMC secrers
MME-3 (Stromlysin-1) and MMP-9 {Gelatinase
B) at detectable levels, but these levels are not
affected by TNF-o and PMA (figure 7). In this
study, we also measured the concentration of
MME-L/TIMP-T complex in the supernatants;
however, the results show that this index is not
affected by TNF-x and PMA {Figure 7). Finally,
our results indicate that the GMO secrete MMP-2
maore than the other MMPs and TIMPs, normally,
The order secretion of MMPs and TIMPs that
measurad afier 72 h incubation is as follow:
MMP-25=TIMP-1=TIMP-2=MMP-3=MMP-
[=MMP-9. {See figures | 1o 7).

T Medium anly
< 12 EE=NF
o 2 DMSO
5 I PRA

B_
o
=5
2
= B
g
=S 3
0-

Incubation Time {Hours)
Fig 1. Pattern secretion of interstitial collagenase (MMP-1) by human glomerular mesangial cells inw the culiere
(=100, The results were shown as meantSEM. For details, refer o the materials and methods section. *P=0.03: as
compared to medium group, evaluated by student ~test and Mann=-"Whitney U-test.
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Fig 2. Pull L 1 hibit l Lall teinase-1 CIMIP-1) by buman glomernlar mesangial cells

into the culture (n=100, The results were shown as meandSEM. For details, refer w the materials and methods section.
0,05, #P=001: as compared 1w mediom group, evaluated by siedent’s i-test and Mann-Whitney L-test, respectively.
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Fig 3. Patern secretion of gelatinase a (MMP-2} by human glomerular mesangial cells into the culture (n=10). The
resulls were shown as meantSEM. For details, refer to the materials and methods section. *P=0L001: as compared to
medium group, evaluated by student ~test and mann-whitney w-test, #p=<0.001, ##p<0.03: a5 compared 1o DMSO group,
evaluated by student’s f-test and Mann-Whitney U-test, respectively.
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Fig 4. Patiern secrction of tissue inhibitor matris metalloproteinase-2 (TIMP-2) by human glomerular mcs:xngiﬂ.]- cells
into the culture (r=10% The results were shown as meantSEM, For details refer o the materials and methods seetion.
EBP0001: ay compared o medium group, evaluated By student tlest and Mann-Whithey U-test. #P={L001, ##P<0.03:
as compared o DMS0F group, evaluated by stedent’™s 1-1est and Mann-Whitney U-1es1, respectively,

DISCUSSION
A common feature of most chronic {orms of
glomerulonephritis is the excessive accumulation
of  muliple  glomerular  exwracellular matrix
(ECMY proteins,  a process leading o
glomerulozclerasiz and loss of flraten function
(71 As a consequence of its central location
within the glomerulus, the intrinsic mesangial cell
plavs a key rale in both synthesis and degradation
of the ECM ({71 FHowever, the turnover of the
clomerular ECM  is dependent on a balance
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between its synthesis and degradation (3). The
brakdown of the matrix likely depends on the
synthesis and secretion of a variety of proteinases
and of these the best candidates are the matrix
metalloproteinases (MMPs) that are active in the
extracellular milicu {3). Therefore, the study on
the secretion of MMPs and their inhibitors, tissue
inhibitor matrix metalloproteinases {TIMPs), by
mesangial cells could help o understand  the
pathogeneszis of various glomerular diseases.
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Fig 5. Pattern secretion el interstitial collugenasetissue inhibiter matrix metalloproteinase- 1 {MMP-LTTIMP-1) ratia In

human glomerular mesangial cells into the culture (n=100 The results

vere shown as meair=SENL Foe details, reler o

the materials and methods scetion, P05 s compared 10 mediom groop, evaluated by student -Lest.
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Fig 6, Pattern scorction of gelatinase Adissue inhibitor matrix metalloproteinase-2 {(MMP-2Z7TIMP-21 ratio by human
al cells inte the culture {n=10} The results were shoan as meantSEM. For duetails, refer w the
materials and methods section. There were no significant dilferences between the groups, )

glomerular masar

There are three main subgroups of MMPs (8
interstitial  collagenases,  stromelysins and
selatinases. Three distinet collagenazes have been
identified  including  interstitial - collagenase
(WMP-1, neutrophi]l collagenase (MMP-8) and
collagennse-3 (MMP-13),  which  specitically
cleave the triple helix of collagens type 1, 11 and
1 (91 Stromelvsing, of which threg have been
described such as stromelyvsin-l (MMP-3) and
stromelysin-2 (MMP-107 that degrade laminin,
fbronectin, and non-fibrillar collagens {tvpes 1Y
and WV collagen) and stromelysin-3 (MMP-115 that

clewve  serpin (100 Finally, two  tvpe  of

aelatinases have been identified, a 92-K0 tvpe 1Y
collagenase (gelatinase B or MMP-S) (11)
produced mainly by neutropils and macrophage
and a 72-kD tvpe IV collagenase (gelatinase A or
MMPE-2T (12 prodoced mainly by connective
tissue and mesangial cells (6. 13). MMP-2 cleave
the type [V and W collugens and fibronectin but
MMP-G cleave the tvpe IV and W collagens only
(100, The expression of MMPs is regulated by a
wide  wvariety  of  compounds
inflammatory  eviokines such as  interleukin-|
(14), arowlh factors such as TGE-f (15) as well
as the tumor-prometing agent PMA (16) The
second  level of contral of MMPs activity iz
achieved  through  the  secrstion of  specific
biolozical inhibitors (TIMPs), of which two have
heen described (17, 18) These inhibitors (TIMP-
1and TIMP-2Y inhibit active MMPs by binding in
a l:1 molar ratio to form tight non-covalent
complexes. A more complex inleraction exists
between TIMP-2 and MMP-2 in which the natve
inhibitor binds selectively to the latent proenzyme
in a region distinet from its inhikitory binding

including

sites TIMP-1 has a similar association with MMP-
G 19) These inhibitors are alsa highly regulated
by cvlokines and growth factors. Thus, the net
amount of matrx layed down in tissue depends on
the relative concentratien of active enzyme and
natural imhibitor (5). Theretfore, in this study, we
investigated the pattern secretion of MMP-1,
MMP-2, MBMP-3, MMP-S, TIMP-1 and TIMP-2
by human  GMC  into cell  colture  and
concentration of MMP-1/TIMP-1 complex into
the supernatants, Our resulls demonstrated that
GMC can secret the above MMPs and TIMPs at
detectable levels and the release of some of them
may affect by TNFax andior PMA (Refer to
Results section . The role of MMP-1, MMP-3 and
MNP secreted by GMC 15 not exactly clear in
the glomerulus. The present results showed that
MO seeret MMP-2 at a high level. This may be
described the central role of GMC in different
glomerular discases such as [gA  nephropathy,
membranoproliferative alomerulusclerosis,
variants of minimal change disease and focal
selerosis (3. Lowvell el al. and Marti et al. have
recently demonstrated a close temporal linkage
between mesangial cell activation (augmented
proliferation and synthesis of ECM proteins} and
the enhanced secretion of the 72-kD gelatinase A
(MMP-21 i oa o maode]l of immune  complex-
mediated  glomerulonephritis - (20, 211 The
linkage between cellular activation wnd enhanced
MMP-2 expression suggested that a primary
action of this enzyme might he a direct effect
upan the cells, with subsequent induction of the
inflammatory phenotype (13). MMP-2 acts not
only as a matrix- degrading eneyme but also
divectly  stimulates growth by glomerular
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mesangial - cells  with assumption of  an pathological states (4, 233 Finallv, the more
inflammatory phenotyvpe charclerized by secretion of TIMPs can inhibit the degradation of
increased  svnthesis of prosclerotic interstitial ECM by MMPs, and then deposit the ECM
callagens {22} Our results mdicated the GMC resulting in glomervlosclerosis, Therefore, the
seeretes TIMP-1 and  TIMP-2  at detectable balance between MMPs and TIMPs has an
concentrations. These results indicate that GMO important role  in developing  of  glomerular
are capable of controlling the activity of i1z own damuges,

secreted  enzymes (MMPsy (T However, the
values of MMPs and TIMPs zecreted by GMWC
and the ratios of MMP-1TIMP-l and MWP-
ZTIMP-2 may affect by some ol agents including

TNF-cz, PMA, cyclosporing and tacrolimus and
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Fig 7. Pattern seeretion of MMP-3 and MMP-9 by human glomerular mesangizl cells and MMP-1TIME-] (M-1T-1)

complex level as ng/ug of DMA into the culture afler 72 b incubation (n=107. The results were shown as Mean & SEM.
For details, refer 1o the materials and metheds Section. There were no significant diflerences belween the groups.
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