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Abstract: Objective Abnormal connective tissue proliferation in muscle following muscle fibre degeneration-
regeneration is a feature of muscular dystrophy. Tissue inhibitors of metalloproteinases ( TIMPs) are
multifunctional proteins that can modify cellular activities and modulate matrix turnover. Transforming growth
factor-B1 (TGF-81) can promote tissue fibrosis. This paper studied the role of TIMP-1 and TGF-fl in the
pathogenesis of various muscular dystrophies. Methods Plasma TIMP-1 and TGF-fl levels were measured by
ELISA in patients with various muscular dystrophies. Forty-one patients with non-muscle disorders were used as
the Control group. Results The plasma TIMP-1 level was significantly elevated in patients with Duchenne muscular
dystrophy (DMD, 122.52 + 63.87 ng/ml) ( P <0.05) and congenital muscular dystrophy (CMD, 124,87 +
63. 14 ng/mD ( P <C0.05) when compared with that of the Control group (85.71=+29. 13 ng/ml). Patients with
Becker muscular dystrophy (BMD) had no significant elevation of the TIMP-1 level compared with the Control
group. Compared with the Control group (6. 244-1. 12 ng/mD, the plasma TGF-81 level was significantly elevated
in patients with DMD (26. 2645. 79 ng/ml) ( P <C0. 01) and CMD (31. 35%+9. 77 ng/ml) ( P <(0.05), but not in
patients with BMD (3. 4641. 38 ng/ml). There was a correlation between the concentrations of TIMP-1 and TGF-
Bl (r=0.6350, P <C0.01). Conclusions The plasma TIMP-1 and TGF-A1 levels were elevated in patients with
DMD or CMD. This elevation suggests that TIMP-1 and TGF-81 are correlated with the clinical severity of
muscular dystrophy and suggests that they may play a role in the genesis of muscular dystrophy.
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Transforming growth factor-81 (TGF-81) is a
25-KD homodimeric protein secreted by platelets,
macrophages, epithelial cells, fibroblasts and man-
y other cells. TGF-B1 not only stimulates the syn-
thesis of many extracellular matrix (ECM) mole-
cules, but also decreases matrix degradation via
differential effects on the expression of proteases
and their inhibitors, strongly promoting generation
of ECM'", Some research has shown that TGF-81
can induce the synthesis and accumulation of com-
ponents of the ECM in fibrotic disorders such as
liver cirrhosis, glomerulonephritis, lung fibrosis,

keloids and chronic pancreatitis'! ®.

Tissue inhibitors of metalloproteinases
(TIMPs) are a family of secreted proteins that play
central roles in regulating ECM metabolism'™. By
virtue of their abilities to inhibit the matrix metal-
loproteinase (MMP) family of degradative enzymes
that includes collagenases, stromelysins, gelati-

nases and membrane-type MMPs!®*

, they act to
limit the extent of ECM degradation during normal
tissue-remodeling processes. So far, four mamma-
lian TIMPs have been identified (TIMP-1, -2, -3
and -4)'. Appropriate regulation of MMPs and
their inhibitors TIMPs during the tissue repair
processes is important for tissue remodeling, be-
cause any imbalance in favour of inhibitors can lead
to fibrotic processes, where the increased enzymat-
ic activity will result in tissue destruction or cell
invasion*). TIMPs may be involved in the patho-
genesis of pulmonary fibrosis, human renal al-
lograft interstitial fibrosis, hepatic fibrosis, der-
matomyositis and valvular disease of the
heart'*" ', Given these actions, it is conceivable
that TIMPs may play a pathogenic role in the gene-
sis of progressive muscular dystrophy (PMD).
Abnormal connective tissue proliferation in
muscle following muscle fibre degeneration is a fea-
ture of PMD""", while pathogenesis of interstitial
fibrosis is still unknown. The clinical and his-

topathological features of PMD suggest that an im-

[XEHS] 1008—8830(2004)04—0256—05

balance between the synthesis and degradation of
ECM molecules in the diseased muscle appears to
be important in pathogenesis of interstitial fibro-
sis. The studies have reported that MMP-2 and
MMP-9 are involved in skeletal muscle degenera-
tion and regeneration"'™, TGF-B is thought to be a
key regulator of muscle regeneration. Variations in
the amounts or locations of the TGF-8 within a le-
sion may thus profoundly influence the balance be-
tween regeneration of muscle fibers and the pro-
duction of excessive fibrosist'™. However, the
plasma TIMP-1 concentration and the relationship
between TGF-81 and TIMP-1 in PMD have not
been examined in human PMD. Therefore, the
TIMP-1 expression in plasma obtained from pa-
tients with various kinds of muscular dystrophy
was measured by ELISA. Moreover, the relation-
ship between TIMP-1 and TGF-81 in PMD was
studied.

Materials and methods

Subjects

Forty-four patients with Duchenne muscular
dystrophy (DMD, 1 — 30 years old), 10 with
Fukuyama-type dystrophy
(FCMD, 1—13. 8 years old), 8 with merosin-posi-
tive CMD (0. 5—12. 7 years old) , and 14 with Bec-

ker muscular dystrophy (BMD, 4—15 years old)

congenital muscular

who were admitted to the Department of Pediatrics
of Tohoku University School of Medicine were en-
rolled in the research. The course of disease was
different from 6 months to 25 years. The diagnosis
was all based on clinical, laboratory, muscle biop-
sy histochemistry, and dystrophin and merosin im-
munohistochemistry, and multiplex PCR for the
dystrophin gene. Forty-one patients with non-mus-
cle disorders, including 35 with epilepsy (0. 5—20
years old), 4 with mental retardation (2.5—20. 8
years old), and 2 with tic, cranial nerve palsy were

used as the Control group.
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Two ml blood samples were collected in tubes G TIMP-1 TGF-p1
roup — —
containing EDTA-2Na using standard venepunc- n ks n ks
. .. . Control 18 85.714+29.13 41 6.24+1.12
ture techniques, after obtaining informed consent
. N . . DMD 44  122.52+63.87 26  26.26-5. 79"
from the patients’ families. After being centri-
] ) . BMD 14 86.93448. 93 8 3.46+1. 38
fuged (3 000 r/min, 10 min, 4°C), the plasma was “MD 18 124 78163, 148 15 313549, 778

stored at below —20°C until detection. In patients
with muscular dystrophy, the serum creatine ki-
nase (CK) level was determined simultaneously.
Methods

The concentrations of TIMP-1 (Fuji Chemical
Industries, Ltd) and TGF-1 (Cambridge, MA,
USA) were determined with commercial sandwich-
type ELISA kits. These assays were carried out
according to the supplier’s instructions. Sample
values were determined from a standard curve.
Statistical analysis

Results are presented as the mean = standard
deviation ( ¥ & s). Data were analyzed using a
unpaired 2-sided student’s 7 test. A level of P <C
0. 05 was considered statistically significant. A lin-
ear regression was used to examine the correlation
between TIMP-1 and TGF-B1. Statistical analysis
was performed using StatView ] 5.0 (SAS Inc. ,
NC, USA).

Results

Detection of plasma TGF-f1 and TIMP-1 levels

As shown in Table 1, the plasma TIMP-1 level
was significantly elevated in patients with DMD ( P <C
0.05) or CMD (P <{0.05), including FCMD and
merosin-positive CMD patients, compared with the
Control group. However, the plasma TIMP-1 level in
patients with BMD was not significantly elevated ( P
=0. 05).

The plasma TGF-81 level was also significant-
ly elevated in patients with DMD ( P <C0.01) or
CMD ( P <C0. 05), compared with that of the con-
trols. The plasma TGF-81 level in patients with
BMD was not different from that of the controls
( P >0.05).

Table 1 Plasma levels of TIMP-1 and TGF-81 in patients
with various muscular dystrophies and the Control group

(ng/ml)

Note: a vs the Control group P <0. 05; b vs the Control group
P <C0.01

The comparison of plasma levels of TIMP-1 and
TGF-p1 in patients with merosin-positive CMD and
FCMD

As shown in Table 2, the TIMP-1 level in the
patients with FCMD was higher than that in the
patients with merosin-positive CMD ( P <C0.01)
and that in the controls ( P <C0.01). There was a
significant difference in the plasma TGF-81 level
between FCMD and merosin-positive CMD patients
(P <C0.05). The TGF-Bl level in the patients
with FCMD was also significantly higher than that
of the Control group ( P <C0. 05).

Table 2 Plasma levels of TIMP-1 and TGF-81 in patients

with CMD and FCMD (ng/m)
TIMP-1 TGF-p1
Group
n Tk n Tt
Control 18 85.71+29.13 41 6.24%+1.12
CMD 8 83.38+18.12 6 10. 40-£3. 26
FCMD 10 157. 9£67. 232 7 49, 31+15, 18>

Note: a vs the CMD and Control groups P <C0.01; b vs the
CMD and Control groups P <0. 05

The correlation among the TIMP-1, TGF-p1 and ser-
um CK levels

The TIMP-1 level was distinctly correlated
with the TGF-B1 level in patients with DMD ( r =
0. 6350, P <0.01); but there was no correlation
between serum CK level and TIMP-1 level in those
patients ( » =0. 0083, P =0. 5566).

Discussion

TIMPs are multifunctional proteins that have
the capacity to modify cellular activities and to
modulate matrix turnover. TIMPs are presumed to

be important regulators of the ECM, and their ex-
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pressions are correlated with the development of fi-
In addition, TIMPs have been shown to

possess biologic functions that are independent of

brosis.

MMP-inhibitory activity, including stimulation of
cell proliferation in autocrine or paracrine fashion,
inhibition of apoptosis, and inhibition of angiogen-
esis!'® #), Previous studies have shown that TGF-p1
is more significantly expressed in the muscle of DMD
patients than controls and that its expression is related
to the degree of muscle fibrosis and the patient”s
age”, There are high TGF-f1 immunoreactivity ex-
pressions in muscle fibers and extracellular space in
DMD patients and most of BMD patients. This sug-
gests that TGF-81 may play an important role in the
synthesis and accumulation of ECM in PMD™*,

In this study, it was found that the plasma
levels of TIMP-1 and TGF-81 increased in patients
with DMD and CMD, but not in the BMD pa-
tients, It is well known that clinical symptoms of
BMD are mild. There was also a significant differ-
ence in the plasma TIMP-1 and TGF-81 levels be-
tween FCMD and merosin-positive CMD patients.
Clinical symptoms are more severe in patients with
FCMD than those in patients with merosin-positive
CMD. Although there are atypical cases in the two
types of CMD, none of the patients with FCMD
can learn to walk alone, while 92% of patients
with merosin-positive CMD can learn to walk a-
lonet® . These findings suggest that the differ-
ences in plasma TIMP-1 and TGF-81 levels among
various kinds of PMD seem to reflect the clinical
severity of muscle dystrophy.

The present study has shown the absence of a
correlation between CK and TIMP-1, which sug-
gests that TIMP-1 is not necessarily secreted from
The TIMP-1 concentration
was distinctly correlated with the TGF-81 concen-
tration. The growth factor TGF-81 was identified
as a important regulator of MMP and TIMP ex-

necrotic fibers alone.

pression in hepatic stellate cells (HSC) in vitro and
was profoundly involved in hepatic tissue repair re-

24 The finding of a positive correlation be-

actions
tween the expression of protein for TGF-f and
TIMPs also suggests that TGF-8 has a fibrogenic

action by indirectly inhibiting matrix degradation

259

via up-regulation of the TIMPs!',

To sum up, the production of TIMP-1 and
TGF-B1 increased in patients with DMD or CMD,
but not in the patients with BMD, which suggests
that TIMP-1 and TGF-81 may play a role in the
genesis of muscular dystrophy, and that they may
be correlated with the clinical severity of muscular
dystrophy. Because of the limitation of the small
sample in this study, the function of TIMP-1 in

muscle remains to be elucidated further.
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