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Collagen remodelling in myocardia of patients
with diabetes

M Shimizu, K Umeda, N Sugihara, H Yoshio, H Ino, R Takeda,Y Okada, I Nakanishi

Abstract
Aims: To investigate collagen remodelling
in the interstitium of the heart in patients
with diabetes.
Methods: Immunohistochemical study of
the biopsied myocardium using type spe-
cific anticollagen antibodies (I, III, IV, V,
VI) was performed in 12 patients with
non-insulin dependent diabetes mellitus
and six non-diabetic patients. There was
no history of hypertension or coronary
artery stenosis in any of the patients.
Results: Noticeable accumulations of col-
lagen types I, III, andVI in the myocardial
interstitium were recognised in both
groups, but little accumulation oftypes IV
or V was found. Types I and III mainly
stained in the perimysium and perivas-
cular region, while type VI predominantly
stained in the endomysium. There was no
disease specific accumulation of collagen
in diabetes mellitus. The percentage of
total interstitial fibrosis in the myocar-
dium was significantly higher in the dia-
betic group than in the control group
(p < 0.05). Although the percentages of
coliagen types I and VI did not differ
between the two groups, the percentage
type of III was significantly higher in the
diabetic group than in the controls
(p < 0-01).
Conclusions: Collagen remodelling mainly
as a result of an increase in collagen type
III in the perimysium and perivascular
region, occurs in the hearts of patients
with diabetes.
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Primary myocardial injury has been shown in
diabetes mellitus even in the absence of hyper-
tension and coronary atherosclerosis.' 2 The
histopathological changes found in the myo-

cardium of patients with diabetes include
myocyte hypertrophy, interstitial fibrosis, and
perivascular fibrosis. Interstitial fibrosis is
composed largely of fibrillar collagen. Regan et
al reported the presence of interstitial collagen
deposition in left ventricular biopsy specimens
in diabetic patients, and found collagen accu-
mulation in perivascular loci, between myo-
fibres, or as replacement fibrosis in a

postmortem study of cardiac tissue of dia-
betics.3 On the other hand, it has been
reported that many phenotypes with differing
molecular structures are present in the fibrillar
collagen, with the distribution of these pheno-

types varying in different tissues.4 5Weber et al
carried out several studies on myocardial colla-
gen remodelling.6`8 However, no information
is available on the changes in collagen in the
myocardium of patients with diabetes. Accord-
ingly, we investigated the localisation of colla-
gen phenotypes in the interstitium of such
cardiac tissue and estimated them quantita-
tively using an immunohistochemical
method.

Methods
Biopsy specimens were obtained from 12
patients with non-insulin dependent diabetes
mellitus who had undergone cardiac catheter-
isation because of complaints of chest pain or
electrocardiographic abnormalities. In all
patients the absence of more than 25% coro-
nary artery stenosis was documented angio-
graphically, and there was no history of
hypertension, chronic renal failure, or other
endocrinological disorders. Biopsy specimens
from six non-diabetic patients, in whom car-
diac catheterisation including endomyocardial
biopsy was performed as. part of the evaluation
of arrhythmia or chest symptoms, but in whom
no clinically relevant coronary artery stenosis
or abnormal haemodynamics was found,
served as controls. Diabetes mellitus was diag-
nosed and classified in accordance with the
criteria of the National Diabetes Data Group.9
The diabetic patients comprised six men and
six women (mean (range) age 52-1 (2-9)
years). The controls comprised three men and
three women with a mean age of 43-5 (3.7)
years. The duration of diabetes mellitus ranged
from one to 17 years (mean 10-5 years). The
degree of diabetic complications ranged from
mild to moderate. A right ventricular endo-
myocardial biopsy was performed using the
Konno-Sakakibara bioptome or Bipal biopsy
forceps (Cordis), and specimens were obtained
from the region of the interventricular septum.
Informed consent was obtained from each
patient before cardiac catheterisation.

HISTOPATHOLOGICAL STUDY

The specimens obtained by endomyocardial
biopsy were submerged immediately in 10%
buffered formalin. After being embedded in
paraffin wax they were cut into 4 pm sections
on a longitudinal plane and more than eight
continuous sections were obtained from each
specimen. One of these sections was stained
with haematoxylin and eosin, another was
stained with Mallory-Azan; the other sections
were stained with type specific anti-collagen
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antibodies or normal rat IgG as a negative
control.

IMMUNOHISTOCHEMICAL STUDY
Sections of paraffin wax embedded myocar-
dium were treated with 0-05%,protease type
XXIV (Sigma, USA) for 30 minutes; non-
specific reactions were checked for with 0-3%
hydrogen peroxide. The prepared sections were
stained by the avidin-biotin-complex (ABC)
method'0 using type specific anticollagen anti-
bodies (types I, III, IV, V, VI) which had been
purified. "

LOCALISATION OF COLLAGEN TYPES
Myocardial fibrosis in the sections stained with
Mallory-Azan was classified into three compo-
nents: (1) endomysial fibrosis-fibrosis provid-
ing lateral cell to cell connections; (2)
perimysial fibrosis-fibrosis surrounding myo-
cytes to form muscle bundles; (3) perivascular
fibrosis-fibrosis surrounding intramyocardial
small vessels 10,um-50 pm in diameter. We
used the stain of the endocardium to identify
the potential effects on staining quality caused
by fixation of the specimen, density of the
antibodies, and other technical problems. The
distribution of each type of collagen in each
region was assessed by three cardiac patholo-
gists, based on the following system: (-) no
staining; (1 + ) only slight staining; (2 + ) some-
what intense staining, but less intense than that
of the endocardium; (3 +) intense staining
equivalent to that of the endocardium. Blood
vessels 10-50 ,um were found in biopsy speci-
mens obtained from nine (two controls and
seven diabetic patients) out of the 18 subjects,
with perivascular fibrosis evaluated in these
specimens.
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QUANTIFICATION OF TOTAL MYOCARDIAL
INTERSTITIAL FIBROSIS AND VARIOUS TYPES OF
COLLAGEN
The extent of total fibrosis and various types of
collagen was measured by the point counting
method" 13using the sections stained with
Mallory-Azan and each type specific anti-
collagen antibody. We used a point counting
method grid with the points arranged in a
square pattern and a distance of 10 ,um
between points. More than 2000 points, which
lay on the myocardial cells or on the fibrotic
tissue stained blue by Mallory-Azan and brown
by type specific anticollagen antibodies only in
the longitudinally cut cells, were recognised.
The percentage of fibrosis was calculated
according to the formula:

percentage of fibrosis =

points lying on the fibrosis

points lying on the myocytes and fibrosis
x 100.

All data were expressed as mean (1 SEM).
Statistical analysis was performed using Stu-
dent's unpaired t test and the Mann-Whitney
U test. Differences were considered statis-
tically significant when the p value was less
th3u 0-05.

Results
Substantial accumulations of collagen types I,
III, VI in the myocardial interstitium were
recognised in both groups (figs 1-3). On the
other hand, no accumulation of collagen types
IV orV was found in either group, except for a
slight accumulation of collagen type IV in the
intima of the small vessels. Collagen type I was
mainly stained in the perimysium and perivas-
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Figure I Perimysial fibrosis stained with Mallory-Azan (upper left) and immunostained with antibodies to type I
(upper right), type III (lower left) and type VI (lower right) collagens.
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Figure 2 Endomysial
fibrosis stained with
Mallory-Azan (upper left)
and immunostained with
antibodies to type I (upper
right), type III (lower left)
and type VI (lower right)
collagens.
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cular region, but only slightly stained in the
endomysium. Collagen type III was intensely
stained in the perimysium and perivascular
region and weakly stained in the endomysium.
Collagen type VI was intensely stained in the
endomysium and weakly stained in the perimy-
sium and perivascular region (fig 4). There was
no disease specific accumulation of collagen in
diabetes mellitus.
The percentage of fibrosis in the sections

stained with Mallory-Azan was significantly
higher in the diabetic group than in the control
group (17-0 (2 8) v 7-2 (1-9)%; p < 0 05).
Figure 5 shows a comparison of the percentage
of collagen types I, III, VI in the two groups.
The percentages of collagen types I and VI did

not differ significantly between the two groups
(type I:diabetes mellitus 11-4 (3-0); controls
4-3 (1-3)%; type VI:diabetes mellitus 24-5
(2-5); controls 22-0 (3 4)%). On the other
hand, the percentage of collagen type III in
diabetes mellitus was significantly higher than
that of the controls (19-6 (2 3) v 7-8 (3 3)%;
p < 0.01).

Discussion
Interstitial fibrosis was significantly increased
in the group with diabetes mellitus. Most of
this was composed of collagen fibres. Several
types of differing molecular structures are
present in these collagen fibres, but it is not

Figure 3 Perivascular
fibrosis stained with
Mallory-Azan (upper left)
and immunostained with
antibodies to type I (upper
right), type III (lower left)
and type VI (lower right)
collagen.
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Type III

M 3--) (1-)
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Figure 4 Semiquantitative analysis of the distribution of collagen type
PM = perimysium, EM = endomysium, PV = perivascular region.
(-) not detectable, (I+) trace, (2+) moderate, (3+) abundant.

Figure 5 Comparison of
the percentages of collagen
types I, III and VI in the
two groups. The percentage
of collagen type III in
diabetes mellitus was

significandy higher than
that of the controls.
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hearts of patients with diabete

Differences were found in th
each type of collagen among t
this distribution was similar i
Collagen types I and III are r

interstitial fibrosis. Borg et all4
et al l' reported results sir
obtained in the present study,
the localisation of collagen tyA
the diabetic heart is not sj

disease.
No differences in the amoui

Type VI VI were found between the diabetic and
m** r** ~ control groups, but type III was significantly

increased in patients with diabetes. The mech-
anism involved is unknown, but myocardial
ischaemia is presumed to have a role. In the
hearts of patients with diabetes luminal nar-
rowing due to intramural coronary arteriole
wall thickening or deposition of periodic acid
Schiff positive material and perivascular fibro-
sis are present. As a result the diabetic myocar-
dium is exposed to ischaemia. As Medugorac et
_al' speculated about hypertrophied cardiac
tissue, the diminished blood flow in the dia-
betic myocardium over extended periods may

PM EM PV lead to myocyte necrosis and subsequent heal-
ing, resulting in increased synthesis of type III
collagen by cardiac fibroblasts. On the other
hand, Villee et al,'7 in experiments using
human skin fibroblasts cultured in vitro, found
an increased glucose concentration in the

7s I, III and VI. medium and increased production of collagen
Staining pattern: type III. This interesting report suggests that in

diabetes mellitus, in addition to the develop-
ment of ischaemia due to microangiopathy, the
increased glucose concentration may itself
influence collagen metabolism. Due to the
increase in blood glucose, fibrillar collagen
begins to accumulate in the adventitia of

lintramural coronary arteries and then extends
into the intramuscular spaces; this is followed
by an abnormality in the permeability of these
intramural vessels.'8 An increase in coronary
vascular permeability may also facilitate the
influx of growth factors in the interstitium and
lead to further fibroblast proliferation and
enhanced collagen synthesis. Type III collagen
in myocardial interstitium may then be
increased by the above mentioned mecha-
nisms. In addition to cardiac fibroblast pro-
liferation or enhanced collagen synthesis,
collagen degradation may be retarded,
although no information is available about this.
Other interesting questions include which fac-
tors determine collagen synthesis in the cardiac
tissues of patients with diabetes (for example,
in addition to angiotensin II and aldosterone
reported in the pressure overloaded left ven-
tricle,"8 '9 the involvement of glucose, insulin,
etc.) and what kind of drug might inhibit this
process. It is expected that ongoing studies
using molecular biological techniques will shed
light on these issues.

Collagen is the most important of the
Diabetic extracellular structural proteins, with collagenmyocardium

fibres acting as lateral connections between
cells and muscle bundles to govern archi-

Le localisation or tecture, maintain shape and wall thickness,
ypes exist in the and resist myocardial deformation. However,
s. while collagen is the major determinant of
e distribution of myocardial stiffness,20 21 collagen phenotype
:issues, although remodelling may also influence cardiac func-
in both groups. tion. Bouchard et al22 in an echocardiographic
epresentative of study, reported a reduced left ventricular end-
and Shekhonin diastolic volume index and impaired left en-
milar to those tricular diastolic filling in diabetics,23 and
,suggesting that Regan et al' also reporting increased left
pes I and III in ventricular chamber stiffness. We surmise that
pecific for this the increase in interstitial fibrosis and altera-

tions in collagen phenotypes found in the
nts of types I or present study may in some way be related to
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these changes in cardiac function, although
further detailed investigations will be needed
to clarify this.
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