Localization and Quantification of Various Types
of Myocardial Interstitial Collagen and Its
Relation to Cardiac Function in Diabetes Mellitus
and Non-Diabetes
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EF, ejection fraction; LVEDP, left ventricular end-diastolic pressure ; ND, non-diabetic
group ; RFVI, rapid filling volume index ; SI, stroke volume index
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Table 1. Clinical features of 15 diabetic patients

Age o Duration Treat FBS 7{32%%}; HbAlc Retina o Nepgrmpagms, Negropﬁthy

or) (yr) men (mg/d)  (mg/d)) (%) (Scott) (mg/dl) (%) ATR Vibration OD
D 60 F 10 gt 248 488 658 Ma - 1.0 2 D -
2) 43 F 13 Insulin 203 - 85 0 + L1 ¥ - D+
3 54 M 8 Diet 266 452 111 0 - 12 4 + D -
4 66 F 11 Diet 189 285 75 I - 07 3 + N -
5 46 M 6  Diet 18 419 84 Ila - 09 4 + N -
6 4 F 6  Diet 122 273 56 Mb - 09 4 - p -
7 49 F 17  Insulin 270 - mb 09 28 D -
8 45 M 2 Diet 1s8 267 57 0 - 10 3% + N -
9 227 M 8 Insulin 233 - ~ 0.8 46 - -
100 33 M 16 Insulin 10 379 132 Oa - 0.8 45 D -
1) 27 F 8 Insulin 247 - W4 0 o+ 06 3 - -
12) 58 M 15  Diet 184 39 71 0 - 11 4 + N -
13 49 M 0.5 Diet 168 354 97 0 - 12 4 + D -
14) 33 M 8 Insulin 188 - 26 M 2+ 13 3% - D 4+
15 67 M 2 Do a8 s 81 0 - o9 2 - p

M, male; F, female; DM, diabetes mellitus ;
proteinuria ; Cr, creatinine ;
disturbance; N, normal; D, disturbed

FBS, fasting blood sugar ; g
PSP, phenolsulfonphthalein test; ATR, achilles tendon reflex ; OD, orthostatic

GTT, glucose tolerance test; Pr,
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Fig.1. Left ventricular time-volume curve reconstructed from Fourier analysis.
From the peak of the second differential curve, the junctures between the rapid
and slow filling phases and between the slow filling and atrial systolic phases
were determined, and the rapid filling volume (RFV), the slow filling volume
(SFV) and the filling volume during atrial systole (AFV) were calculated.
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2 WWRT & 3 HEERAEEE (diabetic group, DM) T
i 1 BLOHIREE (stroke volume index, SI) #350.0+
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059.3+11 ml/m?/b WEL L THEEW/I S < , BEF
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POINT-COUNTING METHQD

points were divided as follows

F:points lying on the interstitial fibrosis
M:points lying on the myocardial fibers
o:points lying on the other space

number of F

percentage of fibrosis =

x 100

(number of F) + (number of M)

number of F + number of M > 2000 points
Fig.3. Point-counting method.

Table 2. Hemodynamic parameters of cardiac catheterization in non-diabetic group and

diabetic group

=4
@)

p value
No. 15 11
M/F 9/6 7/4
Age  (years) 46.3 + 13.0 48.1 + 9.0 ns
EDVI (ml/m? 73.6 + 20.5 81.6 + 12.8 ns
ESVI (ml/m? 23.6 £ 12.8 2.5 £ 7.7 ns
SI (ml/m?/b) 50.0 + 11.2 59.3 £ 10.8 0.05
EF (%) 68.3 £+ 8.3 72.1 £ 7.8 ns
RFVI (ml/m? 28.9 £ 8.1 38.1 + 8.3 0.01
SFVI (ml/m? 8.4 £+ 5.0 9.5 + 4.3 ns
AFVI (ml/m?) 12.7 £ 6.1 10.7 £ 4.4 ns
RFVI/EDVI 0.40 £ 0.10 0.47 = 0.08 ns
SFVI/EDVI 0.14 + 0.12 0.12 £ 0.05 ns
AFVI/EDVI 0.17 + 0.06 0.13 + 0.04 ns
LVEDP (mmHg) 10.2 £ 3.9 7.3 + 1.8 0.05

ND, non-diabetic group; DM, diabetic group; EDVI, end-diastolic volume index; ESVI, end-
systolic volume index ; SI, stroke volume index; EF, ejection fraction; RFVI, rapid filling
volume index; SFVI, slow filling volume index ; AFVI, filling volume index during atrial
systole ; LVEDP, left ventricular end-diastolic pressure
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Fig.2. Point-counting method using a square grid. The distance between
parallel test lines is 104 m. Mallory-Azan stain.

Fig.4. Measurement of eccentricity. Radial test lines of equal length divide 2z
into 24 equal angles of = /12.
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Flg 5. Immunostaining for collagen types I (B), Il (C) and VI (D). Type I collagen is present only
in the perimysium. Type I collagen is present predominantly in the perimysium with faint staining

of the endomysium. Type VI collagen is mainly confined to the endomysium. (A); Mallory-Azan
stain.
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Table 3. The distribution of collagen types I, I, VI
I m VI
PM EM PV PM EM PV PM EM PV
() 3 13 0 0 3 0 3 0 0
(+) 5 2 1 1 3 0 7 0 3
() 8 2 4 3 8 0 5 3 2
(#) 2 1 1 14 4 6 3 15 1
18 18 6 18 18 6 18 18 6
Staining pattern:
(=) not detectable ; (+) trace; (i) moderate; (#) abundant
I, type I collagen ; I, type T coliagen; VI, type VI collagen
PM, perimysium; EM, endomysium ; PV, perivascular
RFVI
mi/m? | @ °
RFVI
ml/m?
50{ [} R [}
10- ® oo . ° o
L] . o
[ ] o]
o e 060 ° 0 . . . .
o o 0 10 20 30 0%
o . o, extent of total fibrosis
20'{ o RFVI/EDVI
[ ]
U‘r—_‘ﬂfl T T T T T T 05“
0 10 1 12 13 14 15 16 um
mean diameter of myocytes 0.5
RFVI/EDVI
L 0.5
0.6 o
o ° 0.44
0.5 °® O o o
e o ° ° 0.24 °
0.41 ¢ ° 0 . . : ,
S ° 0© 0 10 20 30 0 %
0.3 o extent of total fibrosis
o Fig.7. Correlation between RFVI and RFVI/
U-Z‘TL EDVI, and extent of total fibrosis. About
0 0— N 0 T T 15 16 m REVI (upper), the regression equation in ND

mean diameter of myocytes

Fig.6. Correlation between RFVI and RFVI/
EDVI, and mean diameter of myocytes. There
are no significant correlation between RFVI
and RFVI/EDV], and mean diameter of
myocytes in ND and DM. @, ND; O, DM.
Abbreviations are the same as Table 2.

and DM is Y=—0.484X+38.7 and the coeff-
icient of correlation is r=—0.457 (p<0.05, n=
26). About RFVI/EDVI (lower), the regression
equation in ND and DM is Y=—0.057X+0.5
and the coefficient of correlation is r=—0.543
(p<0.01, n=26) —, regression line in ND
and DM ; @, ND; O, DM. Abbreviations are
the same as in Table 2.
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DM #£4%28.9+8.1 ml/m*& ND #£38.14+8.3 ml/nt x

DEBWCNTH- . REVI/EDVI i3#Ei 10 & :m
Tkt 720t DM #0.440.1, ND #0.4740.08 = 50' ° .
DM BN SWEMIZH o7, EhEEEBERYE .
(left ventricular end-diastolic pressure, LVEDP) %3 0 .
DM $£10.2+3.9 mmHg » ND $7.3+1.8 ° %,
mmHg kD EBZBETH . IHEHOEETH Moo ° ° 4
3 B (ejection fraction, EF) 12 13 £ 05585 & o
namore. 20 ° *
I, BEECHBRTERERC 51 5 BRFHHRE 0%]5 0.8 0.9 1.0
1. Blas—5r0RECET 283 e
1Ma5—4 0%, BiAE (erimysium) % & U1 RFVI/EDVI
ERAME (perivascular) 1T 3\ B % B 72 555 PR 0.6 *
(endomysium) IZ i3 1F & A EREERD 2 H 7. I ° °
W35y, BEK, DERECEREE, 5§ o o ° e
WEIZRRFLRERED,:. VIBaS—Y ik, & 0.41 °, *
MBI ECRES RS20, MEBHE, HEEORE <
BRI L T8 o (#3). Va5 —4 g, 031 o
MIENBECHORERTD2OATHD, MBI 0.24 °
EEALREBERAD R, £, VEISF—#Y 055 0. 0.5 1.0
BREEALRABERD 7. REFM 2S5 0T €
+ . Fig.8. Correlation between RFVI and RFVI/
2. S O R B 2 MRS E,DYIZ and eccentr‘icity (e). There are no
ROCRT £, DM BTIR, OB RN REVI/EDVI, and e of e manoment.
13.1+1.284m & ND B11.7+0.76m IZtEL TH myocytes in ND and DM. @, ND; O, DM.
BCARTHD, ERLBOEINOEN % 5T BT Abbreviations are the same as Table 2.

(eccentricity, e) ¥ DM E£430.91+0.092 % ND 2

Table 4. Histopathological parameters of endomyocardial biopsies in non-diabetic group and diabetic

group
Size of myocytes Percentage of fibrosis Eccentricity
(rem) Azan (%) (%) I (%) VI (%)
ND 11.7£0.76 8.2.£4.6 3.7 4.6 5.1 4.9 19.2 £5.7 0.98+0.015
DM 13.1+1.26 15.4+9.9 10.1£10.1 17.8 £ 8.5 22.1+9.8 0.91£0.092
p value 0.01 0.05 ns 0.01 7 ns 0.05

ND, non-diabetic group; DM, diabetic group; I, type I collagen; II collagen; VI, type VI collagen

Table 5. Multiple regression analysis

Standard  coefficient correlation

Roop X1 X2 X3

Y=RFVI/EDVI
Y=0.972-0.0756X 2— 0.48X 0.68 0.05 0 —0.675 —0.356

X1, diameter of myocytes; X2, percentage of total fibrosis; X3, eccentricity
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1. $EHsEE X MBE AT R OMREY

HEREME” L L RFVI & RFVI/EDVI #H
v, BN EEErOBFKERE L 2. RFVI
RFVI/EDVI O 300 AREER & 13 B e FE0
2ED st ([6). W%BRHE( L IEREER L
OBEE T, RFVI (r =—0.457, P <0.05), RFVI/
EDVI (r =~0.543, P<0.01) £izHFED & DHE
2O (7). e LFRFHBE L OBEKTH,
RFVI, REVI/EDVI b B2 HEBEE2RD 2o
¥ (H8). HERHEE L ARFFROERRBSH TR
(#5), RFVI/EDVI £ Ofic EE R A R=0.68
(p<0.05) OEMABEFREFRAD L. LHMBHEE,
BY%GHEAL, BOLROEERERBMRE TIRB%IREL
DLLEBRBELRTH 7.

W R RREE L Bl 5 -5 v ORRERT.
REVI ik, B2 -5 v toMcEEOADHEES
SFUTzas (r =—~0.505, P <0.05), 1EBIUVIR
= OB REEOHBERDshar o
(89). %7, RFVI/EDVI it , B % & # 1k (r =
—0.543, P<0.01), I#as—4> (r=-—0.635,
P <0.01), BIUMBa 5 —4> (r=—0.633, P<
0.01) Lt ZNFHEBOAEOHBERL A, VIR
I —4 L ORI EEOHERIL R » -5 7z (E10).

2 . UNKEEREE & BERF IR R O EEAR R

INEae g8 L LT, SI BE U EF 2w,
SIiz, WFhOEBENEEL b EEOHEEE2 RS
ot EF &, DEMEEE, B%EEL, 8L U
HOROLTFR E LEER RS Rro e, 1B
S—4#v (r=-0.510, P<0.05) ¥LUVIEaI—
#yv (r=-0.500, P<0.05) LDOMIcEEDADH
B %D (1),

# =
REERE TR, BERBER MR T, BELL
HIZERL T 2 BMEESIC & ) BEIIRELIETT
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LS s LS. 1972481213 Rubler 53°, FEREME

BB LE TE ME L BEIR A 2 Rz v 4 4]
DHFLZBWT, LHHEO U E AR, L5
raER, DENAEEBROERIER, BiELAIR)
Yyh T4 ROWwE L HABEMEERD, HFLL
IA4 FTOLBEEL THRE L. R TIIT4EICIZ
Hamby 39 ERFEIRICKED L WEBRLICBWLT,
INE EDIR A B ORI NBEA EOBEEI X
BB, OFMRIER, MERELLIBDSN D
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>
mi/m? | e

404

ol

10 20 0 %
extent of typel collagen
RFVI

ml/m? | o

40-

0 10 20 30 %
extent of typell collagen
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[ ]
40
o
o e
30- o %o o
o °©
OO o .
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OT T U J ) I
0 10 20 30 40 50 %

extent of typeVW collagen

Fig.9. Correlation between RFVI and extent
of various types of collagen. Statistically
significant negative correlation is shown only
between RFVI and extent of type III collagen.

" The regression equation in ND and DM is Y =
—0.51X +38.6 and the coefficient of correlati-
onis r=-0.505 (p<0.05, n=19), ——
regression line in ND and DM ; @, ND; O,
DM. Abbreviations are the same as Table 2.
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RFVI/EDVI
0.6

0.54

10 2 0 %
extent of typel collagen

RFVI/EDVI
®
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0.3

ol

10 20 0 %
extent of typell collagen

RFVI/EDVI
0.6+
0.5 o
0.4 o
0.3 °

0.2 °

0
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10 20

extent of typeVl collagen

Fig. 10. Correlation between RFVI/EDVI and
extent of various types of collagen. Statistic-
ally significant negative correlations are
shown between RFVI/EDVI, and extent of
type I and type Il collagen. In type I
collagen, the regression equation in ND and
DM is Y=—0.0069X+0.48 and the coefficient
of correlation is r=--0.635 (p<0.01, n=19),
and in type I collagen, the regression equat-
ion in ND and DM is Y=—0.0067X +0.52 and
the coefficient of correlation is r=—10.633 (p<
0.01, n=19). In type VI collagen, there is no
significant correlation in either group. =

regression line in ND and DM ; @, ND: Q,

DM. Abbreviations are the same as in Table

2.

0 10 20 0 %
extent of typel collagen

EF
%| o
80+ °

704 o

60 o ° o

50 o
OT L} U T
0 10 20 30 %
extent of typell collagen

50 o

0 10 20 30 0 0%
extent of typeW collagen

Fig. 11. Correlation between EF and extent of
various types of collagen. Statistically signifi-
cant negative correlations are shown between
EF, and extent of type I and type VI colla-
gen. In type 1 collagen, the regression
equation in ND and DM is Y=-0.46X+73.1
and the coefficient of correlation is r=—0.51
(p<0.05, n=19), and in type VI collagen, the
regression equation in ND and DM is Y= —
0.48X+79.4 and the coefficient of correlation
is r=—10.50 (p<0.05, n=19). In type III
collagen, there is no significant correlation in
either group. , regression line in ND and
DM ; @, ND; O, DM. Abbreviations are the
same as in Table 2.
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Abstract

The localization and the quantification of typesl, O, NV, V and W collagen in the
biopsied myocardium of non-diabetic patients (ND) and diabetic patients (DM) was studied
immunohistochemically using purified antibodies to those proteins. The extent of total
fibrosis and various types of collagen were measured by the point-counting method. These
data and other histopathological measurements were compared with several parameters of
cardiac function obtained by cardiac catheterization. Indices of left ventricular function,
the stroke volume index and the rapid filling volume index (RFVD) were significantly
smaller in DM than in ND. Left ventricular end-diastolic pressure was significantly higher
in DM. Histopathological parameters of biopsied myocardium showed that the mean
diameters of myocytes in DM were larger than that of ND, that the percentage of fibrosis
in DM was higher than that of ND and that the index of disarrangement of myocytes
(eccentricity) in DM was smaller than that in ND. There was no disease-specific
accumulation of collagen in DM. However the percentage of type Il collagen in DM was
significantly higher than that of ND. There were negative correlations between the
percentage of fibrosis and RFVI, and RFVI/ end-diastolic volume index (EDVI)
respectively. Neither the mean diameter of myocytes nor eccentricity correlated with
hemodynamic parameters. Multiple regression analysis revealed that standard coefticient
correlation of percentage of fibrosis was most significant for RFVI/EDVIL. There was
significant negative correlation between the extent of type I collagen and RFVL And
significant negative correlations were found between the extent of type I collagen and
RFVI/EDVI, and between that of type Il collagen and REVI/EDVL The left ventricular
ejection fraction negatively correlated with the extent of typel, and VI collagen. These
results indicate that left ventricular chamber stiffness is increased in diabetic patients in the
early phase of the disease and it relates closely to the accumulation of type I collagen in
the interstitium of the heart. It is suggested that the diastolic dysfunction mainly relates to
the increase of typel and T collagen, and the systolic dysfunction relates to the increase of
type 1and VI collagen.



