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II. Topography of the Initial Lesions
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Summary. Glomerular basement membrane thickness
has been estimated by quantitative electron-microscopic
study in control subjects and in juvenile diabetics at onset
and with short-term diabetes. — The juxta-mesangial
part of the basement membrane as well as basement mem-
branes located close to the vascular pole were considered
separately and their thickness compared with the re-
mainder of the basement membrane of the same cross
section. — It was found that basement membrane, both
close to mesangial regions and to the vascular pole,
showed greater variation in thickness than the remainder
of the glomerular basement membrane. The deviations

An evaluation of the initial lesion of the glomerular
basement membrane in diabetic patients was made
possible by application of quantitative electron-micro-
scopic techniques. The glomerular basement membrane
has been shown to be normal at the onset of acute,
juvenile diabetes [12, 29], and basement membrane
thickening is demonstrable after a duration of the
disease of about 115 years [33].

The aim of the present investigation was to study
the localization of the initial thickening of the periph-
eral glomerular basement membrane in relationship
to mesangial regions and to the vascular pole. The topo-
graphy of the initial basement membrane abnormalities
in diabetic glomerulosclerosis has not previously been
studied by quantitative electron microscopy.

In light-microscopic studies it has often been stated
that diabetic glomerular lesions first appear axially or
centrally in the lobules [18, 27]. However, exact
evaluation of the structures involved, i.e. peripheral
basement membrane versus mesangial regions, let alone
which segments of the peripheral basement membrane,
cannot be made at this level of resolution. The authors
of one ultrastructural study claimed that thickening of
the basement membrane, most markedly in the areas
adjacent to mesangial regions, was present as the only
abnormality in two cases of prediabetes [4]. This
particular part of the peripheral glomerular basement
membrane has often been omitted in quantitative
studies, both in normal and in diabetic subjects.

Diverging statements have been. made as to the site
of the primary lesions with respect to the vascular pole,
some investigators stating that the lesions first develop
at the vascular pole [3, 5, 22], others that the peripheral
part of the glomerular tuft shows the initial lesions
[7, 20].

were, however, small. — The initial thickening occurring
in diabetic patients after a few years of the disease was
shown to take place as a generalized phenomenon over the
entire cross section and did not primarily affect the base-
meint membrane close to mesangial regions or the vascular
pole.

Key words: Diabetic glomerulosclerosis, diabetic
microangiopaty, glomerular ultrastructure, basement
membrane, quantitative stereology, early diabetes, kid-
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The results of the present quantitative study show
that the initial thickening of the peripheral glomerular
basement membrane is not preferentially located near
mesangial regions or in the segment of the glomerulus
close to the vascular pole.

Material and Methods

The patient material studied was identical to that
previously reported in detail [33] and will therefore only
be briefly described here.

The ages of the patients ranged from 12 to 34 years.
Controls consisted of 5 non-diabetic patients without
clinical or laboratory signs of kidney disease. For stepwise
sectioning of glomeruli (see later in text and in Table 3)
two additional non-diabetic cases were studied. They were
not included in the remaining part of the study, since in
one of the cases the kidney specimen was not an aspiration
biopsy, but was obtained as a slice of tissue during opera-
tion, and in the other case significant nephrosclerosis was
found to be present. Three groups of diabetics were
studied. In one group of 7 diabetics a kidney biopsy was
obtained on initial admission to hospital because of newly
diagnosed, untreated diabetes mellitus, and again after
intensive treatment for one month (group I, a and b). A
third biopsy was performed in 5 of these patients 11/,—
21/, years later (group II). Biopsy was also performed in
8 juvenile diabetics with a well-established duration of the
disease of 31/,—5 years (group III).

An estimate of glomerular basement membrane thick-
ness was made on the basis of measurements performed
on complete glomerular cross sections, produced as photo-
montages of electron micrographs with a magnification of
13500 x [33]. The peripheral basement membrane was
defined as the basement membrane of the capillary wall,
where the latter is a simple three-layered structure (see
Fig. 1), consisting of endothelium, basement membrane
and epithelium, i.e. the basement membrane in capillary
walls outside mesangial regions. It should be stressed that
the term ‘“‘peripheral”’ does not designate a relationship
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to the vascular pole or any particular distance from a
mesangial region.

The peripheral basement membrane was measured in
every loop found in the cross section, starting in each loop
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tween two sequential levels was roughly estimated by
cutting a certain number of sections with the ultramicro-
tome working continously at a certain feed between two
series of thin sections used for electron microscopy.

Fig. 1. Electron micrograph of segment of a glomerular capillary tuft. Solid lines: Delineation between mesangial

region and the peripheral basement membrane. Dotted lines: The separation between juxta-mesangial and disto-

mesangial parts. Arrows: First endothelial pore after a mesangial region. Dot: measuring points between mesang-

ial region and first endothelial pore. Cross: measuring point after first endothelial pore. I: no measurements taken,
because of non-perpendicularity

at the first endothelial pore after a mesangial region
(Fig. 1), and omitting sites where non-perpendicular
sectioning had occurred [31]. In some cases the first
endothelial pore was found at some distance from the
mesangial region. In order to make a comparison between
measurements obtained close to and far from mesangial
regions, additional measurements were taken of the base-
ment membrane situasted between the mesangial region
and the first pore (in Fig. 1 measurements between the
solid line and the arrow).

Measurements from one cross section were divided
into two groups, those obtained close to mesangial re-
gions, and those far from it. Separation between the two
parts of the basement membrane, in the present study
termed ‘‘juxta-mesangial” and ‘“‘disto-mesangial”’, was
arbitrarily placed at 50 mm from each mesangial region
on the micrographs, corresponding to about 3.7 w. These
two sets of measurements were then compared, but only
in cross sections where at least 200 measurements of the
juxta-mesangial basement membrane had been obtained.

Variation in basement membrane thickness in sections
with varying localizations with respect to the vascular
pole was studied in a few cases, measurements being done
on 2—5 crosssections obtained at variouslevels within the
same glomerulus (Fig. 2 and Table 3). The distance be-
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Fig. 2. SBketch illustrating stepwise sectioning in one glo-
merulus

\

Obtaining measurements from various levels of one
glomerulus was a very time-consuming procedure. In the
entire series of controls and patients, a comparison of the
measurements obtained close to the vascular pole with
those obtained in the opposite part of the glomerulus was
therefore obtained by dividing each cross section, which
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contained the vaseular pole, as follows: (see Fig. 3). The
two points of reflection of Bowman’s capsule into the
glomerular loops were connected by a line. If the points
of reflection were ill-defined, i.e. if there was no acute
angle between the basement membrane of Bowman’s
capsule and the basement membrane of the glomerular
tuft, a point mid-way between the two extreme possibili-
ties was selected. From the midpoint of the connecting
line, the diameter, a, was drawn so as to approximately
separate the glomerular tuft into two equal parts. The

segment with
vascular pole

segment opposite

a vascular pole

Fig. 3. Glomerular cross section divided by the diameter b
into segment containing the vascular pole (indicated at
the top), and segment opposite the vascular pole

diameter, b, separating the segment containing the vas-
cular pole from the segment opposite the pole, was drawn
perpendicular to the diameter, a, through its midpoint.
Basement membrane thickness in the pole segment (P-
basement membrane) was compared with that in the
segment opposite the pole (NP-basement membrane).
Only cross sections from which at least 200 measurements
could be obtained in each segment were evaluated.

The juxta-mesangial basement membrane was meas-
ured in 14 glomeruli from non-diabetics and 58 glomeruli
from diabeties (Table 1). The two segments of the glome-
rular cross section, with and without the vascular pole,
were compared in 13 non-diabetic and in 54 diabetie
glomeruli (Table 2), and stepwise sectioning was perform-
ed in 7 glomeruli (Table 3).

Since the distribution of the actual measurements was
markedly right-skewed, a transformation giving a sym-
metrical distribution was sought. It was found that the

transformation to %Where T is the measured basement

membrane thickness, was optimal in this respect [9],

Mean. values, Ty, calculated from the distributions of %

were thus the most reliable, unbiased estimates of the
unknown means. On comparing mean values, a 59, level
of significance was applied.

Results

The quantitative study showed that the thickness
of the peripheral glomerular basement membrane is
normal in juvenile diabetics at onset of disease (group
I), and significantly increased in the same patients
after 114 years’ duration. Basement membrane thick-
ness was markedly increased in the diabetics in group
IIT [33].

Owing to the definition of juxta-mesangial base-
ment membrane used the number of measurements
obtained here was always less than the number obtain-
ed from the disto-mesangial basement membrane. The
distribution curves of the measurements from both
subdivision of the basement membrane, as well as those
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for the total number of measurements, were markedly
skewed to the right. Comparing the two curves (Fig. 4)
it is seen that thin areas of basement membrane occur
close to the mesangial regions just as frequently as at a
distance from them. The thickness of the juxta-
mesangial basement membrane, however, shows great
variation as it appears from the lower peak and broader
right side of the curve.
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Fig. 4. Distribution of measurements from one glomerular
cross section of the juxta-mesangial basement membrane
and the disto-mesangial basement membrane

Table 1 shows average values of Ty for each of the
two segments of the peripheral basement membrane in
the groups of patients. In all of the groups the mean
value for the juxta-mesangial basement membrane is
higher than for the disto-mesangial basement mem-
brane. The difference, however, is small in all groups.
There appears to be no difference between the controls
and newly diagnosed diabetics for either of the separate
segments of the basement membrane, whereas there is
a significant increase in thickness of both the juxta-
mesangial basement membrane and the disto-mesangial
basement membrane (2p<0.001) in the diabetics in
group III. A paired comparison between results ob-
tained in 5 of the diabetics at onset and in the same
patients after 115, —214 years’ duration shows a signifi-
cant increase in thickness of both segments of the
basement membrane (2p<<0.05 and 2p<<0.025 for
juxta-mesangial and disto-mesangial, respectively).

The difference between Ty for the juxta-mesangial
and disto-mesangial basement membrane was positive
for most of the glomerular cross sections studied (929,)
and there was a tendency towards higher values in
group D III. Calculating this difference in percentage
of the mean value, Ty, for the total number of measure-
ments gave results asshown in Table 1. No difference
was found between controls and recently diagnosed
diabetics, and no correlation with duration of diabetes
is found. Thus, the conclusions to be drawn are, firstly
that the juxta-mesangial basement membrane is
normal at the onset of diabetes, and secondly, that the
initial thickening of the basement membrane, which
takes place during the first years of diabetes, is not
located preferentially close to the mesangial regions.
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Basement membrane measurements from the two
glomerular segments, one containing the vascular pole,
and one opposite the pole, were compared in the same
manner. Distribution curves from the two segments of
one glomerulus appear in Fig. 5. It was usually found,
as illustrated in the figure, that the curve representing
P-basement membrane was a little displaced to the
right, and basement membrane thickness showed
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the controls, and there was no correlation with the
duration of diabetes.

The results obtained on stepwise sectioning of
glomeruli are shown in Table 3 and Fig. 6. The figure
shows a clear tendency towards thinner basement
membranes with increasing distance between the level
of the cross section and the vascular pole. Applying
Page’s test [24], modified with regard to the varying

Table 1. Basement membrane thickness for the juxia-mesangial and disto-mesangial
segments, and intraglomerular difference between the two segments

Group juxta-mesangial disto-mesangial intra-glomerular
basement basement difference between
membrane membrane juxta-mesangial and
Th, A+ 8D Th, A 48D disto-mesangial

basement membrane
%a.

ND 3150 4-165 3070 4-316 5.04-4.8

D Ia 3380 4-304 3130 4354 8.31+3.8

D Ib 3250 4141 3040 4238 7.0+4.2

DII 3530 4-356 3330 +265 6.11+2.3

D IIT 442001436 4140374 6.4-4-2.4

a expressed as percentage of Ty for the total number of measurements.
b significantly different from ND (2 p < 0.001),
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Fig. 5. Distribution of basement membrane measurements

from one glomerular cross section of the P-basement
membrane and the NP-basement membrane

greater variation in this segment. The results presented
in Table 2 show that P-bagement membrane as well as
NP-basement membrane are normal at the onset of
diabetes. On paired comparison basement membrane
thickening was demonstrable in both segments after
115, years’ duration of diabetes (2p<0.01 (P), and
2p < 0.05 (NP)). The difference in basement membrane
thickness between controls and diabetics in group 11T
is highly significant for both individual segments
(2p<0.001).

The intra-glomerular difference between Ty for P
and NP-basement membrane was positive in the
majority of the glomerular cross sections (919%,) and a
tendency towards higher values obtained in group D
ITI. Average values for this difference in the 3 groups
of patients expressed as % of Ty, appear in Table 2.
None of the groups of diabetics differ significantly from

3
A51O A BASEMENT MEMBRANE THICKNESS

Ny

30 /\\/

0 10 20 30 40 50 60

p

SECTION DISTANCE FROM
VASCULAR POLE-LEVEL
Fig. 6. Plot of Ty, against distance between level of cross

section and vascular pole. Results obtained from stepwise
sectioning of one glomerulus are connected with lines

number of observations in the individuals [8], the
tendency was shown to be highly significant (2p <
0.002).

Discussion

A clear distinction between the peripheral base-
ment membrane, as defined in the present paper, and
the mesangial basement membrane-like material is
relevant for several reasons [30]. Only the peripheral
basement membrane is, with regard to morphology, a
true membrane, whereas the basement membrane-like
material of mesangial regions is a sponge-like mesh-
work. Therefore, for a quantitative evaluation the two
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parts have to be handled in different ways. The
separation has, of course, to be made arbitrarily, since
all of the basement membrane material of the glomer-
ulus is in direct continuity. Separation, however, can
be made without too much difficulty [34]. The
mesangial basement membrane-like material is not
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increasing thickness occurring when approaching a
mesangial region [21]. When, however, measurements
are only made at places where both endothelial and
epithelial cell membranes are distinct, the true base-
ment membrane thickness at a given point is obtained
[31]. If greater tortuousity was found at this region, it

Table 2. Basement membrane thickness for the segment with the vascular pole (P), and
segment opposite the pole (N P), and intraglomerular difference between the two segments

Group P-basement NP-basement Intra-glomerular
membrane membrane difference between
Tw A+ SD Ty, A+ 8D P- and NP-
basement membrane,
%a
ND 3150 4137 2930 180 7.2-+4.3
D Ia 3300 +350 3080 293 6.7-+2.7
DIb 3180 4253 2990 1233 5.9-+22
D II 3490 1384 3320 4-342 7.0+3.7
D II1 46307360 404074350 7.0-+2.9

& expressed as percentage of Ty, for the total number of measurements.
b significantly different from ND (2 p < 0.001).

Table 3. Mean basement membrane thickness, T'n, obtained at different levels within
indevidual glomeruli

Patient case number of + vascular distance basement
group numbers  measurements pole on the from membrane
per cross the section  foregoing  thickness
section section, u  Th, A
783 + 3130
ND 17 1858 + 15 3300
1987 — 15 3220
373 - 15 3190
1064 + 3620
ND 21 1171 — 25 3470
1631 — 10 3250
841 (+)2 4070
ND 22 1287 — 15 3790
612 — 15 3870
560 + 3310
1336 — 15 3130
D group I 3 1717 — 15 3020
1677 — 15 2860
803 — 15 2880
D group I 4 1089 + 3130
713 — 10 3200
715 + 4160
D group IIT 12 859 -+ 15 4360
962 — 15 4040
D group II1 15 1496 + 4190
1771 — 10 4040

a immediately past vascular pole. Arteriole was adjacent to the outside of

Bowman’s capsule.

included in the present measurements. The juxta-
raesangial part of the peripheral basement membrane
has often been neglected in quantitative studies [10,
13, 14, 15, 16, 21, 28]. The reasons given for omitting
this part of the basement membrane have been the
great irregularity or tortuousity [10, 13, 14, 16], or the

would only mean that a smaller number of measure-
ments per unit length could be obtained. Irregularity
in thickness is also found in the disto-mesangial part
of the basement membrane, and neither this quality
nor tortuousity are good criteria for exclusion from
measurements. Since the thickness of the basement
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membrane is the unknown investigated, it seems
dangerous to exclude some parts because of increase in
thickness. In none of the cited papers has a clear
definition been given of the part of the basement mem-
brane, i.e. how far from mesangial regions, on which
measurements were performed.

The results of the present study showed that
measurements obtained from the juxta-mesangial
basement membrane generally showed greater varia-
tion than those from the disto-mesangial basement
membrane. The average difference between the two
segments was positive in all groups of patients. Thig
difference, however, was small, being a few hundred
A in the various groups of patients, and in oceasional
glomeruli it was, in fact, negative. Discrepancies in
normal bagement membrane thickness in various
studies [12, 13, 14, 23, 33] cannot therefore be attribut-
ed to omitting or including this part of the basement
membrane, but are more likely due to the methods
employed or the patient material used.

Quantitative estimation of the juxta-mesangial
part of the basement membrane in diabetic patients
showed that this particular segment is also normal at
the onset of juvenile diabetes. This finding is in contra-
distinction to the report of basement membrane
thickening at this localization in prediabetes [4].
However, the latter study was not based on quantita-
tion. The great variability normally observed in this
region makes conclusions based on mere impression
quite uncertain.

The finding in the present study of thickening of
both the juxta-mesangial and disto-mesangial base-
ment membrane in group D IT (duration of diabetes
115, —21, years) contradicts Kimmelstiel’s suggestion
that thickening of the peripheral basement membrane
comes about as an extension of a primary involvement
of the basement merbrane-like material in mesangial
regions [16].

In no previous studies have basement membrane
measurements been correlated to the localization of
the section with respect to the vascular pole. It was
found in the present investigation that the peripheral
basement membrane shows greater thickness and
variation when the loops close to the vascular pole are
considered. The question could therefore be raised,
whether results of basement membrane measurements
depend on the localization of the plane of section
through a glomerulus. However, the systematic change
in basement membrane measurements observed in the
present study on stepwise sectioning was only slight.
Therefore, if only cross sections of a certain, not too
small width are included, it seems justified to accept
one cross section as representative for the glomerulus
in question. In the study of basement membrane
thickness in patients with early diabetes only those
cross sections were considered in which at least 400
measurements could be obtained. The material com-
prised 80 cross sections containing the vascular pole,
and 19 which did not. On the basis of the present study

Diabetologia, Vol. 9
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of intra-glomerular variation it can be concluded that
the presence of a small number of cross sections not
containing the vascular pole, would not be able to
influence the results.

An effort to localize the initial thickening of the
peripheral basement membrane in diabetic glomerulo-
pathy has not previously been attempted on the basis
of a quantitative electron microscopic study. In the
present investigation it was found that the relationship
between the juxta-mesangial and the disto-mesangial
basement membrane was the same in controls, in
juvenile diabetics at onset and in diabetics with a
measurable degree of basement membrane thickening.
It was also shown that the segment of the glomerulus
opposite the vascular pole is involved to the same
extent as the segment containing the vascular pole.
This is in contradistinetion to the impression gained
from light-microscopic studies, in which axial and hilar
areas have been stated to be primarily involved.

It must be stressed that the present report deals
exclusively with the peripheral basement membrane.
With light microscopy a clear distinction between
mesangial regions and peripheral basement membrane
cannot be made. A quantitative electron microscopic
study of mesangial regions has been performed in the
same patient material. The results showed that mes-
angial regions are not involved prior to the peripheral
basement membrane, and that the initial increase in
basement membrane-like material in mesangial regions
does not occur preferentially close to the vascular
pole [33].

The mechanism responsible for increase in base-
ment membrane thickness in diabetes mellitus is
unknown. One theoretical possibility is a change in the
normal basement membrane metabolism, affecting
either the synthesis or the break-down of the basement
membrane [6, 11, 19, 26], or both. It has been shown
recently that diabetic basement membranes differ
chemically from normal basement membrane [2, 25],
a finding which might indicate a change in synthesis.
Glomerular epithelial cells appear to be involved in the
synthesis of basement membranes [1, 17, 32]. If a
change in synthesis takes place in diabetic patients it
would probably affect all parts of the basement mem-
brane at the same time. Obviously, no conclusion can
be drawn regarding basement membrane metabolism
from the results of the present study. However, it might
be stated that they are in accordance with the occur-
rance of a change in basement membrane metabolism
taking place as a generalized phenomenon throughout
the glomerulus.
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