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Significance of Glomerular PAS Positive Matrix Deposition in Glomerulonephritis

*Das RK,* Kabir AN,? Begum F,® Khanam A,* Kamal M°

This study was done with the aim to calculate the glomerular PAS positive material quantitatively
in glomerulonephritis and to find out its correlation with renal function. A total of 112 cases of
glomerulonephritis were included in this study and morphometric measurements of the percentages
of glomerular PAS positive areas were performed in a computer with a specially constructed grid.
The mean of these values was scored from 1-4 according to the degree of PAS positive material
deposition. With the increase of glomerular PAS positive score the levels of blood urea and serum
creatinine also increased but the levels of creatinine clearance rate decreased. The percentages of
glomerular PAS positive areas were correlated with renal functions expressed as levels of blood
urea, serum creatinine and creatinine clearance rate. The degree of glomerular PAS positive matrix
deposition showed strong positive correlation with levels of blood urea and serum creatinine
(r=0.566, p<.0.001 and r=0.763, p=<0.001, respectively). Whereas creatinine clearance rate
showed striking inverse relationship with PAS positive areas (r= - 0.612, p<0.001). Thus, the
present study confirmed the previous results concerning a significant correlation between these

parameters.
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Introduction

hronic glomerulonephritis is one of the

most important causes of chronic renal

failure, which is the end result of a
variety of human kidney diseases and is the
major cause of death® It is clear that immune
mechanism involved in most of the glomeru-
lonephritis and initial target of injury is the
glomerulus of kidney causing glomerular
structural abnormalities. Other changes such
as interstitial fibrosis, inflammatory infiltrate

and tubular atrophy are secondary and non-
specific phenomenon, which are related to the
degree of glomerular damage? Cell prolifera-
tion and deposition of different types of extra-
cellular matrix components in the glomerular
basement membrane (GBM) and/or in the
mesangium characterizes the histology of
glomerulus in glomerulonephritis® These
changes in the glomerular basement mem-
brane (GBM) and mesangium
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are characterized by expansion of all the in-
trinsic extracellular matrix components due to
increased production, decreased turnover or
both of these components. Immunohisto-
chemical techniques have demonstrated that
glomerular extracellular matrix comprises la-
minin, fibronectin, entectin, heparansulfate,
chondroitin sulfate, decorine and various
types of collagen.? Glomerular extracellular
matriceses are PAS positive therefore the
amount of PAS positive material deposition
can reflect the severity of glomerular injury
and has been claimed important in predicting
renal function in glomerulonephritis.? Series
of histomormphometric studies established
that the severity of renal failure in various
types of glomerulopathy closely related with
the severity of the tubulointerstitial changes,
whereas the correlation with glomerular ab-
normalities is absent or weak.”™* Critics of
these studies were that the severity of intersti-
tial abnormalities was evaluated by quantita-
tive methods whereas the glomerular patholo-
gy was studied by semi-quantitative tech-
nique.? Many investigators became puzzled
by this apparent lack of correlation between
glomerular abnormalities and renal failure
although the glomerular pathology is the more
important factor in glomerulonephritis and
performed the quantitative study with particu-
lar interest to the deposition of glomerular
PAS positive material. Some studies demon-
strated that both glomerular and interstitial
extracellular matrix accumulation contribute
in impairment of kidney function. In the glo-
meruli PAS positive extracellular matrix de-
position seems to be particularly important
and correlate strongly with renal failure,?*
whereas other failed to find such correlation.™
Therefore, the glomerular deposition of PAS
positive matrix is reflected in renal failure has
become a controvertial issue. This study was
carried out with the aim to calculate the glo-
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merular PAS positive material (% of total
glomerular areas) by quantitative technique in
glomerulonephritis and to find out its correla-
tion with renal function to confirm this con-
drovertial issue.

Methods

Patients

This study was carried out in the Department
of Pathology, Bangabandhu Sheikh Mujib
Medical University (BSMMU), Dhaka. The
renal tissues that were examined were col-
lected for clinical purposes by percutaneous
kidney biopsy by a surgical procedure. 112
patients of glomerulonephritis, where renal
biopsy revealed variable degrees of increased
mesangial cells, matrix, hyalinization and
sclerosis were selected for this study. Renal
tissues containing at least five glomeruli in
haematoxylin & eosin stained sections were
considered as adequate for evaluation. Blood
urea, serum creatinine and creatinine clear-
ance rate (Ccr) were done at the time of biop-
sy to assess the excretory function of kidney.

Light Microscopy

Tissue for light microscopic examination was
fixed in 10% formalin and processed routine-
ly. Sections were cut 4-5 pm thickness from
paraffin embedded material and stained by
haematoxylin and eosin, periodic acid Schiff
(PAS), Masson’s trichrome and methenamine
silver (Jones) stains.

Immunofluorescence Microscopy

Renal biopsy specimens were embedded in
O.C.T. compound, rapidly frozen, then sec-
tioned at 5pum thickness in a cryostat at -20°c.
The sections were stained with FITC conju-
gated rabbit anti-sera against human IgG,
IgM, IgA, Cs and fibrinogen. The sections
were then viewed under fluorescence micro-
scope.
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Figure 1. A grid superimposed on a glomerulus in the biopsy of a patient with mesangiocapillary
glomerulonephritis using Adobe illustrator 8.0. Total 48 points superimposed on glomerular area
within Bowman’s capsule, 9 points superimposed on PAS positive area. The resulting PAS positive

area was 18.8%.

Morphometry

Histomorphometry was performed by means
of an image analysis system in a computer
using Adobe Illustrator 8.0. Glomerular depo-
sition of PAS positive material (% of total
glomerular area) was measured quantitatively
by morphometric examination of three to five
glomeruli in PAS stained sections. Tangen-
tially cut glomeruli were excluded. A section
in which the apparent diameter was <50% of
maximum diameter was defined as tangential

section. The quantitative examination in-
cluded the areas of glomerular deposition of
PAS positive material of the total glomerular
area. This was performed by means of a point
counting method, which has been described as
an accepted standard for histomorphometric
evaluation. Colour microphotographs were
taken by means of an Olympus digital camera
(DP 11, Japan) which was attached to an
Olympus microscope (BX51TF, Japan). The
original magnification was 200 X. The colour
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microscopic images were transferred to a
computer and saved in the memory. A grid
was prepared in the computer using Adobe
Ilustrator 8.0. The space between the inter-
secting points of the grid was 6.25 mm. The
total number of points of the grid was 169,
and total area was 5625 sq.mm. The images
of a glomerului were reduced to 20% of its
original size and the grid projected over it
(Fig. 1). The total glomerular areas were de-
termined by counting the numbers of inter-
secting points superimposed on glomerular
areas within Bowman’s capsule. The percen-
tage of PAS positive material was represented
by numbers of points falling on PAS positive
material as percentage of total points falling
on total structure within Bowman’s capsule.
To minimize the error each glomerulus was
measured three times by changing the posi-
tion of grid. The mean of these values for
each glomerulus was calculated and scored
from 1- 4 according to degree of PAS positive
areas (Table I).

Table I: Scoring system of glomerular PAS
positive material
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Results

Of the total 112 cases, 55 (49.1%) were me-
sangial proliferative glomerulonephritis (Mes
PGN), 45 (40.2%) were mesangiocapillary
glomerulonephritis (MCGN), 8 (7.1%) were
IgA nephropathy (IgAN), 3 (2.7%) were
membranous glomerulonephritis (MGN) and
1 (0.9%) was chronic glomerulonephritis
(CGN). The glomerular PAS positive material
ranged from 8.46% to 56.73% with a mean
value of 20.71 = 7.9%. The mean values of
glomerular PAS positive areas in MesPGN,
MCGN, IgA nephropathy, MGN and CGN
were 19.46 + 6.3%, 22.31 + 8.1%, 15.69 +
3.9%, 31.05 + 22.3% and 27.04% respective-
ly._PAS positive areas were scored from 1 to
4 (Table II).

Table I1: Score of glomerular PAS positive
areas

Score PAS positive area No. of pa-

Glomerular PAS positive area. Score

(Mean = SD) tients
n=112
9.14+£0.77% 4

18.31 + 4.05% 85
29.38 £ 5.25% 21
54.88 + 2.61% 2

A WD -

Up to 10% of the glomerular PAS 1
positive area

>10-25% of the glomerular PAS posi- 2
tive area

>25-50% of the glomerular PAS posi- 3
tive area

>50% of the glomerular PAS positive 4
area

Statistics

The correlations of glomerular PAS staining
areas with renal function were determined
with Pearson’s correlation method. Results
were statistically significant if p <0.05.

Out of 112 cases estimation of blood urea was
done in 107 cases, creatinine clearance ratevin
100 cases and serum creatinine in all of the
cases. It was observed that with the increase
of glomerular PAS positive score the levels of
blood urea and serum creatinine also in-
creased whereas the levels of Ccr decreased
(Fig. 2). Glomerular PAS positive areas
showed significantly strong positive correla-
tion with the levels of blood urea and serum
creatinine (r = 0.566, p <0.001 and r = 0.763,
p <0.001, respectively), whereas with Ccr the
relationship was significantly inverse (r = -
0.612, p < 0.001) (Fig. 3-5).

Journal of Histopathology and Cytopathology, 2018 Jan; 2 (1) Page 6



B Urea (mmol/L)
Il Creatinine (micomol/L)
O GCo (mi/min)

|

- 8 8 &8 88584388

Original Contribution

Scores of glomeniar PAS positive area

Figure 2. Result of renal function tests according to score of PAS positive areas
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Figure 3. Correlation between glomerular PAS positive area and blood urea

Journal of Histopathology and Cytopathology, 2018 Jan; 2 (1) Page 7



Serum creatinine (umol/L)

1400

1200

1000

800

600

400

200

Original Contribution

N=112
r=+0.763 .
P<0.001"""
o _:;:&: °
o &P
° o "Osoo .cf%&mo °
° g:ggoc@:gcc 8
T T T T T 1
10 20 30 40 50

PAS positive area (%)

60

Figure 4. Correlation between glomerular PAS positive area and serum creatinine
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Figure 5. Correlation between glomerular PAS positive area and creatinine clearance rate
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Discussion

In many of the glomerulonephritis there is
deposition of PAS positive extracellular ma-
trix in GBM and mesangium and glomerular
PAS positive areas correlate with renal func-
tion expressed as blood urea, serum creatinine
and creatinine clearance.

With this aim Suzuki in 1994 performed a
quantitative study on diabetic nephropathy.
He stained glomerular mesangial deposition
of various glycoproteins with PAS and meas-
ured the positive areas by an automatic image
analyzer. He correlated the percentages of
glomerular PAS positive areas with serum
creatinine and found significant correlation.*

In 1997, Vleming and co-authors performed a
quantitative study on various forms of glome-
rular diseases to find out the correlation of
glomerular PAS positive areas with renal
function. They found that the percentages of
glomerular PAS positive areas correlated
strongly with renal insufficiency expressed as
serum creatinine.

In view of the same aim Danilewicz and Wa-
growska Danilewicz in 1997 carried out a
quantitative study on three forms of prolifera-
tive glomerulonephritis MesPGN, MCGN and
IgA nephropathy. They failed to demonstrate
any significant correlation between glomeru-
lar PAS positive matrix deposition and serum
creatinine. These investigators found that cor-
relation between these parameters tended to
be positive but have not reached statistical
significance. They could not agree with the
earlier findings of Vleming et al 1997 and
stated that in their study patients biopsies con-
tained a mixed bag of diagnosis. Therefore,
this would require external validation of their
findings in a cohort of patient with one dis-
ease.”

Vleming and co-authors in 1998 performed
another quantitative study with a single dis-
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ease entity for confirmation of their previous
findings of significant positive correlation of
glomerular PAS positive material with renal
function. IgA nephropathy was selected and
obtained significant correlation between glo-
merular PAS positive areas and creatinine
clearance rate at the time of biopsy.**

The present study was performed to measure
glomerular PAS positive material quantita-
tively and to determine whether this parame-
ter correlates with renal function. It was ob-
served that with the increase of PAS positive
scores the level of blood urea and serum crea-
tinine also proportionately increased whereas
the level of creatinine clearance rate de-
creased. The glomerular PAS positive areas
correlated strongly with the levels of blood
urea, serum creatinine and Ccr. Our results
correspond to the observation of Vleming et
al. 1997, Vleming et al. 1998 and Suzuki
1994. The findings of present study only dif-
fer with the study of Danilewicz et al. 1997.
They did not find significant correlation be-
tween PAS positive areas and serum creati-
nine in MesPGN, MCGN and IgAN. Total
number of cases in their study was small and
they have included only less severe cases of
glomerulonephritis. This may be the possible
cause of insignificant correlation in their
study.

Conclusion

It was concluded that the severity of glomeru-
lar PAS positive matrix accumulation in glo-
merulonephritis correlated with the severity of
renal insufficiency and our study confirmed
the results previously obtained by different
observers concerning significant correlation
between these parameters.
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