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The sialomucin content was studied in the glomerular filter of the human kidney in 
certain pathological states. Sialomucins were detected in paraffin sections by 
staining by Hale's method and were investigated in the scanning microspectrophotom- 
eter. A significant decrease was found in the content of sialomucins in lipoid 
nephrosis, secondary amyloidosis, and membranous-proliferative glomerulonephritis, 
accompanied by a nephrotic syndrome. In subacute glomerulonephritis with a ne- 
phrotic syndrome no decrease was found in the sialomucin content. It is suggested 
that the selective proteinuria is connected with a decrease in the sialomucin con- 
tent in the glomerular filter. 
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The structure of the glomerular filter and its changes in the nephrotic syndrome have 
not been adequately explained. Views regarding the function of the basal membrane as a high- 
molecular-weight "sieve" and on the connection between the filtration size and proteinuria 
and the degree of polymerization of the substance of the lamina densa do not take into ac- 
count the role of the sialomucins of the glomerular filter, which are contained in the cyto- 
plasm of the podocytes, endothelium, and lamina rara interna. 

It has been suggested that the sialomucin (glycocaiyx) of the podocytes plays the role 
of a fine filter and holds back substances with a molecular weight of between 70,000 and 
200,000, whereas the lamina densa is a coarse filter, holding back substances with molecular 
weights of over 200,000-240,000 [i0]. Other workers [2, 9, ii] consider that the sialomucins 
are not a true filtering barrier, but as a layer of active polyanions, they hold back pro- 
tein molecules both at the level of the endothelium and the lamina rata interna and on the 
outer surface of the filter [12], and they may perhaps extract them from the primary urine. 
In experimental aminonucleoside nephrosis a decrease in thesialic acid concentration in the 
glomerular filter [7] and focal defects of the epithelial cover of the membranes [12] were 
found and preceded the proteinuria. A decrease in the intensity of staining of the basement 
membranes of the glomeruli by Hale's method has been found in the nephrotic syndrome in man 
and has been associated with a decrease in the sialomucin content [6]. However, the results 
of the reaction were assessed visually by these workers. 

To continue the study of the structure of the basement membrane of the capillaries in 
proteinuria a microspectrophotometric investigation was made of the sialomucin content in the 
glomerular filter of the human kidney in certain pathological states. 

EXPERIMENTAL METHODS 

The sialomucin content in the basement membranes of the glomerular capillaries of the 
human kidney in lipoid nephrosis (five cases), subacute glomerulonephritis (two), secondary 
amyloidosis (two), congenital nephrosis (one), and membranous-proliferative glQmerulonephritis 
(one), accompanied by a nephrotic syndrome, and also in lobular glomerulonephritis (two cases) 
and amyloidosis of the kidney (one case) without a nephrotic syndrome. Material was fixed 
in 10-12% neutral formalin and embedded in paraffin wax en bloc with the control fragment 
(kidneys from healthy persons of the same age, dying accidently, served as the control). 
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4,~ I Fig. i. Sialomucin content in sections of 
412 I I kidneys from normal subject and patients 
410 �9 Ii3 I�9 ~ with lipoid nephrosis (a) and subacute 

glomerulonephritis (b). Black columns  o,I .II I represent control, white columns experi- 
406 ment. Ordinate, optical density, propor- 
~0~ tional to sialomucin content (Hale-posi- 

tive substances). 
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Sections 5 ~ thick were stained by Hale's method at pH 1.8 and examined in the integrating 
scanning microspectrophotometer [i]. The optical density of the basement membranes of the 
glomerular capillaries was measured under a magnification of 450 times and at a wavelength 
of 610 nm (area of probe 0.25 ~=). From 30 to 60 measurements were made in each case. The 
same preparations were reinvestigated with a digital scanning microspectrophotometer [3]. 
The results were subjected to statistical analysis. The results of investigations of the 
same sections by the two different microspectrophotometers proved to be identical. 

EXPERIMENTAL RESULTS 

In all cases of lipoid nephrosis (including an "acute" with a duration of about 2 months) 
a significant decrease was found in the intensity of staining of the basement membranes by 
Hale's method (Fig. i). A decrease in the intensity of staining of the basement membranes 
also was found in membranous-proliferative glomerulonephritis and in amyloidosis accompanied 
by a nephrotic syndrome. The results may indicate a decrease in the sialomucin content in 
the outer cover of the membranes, for a positive Hale's reaction in the basement membranes 
is due to the presence of sialomucins [6, 9, ii]. In congenital nephrosis the decrease in 
the intensity of staining of the membranes compared with normal was not significant. In sub- 
acute glomerulonephritis an increase was observed in the intensity of staining of the mem- 
branes by Hale's method, whereas in lobular glomerulonephritis not accompanied by a nephrotic 
syndrome a decrease in the intensity of staining was found in one case and a small increase 
in the other. 

The decrease in the sialomucin content, revealedby microspectrophotometry, may be re- 
sponsible for the selective proteinuria and may be evidence of a role of sialomucins in the 
filtration of the primary urine. Considering their localization, sialomucins may be syn- 
thesized by podocytes, and in that connection primary degenerative changes in the podocytes 
in lipoid nephrosis appear probable. Injury to the podocytes in lipoid nephrosis is associ- 
ated with a factor produced by a clone of T lymphocytes [14]. A cytotoxic effect of !ympho- 
cytes isolated from patients with lipoid nephrosis has also been described in the literature 
[8]. In amyloidosis injury to the podocytes is probably secondary in character, and the de- 
crease in the sialomucin content in their processes, just as in the lamina rare interna, may 
be connected with the deposition of amyloid in the basement membranes [4]. Despite the ne- 
phrotic syndrome, in subacute glomerulonephritis some increase was observed in the density 
of the sialomucins in the glomerular filter, possibly on account of collapse of the glomeruli, 
accompanied by thickening of the basement membranes. The proteinuria in subacute glomerulo- 
nephritis is connected, not with a decrease in the sialomucin content, but with defects in 
the basement membranes [5, 15]. 

The results thus confirm the role of the sialomucins of the glomerular filter in the 
filtration process. 
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The histological structure of 13 allografted cadaveric kidneys was studied after re- 
maining in the body of the recipients for between 121 days and 3 years i0 months. 
The structure of the juxtaglomerular apparatus (JGA) in grafted kidneys with a well 
preserved structure was essentially indistinguishable from that of JGA of the con- 
trol kidneys. This conclusion is supported by the results of karyometric investi- 
gation and of counting the juxtaglomerular index. During the development of con- 
siderable destructive and degenerative changes in the allografted kidney, partial 
or complete involution of JGA may take place. 

KEY WORDS: human kidney; allografting; juxtaglomeruiar apparatus. 

In previous publications [1-4] structural changes were described in the juxtaglomerular 
apparatus (JGA) of allografted human kidneys in the early stages after transplantation. The 
changes consisted of hyperplasia of epithelioid-modified cells (EMC) of the efferent arteriole 
and of Goormaghtigh's cells, forming the lacis of the JGA. The phenomenon of hyperplasia of 
JGA is accompanied by an increase in the juxtaglomerular index. The results, combined with 
those of karyometric investigation, indicated activation of JGA of the allografted human kid- 
ney during the first month after transplantation. 

The object of this paper is to describe changes in the structure of JGA of allografted 
cadaveric human kidneys in the late stages after transplantation. 

EXPERIMENTAL METHODS 

The histological structure of 13 allografted kidneys was studied after remaining in the 
recipient's body for between 121 days and 3 years i0 months (12 kidneys were removed at autopsy 
and one on account of functional failure). These 13 cases were divided into groups A and B. 
Group A included i0 cases, in six of which (subgroup i of group A) the recipient died after 
130-605 days from septicopyemia arising against the background of prolonged immunodepressive 
therapy; in the other four cases (subgroup 2 of group A) failure of the grafted kidney took 
place on account of a chronic rejection reaction (the case in which the nonfunctioning kidney 
was removed belonged to this subgroup). Group B included three cases in which, judging from 
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