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Summary 

Antisera against particulate human glomerular basement membrane prepared 
from cadaver kidneys were raised in rabbits. It was shown that both normal 
individuals and patients with glomerular and tubular diseases excrete in their 
urine several antigens reactive with these antibodies. One antigen crossreacted 
immunologically with an antigen from human glomerular basement membrane 
while several others did not. One of the urinary antigens and the antigen cross- 
reacting with the basement membrane were separated from the others by ion 
exchange chromatography and gel filtration, respectively. 

The pattern of antigen excretion differed depending on the underlying renal 
disease but the multitude of different antigens detected complicates the inter- 
pretation of the patterns of excretion in different diseases. 

Introduction 

Normal urine from many species including man contains substances which 
are immunologically related to glomerular basement membrane [1]. It has also 
been shown that urinary substances can induce production of antibasement 
membrane antibodies in animals [1]. The urinary antigens, however, have not 
been purified and their anatomical origins have not been determined. It is 
essential to purify and characterize these immunoreactive substances in order 
to understand the structure and catabolism of the normal glomerular base- 
ment membrane and also to gain information on the degradation of basement 
membrane in kidney disease. It may be that the quantity and composition of 
the excreted material is of clinical relevance for assessment of disease activity 
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and the effects of therapy. In this report the detection and isolation of such 
substances are presented and their origin is discussed. 

Materials and Methods 

Preparation of basement membrane [2], fragmentation with enzymes, 
immunization procedures [3], double diffusion in Agarose gel [4], electro- 
immunoassay [5], crossed immunoelectrophoresis [6] and immunoelectro- 
migration [7] were performed as described elsewhere [3]. Tandem crossed 
immunoelectrophoresis was performed according to Kr¢ll [8]. Glomerular 
filtration rates were measured as Cr-EDTA clearances [9]. Renal biopsy 
specimens were prepared and classified by light microscopy and immuno- 
fluorescence microscopy by Dr. Claus Brun and Dr. Sven Larsen, Kommune- 
hospital, Copenhagen, Denmark. 

Experimental procedure 
Urine was collected for periods of 1 to 3 days from ten healthy individuals 

and from patients with kidney disease. Sodium azide was added as a preserva- 
tive. Urines were concentrated in a dialysis apparatus (Amicon Hollow Fiber 
Dialyzer Concentrator DC 2) and dialyzed extensively against 0.01 M Tris- 
HC1, pH 7.0. The pH of each sample was checked and it was centrifuged at 
40 000 X g for 30 min and applied to a Whatman DE-52 ion-exchange column 
(2.5 X 30 cm) with a peristaltic pump. The column had been equilibrated with 
0.01 M Tris-HC1, pH 7.0, and the same buffer was used to wash the column 
extensively. The effluent was monitored by following the absorbance at 
280 nm. When the absorbance had returned to base-line the column was eluted 
with a continuous NaC1 (0--0.5 M) gradient using the same Tris buffer. The 
peristaltic pump was used to give a flow rate of 30 ml/h. Fractions (18 ml) 
were collected and screened for antigenic activity by electroimmunoassay. The 
separate peaks were pooled as indicated in Fig. 1 and concentrated by ultra- 
filtration (Amicon type UM 2). Four fractions were recovered and will be 
referred to as DE 0.12; DE 0.15; DE 0.18 and DE 0.22, respectively. Each frac- 
tion was then chromatographed on a Sepharose 6B (Pharmacia Fine Chemicals) 
column (1.8 X 180 cm) equilibrated with 0.15 M Tris-HC1, pH 7.4. Fractions of 
8 ml were collected and screened for antigenic activity. Tubes containing 
antigenic material were pooled and concentrated by ultrafiltration on UM 10 
membranes (Amicon Corp.). Fractions referred to as DE 0.12-6B 1; 6B 2 and 
6B 3 were obtained. They were tested for immunological crossreactivity against 
each other and against fractions prepared by treating human glomerular base- 
ment membrane with collagenase, pepsin and trypsin. 

Results and Discussion 

Human glomerular basement membrane antigens in normal urine 
Electroimmunoassay and the fused rocket technique were used to demon- 

strate that several substances in human urine react with rabbit antibodies 
against particulate human glomerular basement membrane. These antigenic 
substances were incompletely or not at all separated by Sepharose 6B 
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chromatography (unpublished). Ion~exehange chromatography on DEAE- 
cellulose (DE 52), on the other hand, was used to separate partly the antigenic 
fragments (Fig. 1). No antigen was eluted with 0.01 M Tris, pH 7.0, from the 
column. The ion-exchange column was then eluted with a gradient of NaC1. 
Antigenic determinants were eluted at concentrations of about 0.12 M, 0.15 M, 
0.18 M and 0.22 M NaC1, respectively. These fractions were pooled as indicated 
in Fig. 1 and will be referred to as DE 0.12 to DE 0.22, respectively. Tandem 
crossed immunoelectrophoresis and immunoelectromigration were used to 
show that the fraction designated DE 0.22 had a major antigenic determinant 
which crossreacted with a fraction solubilized from basement membrane by 
collagenase digestion (Fig. 2). Further fractionation on Sepharose 6B indicated 
that the antigen found in the urine was very polydisperse and/or heterogeneous. 
Electroimmunoassay against antiglomerular basement membrane antibodies of 
the material from the Sepharose 6B fractions showed that antigens were 
present in most of the fractions containing protein. The effluent was pooled as 
indmated in Fig. 3. The antigens in the three fractions pooled were shown to be 
immunologically identical by using immunoelectromigration. 

The material eluted first from the DE 52 column, DE 0.12, was further frac- 
tionated on Sepharose 6B. Again protein and antigenic material was not 
separated. Fused rocket analysis of the Sepharose 6B fractions indicated the 
presence of 4 overlapping antigenic determinants (Fig. 4). Neither the Sepharose 
6B fractions nor the original DE 0.12 fraction showed any immunological iden- 
tity with DE 0.22 nor with material solubilized from basement membrane by 
collagenase, trypsin or pepsin digestion. The fractions eluted from the DE 52 
column at intermediate ionic strength contained mixtures of antigenic deter- 
minants which were not separated into distihct entities by ion-exchange 
chromatography or by gel filtration. It appears then, that urine contains at least 
two fractions with different antigenic determinants, one (DE 0.22) cross- 
reacting immunologically with glomerular basement membrane fragments. The 
other fraction (DE 0.12) reacted with anti-basement membrane antibodies but 
not with fragments liberated from glomerular basement membrane by 
proteolytic digestion. It is possible that some of the membrane determinants 
are destroyed by the action of the proteases or alternatively not solubilized. 
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Fig.  2.  U p p e r  le f t :  C r o s s e d  i m m t m o e l e c t r o p h o r e s l s  o f  D E  0 . 2 2  p o o l  f r o m  h u m a n  u r ine .  U p p e r  r i gh t :  
C r o s s e d  l m m u n o e l e c t r o p h o r e s l s  o f  S e p h a r o s e  6 B  f r a c t i o n  w h e r e  t h e  c r o s s r e a c t i n g  h u m a n  g l o m e r u l a r  base -  
m e n t  m e m b r a n e  a n t i g e n  is i s o l a t e d  [ 4 ] .  (Co l l agenase  d i g e s t e d  b a s e m e n t  m e m b r a n e  f r a c t i o n  48 . )  Upper 
c e n t e r :  T a n d e m  c r o s s e d  i m m u n o e l e c t r o p h o r e s i s  a n a l y s i s  o f  t h e  t w o  f r a c t i o n s ,  s h o w i n g  t h e  c r o s ~ t e a c t i o n .  
L o w e r  l e f t :  I m m u n o e l e c t r o m ~ g r a t i o n  w i t h  c o n a g e n a s e  d i g e s t e d  b a s e m e n t  m e m b r a n e  f r a c t i o n  4 8  h in  the 
sh t  a n d  u r i n e  f r a c t i o n  D E  0 . 1 2  m t h e  wel l .  A b s e n c e  o f  c r o s s r e a c t i v i t y  s h o w n .  L o w e r  r i gh t :  I m m u n o e l e c -  
t r o m l g r a t i o n  w i t h  c o l l a g e n a s e  d i g e s t e d  b a s e m e n t  m e m b r a n e  f r a c t i o n  4 8  h m t h e  slit a n d  u r i n e  f r a c t i o n  DE 
0 . 2 2  in  t h e  wel l .  T o t a l  i d e n t i t y  s h o w n .  

As discussed, the fractionation procedures used are ineffective in removing 
non-related proteins and can therefore not be used for purification. They can, 
however, be useful tools to fractionate and separate molecules with different 
antigenic determinants. 

Antigens in pathological human urine 
Experiments were carried out to compare the patterns and quantities of 

glomerular basement membrane related antigenic fragments in urine from 
patients with kidney disease with the patterns obtained with samples of normal 
human urine. The clinical data and the diagnoses of the patients studied are 
summarized in Table I. When samples prepared from the two patients recovering 
from acute tubular insufficiency were tested by immunological methods against 
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Fig.  3.  E l u t i o n  p ro f i l e  o f  S e p h a r o s e  6B c h r o m a t o g r a p h y  o f  a D E  0 . 2 2  f r a c t i o n  p o o l  f r o m  n o r m a l  u r i n e .  
Al so  s h o w n :  T h e  r o c k e t  a n a l y s i s  o f  a n t i g e n s  a g a i n s t  a n t i - h u m a n  g i o m e r u l a r  b a s e m e n t  m e m b r a n e  g a m m a -  
g lobu l in .  F r a c t i o n s  w e r e  p o o l e d  as  i n d i c a t e d  a t  t h e  t o p .  

Fig.  4.  F u s e d  r o c k e t  a n a l y s i s  o f  a n t i g e n s  in  t h e  S e p h a r o s e  6B e lua t e  o f  D E  0 . 1 2  p o o l  f r o m  h u m a n  u r ine .  
A n t i - h u m a n  g l o m e r u l a r  b a s e m e n t  m e m b r a n e  g a m m a - g l o b u l i n  in  t h e  gel.  S e p h a r o s e  6 B  f r a c t i o n s  in  wel l s  as 
i n d i c a t e d .  O n e  c o n t i n u o u s  p r e c i p i t a t i o n  l ine r e p r e s e n t s  o n e  a n t i g e n - a n t i b o d y  s y s t e m .  

those obtained from normal urines it was found that the corresponding frac- 
tions from the DE 52 column contained crossreacting antigens. The urines from 
several patients with chronic glomerulonephritis showed more complex immu- 
nological reactivity. The first fraction from the DE 52 column (DE 0.12) in all 
bu t  one case showed non-identity with the corresponding fraction in normal 
urine. The last eluted fraction (DE 0.22) showed an even more complex picture. 

T A B L E  I 

C L I N I C A L  A N D  L A B O R A T O R Y  D A T A  O N  P A T I E N T S  

P a t i e n t  M o r p h o l o g i c a l  f i n d i n g s  G l o m e r u l a r  d e p o s i t s  Cl in ica l  d i a g n o s i s  
( I m m u n o f l u o r e s c e n c e )  

G l o m e r u l a r  
f i l t r a t i o n  r a t e  
( m l / m i n )  

I E p i m e m b r a n e o u s  gin  * IgG,  C3  g r a n u l a r  N e p h r o t i c  s y n d r o m e  4 0  
2 E p i m e m b r a n e o u s  gin  IgG,  C3  g r a n u l a r  N e p h r o t i c  s y n d r o m e  50  
3 Di f fuse  p r o l i f e r a t i v e  g in  IgG,  C3  g r a n u l a r  N e p h r o t i c  s y n d r o m e  23 
4 E x t r a c a p i l l a r y  gin  N o n - l i n e a r  f ib r in  A c u t e  gln  c r e a t i n i n e  in  

( n o n - s t r e p t o c o c c a l )  s e r u m  
4 7 5  p m o l / l  

5 T u b u l a r  cel l  a n d  in te r -  N o n e  A c u t e  t u b u l a r  2 4  
s t i t i a l  c h a n g e s  i n s u f f i c i e n c y  

6 T u b u l a r  a n d  in te r -  N o n e  A c u t e  t u b u l a r  2 0  
s t i t ia l  c h a n g e s  i n s u f f i c i e n c y  

* gin ,  g l o m e r u l o n e p h r i t i s .  
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T A B L E  I I  

T R Y P S I N ,  C O L L A G E N A S E  A N D  P E P S I N  S O L U B I L I Z E D  H U M A N  G L O M E R U L A R  B A S E M E N T  M E M -  

B R A N E  A N D  I T S  I D E N T I T I E S  W I T H  D I F F E R E N T  U R I N E S  

HGBM, h u m a n  g lomeru lar  b a s e m e n t  m e m b r a n e .  

Pepsin Tryps in  Col lagenase  
H G B M  H G B M  H G B M  

G l o m e r u l o n e p h n t i c  urine 
Pat ient  I D E  0 . 1 2  - -  - -  - -  

D E  0 . 2 2  - -  + + 

Pat ient  I I  D E  0 . 1 2  - -  - -  - -  

D E  0 . 2 2  - -  + + 

Pat ient  I n  D E  0 . 1 2  - -  - -  - -  

D E  0.22 -- + -- 

P a t i e n t  I V  D E  0.12 -- -- -- 

D E  0 . 2 2  - -  + + 

Tubular  insu fhc l encY urine 
Pat ient  V D E  0 . 1 2  - -  - -  - -  

D E  0.22 -- -- + 

Patlent VI D E  0.12 -- -- -- 

D E  0.22 -- + + 

N o r m a l  unne 
D E  0 . 1 2  -- -- -- 

D E  0.22 -- + + 

Both crossreactivity with the corresponding fractions from normal urine, as 
well as non-identity was observed. It is noteworthy,  however, that all urines 
contained antigenic materials eluting at the same salt concentration and 
reacting with the antibodies against giomerular basement membrane regardless 
of  crossreactivity between normal and pathological urine or glomerular base- 
ment  membrane fragments prepared by protease digestion. It can be concluded 
that substances with different antigenic specificities but still related immu- 
nologically to basement membrane are probably also excreted in kidney disease. 
It may be that the pattern of  antigenic determinants excreted may depend on 
the underlying renal disease. 

Antigens in glomerular basement membrane crossreacting with urinary antigens 
Three samples of  human glomerular basement membrane were digested with 

pepsin, trypsin and collagenase and tested for crossreactivity with fractions 
from normal and pathological human urines. The results are summerized in 
Table II. Pepsin-treated membrane gave no clear identity with any of  the urine 
antigens. The digests of  basement membrane with trypsin and with collagenase, 
respectively, crossreacted only with the urinary fraction eluted with 0.22 M 
NaC1 from the DE 52 column. 

General Discussion 

It is possible that most  of  the urinary antigens do not  reflect gomerular base- 
ment membrane constituents.  The particulate basement membrane prepara- 
tions used for immunization contained several contaminants,  primarily plasma 
constituents and cellular material. The sera obtained from the immunizpd 



261 

rabbits reacted with many,  if not  all, plasma proteins. Therefore the antisera 
were adsorbed with pooled human plasma to remove this reactivity. Antisera 
did not  react when tested against red cell membrane preparations, th rombocytes  
and the Tamm-Horsfall glycoprotein isolated from urine. It is likely, then, that 
the purified antiserum used in this investigation does not  react with cellular 
material and therefore that  it is specific for basement membrane fragments. 

The anatomical origin of  the urinary substances was further investigated. As 
discussed above at least one antigen found in the urine crossreacted with the 
soluble fraction of  collagenase digested basement membrane. On the other 
hand antigens reacting with the antisera but  not  showing reaction of  identi ty 
with any of  the urinary antigens were found in extracts of  non-renal tissues 
such as aorta, lens capsule and placenta. It is possible that  these antigens repre- 
sent the basement  membrane present in all the tissues tested. In support  of  this, 
fractions derived from tissues devoid of  vessels and basement  membranes,  such 
as cartilage or red cell membranes and platelets, did not  show any reaction with 
anti-glomerular basement  membrane antiserum. The crossreacting antigens of  
non-renal origin are, however,  too  large to pass the normal glomerular filter. 
Therefore, the crossreacting antigens excreted in normal urine are probably 
derived from sites distal to the filtration barrier. The excretion of these antigens 
then, can probably be used an an indicator of  the normal basement membrane 
turnover. Efforts are now under way to purify the antigens in order to corre- 
late their structure more closely to that  of  human glomerular basement mem- 
brane antigens and also to ant ibody formation against basement membrane in 
human disease. 
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