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ABSTRACT 
Tubul a r  proteinuri a , or 1 ow mol ecul a r  wei g h t  (LMW protei nuria , i s  1 ess com- 

mon than glomerular proteinuria, b u t  i s  often o f  cl inical  significance. Both 
quali tative analysis of the urinary pro te in  pa t te rn  by e l ec t rophores i s  and 
quan t i t a t ive  estimations of various LMW-proteins are now usually available in 
the c l i n i c a l  rou t ine  l abora to r i e s .  I t  i s  t h u s  poss ib le  t o  look f o r  LMW- 
proteinuria, as a sign of damage t o  the function of proximal renal tubules.For 
th i s  purpose f?2-microglobulin may be used as  marker protein.  Chronic cadmium 
poisoning and the  Balkan nephropathy a re  examples o f  conditions which have 
been extensively studied by the use of LMW-protein determinat ions.  In t h i s  
context a1 so some rare hereditary disorders deserve to  be specially mentioned. 
Toxic injury t o  the kidneys, by drugs or other agents, often affect  the kidney 
tubules  ea r ly  in  the  course and may be identified by LMW-protein analysis. 
Also i n  other c l inical  si tuations LMW-proteins i n  t he  ur ine  may be used f o r  
investigative or research purposes. 

INTRODUCTION 
Hippocrates seems t o  have observed the occurrence of foamy urine in patients 

w i t h  renal disease b u t  the direct  demonstration of proteins i n  the urine i s  a 
l a t e  event in the  history of c l inical  medicine. F i r s t  in the 18th century i t  
was shown by Cotugno o f  Naples tha t  the urine from a patient w i t h  general ized 
edema coagulated, a f t e r  acidification and heating. I t  was then thought t o  be a 
favourable sign " as  the coagulable edema f l u i d  was coming away". I n  1798 
Cruickshank observed the  phenomenon of proteinuria in diabetes. The famous 
concept of "Bri gh t ' s  disease" (gl omerul onephri t i  s )  be1 ongs t o  the time per i  od 
around 1830. 

For a long time proteinuria was synonymous w i t h  albuminuria.  A d i f f e r e n t  
pro te inur ic  pa t t e rn  was described by Friberg 1950 ( 6 ) .  In industrial workers, 
exposed t o  cadmium, urinary proteins were present which were not detectable by 
P rec ip i t a t ion  w i t h  tr ichloroacetic acid and, sometimes, not w i t h  the boiling 



test .  T h i s  type of pro te inur ia ,  w i t h  low molecular  weight  p r o t e i n s ,  became 
known a s  t u b u l a r  p r o t e i n u r i a  (Bu t l e r  and Flynn, 1958) a s  i t  was found t o  be 
connected with a var ie ty  of tubular  renal disorders ( 2 ) .  Paper e lec t rophores i s  
proved t h a t  a2- and p2 components were prominent f ea tu re s  i n  t h i s  type of 
proteinuria.  A typical p r o t e i n ,  B2-microgl obul i n  was is01 a t e d  by Berggi rd  
1968 ( 3 ) .  

CLINICAL TYPES OF PROTEINURIA 
P r o t e i n u r i a  may occur through many d i f f e r e n t  mechanisms, some o f  w h i c h  a r e  

l is ted i n  Table I .  
Tab1 e I .  Mechani sms of protei  n u r i  a 

1. Abnormal passage by plasma pro te ins  through the  glomerular membranes. 
2. 
3 .  "Over-flow" of p-proteins, present a t  abnormally high concentrations.  
4 .  Origin of pro te in  i n  t he  urinary pathways (e.g.Tamm-Horsfall p ro t . )  
5. Loss o f  lymphatic f l u i d  in to  the  urine.  

Defective reabsorption of f i l t e r e d  plasma proteins.  

The common type, which i s  due t o  an increased g lomerular  p e r m e a b i l i t y ,  i s  
u s u a l l y  c a l l e d  g lomeru la r  p ro te inu r i a .  The dominating component i s  albumin. 
Various attempts, of doubt fu l  c l i n i c a l  va lue ,  have been made t o  subd iv ide  
g lomerular  p r o t e i n u r i a  i n t o  e .g .  s e l e c t i v e  (presumably r e f l e c t i n g  a l e s s  
se r ious  damage t o  the  glomerular membranes) and unselective p ro te inu r i a  (when 
l a rge r  proteins than albumin a re  a l s o  abundant i n  the  u r ine ) .  

I t  i s  to-day p r e f e r r e d  t o  use  t h e  t e r m  low m o l e c u l a r  w e i g h t  ( L M W I -  
p r o t e i n u r i a  f o r  p ro te inu r i a  which is  due t o  a defec t ive  tubular  reabsorption 
of f i l t e r e d  pro te ins  ( M . W .  (40.00 D a l t o n s ) .  T h i s  w i l l  be f u r t h e r  d i s c u s s e d  
be1 ow. 

The best  known type of over-flow pro te inur ia  i s  the  presence of Bence-Jones 
p r o t e i n s  i n  myeloma pa t ien ts .  Sometimes there i s  a l so  a concominant damage t o  
renal tubular function w i t h  a simultaneous general LMW-proteinuria. 

When p r o g r e s s i v e  r ena l  d i s e a s e ,  of any k i n d ,  has reached a low level o f  
glomerular f i l t r a t i o n ,  about 25-30 ml/min GFR, a t y p i c a l  mixed p r o t e i n u r i c  
p a t t e r n  occur s  which i s  b e s t  designated "nephron lo s s  p ro te inu ra" ( l6 ) .  Both 
a1 bumi n and LMW-protei ns a r e  invariably found and i t  becomes a1 most impossi b l  e 
t o  o b t a i n  use fu l  information from the  pa t te rn  o f  prote ins  a t  e lec t rophore t ic  
separation o r  by t h e  quant i ta t ive  determination of i n d i v i d u a l  proteins.  

In  p a t i e n t s  w i t h  a reasonably  well  preserved GFR,  >50 m l / m i n ,  i t  i s ,  
however, p o s s i b l e  t o  e v a l u a t e  t h e  p re sence  of mixed g l o m e r u l a r  a n d  L M W  
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p r o t e i n u r i a .  As t h e y  r e f l e c t  q u i t e  d i f f e r e n t  p a t h o p h y s i o l o g i c a l  mechanisms, 

q u a n t i t i v e  de te rm ina t ions  Of  albumin and an LMW-pro te in  s h o u l d  be e v a l u a t e d  

separa te l y  and n o t  as t h e  r a t i o  between t h e  p r o t e i n  concen t ra t i ons .  

Normal Tubular Glomerular 
defects defects 

Large roteins (>40,000 Dallons) 

LMW proteins (<40,000 Dollons) 

FIG. 1. Mechanisms of proteinuria. During passage through the glomeruli serum proteins are filtered, 
mainly in proportion to  their relative size, into the primary filtrate. The reabsorption of protein in the 
proximal tubules is also illustrated and the relative amounts of proteins of normal, tubular and glomer- 
ular proteinuria indicated (from Berggird, 1. Sv. LBkartidningen 67, 5798, 1970). 

LOW MOLECULAR WEIGHT PROTEINURIA 

The c l a s s i c a l  d e f i n i t i o n  o f  " t u b u l a r  p r o t e i n u r i a "  i s  i l l u s t r a t e d  i n  F i g .  1. 

The l e f t  p a r t  o f  t h e  p i c t u r e  shows t h a t  a l a r g e  p r o t e i n  l i k e  a l b u m i n  i s  

p r e s e n t  a t  h i g h  c o n c e n t r a t i o n  i n  p lasma,  n o r m a l l y  p a s s e s  o v e r  i n t o  t h e  

g lomeru lar  f i l t r a t e  i n  s m a l l  amounts and  i s  t h e n  m a i n l y  r e a b s o r b e d  i n  t h e  

p r o x i m a l  t u b u l e s .  S imul taneously ,  an LMW-protein, e.g. p2 -m ic rog lobu l i n ,  w i l l  
pass t h e  g lomeru la r  membrane f r e e l y  a n d  a1 so becomes r e a b s o r b e d .  I n c r e a s e d  

g l o m e r u l a r  p e r m e a b i l i t y ,  shown  t o  t h e  r i g h t ,  w i l l  n o t  a f f e c t  t h e  p2- 
m i c r o g l o b u l i n  r e a b s o r p t i o n  b u t  c a u s e  a heavy  a1 b u m i n u r i a ;  p r e s u m a b l y  t h e  

albumin r e a b s o r p t i o n  w i l l  become ove r -sa tu ra ted .  I n  t h e  m i d d l e  o f  t h e  p i c t u r e ,  

w i th  damage t o  t h e  prox imal  t ubu les ,  t h e  r e l a t i v e  impact  on LMW-reabsorp t i on  

i s  more p r o n o u n c e d  t h a n  t h a t  on t h e  albumin exc re t i on .  Tab le  I 1  shows an es- 

t i m a t e  o f  a p p r o x i m a t e  d a t a  f o r  t h e  t w o  m e n t i o n e d  p r o t e i n s  d u r i n g  n o r m a l  

c o n d i t i o n s .  I n  g lomeru la r  p r o t e i n u r i a  t h e  24 h e x c r e t i o n  o f  albumin may exceed 

10 Gm (10 - i nc rease )  and in"LMW"-prote inur ia  p2 -m ic rog lobu l i n  e x c r e t i o n  c o u l d  

exceed  100 mg ( 1 0 3 - i n c r e a s e )  wh ich  a l l o w s  f o r  a ve ry  l a r g e  v a r i a t i o n  o f  t h e  

r a t i o  between t h e  two p r o t e i n s  i n  u r i n e  (14). 

4 
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T A B L E  11.  Normal r e n a l  handl ing  of a l a r g e  and a small plasma p r o t e i n  

A1 bumi n p2-microgl obul i n  

Plasma concentration 40 Gm/l 2 mg/l 
G1 om.-fi 1 t r a t e  1 G1n/24~? 150 n1g/24~ 

0.010 G1n/24~ 0.1 mg/24 h Urinary excreti  on 

The knowledge about u r i n a r y  LMW-proteins developed e x p l o s i v e l y  about  20 
y e a r s  ago by use of e l e c t r o p h o r e t i c  separation, gel f i l t r a t i o n  according t o  
s i z e  and u l t racent r i fuga t ion  according t o  weight; and l a t e r  by the use of i m -  
munochemical methods and enzyme-assays. A t  f i r s t  the  dominating LMW pro te ins  
were detected,  1 ike  p2-microgl obul i n ,  9-microgl obul i n  ( R B P )  , t he  "post-qamma" 
and t h e  " b e t a - t r a c e " - p r o t e i n s  and 1 i g h t  c h a i n s  of immunoglobulins. With a 
short plasma h a l f - l i f e ,  dependent on the  GFR (151, LMW-proteins a t  a low con- 
cent ra t ion  were hidden among the l a rge  plasma proteins and not ea s i ly  found i n  
plasma, a s  i l l u s t r a t e d  by Fig. 2.  

INTERPRETATION 

Fig 2 .  Protein p r o f i l e  pa t te rns  obtained by gel 
chromatography on Sephadex 6-200 of serum 
(above) from a pa t i en t  with uremia - actual 
P -microglobulin value being 30 times above the 
n6rmal and f o r  comparison concentrated urine 
(below) from a pa t i en t  with renal tubular  dise- 
ase  - chronic cadmium poisoning - excreting 
high amounts o f  LMW pro te ins .  The column was 
equi l ibra ted  w i t h  0 .02  M Tris-HC1 pH 8.0 con- 
ta in ing  0.15 M NaC1. 

ELUTION VOLUME (mll 

However, enzymes l i k e  lysozyme and ribonuclease (81, and hormones l i k e  i n -  
sulin and LH (201, were soon found t o  be handled by the kidney i n  s i m i l a r  
manner. 

A well founded concept has evolved t h a t  LMW-proteins a re  l a rge ly  taken up  by 
p i n o c y t o s i s  i n  t he  proximal renal tubules and t h e n  degraded t o  the  amino ac id  
level i n  the  lysosomes of the  tubular  c e l l s  ( 4 ) .  T h u s ,  t hey  a r e  l o s t  t o  the  
body a f t e r  g l  omerul a r  f i  1 t r a t i o n  , whether reabsorbed  or n o t ,  a1 though the 
amino ac ids  may be re-used fo r  protein syn thes i s .  The r e a b s o r p t i o n  o f  l a r g e  
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p r o t e i n s ,  l i k e  albumin, i s  widely held t o  be unselective and occurring i n  the  
d i s t a l  pa r t s  of the proximal tubules.  The more proximal reabsorption of small 
p r o t e i n s  i s  p o s s i b l y  se l ec t ive  and  seems t o  be a more vulnerable process. As 
suggested by Maack, s e l e c t i v i t y  may depend not  on ly  by a r e a b s o r p t i o n  s i t e  
s e l e c t i v i t y  b u t  a l so  on the  type of anionic or  ca t ion ic  charge of the proteins 
and on d i f fe rences  i n  access,  a s  de te rmined  by h ind rance  t o  t h e  passage  of 
p r o t e i n s  f rom t u b u l a r  f l u i d  t o  t h e  endocy t i c  s i t e s  a t  t h e  base of t h e  
microvill i i n  the  proximal tubular ce l l  s .  

un-  
d e r l i n e d  by t h e  f a c t  t h a t  some, e .g .  i n s u l i n  and G H ,  a r e  t a k e n  up a l s o  
d i r e c t l y  from t h e  p e r i t u b u l a r  blood flow. i . e .  a t  the  contraluminal s ide  of 
t he  tubular ce l l  ( 1 2 ) .  

I n t e r e s t i n g l y ,  i t  has  been shown t h a t  some p e p t i d e s  and pro te ins ,  l i k e  
glucagon, angiotensin and bradykinin, a r e  not reabsorbed  by p inocy tos i  s b u t  
m a i n l y  d e g r a d e d  i n  t h e  t u b u l a r  lumen by enzymes i n  t h e  brush border  
membrane ( 3 ) .  Thus, t h e i r  deg rada t ion  p roduc t s  w i l l  r a p i d l y  occur  i n  t h e  
urine. 

The major ro l e  of the kidney f o r  the catabolism of peptide hormones i s  

j32-MICROGLOBULIN - A SUITABLE LMW-PROTEIN FOR CLINICAL USE ? 

p2-microglobul in  has become extensively used as  a model substance f o r  the  
renal handling o f  LMW-proteins (17 ) .  The protein e s s e n t i a l l y  e x i s t s  a s  a f r e e  
monomer i n  plasma and urine. I t  has a molecular s i z e  (10.800) which should a l -  
low almost f r e e  p a s s a g e  o v e r  t h e  g l o m e r u l a r  membranes,  seems t o  be 
b i o l o g i c a l l y  i n e r t  ( a  " l i g h t  c h a i n "  of HLA-antigen molecules) and is  con- 
s t a n t l y  produced i n  most individuals.  I t  can be used l i k e  S-crea t in ine  f o r  an 
e s t i m a t i o n  of t h e  g lomerular  f i l t r a t i o n  r a t e ;  and as the  serum level i s  ap- 
proximately doubled a t  a 50% r e d u c t i o n  of t h e  G F R  t h e  g lomerular  l oad  i s  
a lmost  cons tan t ,  even i n  renal disease.  There i s  no biological feed back,with 
a f luc tua t ion  of t he  serum level but,  t he  production i s  i n c r e a s e d  i n  c e r t a i n  
ma1 i gnant and "autoimmune" disorders ( 10) . 

The normal excretion of p2-microglobulin i n  a d u l t  s u b j e c t s  i s  about  0.125 
mg/24 co r re spond ing  t o  5/pg/h o r  0.5-1.0 mg/mnol c rea t in ine  x lo2.  This i m -  
p l i e s  t h a t  t h e  normal t u b u l a r  r e a b s o r p t i o n  i s  l a r g e r  than  99.9%. A small 
dec rease  of the  reabsorption will  t h u s  cause a conciderably increased urinary 
o u t p u t .  The de te rmina t ion  of the p r o t e i n  o f f e r s  few problems excep t  t h e  
o b s t a c l e  t h a t  p2 -mic rog lobu l  i n ,  depending probably on t h e  p re sence  of 
pro teo ly t ic  enzymes, may become degraded i n  urine i f  the pH i s  <5.5-6.0 (5). 
In  s h o r t  time co l l ec t ed  specimens reproducable r e s u l t s  a r e ,  however, obtained 
i n  the urine as shown i n  f i g .  3 .  I t  has been found t h a t  U -  8,- microg lobu l in  
values a re  b e t t e r  expressed a s  a r a t i o  t o  U-creatinine than a s  the amount over 

h 
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a time period. A t  a high d iures i s  a degradation can be avoided  i f  the urine 
samples a re  co l l ec t ed  i n  5 ml tubes containing 0.5 m l  of 10% sodium azide i n  a 
0.07 M phosphate buffer solution (pH 6 .5) .  

URINARY 1:XCRtTION 01 &-MI('ROGLOBULIN 

8 2  p'urinc 

J 

7 
10 20 

_p_ 

50 100 

Fig 3.  U-B2-microglobulin in 46 pa t ien ts  
with renal disease.  Two 1-3 hour co l lec-  
t i ons  were performed during a water load. 
Urinary pH was >5.5 

P r a c t i c a l  s t u d i e s  w i t h  u r ina ry  p2-microglobulin determinations i n  healthy 
subjec ts  and i n  pa t i en t s  w i t h  renal d i sease  have shown t h a t  t he  excretion over 
time i s  un in f luenced  by the urinary flow a t  various loads o f  water, osmoles, 
sodium or bicarbonate (19). A normal excretion can be found i n  p a t i e n t s  w i t h  

pronounced g lomeru la r  p r o t e i n u r i a  o r  w i t h  s igns of d i s t a l  tubular l e s ions ,  
caus ing  i s o s t e n u r i a .  In p a t i e n t s  w i t h  a reduced rena l  f u n c t i o n ;  w h e n  S- 

c r e a t i n i n e  i s  higher than 200-250 pmol/l o r  S-p2-microglobulin > 4.5-5.0 mg/l 

t he re  i s  f o r  prac t ica l  purpose a threshold,  w i t h  an obligatory leakage of  t h e  
protein in to  the  ur ine ,  together w i t h  o ther  LMW-proteins ( 1 7 ) .  

p z p  I c r  urinary ratio 
vq/mq-103 

1 2 3 4 5  
25 t Sample periods 

Subject 
PK 

$2 
1 2 3 L 5  

Subject 
HJ 

1 2 3 L 5  

Subect 

b 1 2 3 5 5  

0 =  saline infusion, A sodium bicarbonate infusion, 0 =infusion of urea, 0 = oral water load. 

Fig 4. The urinary B -microglobulin/creatinine r a t i o  in 
heal thy subjec ts  d u r f n g  diuresis experiments. The highest  
value i n  subject AD obtained i n  "pre-renal ischemia" due 
t o  a high infusion r a t e  o f  hypertonic urea-solution. 
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APPLICATIONS OF LMW-PROTEIN DETERMINATIONS 

It i s  p o s s i b l e  t o  l i s t  a l a r g e  number o f  c o n d i t i o n s  assoc ia ted  w i t h  t u b u l a r  

p r o t e i n u r i a ,  Table 111. 

T a b l e  1 1 1 .  E x a m p l e s  o f  L M W - p r o t e i n u r i a  i n  t h e  c l i n i c  

Exposure t o  Cadmium ( I t a i - I t a i )  
Exposure t o  o t h e r  heavy me ta l s  (Pb,Hg) 

Drug t o x i c i t y  

Balkan endemic nephropathy 

W i  1 son's disease 

Fanconi syndrome 

C y s t i  nos i  s 
Gal actosemia 

J u v e n i l e  nephronophthi s i  s 
Oculocerebra l  d y s t r o f i a  

F a m i l i a r  asymptomatic LMW-proteinuria 

Hypokal emi a 

Renal t u b u l a r  a c i d o s i s  

N e f r o c a l c i n o s i  s 

Acute t u  b u l  a r i n su f f i c i  ency 

I n t e r s t i t i a l  n e p h r i t i s  

Renal g r a f t  r e j e c t i o n  

Renal ischemia 

Ke toac idos i s  

Large t i s s u e  trauma 

Panc rea t i  t i s 

Nephropath ia  epidemica 

From a p r a c t i c a l  p o i n t  o f  view t h e  use o f  sc reen ing  f o r  LMW-proteinuria has 

proven t o  be o f  cons ide rab le  va lue  as rega rds  t h e  p o l l u t i o n  problem w i t h  cad -  

mium, e.g. i n  Japan  (111, and  f o r  d e t e c t i o n  o f  t h e  endemic Balkan n e p h r i t i s  

(7). For  t h e  d e t e c t i o n  and  s t u d y  o f  c e r t a i n  r a r e  h e r e d i t a r y  d i s o r d e r s ,  i n  
c h i l d r e n ,  t h e  use  o f  u r i n a r y  e l e c t r o p h o r e s i s  o r  p 2 - m i c r o g l o b u l i n  determina- 

t i o n s  have a l s o  been used. I n  many o t h e r  c l i n i c a l  s i t u a t i o n s  L M W - p r o t e i n u r i a  
was s t u d i e d  more f o r  s c i e n t i f i c  reasons than  f o r  t h e  c l i n i c a l  use fu lness  o f  

t h i s  s ign .  

D r u g  t o x i c i t y  i s  an area o f  p o t e n t i a l  importance. Tox i c  mechanisms d i r e c t e d  

towards t h e  k idney  a r e  o f t e n  p r i m a r i l y  a f f e c t i n g  t h e  k i d n e y  t u b u l e s ,  more o f -  

t e n  t h e  p r o x i m a l  t h a n  t h e  d i s t a l  t u b u l e s ,  l i t i u m  b e i n g  an excep t ion .  T y p i c a l  

examples a r e  t h e  aminoglycos ide a n t i b i o t i c s ,  c y c l o s p o r i n  and  s t r e p t o z o t o c i n  

( F i g .  51. It seems t h a t  LMW-pro te inu r ia  u s u a l l y  precedes a lbuminu r ia  and S- 
c r e a t i n i n e  e l e v a t i o n s  as a s e n s i t i v e  i n d i c a t o r  o f  r e n a l  s i d e  e f f e c t s .  It would 

be reasonable t o  m o n i t o r  new drugs r o u t i n e l y  i n  t h i s  r e s p e c t  d u r i n g  t h e  i n t r o -  

duc to ry  tri a1 s. 
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STREPTOZURICIN 2 Gm iniections 
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F i g .  5. U r i n a r y  e x c r e t i o n  o f  p2-microglobulin (24 h) dur ing t reatment  w i t h  
s t r e p t o z o t o c i n  2 g/week i . v .  i n  e i g h t  p a t i e n t s  r e c e i v i n g  10 courses. 

A few examples of the use of LMW-protein ana lys i s  i n  c l i n i c a l  research may 
f i n a l l y  be g iven .  D i a b e t i c  nephropathy has  been de f ined  a s  an a lmost  ex- 
c l u s i v e l y  g lomerular  d i s o r d e r  by the l ack  of an increased excretion of @,- 

microglobulin. In  a s i m i l a r  way i t  was p o s s i b l e  t o  show t h a t  t h e  t u b u l a r  
dys func t ion  w i t h  i s o s t e n u r i a ,  i n  some pa t i en t s  w i t h  hypercalcemia, could be 
c l a s s i f i e d  as a purely d i s t a l  phenomenon w i t h  i n t a c t  proximal tubular function 
(18). On the other hand the  demonstration of LMW-proteinuria can pro tec t  from 
an  o v e r - i n t e r p r e t a t i o n  of  t h e  i n c r e a s e d  e x c r e t i o n  o f  a s u b s t a n c e :  
myoglobinuria i n  myocardial in farc t ion  was found t o  be an uspec i f ic  phenomenon 
of ten  only ind ica t ive  of LMW-proteinuria and " p o s i t i v e "  a l s o  i n  cadmium ex- 
posed p a t i e n t s  and s u b j e c t s  w i t h  c a r d i a c  f a i l u r e  due t o  o t h e r  cause than 
in fa rc t ion  (9). 

FINAL COMMENT 
I t  was t h e  aim of t h i s  b r i e f  review t o  d e s c r i b e  the concep t  of " t u b u l a r  
p r o t e i n u r i a "  and t o  d i s c u s s  t h e  use of quan t i t a t ive  determinations of LMW- 
p ro te ins ,  like @,-microglobulin, f o r  s tudy  of  t h i s  phenomenon. Assay o f  a 
s u i t a b l e  LMW-protein h e r e  o f f e r s  a s e n s i t i v e  too l  f o r  i n v e s t i g a t i o n  of a 
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s p e c i f i c  func t ion  of the kidneys, the reabsorp t i on  o f  smal l  p r o t e i n s  i n  t h e  
p rox ima l  t u b u l e s .  I n  s e v e r e l y  ill pat ien ts  many fac to rs  can con t r i bu te  t o  a 

disturbance Of t h i s  h igh  performance process: e.g. toxemia from s e p t i c  i n f e c -  

t i o n s ,  c i r c u l a t o r y  f a i l u r e  and the presence of a t i ssue  necrosis. It has been 
Shown, f o r  example, t h a t  a high glomerular load  of c e r t a i n  basic amino a c i d s ,  

l i k e  l y s i n e ,  causes t u b u l a r  p r o t e i n u r i a  (13).  Nevertheless the q u a n t i t a t i v e  
determination o f  LMW-proteins has proven t o  o f ten  be u s e f u l  f o r  c l i n i c a l  r e -  

search purposes. 
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