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ABSTRACT 
The inc idence  of t u b u l a r  p ro te inu r i a  measured a s  urinary excretion of p2- 

microglobulin was evaluated i n  68 consecutive renal calcium stone fo rmers ,  14 
of whom had impaired urinary ac id i f i ca t ion  capacity. During normal conditions 
13% of these stone formers had tubular  proteinuria.  There was no s t a t i s t i c a l  
d i f f e r e n c e  i n  the  inc idence  of t u b u l a r  p r o t e i n u r i a  between subgroups w i t h  
proximal o r  d i s t a l  ac id i f i ca t ion  defec ts .  During t r ans i en t  metabolic a c i d o s i s  
induced by an ammonium chloride load a pronounced increase i n  p2-microqlobulin 
excretion was noticed i n  a l l  pa t i en t  groups b u t  espec ia l ly  i n  those w i t h  u r i -  
n a r y  a c i d i f i c a t i o n  d e f e c t s .  In s t o n e  formers w i t h  normal a c i d i f i c a t i o n  
capacity the degree of acidosis-induced p2-microg?obul i nu r i a  was moderate b u t  

a s m a l l  g r o u p  o f  p a t i e n t s  e x h i b i t e d  a l a r g e  u r i n e  e x c r e t i o n  of  p2- 
microglobulin. This f i n d i n g  may r e f l e c t  a l a t e n t  tubular  defec t  of importance 
f o r  stone genesis. 

INTRODUCTION 
S t u d i e s  of  uro l  i t h i a s i  s d i s e a s e  u s u a l l y  have focused on physico-chemical 

urine inves t iga t ions  and mineral me tabo l i c  problems (8). The importance of 
rena l  f u n c t i o n  has  not drawn much a t t en t ion .  Recently, however, some studies 
of renal function i n  renal calcium stone formers, p a r t i c u l a r l y  t u b u l a r  func- 
tion,were reported (1, 3 ,  11, 12). 

Tubular pro te inur ia  ind ica tes  tubular  dysfuction (9). Such signs of t u b u l a r  
defects seem t o  be r a the r  comnon among renal calcium stone formers (1). 

The present study was ca r r i ed  out i n  order t o  i n v e s t i g a t e  t h e  inc idence  of 
t u b u l a r  p r o t e i n u r i a  i n  subgroups of s t o n e  formers  w i t h  va r ious  u r i n a r y  
ac id i f i ca t ion  a b i l i t y .  The aim was a l s o  t o  s t u d y  i f  a t r a n s i e n t  me tabo l i c  
ac idos is  could provoke a tubular  pro te inur ia  i n  these stone formers. 
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METHODS 
Labora tory  e v a l u a t i o n  of the  pa t i en t s  was performed according t o  our stan- 

dard protocol (11). Urinary ac id i f i ca t ion  was inves t iga ted  w i t h  a s h o r t  time 
ammonium c h l o r i d e  l o a d i n g  t e s t .  By t h i s  t e s t  d i f f e r e n t  defec ts  i n  urinary 
a c i d i f i c a t i o n  can be i n d e n t i f i e d  w i t h  a r e l a t i v e l y  s imple  pro tocol  ( 1 ) .  
Ur inary  p2-microglobul in  ( r e f e r e n c e  va lue  < 15 p g / h )  was measured w i t h  a 
radioimmunoassay (Phadebas  p 2 - m i c r o  Tes t ,  Pha rmac ia  D i a q n o s t i c s  A B ,  
Uppsala,Sweden). The urinary excretion of p2-microglobul i n  was studied during 
normal conditions and d u r i n g  a t r a n s i e n t  me tabo l i c  a c i d o s i s  induced by the 
abovementioned ammonium chloride load. Hourly portions of t he  urine a t  maximal 
ac idos is ,  most often during the second t o  the  fourth hour a f t e r  i n t ake  of  am- 
monium c h l o r i d e ,  were  ana lysed  f o r  p2-microglobul in .  The  samples were 
a lka l in ized  imnediately a f t e r  co l l ec t ion .  

MATERIAL 
From our out -pa t ien t  stone c l i n i c  we i n v e s t i g a t e d  68 c o n s e c u t i v e  p a t i e n t s  

(mean age 44 y e a r s ,  57 males and 11 females) w i t h  id iopa th ic  renal calcium 
stone disease.  As control s served 10 apparently heal thy  individual s (mean age 
30 y e a r s ,  7 males and 3 f ema les )  r e c r u i t e d  from the medical s t a f f .  A l l  
p a t i en t s  and cont ro ls  had normal g lomeru la r  f i l t r a t i o n  r a t e  e v a l u a t e d  from 
serum crea t in ine  and endogenous c rea t in ine  clearance.  Informed consent was ob- 
ta ined  from a l l  subjec ts .  

RESULTS 
The ammonium chlor ide  loading t e s t  TABLE I .  Ur inary  a c i d i f i c a t i o n  a b i l i t y  i n  renal 

calcium stone formers and heal thy i n d i v i d u a l s  
(contro ls)  a f t e r  an ammonium c h l o r i d e  loading. 

revealed t h a t  21% (14/68) of the  
investigated stone formers had some 
type of ac id i f i ca t ion  defec t .  
(Table 1). All of these  defects 
were incomplete types of renal Stone 54 9 5 

tubular  ac idos is  w i t h  no systemic 
ac idos is  i n  basal s t a t e .  During Controls 10 

normal conditions no case of i n -  
creased excretion og p2-micro- 
globulin was seen among the cont ro ls  whereas 13% (9/68) of  the  s t o n e  formers  
showed p 2 - m i c r o g l o b u l  i n u r i a .  There was an o v e r r e p r e s e n t a t i o n  of p2- 
microglobulinuria i n  stone formers w i t h  a c id i f i ca t ion  defec ts  b u t  there  was no 
s t a t i s t i c a l  d i f f e r e n c e  i n  the i n c i d e n c e  of tubular  pro te inur ia  between the  
subgroups o f  stone formers (Table 1 1 ) .  T h e  mean va lues  of p2-microglobul in  

Norma 1 Incomplete Incomplete 
ur inary  rox'mal d i s p l  
a c i d i f i c a -  RTA 
t i o n  

RTA 
1 

formers 
(n  = 68) 

(n  = 10) 
1 )  RTA = renal tubular  ac idosis  
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excret ion of the d i f fe ren t  subgroups of subjects were well w i t h i n  t h e  normaf 
range (Table 111). 

u. Subjects w i t h  increased u r ina ry  
excret ion of 8 -microglobul in ( (  15)1g/h) 
during normal conditions. 

2 

n 

Controls 0/10 

Pat ients  w i t h  normal u r i na ry  6/54 
a c i d i f i c a t i o n  

Pat ients  w i t h  pRTA 2/9 

Patients w i t h  dRTA 1 /5 

Abbrevfations: 

RTA = renal t ubu la r  acidosis, incomplete form 
pRTA = proximal type o f  RTA 
dRTA = d i s t a l  type o f  RTA 

TABLE I l l .  Urinary 8 -microglobul in i n  contro ls  and 
subgroups o f  renal calcium stone formers. 

2 

Urinary 8 -microglobul in (yg/h) 
Metabolic Norma 1 

condi t ions ac idos is  
(mean t SEMI (mean SEM) 

Controls (n = 10) 5.1 0.5 18.8 2 7.4* 

Pat ients  wi thout  RTA 4.3 2 0.9 32.6 2 8.4* 
(n = 54) 

Pat ients  w i t h  pRTA 11.0 4.6 63.9 % 20.6* 
(n = 9) 

Pat ients  w i t h  dRTA 9.7 2 3.6 69.9 2 30.5* 

*) p { 0.05 compared t o  normal condit ions. 
*) p ( 0.01 compared t o  normal condit ions. 
Rank sum test ,  pa i red samples. 

Abbreviations: see Table I I .  

Dur ing  metabolic ac idos i s  a marked increase in p2-microglobulinuria was 
noticed in a l l  subject groups (Table 111, Figs 1-4) .  The mean values f o r  a l l  
subgroups were i n  the pathological range of p2-microglobulin excretion (Table 
111). The increase was most evident i n  p a t i e n t s  with ur inary  a c i d i f i c a t i o n  
defec ts .  However, t he re  was no d i f fe rence  between the degree of acidosis- 
induced p2-microglobulinuria i n  stone formers w i t h  incomplete proximal renal 
tubular acidosis ( R T A )  and those w i t h  distal  RTA. 
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Eig. 1 Urinary excretion o f  B2-micro- 
globulin in controls. Samples drawn 
during normal conditions and during 
transient metabolic acidosis. Dashed 
line shows upper limit of urinary B2- 
microglobulin excretion. 
RTA = renal tubular acidosis, incom- 
plete form. 
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Stone -formers with proximal R f A  

Fig. 3 Urinary excretion of B -micro- 
globulin in stone formers wit$ proxi- 
mal RTA. 
See text Fig. 1. 

Metabolic N o r e l  acidosis 
conditions 

Stone-formers with normal acidification 
/ 

Fig. 2 Urinary excretion of B - micro- 
globulin in stone formers wit$ normal 
urinary acidification capacity. 
See text Fig. 1. 
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Fig. 4 Urinary excretion of B -micro- 
globulin in stone formers w i d  distal 
RTA . 
See text Fig. 1. 
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I n  the  group of stone formers w i t h  normal a c i d i f i c a t i o n  a b i l i t y  t h e  degree 

o f  a c i d o s i s - i n d u c e d  p2 -m ic rog lobu l i nu r ia  was comparable t o  t h a t  o f  the con- 

t r o l s  b u t  a smal l  group o f  p a t i e n t s  w i t h  a p ronounced  i n c r e a s e  o f  p 2 -  
m i c r o g l o b u l  i n  e x c r e t i o n  d u r i n g  ac idos is  was no t iced  ( F i g  2 ) .  These pa t i en ts  
d i d  no t  d i f f e r  from the other stone formers regarding u r i n a r y  c a l c i u m  exc re -  
t i o n  o r  degree of maximal ac idos is  dur ing  the ammonium c h l o r i d e  load ing  tes t .  

DISCUSSION 

Serum p ro te ins  of low molecular weight (LMW) are f r e e l y  f i l t e r e d  thought the  

glomerular membranes. These p ro te ins  are normally reabsorbed and ca tabo l  i z e d  

by the c e l l s  i n  the  renal  proximal tubules (5). Subsequently, a dysfunct ion i n  

t h i s  p a r t  
microglobu 
o f  tubu la r  

evaluat ion 
microglobu 

o f  t h e  nephron w i l l  g i v e  r i s e  t o  t u b u l a r  p r o t e i n u r i a .  8,- 
i n ,  a LMW-protein o f  molecular weight 11,800, i s  the main component 
p r o t e i n u r i a  and has been shown t o  be a su i tab le  t e s t  substance f o r  
o f  the renal  handl ing o f  LMW-proteins (9). Increased amounts o f  p2- 
i n  i n  t h e  u r i n e  a r e  r e p o r t e d  f rom p a t i e n t s  w i t h  r e n a l  t u b u l a r  

disorders (4 ,  9 ) .  

I n  the present i nves t i ga t i on  the p2-microglobul in exc re t i on  

r e n a l  c a l c i u m  s tone fo rmers  d u r i n g  various condi t ions.  Dur 

t i o n s  13% of the  stone formers displayed tubu la r  p ro te inu r ia .  
have a lso  shown abnormal p2-microglobul in excre t ion  i n  pa t i en  

was evaluated i n  

ng normal condi- 

Previous s tud ies  
s wi th  recur ren t  

renal  stone disease (1,2,12). I n  o ther  studies stone formers had normal excre- 

t i o n  o f  p2-microglobul i n  although the  u r ina ry  excre t ion  o f  other LMW-proteins 
was increased. This t u b u l a r  p r o t e i n u r i a  was i n t e r p r e t e d  as s i g n s o f  a ve ry  

s p e c i f i c  a l t e r a t i o n  in t ubu la r  f unc t i on  (10). 
The ammonium c h l o r i d e  load ing  t e s t  i n  the  p r e s e n t  s tudy  d i s p l a y e d  u r i n a r y  

a c i d i f i c a t i o n  d e f e c t s  i n  more t h a n  20% o f  t he  s tone  formers. This f i n d i n g  
co r re la tes  we l l  t o  other studies from our stone c l i n i c  (1, 11). Stone fo rmers  

w i t h  u r i n a r y  a c i d i f i c a t i o n  d e f e c t s  may be more prone t o  develop t u b u l a r  
p ro te inu r ia  ( 1 2 ) .  RTA p a t i e n t s  i n  t h e  p r e s e n t  s tudy  a l s o  showed an ove r -  

representat ion o f  t ubu la r  p ro te inu r ia  dur ing  normal cond i t ions  (21%), a1 though 
the  number o f  RTA pa t ien ts  was too  sma l l  t o  draw any f i r m  c o n c l u s i o n  from. 
D u r i n g  a c i d o s i s ,  however, a d i s t i n c t  p a t t e r n  was w i t h  seen almost un i fo rm 

tubu la r  p r o t e i n u r i a  i n  RTA stone formers. 
I n  t h e  group o f  stone formers w i t h  normal a c i d i f i c a t i o n  a b i l i t y  an average 

moderate degree o f  ac idos i s - i nduced  p2 -m ic rog lobu l  i n u r i a  was r e g i s t r a t e d .  

However, a n o t a b l e  c o l l e c t i o n  o f  u r i n e  samples w i t h  l a r g e  amounts o f  p2- 
m ic rog lobu l in  dur ing  ac idos is  was seen i n  t h i s  group. The impor tance o f  t h i s  
i s  unknown. One c o u l d  specu la te  whether t h i s  m i g h t  be an e a r l y  s ign o f  a 

l a t e n t  tubu la r  defect ,  e.g. RTA. Signs o f  tubu la r  p r o t e i n u r i a  may i n d i c a t e  a 
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risk f o r  l a t e r  development of c l i n i c a l  evident tubular damage described e.g. 
i n  hereditary tubular  diseases.  ( 6 ) .  

I n  o u r  s tone  c l i n i c  th ree  s t o n e  f o r m e r s  w i t h  a pronounced t u b u l a r  
pro te inur ia  were t e s t e d  w i t h  a second ammonium c h l o r i d e  l o a d i n g  4-5 y e a r s  
a f t e r  the i n i t i a l  ammonium c h l o r i d e  l o a d i n g  t e s t .  None of  these pa t ien ts  
showed signs of RTA a t  the second test  (unpublished observations).  T h i s  obser- 
v a t i o n  does n o t  favour  the  abovementioned speculation. However, only fu r the r  
s tud ie s  can e luc ida te  this problem w h i c h  may be impor t an t  f o r  u r o T i t h i a s i s  
pathogenesis since abnormalities i n  renal tubular functions are l i k e l y  r e l a t ed  
t o  the genesis of urinary ca l cu l i  ( 7 ) .  
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