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ABSTRACT Although t h e  presence o f  c i l i a  i n  mammalian e p i t h e l i a  
i s  common, t h e  f i n d i n g  o f  c i l i a  i n  t h e  macula densa c e l l  o f  t h e  
k idney  has never been repor ted .  
mic roscop ic  observa t ions  o f  c i l i a  i n  can ine  macula densa c e l l s .  
The c i l i a  observed have the  c l a s s i c  9 t 2  c o n f i g u r a t i o n .  
basal body, f o o t  process, c i l i a r y  r o o t l e t  and t h e  subs t ruc tu re  of 
t h e  l a t t e r  a l s o  were observed. 

I n  t h i s  paper a r e  repo r ted  e l e c t r o n  

The c e n t r i o l e ,  

C i l i a  i n  r e n a l  e p i t h e l i a  have been i n v e s t i g a t e d  p r e v i o u s l y .  Chase ( ' 2 3 )  

observed a c i l i a t e d  cubo ida l  e p i t h e l i a l  l i n i n g  a t  t h e  j u n c t i o n  o f  t h e  g l o -  

merulus and t h e  r e n a l  t u b u l e  i n  Necturus maculosus re f i nesque .  White and 

Lucus ( ' 2 3 )  descr ibed c i l i a  i n  a s i m i l a r  l o c a t i o n  and i n f e r r e d  t h a t  t h e i r  

f u n c t i o n  was t o  a i d  the  f l o w  o f  f i l t r a t e  i n  t h e  k idney  o f  Necturus. 

and Trump ( ' 6 6 )  demonstrated the  f i n e  s t r u c t u r e  o f  c i l i a  i n  the  neck segment 

o f  t h e  f l o u n d e r  nephron. 

mammalian nephron a r e  a l s o  a v a i l a b l e .  

occas iona l  occurrence o f  c i l i a  i n  r a t  c o l l e c t i n g  d u c t  c e l l s .  Meyers e t  a l .  

( ' 6 6 )  found c i l i a  i n  human c o l l e c t i n g  duc t  c e l l s .  

t h e  f i r s t  t ime c i l i a  i n  can ine  macula densa c e l l s .  

Bu lger  

F ine  s t r u c t u r a l  d e s c r i p t i o n s  o f  c i l i a  i n  t h e  

L a t t a  e t  a l .  ( ' 6 1 )  observed t h e  

Here in  we desc r ibe  fo r  

MATERIALS AND METHODS Canine r e n a l  c o r t i c a l  t i s s u e  was ob ta ined  by an 

open b iopsy  techn ique w i t h  a Si lverman needle.  

immediately w h i l e  be ing  f i x e d  f o r  two hours i n  a f i x a t i v e  composed o f  1/2 

s t r e n g t h  Karnovsky f i x a t i v e  and 2% potassium pyroant imonate i n  0.1 M 

These samples were d i ced  
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potassium phosphate b u f f e r ,  pH 7 .4 .  

wash 0.1 M potassium phosphate bu f fe r  a t  pH 7 .4 .  

f ixed  f o r  two hours in  1 %  Os04 

After f i x a t i o n  the t i s s u e s  were r in sed  f o r  f i v e  minutes w i t h  0.05 M maleic 

r i c i d ,  pH 5 .2 ,  and s t a i n e d  f o r  one hour in  0.5 M maleic ac id  conta in ing  

0.5% uranyl a c e t a t e  a t  pH 5 .2 .  

rrialeic a c i d ,  dehydrated i n  ethanol and embedded in  Epon 812. 

- h i c k  were s t a ined  with methylene blue f o r  the purpose of o r i e n t a t i o n .  

F ixa t ion  was followed by an eight-hour 

The t i s s u e  was then post-  

( P H  7 . 4 ,  0.1 M potassium phosphate b u f f e r ) .  

The t i s s u e s  were then washed with 0 .5  M 

Sect ions  1 - 2  p 

Thin s e c t i o n s  were s t a ined  w i t h  uranyl a c e t a t e  and lead  c i t r a t e ,  and 

examined a t  75 KV i n  a Hitachi H U  11A e l e c t r o n  microscope. 

OBSERVATIONS The r e s u l t s  from renal b iops i e s  from both kidneys of two 

mongrel dogs a r e  r epor t ed .  C i l i a  i n  the canine  macula densa c e l l s  a r e  

scd t t e red  and s i n g l y  d i s t r i b u t e d  ( f i g .  1 ) .  

show rnore than one c i l i u t r  ( f i g .  1 ) .  

9+2 axonemal s t r u c t u r e  ( f i g .  2 ) .  S a g i t t a l  and obl ique  s e c t i o n s  of t hese  

c i l i a  ( f i g s .  3-6)  reveal t h e  c h a r a c t e r i s t i c  c i l i a r y  r o o t l e t s ,  basal body and 

c e n t r i o l e s .  In t h e  long i tud ina l  s ec t ion  shown i n  f i g u r e  4 ,  t h e  c i l i a r y  

r o o t l e t  r a d i a t e s  from t h e  c e n t e r  o f  t h e  proximal end of t h e  basal body a t  

an obtuse  angle  and blenGs with the ad jacen t  cytoplasm, whereas the denser 

f o o t  process a t t a c h e s  perpendicular ly  t o  t h e  long a x i s  of  t h e  c i l i um.  The 

c i l i a r y  r o o t l e t  i s  s l e n d e r .  

surrounding cytoplasm. 

cross-bandings which resembles f i b r o u s ,  long-spacing collagenous f i b r i l s .  

The electron-opaque cross-bandings of the c i l i a r y  r o o t l e t  a r e  narrower than 

those  of t h e  foo t  process .  They a r e  310 and 360 A wide, r e s p e c t i v e l y .  Con- 

t r a r y  t o  the  l a t t e r  obse rva t ion ,  t h e  e l ec t ron - lucen t  cross-bandings of t h e  

Some s e c t i o n s  of a s i n g l e  c e l l  

Like o the r  c i l i a  they have the typ ica l  

I t  t a p e r s  g radua l ly  a s  i t  blends w i t h  t h e  

Both the c i l i a r y  r o o t l e t  and t h e  f o o t  process have 
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c i l i a r y  r o o t l e t  a r e  wider than those of the foo t  process.  

w i d t h s  a r e  1370 and 770 A .  Observation a t  h i g h  r e so lu t ion  of the c i l i a r y  

r o o t l e t  r evea l s  fi lamentous subs t ruc tu res  embedded i n  t he  e l ec t ron - lucen t  

cross-bandings.  These fi lamentous subs t ruc tu res  a r e  90 A t h i ck  and can be 

r e a d i l y  d i f f e r e n t i a t e d  from the  homogeneous matrix.  They a r e  pa ra l l e l  t o  

one another w i t h  t h e  ends apposed perpendicular ly  t o  t h e  electron-opaque 

cross-bandings.  

DISCUSSION 

Their r e spec t ive  

C i l i a  i n  t he  renal e p i t h e l i a  of f i s h  and amphibia f r e -  

quent ly  have been described near t he  glomerulo-tubular junct ion (Chase, '23; 

Lucus and White, '32; Bulger, ' 66 ) .  The funct ion of t hese  c i l i a  i s  thought 

t o  be r e l a t e d  t o  propulsion of f i l t r a t e  down the  tubu le ,  a s  rapid undula- 

t i n g  movements have been observed (Lucus and White, ' 3 2 ) .  

frequent observation of c i l i a  i n  f i s h  and amphibia, c i l i a  i n  mammalian 

nephrons a r e  l e s s  f requent ly  encountered. 

c i l i a  i n  rodents a r e  more commonly observed. 

tubule  (La t t a  e t  a l . ,  '61; Rhodin, '58) and the  c o l l e c t i n g  duct (La t t a  e t  a1 . ,  

'61)  r a t h e r  than a t  t h e  glomerulo-tubular junct ion a s  i n  f i s h  and amphibia. 

Because of the incons i s t en t  occurrence and i r r e g u l a r  d i s t r i b u t i o n ,  i t  i s  

unl ikely t h a t  c i l i a  play an important r o l e  i n  propel l ing the  f i l t r a t e  along 

the nephron. 

Contrary t o  the 

Among the  laboratory animals,  

They occur s ing ly  i n  the  d i s t a l  

However, t h e r e  a r e  a t  l e a s t  two aspects  of i n t e r e s t  r e l a t i n g  

t o  the  occurrence of c i l i a  i n  mammalian renal e p i t h e l i a  

one i s  the evolut ionary connotation of t h i s  c e l l  organe 

of renal c i l i a  i n  f i s h  and amphibia, but not i n  mammals 

l u t i o n  of these organel les  secondary t o  environmental a 

The more obvious 

l e .  The prevalence 

may ind ica t e  invo- 

ap ta t ion .  Perhaps 

the ci l ium i s  a more common f e a t u r e  of t he  more primitive mammalian meso- 

nephric o r  metanephric kidney. 

283 



MacCallum, Conn and Baker (personal communication) have found c i l i a  i n  

a juxtaglomerular c e l l  tumor from a p a t i e n t  w i t h  hypertension. This asso- 

c i a t i o n  supports the concept t h a t  tumor c e l l s  a r e  more pr imit ive i n  nature 

and r e f l e c t s  the possible  r e l a t i o n  of c i l i a t e d  macula densa c e l l s  and renal 

tumors w i t h  hypertension. 

possessing c i l i a  a r e  more l i k e l y  t o  develop tumors, the p o s s i b i l i t y  of such 

a c o r r e l a t i o n  should be considered. 

Although t h e r e  i s  no evidence t h a t  renal c e l l s  

O u r  work ind ica t e s  macula densa c e l l s  w i t h  c i l i a  a r e  common i n  the  canine 

kidney. 

o rgane l l e  of lower forms, which have l o s t  t h e i r  o r ig ina l  funct ion,  o r  i f  

One wonders i f  such c i l i a  represent  involut ion o f  a functional 

FIGURE LEGENDS 

The e l ec t ron  micrographs were taken a t  magnification X 10,000-60,000 
and printed with s l i g h t  enlargement. 
was used in a l l  f i g u r e s .  

The following code of l a b e l l i n g  

nucleus 

cil ium 

C m t  _ _ _ _ _ _ _ _  cen t r a l  microtubule 

N - - - - - - - - Lu -------- lumen 
Mt _ _ _ _  _ _ _ _  microtubul e M D  __-_____  macula densa c e l l  

Ci _ _ _ _ _ _ _ _  C -------- c e n t r i o l e  
F -------- foot-process  
R: - - - - - - - - c i l i a r y  r o o t l e t  

p - - - - - - - - pol k i  ssen c e l l  

Bb _ _ _ _ _ _ _ _  ba sa 1 body 

Macula densa c e l l s  (MD) w i t h  c i l i a  ( C i )  i n  the lumen. Polkissen 
c e l l s  ( P )  were found a t  t he  hilum of the  glomerulus between the  
macula densa c e l l s  and the  Boman's capsule .  In se t :  higher 
magnification of a t angen t i a l  s ec t ion  of c i l i a .  X 12,000. 
An obl ique sec t ion  of a c i l ium a t  the lumen. Microtubules (mt) 
and cen t r a l  microtubules (cmt) w i t h i n  t he  cil ium were present .  The 
c e n t r i o l e  (C) was a l s o  depicted.  
The basal body o f  a ci l ium located near t he  luminal border of a 
macula densa c e l l .  X 67,000. 
A sec t ion  of t h e  macula densa c e l l  luminal border. Foot process 
( F )  and c i l i a r y  r o o t l e t  ( R )  r a d i a t e  from t h e  basal body (Bb) o f  
a long i tud ina l ly  sectioned ci l ium. 
and the adjacent  c e n t r i o l e  ( C )  a r e  a l s o  present .  X 65,000. 
An oblique sec t ion  of a cil ium ( C i )  w i t h  microtubules ( m t ) ,  
c i l i a r y  r o o t l e t  ( R )  and the adjacent  c e n t r i o l e  ( C ) .  
An obl iquely sectioned ci l ium project ing i n t o  the lumen of a 
macula densa c e l l .  Microtubules (mt) and the basal body (Bb)  
a r e  a l s o  demonstrated. X 65,000. 
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X 67,000. 

Microtubule ( m t )  of t he  ci l ium 

X 65,000. 





they serve some purpose other than t h a t  usually assigned t o  c i l i a .  

the macula densa c e l l s  a re  int imately concerned with the  control of secre- 

Because 

t ion o f  renin,  one might ask  whether the  c i l i a  a r e  involved in any manner in 

hormonal regulation of renin by the  kidney or  i f  they influence sodium uptake 

by the macula densa c e l l s ?  The macula densa c e l l s  appear t o  sense the in t r a -  

ce l lu l a r  concentration of sodium and determine secret ion r a t e s  of renin,  

(Vander 67) .  
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