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In te r tubula r  cel ls  (ITCs) of the human rena l  co r t ex ( f rom fe tuses ,  newborn in fan t s ,  chi ldren 
aged 1-5 y e a r s ,  adults aged 40-70 years )  were  studied. In the developing kidneys (fetal, neo-  
natal) ITCs account for  between 21.4 and 12.6% of the total  number  of epithelial  cel ls  of the 
convoluted tubules,  whereas  in chi ldren a f t e r  the age of 1 y e a r  and in adults they account for  
only 7.6%. As a resu l t  of the act ion of a nephrotoxic poison (ethylene glycol) and of s eve re  
hypoxia on the kidneys the ITCs a re  act ivated,  they s t a r t  to divide, and they account for  14.5% 
of the total  number  of epithelial  ce l ls  of the convoluted tubules.  The view is e x p r e s s e d  that 
ITCs const i tute  a dist inct ive cambium of the renal  tubules,  fo rmed  by convers ion  of some 
cel ls  of the metanephrogenic  cord into a �9  state~ 
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Recent invest igat ion have shown that the function of the nephron is c lose ly  linked with cel ls  of the in- 
t e r s t i c e s  of the kidneys [4, 10, 11, 13]. Informat ion  on the in te r t i ees  of the renal  cor tex  is e x t r e m e l y  scanty 
and indefinite.  Evidence has  been  obtained that r emnants  of the metanephrogenic  t i ssue [1, 9], re la t ive ly  
undifferent ia ted mesenchyma l  e lements  [15], or  "polyp . ten t  in te r tubular  ce l l s"  [2] a r e  p re sen t  in the renal  
cor tex .  However ,  no detai led descr ip t ion  has been given of the in te rs t i t i a l  ce l ls  of the cor tex .  The re  is 
l ikewise no informat ion in the l i t e ra tu re  on the role  of these cel ls  under  n o r m a l  and pathological  conditions, 
although it is unlikely that the in tes t ices  of the renal  cor tex  a r e  l imited to a support ing and trophic function. 

In the cour se  of a study of the pa th .morpho logy  of the kidneys in ethylene glycol poisoning [3] a t ten-  
tion was d i rec ted  to the cor t ica l  cel ls ,  whose local izat ion,  shape,  and staining p r o p e r t i e s  distinguish them 
f rom ord inary  s t r o m a l  ce l l s .  

E X P E R I M E N T A L  M E T H O D  

To study the p r o p e r t i e s  of the in ter tubular  cel ls  (ITCs) human kidneys were  used at the following 
per iods :  f rom fe tuses  at the 28th-32nd week of pregnancy  - 10 cases ;  kidneys f r o m  f u l l - t e r m  newborn in- 
fants dying f rom b i r th  t r a u m a  - 6 cases ;  kidneys f rom children aged up to 5 y e a r s  dying f rom acute r e s p i r -  
a to ry  d i s e a s e s  - 8 cases ;  kidneys f rom adults (aged 30-70 years )  dying f r o m  acute co rona ry  i n s u f f i c i e n c y -  
10 cases .  Bes ides  these "intact~ kidneys,  kidneys a lso  were  used f rom pe r sons  dying f rom ethylene glycol 
poisoning (10 cases )  and f rom uncompensated  blood loss  (6 cases ) .  P ieces  of kidneys w e r e  fixed in neut ra l  
fo rmal in  and in Ca rn0y ' s  fluid and embedded in paraf f in  wax. Sections, 5-7 p in thickness ,  were  stained 
with h e m a t o x y l i n - e o s i n ,  p icrofuchsin ,  and Schiff 's  reagent ,  the a rgyrophi l ic  f ibers  were  impregnated  by 
G o m o r i ' s  method,  and nucleoprote ins  were  detected by B r a c h e t ' s  and Feu lgen ' s  reac t ions ,  lipids with Su- 
dan III,  and succinate  dehydrogenase  (SD) act ivi ty  was de te rmined  in f rozen  sec t ions  by Nachlas '  method.  
The ITCs were  counted by counting 500 nuclei of the epi thel ium of the convoluted tubules and the i r  ITCs 
and express ing  the l a t t e r  as a pe rcen tage  of the whole. The numer i ca l  r e su l t s  were  subjected to s ta t i s t ica l  
a n a l y s i s .  
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Fig. 1. Swelling of nuclei of ITCs inuncompensated blood loss 
(2nd day). Hematoxyl in-eos in ,  400x. 

Fig. 2. Arrangement  of ITCs in pai rs  (2nd day after  poisoning 
with ethylene glycol). Hematoxyl in-eos in  200x. 

Fig. 3. Cells of ITC type in lumen of convoluted tubule (13th day 
after  ethylene glycol poisoning). Hematoxyl in -eos in ,  200x. 

E X P E R I M E N T A L  R E S U L T S  

Remnants of the metanephrogenic cord were detected in the subcapsular  zone of the fetal kidneys. 
Cells of this cord also were  found in comparat ively  wide intertubular  spaces and they had flattened hyper-  
chromic  nuclei and a nar row bo rde r  of basophilic cytoplasm. The content of nucleoproteins in the cells 
var ied ,  and no SD or Iipids were detected. Flattened cells (of the metanephrogenic type) also were found in- 
side the tubules, among cubical cells.  The basement  membranes  of the tubules consisted of fragments  of 
ve ry  thin argyrophil ic  f ibers,  and somet imes the membranes  themselves could not be revealed by the PAS 
reaction. Because of the discontinuity of s t ructure  of the basement  membrane ,  cells of the metanephro-  
genic cord could penetrate  inside the tubule. Some of the convoluted tubules had distinctly formed base-  
ment membranes ,  readily detectable by the PAS reaction.  These tubules were closely packed together and 
no flattened cells could be seen inside them~ However, cells with great ly  flattened hyperchromic  nuclei and 
v e r y  little cytoplasm were constantly found between the tubules. Often the cytoplasm of the ITCs could not 
be revealed by ordinary  staining methods and, for that reason,  the cells appeared to be immured in the 
ground substance of the basement  membranes  of the convoluted tubules. The ITCs had a tendency to lie in 
pairs  or in chains~ In fetal kidneys they accounted for 21.4 :~ 2.0% of the total number of epithelial cells of 
the convoluted tubules (P = 0~176 

In the neonatal kidneys the metanephrogenic cord was absent in the subcapsular  zone and definitive 
convoluted tubules and glomeruli  lay next to the capsule.  In this zone groups of cells s imi lar  to cells of 
the metanephrogenic band were found. Nearly all the convoluted tubules were closely packed together; their  
basement  membranes  consisted of comparat ively thin argyrophil ic  f ibers .  The membranes  were detectable 
over the whole length of the tubules by the PAS reaction, but they varied in thickness.  Flattened and " im- 
mured" ITCs were seen in all fields of vision (magnification200x),butnot in every  tubule. These cells 
occur red  both singly or  as discrete  c lus ters .  In the neonatal kidneys ITCs accounted for 12.6 • 1.0% of the 
total number of cells of the convoluted tubules (P = 0.05). 

The kidneys of children aged 1-5 yea r s  had a subcapsular  zone free f rom glomeruli ,  and all the con- 
voluted tubules were closely packed together.  The basement  membranes  were well impregnated with s i lver  
and theyshowedupwith  the PAS reaction~ ITCs were not visible in all fields of vision and they occurred  
singly and in groups of two or  three cells.  Often the nuclei of the ITCs lay with one pole next to the capil- 
l a ry  wall. The ITCs accounted for 7~6 ~- 1.6% of the number  of epithelial cells of the convoluted tubules (P = 
0~ In adult human kidneys ITCs oecu r reds ing ly  or two or  three at a t ime. In some fields of vision no 
ITCs were present .  As a rule,  ITCs were ei ther  immured in the ground substance of the basement  mem-  
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branes  o r  they lay against  the cap i l l a ry  wall.  The long axis of the flattened nucleus of such cel ls  was p e r -  
pend icu la r  to the cap i l l a ry  wall,  a cha r ac t e r i s t i c  fea ture  of pe r i cy t e s  [6], but no pe r i cy t e s  have been des -  
cr ibed in the renal  cap i l l a r i e s  [14, 17]. Nei ther  SD nor  lipids were  detected in the cy top lasm of the ITCs .  
In the adult human kidneys ITCs accounted for  7~ + 0.8% of the total number  of epithelial  cel ls  of the con- 
voluted tubules (P = 0.05). 

The r e sponse  of the ITCs to exposure  of the kidney to nephro~oxic poison (ethylene glycol) and to 
s eve re  hypoxia (uncompensated blood loss) was c h a r a c t e r i s t i c .  Af ter  the f i r s t  few days the nuclei of the 
ITCs  swelled (Fig. 1), the i r  DNA content inc reased ,  and often a cen t ra l  cons t r ic t ion  appeared  around the 
nucle i .  ITCs  began to be found in eve ry  tubule, often as chains of two o r  three  cel ls  (Fig. 2). The number  
of ITCs inc rea sed  and they accounted for  14.5 * 1.5% of the total number  of epithel ial  cel ls  of the convoluted 
tubules (P = 0.05). 

In the l a t e r  s tages  a f t e r  exposure  to the ha rmfu l  f ac to r  (7th-13th days) flattened cel ls  with h y p e r c h r o -  
mic  and pale nuclei ,  r e sembl ing  swollen ITCs ,  began to be found in the lumen of the convoluted tubules 
(Fig~ 3). No basemen t  m e m b r a n e s  could be seen  under  these cel ls  and weak SD act ivi ty  was detected only 
in a few cel ls .  

The r e su l t s  of these invest igat ions,  together  with those of invest igat ion of the kinetics of ceil  popula-  
t ions of the developing kidney [7], just ify definite conclusions regarding  the na ture  of the ITCs .  The f o r m a -  
t ipn  of this unique "pro l i fe ra t ive  r e s e r v e "  during embryogenes i s  of thek idneys  [7] can be regarded  as the 
switching of some cel ls  of the metanephrogenic  cord into a res ing s tate  (the R-per iod) ,  in which the ce l l s  
may  r ema in  for  an indefinitely long t ime [5, 16]~ The cel ls  come out of the res t ing  s tate  in response  to the 
action of ce r t a in  s t imul i  [8]. The morphologica l  p r o p e r t i e s  of the ITCs co r respond  to those that a r e  cha r -  
a c t e r i s t i c  of nonfunctioning cel ls  in the R-per iod  [12]~ Activation of ITCs in hypoxia and during the act ion 
of a nephrotoxic poison on the kidneys indicates  that  these ce l l s  b e a r  a ce r t a in  re la t ionship  to compensa to ry  
and adaptive reac t ions  that come into effect  if  the tubular  epi thel ium is  injured.  F r o m  this standpoint the 
ITCs can be regarded  as a specia l  type of cambium of the renal  tubuIes.  
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