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"Clear"  and  " g r a n u l a r "  ceils are the  p r e d o m i n a n t  cell t ypes  in most  rena l  
carc inomas (ALLEN ; LUCK~ and  SCHLUMB~GE~ ; M~nlCOW). I t  is genera l ly  agreed 
t h a t  the  clear cells conta in  a b u n d a n t  glycogen and  fa t  in var ious  p ropor t ions  
(ALLEN; HAMPW~L; LISDLA~; LUBA~SC~), while the  g ranu la r  cells appea r  to  be 
devoid  of these  subs tances  or only  conta in  small  amoun t s  of t h e m  (BSTTmER; 
B S T T m ~  and  IV~MAm;). A l though  mos t  inves t iga tors  c laim t h a t  the  PAS-pos i -  
r ive subs tance  in  the  t u m o r  cells is solely due  to  the  presence of glycogen (ALI, E~), 
i t  has  been sugges ted  t h a t  there  m a y  be an in t race l lu la r  PAS-pos i t i ve  componen t  
which is d ias tase - res i s t an t  (B6TTIG~ and  I V ~ A ~ K ) .  F u r t h e r  unreso lved  prob-  
lems are  r e l a t ed  to  the  quest ion of whe ther  t r ans lucen t  or clear appea rance  of 
cy top la sm m a y  occur in  cells which conta in  ne i ther  glycogen nor fa t  (ALLE~; 
B6TTm~R and  IV~MA~I~). The  impor t ance  of e luc ida t ing  these  problems  is re- 
inforced b y  the  suggest ion t h a t  there  m a y  be a corre la t ion be tween  the  clinical 
charac ter i s t ics  of renal  carc inomas  and  the i r  in t raee l lu la r  conten t  of PAS-pos i t i ve  
mate r i a l s  ( B 6 T T m ~ ) .  

The cy top lasmic  m a t r i x  ("cell s ap" ,  " cy top l a smic  g round  subs tance")  re- 
presents  the  cont inuous  phase  of cy top lasm,  in which r ibosomes,  pa r t i cu la t e  gly- 
cogen, fat ,  and  var ious  f i lamentous ,  m ie ro tubu la r  and  un iden t i f i ed  pa r t i cu la t e  
mate r i a l s  are suspended.  The a im of the  present  s t u d y  has been to c lar i fy  the  
s t ruc ture  of the  cy top lasmic  m a t r i x  in rena l  carcinomas,  wi th  pa r t i cu l a r  a t ten-  
t ion to PAS-pos i t i ve  mate r i a l s  and  fa t  and  the  re la t ionsh ip  of these  to  cy top lasmic  
t rans lucency .  To this  end, a cor re la ted  l ight  and  e lect ron microscopic  s t u d y  of 
paraff in  and  resin embedded ,  osmium and  a ldehyde  f ixed renal  carc inomas  has 
been performed.  

Materials and Methods 
Eleven surgically removed renal tumors - -  all with a diameter exceeding 5 cm - -  were 

obtained from patients under general anesthesia. In general, the tumors were made available 
for preparation for the morphologic studies and determinations of glycogen within 2--3 rain 
after the renal artery was damped. The kidney with the tumor was rapidly bisected and 
portions of tumor tissue lacking gross signs of necrosis along with unaffected kidney were 
excised. Materials from at least three different areas of the tumor were investigated. In those 
cases where the tissues showed marked variation in the gross appearance of different areas, 
additional material was removed in order to obtain samples with representative morphology. 
In order to secure a strict correlation between the morphology and the content of glycogen 
in a given portion of the tumor, relatively small areas of tissue were trimmed out and were 
subsequently cut into pieces of suitable size for the different preparatory procedures. 

* This investigation was supported by Grant No. 65:61 from the Swedish Cancer Society. 
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For electron microscopy, small cubes of tissue with a side not exceeding 1 mm were im- 
mersed in 2 per cent osmium tetroxide (Os04) buffered with s-collidine, or in 1 per cent phos- 
phate-buffered Os04 (pit  7.4) at + 40 C for a period of 11/2--2 hours. The tissues were de- 
hydrated at @ 40 C in a series of ethanol solutions of increasing concentrations, starting at 
70 per cent; they were immersed in propylene oxide at room temperature and were then 
embedded in Epon 812 (LvFT). Thin sections were prepared on LKB Ultrotomes supplied with 
glass knives and were studied in Siemens Elmiskop I, either unstained or stained with lead 
hydroxide, aqueous uranyl acetate, or a combination of these methods. Prior to thin sectioning, 
the fixation was controlled by light microscopic studies of ~-~ 1 ~ thick sections stained with 
alkaline toluidine blue. In  two cases, slices of tumor tissue (:-~100 ~z thick) were fixed in 
3 per cent glntarMdehyde in 0.I M phosphate buffer (pH 7.4) for 6 hours ~nd were sub- 
sequently treated with 0.5 per cent diastase for 8 hours at 370 C. The tissue was then 
washed in 0.1 M phosphate buffer containing 7.5 per cent sucrose, immersed in Os04, and 
processed for electron microscopy. Control tissues were incubated in a 0.9 per cent solution 
of NaC1 for 8 hours at 370 C, and were subsequently processed as described above. 

Light microscopic observations were made of N i ~ thick sections of osmimn-fixed sec- 
tions stained with alkaline toluidine blue, or the periodic aeid-Schiff (PAS) method with or 
without prior digestion with diastase. In addition, light microscopic observations were per- 
formed on aldehyde-fixed tissues embedded in paraffin or Epon. These tissues (blocks 1 to 
2 mm thick) were fixed in 3 per cent glutarMdehyd or 2 per cent paraformaldehyde in 0.1 M 
phosphate buffer (pH 7.4) at @ 40 C for periods varying between 6 and 24 hours. Following 
fixation, the tissues were transferred to a 0.1 M tris-maleate buffer (pI-I 7.4) containing 7.5 per 
cent sucrose and were stored in the buffer at ~- 40 C. Tissues washed in buffer were dehydrated 
and embedded in paraffin according to routine histological techniques. Sections cut at 3 tz 
were stained with hematoxylin and eosin (H and E), van Gieson's connective tissue stain, 
and the PAS technique with or without  prior digestion with diastase. Sections of liver from 
protein-deficient dogs (EglcSSON, OI~RENIUS, and HOLM) were run as controls for the diastase 
digestion. Digestion times ranged from 30 rain to 4 hours. 

For light microscopy, some Mdehyde-fixed tissues were post-fixed in 0sO4 and were there- 
after embedded in Epon (see above). Approximately 1 iz thick sections were stained with 
toluidine blue or the PAS technique as described previously. 

For the demonstration of triglycerides, frozen sections of Mdehyde-fixed tissues were 
stained with Oil l~ed 0. 

For the quantitative determinations of glycogen, appropriate portions of tissue were 
homogenized in 0.15 M KC1. The amount of glycogen was determined in the homogenate 
(HAssm and ABX~HAM). 

I n  o rde r  to  c o m p a r e  t h e  a p p e a r a n c e  of r o u t i n e l y  f o r m M d e h y d e - f i x e d  r ena l  

c a r c i n o m a s  w i t h  t h a t  of t h e  p resen t ,  spec ia l ly  f ixed  a n d  t r e a t e d  ma te r i a l ,  t w e n t y  

c o n s e c u t i v e  cases f r o m  t h e  files of t h e  d e p a r t m e n t  were  s tud ied .  I n  some  of t he se  

eases, m a t e r i a l  p rocessed  for  e l ec t ron  m i c r o s c o p y  was  also ava i l ab le .  Sec t ions  of 

t h e  r o u t i n e l y  f o r m M d e h y d e - f i x e d ,  p a r a f f i n - e m b e d d e d  t u m o r s  were  s t a i ned  w i t h  

H a n d  E a n d  t h e  P A S  t e c h n i q u e  (wi th  a n d  w i t h o u t  pr ior  d ias tase  d iges t ion) .  

Results 

I. Tissues Fixed/or Fine Structural Studies 

1. Light Microscopy. A s u m m a r y  of t h e  l igh t  mic roscop ic  a p p e a r a n c e  a n d  gly-  

cogen  c o n t e n t  of t h e  t u m o r s  is g i v e n  in  t h e  Tab le .  F i v e  of t h e  t u m o r s  were  of c lear  

cell  t y p e  (as r e v e a l e d  in  pa ra f f in  sec t ions  of a l d e h y d e - f i x e d  t i ssues  s t a i ned  w i t h  

t I  a n d  E ,  see Fig .  1), whi le  3 were  of g r a n u l a r  cell  v a r i e t y  (Fig.  2), a n d  3 were  of 

m i x e d  compos i t i on .  

All of t h e  c lear  cells c o n t a i n e d  a b u n d a n t  P A S - p o s i t i v e ,  d ias tase  d iges t ib le  

m a t e r i a l  in  t h e h  �9 c y t o p l a s m ,  as d e m o n s t r a t e d  in pa ra f f in  sec t ions  of a l d e h y d e  

f i xed  t i ssues  (Figs.  3 a n d  4). Th is  m a t e r i a l  a p p e a r e d  to  be  d i f fuse ly  d i s t r i b u t e d  
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Fig.  1 *. Case no. 6. Section of clear cell ca rc inoma f ixed in g lutara ldehyde,  embedded  in paraff in ,  and  s ta ined wi th  
H and  E. Note  t rans lucency of the  cy toplasm in all the ceils. • 320 

Fig.  2. Case no. 2. Granular  cell ca rc inoma wi th  ra ther  m a r k e d  p leomorpbism.  The cy toplasm is filled wi th  numer-  
ous t igh t ly  packed  granules.  Specimen f ixed in g lu tara ldehyde  and  embedded  in paraf f in ;  section s ta ined wi th  

:it and  E. • 1,100 

Fig .  3. Case no. 6. Section of clear cell ca rc inoma f ixed  in g lutara ldehyde,  embedded  in paraf f in ,  and  s ta ined 
wi th  PAS.  A b u n d a n t  PAS-pos i t ive  mate r i a l  in the  cytoplasm of all the  t umor  cells. This  pic ture  should be 

compared  wi th  the  ones in  Figs.  1 and  4. Cap, capil lary.  • 320 

Fig.  4. Case no. 6. Section of clear cell ca rc inoma f ixed  in  glutaraldehyde,  embedded  in paraf f in ,  and s ta ined wi th  
PA S following digest ion wi th  diastase for 2 hours.  The cy toplasm of all the cells is devoid  of P A  S-posit ive mater ia l .  
Note  dias tase-res is tant ,  PAS-pos i t ive  mate r i a l  in  relat ion to ceil walls and  intercellular spaces (arrows). • 300 

t h roughou t  the  cy toplasm,  while the  nucleus was non-react ive .  I n  some cells, 
clear, r ounded  areas  comple te ly  su r rounded  b y  PAS-pos i t i ve  ma te r i a l  were ob- 
served;  some of the  clear areas  a p p e a r e d  to  correspond to the  drople t s  of tr i-  
g lyccr ide  which were revea led  in frozen sections s t a ined  wi th  0 i l  R e d  0 (see below). 

* Figs 1--10 are light microscopic pictures of renal carcinomas, fixed, embedded, and 
stained as indicated in the legend to each figure. 
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Fig.  5. Case no. 10. Section approx ima te ly  1 a th ick  of clear cell ca rc inoma f ixed in Os04, embedded  in Epon,  
and  s ta ined wi th  toluidine blue. Por t ions  of 5 cells are shown. Of these, 3 conta in  numerous  large, pale vacuoles  
(F)  p resumed  to represent  dissolved neutral  fa t  (an Oil t~ed 0 s ta ined frozen section of a ldehyde-f ixed t issue f r o m  
this  t umor  is shown in Fig .  7). I n  one cell, the  cy toplasm is homogeneous  wi th  occasional granules  p resumed  to 
represent mi toehondr ia  (M). An ad jacen t  section s ta ined wi th  P A S  demons t ra ted  tha t  tile homogeneous  mate r i a l  

(G1) was PAS-pos i t ive  and  appeared  to represent  glycogen, x 2,900 

Fig.  6. Case no. 11. Section of t umor  wi th  mixed  populat ion of cells t rea ted  as the  one shown in Fig.  5. One cell 
conta ins  numerous  granules  (Gr) in  i ts  cy toplasm.  :Electron microscopy showed tha t  these main ly  represented 
mi tochondr ia .  Another  cell has  a homogeneous  cytoplasm presumed  to conta in  glycogen (Gl) (cf. Fig.  5). x 1,200 

Fig.  7. Case no. 10. :Frozen section of g lu ta ra ldchyde-f ixed  clear cell ca rc inoma s ta ined wi th  Oil Red  0. Droplets  
of neutra l  fa t  of h ighly  var iable  size are present  in the cytoplasm.  Small droplets are indica ted  by single arrows, 

large droplets a lmos t  fi l l ing entire  cells are m a r k e d  by  two arrows, x 550 

Although some intracellular PAS-positive material was present following diges- 
tion with diastase for 30 minutes to 1 hour - -  the times usually recommended in 
textbooks - -  this material could be completely digested away by prolonged in- 
cubation in diastase for 2- -3  hours. Similarly, incomplete digestion of PAS-posi- 
tive material  was noted in control sections of tissues containing abundant  glyco- 
gen (livers from protein deficient dogs) incubated for 1 hour. In  thick blocks of 
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Fig.  8. Section of routinely f ixed surgical  specimen of clear cell ca rc inoma s ta ined wi th  PAS.  There are occasional 
i r regular  PAS-pos i t ive  areas  (arrows) in the  cytoplasm.  Cell walls and  basemen t  m e m b r a n e s  are also PAS-pos i t ive .  

(Neutra l  fa t  could not  be demons t r a t ed  in  this  tumor) .  • 500 

Fig.  9. F r o m  the same specimen as i l lustrated in  Fig.  8. Section t rea ted  wi th  diastase pr ior  to s ta in ing with PA S. 
Only cell walls, ba semen t  membranes ,  and  extracel lular  mater ia ls  have  re ta ined a posi t ive  s ta in ing  reaction. • 260 

Fig .  10. Case no. 6. Section of clear cell ca rc inoma f ixed for 24 hours  in glutaraldehyde,  embedded  in paraf f in ,  
and  s ta ined PAS.  Thi~ pic ture  i l lustrates the  narrow peripheral  zone wi th  good f ixa t ion  and  PAS-pos i t ive  cells 
(left hand  pa r t  of the  picture) .  Deeper  in  the  t issue ( r ight  hand  pa r t  of the  picture)  preservat ion is poor, 

intercellular spaces show i r regular  widening,  and  the  ceils are PAS-nega t ive .  • 170 

tissue (exceeding 2 m m  in thickness), PAS-positive material was only seen in 
the we]l-fixed peripheral zone (see Fig. 10). As described previously (SELJEMD 
and E~IcssosT), the tumor  cells were often surrounded by  bands or coatings of 
PAS-positive, diastase-resistant substance which appeared to be closely related 
to the plasma membrane (Figs. 4, 8, and 9). This material blended with the simi- 
larly staining basement membrane material surrounding groups of tumor  cells 
growing as solid cords or papillary formations. Granular cells contained no or 
only traces of PAS-positive intraeellular material but  were often surrounded by  
a small amount  of diastase resistant PAS-positive substance. 
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As s h o w n  in  t h e  Tab le ,  t h e r e  was  a good  co r r e l a t i on  b e t w e e n  t h e  a m o u n t  of 

g l y c o g e n  d e t e r m i n e d  c h e m i c a l l y  in  h o m o g e n a t e s  of t u m o r  t i ssue  a n d  t h a t  ap-  

p r e c i a t e d  b y  t h e  o b s e r v a t i o n  of P A S - s t a i n e d  sect ions .  

T h e  a m o u n t  of n e u t r a l  f a t  v a r i e d  g r e a t l y  b e t w e e n  d i f fe ren t  t u m o r s  a n d  also 

b e t w e e n  d i f f e ren t  a reas  of t h e  same  t u m o r .  A l t h o u g h  some  clear  cells c o n t a i n e d  

la rge  a m o u n t s  of f a t  (Fig. 7), o the r s  c o n t a i n e d  no or  o n l y  occas iona l  d rop le t s  

(ef. Table) .  G r a n u l a r  cells c o n t a i n e d  no or  v e r y  smal l  a m o u n t s  of fa t .  T h e  fa t  

Table 

Case No. Histological type G l y c o g e n  PAS-positive, diastase Neutral 
(tI and E) content digestible material fat 

mg/g tissue 1 

1 Clear cell + + + 

2 Granular cell --  ( + )  

3 Clear cell 20.6 + + _L _ 

4A Mixed, with 4.0 + + + (in clear cells) --  
predominance of 
granular cells 

4B Mixed, with 4.0 -- (in granular cells) + 
predominance of 
granular cells 

5 Clear cell 14.0 + + -- 

6 Clear cell 32.0 + + + ( + )  

7A Mixed - - + +  (in clear cells) 

7 B ~lixed --  (in granular cells) 

8 A Granular 3.7 --  -- 

8B Granular (metast.) 2.9 --  

9A Mixed 17.3 + + - -  (in clear cells) - 

9B Mixed 17.3 --  (in granular cells) -- 

10 Clear cell 41.2 + + + @ + + 

l l A  2 Mixed + @  (in clear cells) + 

11 B s Mixed -- (in granular cells) + 

1 The values for normal renal cortex ranged between 0.8 and 3.8 mg/g tissue. 

s In this tumor, all transitions between granular, PAS-negative, and granular, PAS- 
positive cells with more or less clear cytoplasm were encountered. 

a p p e a r e d  as i n t r ace l l u l a r  d rop le t s  v a r y i n g  in size b e t w e e n  0.2 a n d  8 ~ or  more .  

I n  some  ins tances ,  t h e  m a j o r  p a r t  of t h e  c y t o p l a s m  was  occup ied  b y  one la rge  

d rop le t .  A l t h o u g h  f a t - c o n t a i n i n g  cells were  m o r e  n u m e r o u s  a n d  c o n t a i n e d  l a rge r  

a m o u n t s  of f a t  in  p o r t i o n s  of t u m o r  t i ssue  l oca t ed  in t h e  v i c i n i t y  of nec ro t i c  
areas,  m o s t  of t h e  t u m o r  cells c o n t a i n i n g  n e u t r a l  f a t  d id  n o t  a p p e a r  to  s h o w  de- 

g e n e r a t i v e  a l t e ra t ions .  Clear  cells c o n t a i n i n g  n e i t h e r  g l y c o g e n  no r  f a t  were  n o t  

obse rved .  

T h e  l igh t  m ic roscop i c  a p p e a r a n c e  of c lear  a n d  g r a n u l a r  cells in  o s m i u m - f i x e d  

t i ssues  e m b e d d e d  in  E p o n  is d e m o n s t r a t e d  in  Figs .  5 a n d  6. Clear  cells f r o m  

15 Virchows Arch. path. Anat., Bd. 341 
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l~ig. 11 *. Case no. 10. Portions of several cells containing abundant pal%icalate glycogen and numerous variously- 
sized vacuoles, many of the latter appear to be surrounded by membrane-like condensations of cytoplasmic 
matrix or true membranes. Note sparsity of mitoehondria (M) as well as other cytoplasmic organelles, x 9,300 

t u m o r s  c o n t a i n i n g  b o t h  g l y c o g e n  a n d  f a t  h a d  a b u n d a n t  c y t o p l a s m  w i t h  h o m o -  

g e n e o u s ,  p a l e  b l u e  m a t r i x  i n  s e c t i o n s  s t a i n e d  w i t h  t o l u i d i n e  b l u e .  T h e  h o m o -  

* Figs.  1 1 - - 2 3  i l lus t ra te  t h e  e lect ron microscopic  appea rance  of t h i n  sect ions  of cells f r om 
rena l  ca rc inomas  s t a ined  w i t h  lead hydrox ide .  T he  t i ssues  s h o w n  in Figs.  11- -13 ,  a n d  16 - -23  
were f ixed  in OsO 4 buf fe red  wi th  s-collidine, while t he  ones in Figs.  14 a n d  15 were f ixed  in 
g l u t a r a l d e h y d e  a n d  were pos t - f ixed  in OsO 4. 
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Fig.  12. Case no. 1. H i g h  magni f ica t ion  pic ture  i l lus t ra t ing the appearance  of par t icula te  glycogen. Some of the  
particles seem to fo rm chains  of ~r length.  ~oweve r ,  " rose t t e s"  are not  observed,  and  the  general s t ruc ture  
is t ha t  of "monopa r t i cu l a t e "  glycogen. Subst ructures  consist ing of shor t  rods or dots are revealed in some of the  
glycogen par t ic les  (arrows and  inset).  ~-ote tha t  the  ~r (V) is l imi ted  by  a double-contoured membrane .  

• 55,000; inset  • 80,000 

geneous, blue-staining material appeared to correspond to the PAS-positive, intra- 
cellular material, as revealed in Epon sections stained with PAS. Within these 
areas, vaeuoles of variable size were sometimes randomly distributed. Granular 
elements with a size corresponding to tha t  of mitochondria and eytosomes were 
sparse. In  the granular cells, on the other hand, such granules - -  with a size of 
0.3 to 1.0 ~ - -  were abundant  and filled the cytoplasm. Occasional small vacuoles 
were observed in some of these cells. 

2. Electron Microscopy. The fine structural appearance of clear cells is shown 
in Figs. 11--18. These cells appear to represent neoplastic proximal tubular cells, 
as reported previously (S~LJELID and ERICSSOn). In  sections stained with lead 
hydroxide, the cytoplasmic matr ix  contained large numbers of --~300 A large 
granules with the appearance of particulate glycogen in mono-particulate form 
(Figs. 11, 12, 16, and 17). Similar, although much fewer, granules may  occasion- 
ally be seen in normal proximal tubular cells (Fig. 22). In  the tumor cell glycogen 

15" 
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:Fig. 13. Case no. 3. Por t ion  of the surface of clear cell. The p lasma m e m b r a n e  forms  microvil lus-l ike s t ructures  
sur rounded b y  a modera te ly  electron dense, homogeneous,  extracel lular  " c o a t i n g "  or "g lyeoca lyx"  (Gx) believed 
to represent  the  ]?AS-posit ive,  d ias tase-res is tant  ma te r i a l  seen in  the  l ight  microscope along the  cell borders  

(c]. :Figs. 4, 8, and  9). x 35,000 

particles, ~ 4 0  A large substructures, possibly short rods - -  were revealed (Fig. 12). 
The glycogen occupied by far the largest portions of cytoplasm, and cyto- 
plasmic organelles - -  such as mitochondria, cytvsomes, endop]asmic retieulum, 
and Golgi apparatus - -  were sparse (Fig. 11). In  blocks of tissue that  had been 
incubated with diastase, the glycogen particles were absent, while cells incubated 
in control medium still contained the particles (Figs. 14 and 15). The extraeelinlar 
"coatings" which were observed in osmium-fixed tissues (Fig. 13) were retained 
during diastase digestion. 

In  addition to the glycogen particles, clear " e m p t y "  vacuolar elements - -  
varying in diameter between 0.2 and 8 ~z - -  were observed in the cytoplasmic 
matr ix  of the clear cells. Although, in most instances, these structures occurred 
in cells which contained triglyceride, similar elements were occasionally observed 
in tissues lacking histochemicM evidence of neutral fat (cf. Table). Their size and 
distribution corresponded to tha t  of the fat droplets in tissues stainable with 
Oil Red 0. Some of the vacuoles (Figs. 14 and 16) were delimited from the cyto- 
plasmic matrix by a single-contoured membrane,  while others lacked a clearly 
identifiable membrane (Figs. 15, 17, and 18); still others had a double-layered 
envelope (Fig. 12). Mitochondria and smooth-surfaced endoplasmic reticulum 
were sometimes closely associated with the vacuoles (Figs. 16 and 17). Occasional 
cells contained structures with an appearance similar to tha t  of fat  droplets in 
other tissues with an irregular, peripheral rim of electron opaque material (Fig. 18). 
Empty-appear ing areas of ground cytoplasm lacking glycogen, vacuoles and cyto- 
plasmic organelles were never encountered. In  some tumors, capillaries surround- 
ing cells with abundant  glycogen contained clearly identifiable glycogen particles 
in their lumens (Fig. 19). 

In  the granular cells, areas with predominant cell sap were small, while 
mitochondria - -  and in some instances eytosomes - -  were abundant  (Fig. 20). 
In  between these organelles occasional granules with the appearance of glycogen 



Fig.  14. Case no. 6. F r o m  tissue which was f ixed in g lutara ldehyde,  incubated as a small  block in diastase,  and  
subsequent ly  was  pos t f ixed  in Os04. E m p t y  areas of cy toplasmic  m a t r i x  (Gl) appear  to represent  glycogen areas  
where the glycogen has  been dissolved (c/. Fig.  15). N,  nucleus;  V, vacuoles,  par t ia l ly  sur rounded by  membrane -  

l ike s t ructures  oi" condensat ions of ground cytoplasm,  x 12,500 

l~'ig. 15. Control specimen for tha t  shown in Fig .  14 ( incubated in a solution lacking diastase).  ~ o t e  abundance  of 
glycogen par t ic les  (Gl) in  the cytoplasmic  ma t r i x .  V, vacuole,  possibly sur rounded b y  a membrane .  • 25,000 



214 J . L . E .  E~Icsso~, 1%. SELJELID and S. OaR~Ius:  

Fig. 16. Case no. 4 (mixed granular and clear cell type), A large vacuole is partially delimited by a membrane-like 
struetm'e. I t  is closely surrounded by numerous mitoehonda'ia, Some of the latter appear to flatten out against 
the membrane (arrows). Suboptimal fixation is indicated by mitoehondrial swelling and membrane abnormalities 

(disappearance of the outer leaflet in some mitoehondria), x 32,000 

particles were encountered (Fig. 21). Sometimes the cells also contained small 
vacuoles (Figs. 20 and 23) ; some of these were homogeneously electron dense and 
showed a s tructure similar to  t ha t  of lipid droplets in other  tissues. They  were 
surrounded by  condensed cytoplasmic matr ix  but  usually did not  show a clearly 
recognizable membrane.  

Free ribosomes were very  sparse in the clear ceils. I n  the granular  cells, ribo- 
somes tended to be  more numerous,  part icular ly in those cells which had large, 
pleomorphic nuclei and showed evidence of a low degree of differentiation. I n  some 
tumors  composed of a mixed populat ion of granular  and  cIear cells, all transit ions 
between the two cell types  were encountered. 
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Fig. 17. Case no. 4 (mixed granular  and clear cell type). A vacuole (V) is closely associated smooth-surfaced 
tubular  elements (set) presumed to represent smooth-surfaced endoplasmic reticulum. • 33,000 

Fig. 18. Case no. 5 (clear ceil carcinoma). Fa t  droplets (F) were ident if ied in this  case by the presence of a narrow 
electron opaque r im in  the vacuole-like structures. • 27,000 

Fibrils and mierotubules were rarely encountered in the osmium-fixed tissues. 
In  one case (No. l l )  large, round, t ightly packed aggregates of a filamentous- 
appearing or granular substance were observed (Fig. 23). These aggregates were 
clearly located in the cytoplasmic matr ix  and were not membrane-limited. They 
were up to 10 ~ in diameter. Although some of the aggregates tended to sur- 
round fat  vacuoles (Fig. 23), a definitive spatial relationship to cytoplasmic orga- 
nelles was not evident. They appeared to correspond to slightly aeidophilic, 
rounded cytoplasmic inclusions as seen in aldehyde-fixed tissues embedded in 
paraffin and stained with H and E. They did not seem to be PAS-positive. 

II .  Routinely Fixed and Processed Tissues 

In  general, the preservation of cytoplasmic details and intercellular relation- 
ships was much inferior to tha t  in the specially fixed tissues. In  tumors composed 
of clear cells, staining of the cytoplasm with the PAS technique was irregular and 
varied greatly among different areas of the blocks. Most of the clear cells con- 
tained no intraceliular PAS-positive material at all. When present, PAS-positive 
substance tended to be limited to small rounded or irregular portions of the cyto- 
plasm (Fig. 8). This intracellular substance was digestible with diastase (Fig. 9). 
On the other hand, the diastase-resistant, extracellular PAS-positive material in 
basement membranes and "coatings" appeared to be well preserved in the rou- 
tinely fixed and processed tissues (Fig. 9). Similarly, droplets of neutral fat could 
be demonstrated in many  of the specimens in frozen sections. 

In  tumors composed of granular cells, no PAS-positive, intracytoplasmic 
material was present. The cells contained a few or no fat  droplets. 
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Fig.  19. Case no. 3 (clear cell carcinoma). Por t ion  of a capillary containing numerous glycogen particles. Note tha t  these 
particles are absent from the endothelial l in ing  of the capillary bu t  may  be seen in  extracellular spaces of the inters t i t ia l  

tissue (r ight  upper and lower corner of the picture). • 16,000 
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Fig.  20. Case no. 8B  (metas tas is  f rom granu la r  cell carcinoma).  Abundan t  smaU mi tochondr ia  in the cytoplasm.  
Ill  addi t ion,  there are occasional vacuoles (V), some wi th  cytoplasmic  organelles and  m a t r i x  substance bulging 

into the cav i ty  (arrows). • 13,000 

Comment 
The findings in the present study support the contention (HA~eERI~; LUBARSCH) 

that translucency of the cytoplasm in the cells of renal clear cell carcinomas is 
due to the presence, in the cytoplasmic matrix, of glycogen, in some cases in 
combination with droplets of triglyeeride. These substances occupy the major 
part of the cytoplasm while cellular organelles are sparse. Since clear cells con- 
raining neither glycogen nor fat have not been observed, there is nothing to 
suggest that the clarity is caused by pronounced increase in water content which 
is often noted in tumor cells (WINzLEI~). The presence of droplets of neutral fat 
in some clear cells is apparently related to a specialized metabolism of the parti- 
cular eel] and does not seem to represent a degenerative alteration (BUTEIgANDT 
and DA~NENBE~a). 
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Fig.  21. Case no. 2 (granular  cell carcinoma).  Numerous  mi tochondr ia  occupy the  m a j o r  Dart  of the  cytoplasm. 
The mi tochondr ia  show wide var ia t ions  in  size and some are ex t remely  small  (arrows). C, cytosome, x 20,000 

Within granular cells, cytoplasmic organelles - -  especially mitoehondria - -  
are numerous, while glycogen and fat  is lacking or is only present in small amounts. 
The existence of transitions between granular and clear cells in the same tumor,  
with cells containing mitochondria and glycogen particles in highly variable pro- 
portions, appears to indicate tha t  in such tumors the two types of cells are of 
similar origin but differ with respect to their metabolism. The presence of glycogen 
particles in normal proximal tubule cells suggests that  these cells too contain the 
enzymic set-up necessary for the metabolism of glycogen. The polysaceharide 
showed the same morphologic appearance - -  monoparticulate form - -  both in 
normal and neoplastic cells. The substructure of the glycogen particles appears 
similar to the one observed by BIAVA in human tissues. The finding confirms the 
observation by  DROC~MANS of "unit  filaments" ("y-particles") in glycogen par- 
tieles. 
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Fig. 22. Por t ion  of a normalproximal  tubule cell (concerning source of this  material ,  see SELJELID and ERICSSON). 
There are rather numerous glycogen particles in the cytoplasmic matr ix.  C, cytosomes. • 27,000 

Due to the fact tha t  glycogen is readily soluble in water, it is generally sug- 
gested tha t  fixation of tissues for demonstration of glycogen must be performed 
in alcohol-containing solutions (BARKA and ANDERSON). However, it seems that  
a relatively small amount  of glycogen is solnbilized following fixation in alde- 
hyde or Os0a and that  this does not interfere with the morphologic qualities of 
the specimens. Indeed, this mode of fixation has the advantage of offering a much 
better  general preservation of the cytoplasm than does fixation in ethanol. I t  is 
pertinent in this connection to draw attention to the very narrow zone with opti- 
ma] fixation in tissues fixed by immersion in aldehydes as well as in 0sOa. Our 
findings with renal carcinomas in the present investigation - -  as well as studies 
on other tissues (ERICSSON a, nd BIBERFELD; ERICSSON, SAL_~DINO, and TRUMP; 
TRIJMr and ERIcssoN) - -  suggest tha t  not only OsO~, as is well known, but also 
the conventionally utilized aldehydes do not penetrate to give optimal fixation 
in more than up to a 0.5 mm wide zone of tissue within a reasonable t ime after 
the application of the fixative. As postulated by BOTTIGER and IVEMARK this 
may  explain some of the variability of the results with regard to glycogen con- 
tent  in the population of cells in renal carcinomas. Thus, in our studies of routinely 
fixed tissue PAS-positive material was only rarely demonstrated, while there 
were regularly large amounts of glycogen in appropriately fixed tissues from the 
same tumor. 

Another source of interpretative error related to the reported occurrence of 
different types of PAS-positive materials may  be the digestion with diastase. 
With large amounts of glycogen in the cells, digestion in 0.5 per cent diastase for 
one hour at q-370 C did not seem to be sufficient to remove all the glycogen. 
Any remaining glycogen would be falsely interpreted as representing non-glyeo- 
tonic, diastase resistant material. Although the cytoplasmic organelles containing 
lysosomal enzymes ("lysosomes", "cytosomes",  "dense bodies", ete) are usually 
PAS-positive and diastase resistant - -  probably due to their content of glyco- 
lipoproteins (NovrKOFF) - -  these bodies are usually very small and sparse in the 
tumor cells. I t  appears then tha t  at least the major  portion of PAS-positive, 
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Fig. 23. Case no. 11 (mixed clear and granular ceil carcinoma). Portion of a large area of cytoplasmic matrix 
containing tightly !~acked granular or filamentous material is illustrated. Note vacuole (F) in left upper corner 
with moderately opaque background matrix. The appearance of the background matrix suggests that this struc- 
ture represents a droplet of neutral fat where dissolution of triglyeerides in propylene oxide is not complete. 

• 29,000 

diastase-resistant material  in renal carcinomas is located extraeellularly and cor- 
responds to the "glycoealyx" of B ~ E ~ T  ( S E L J ] ~ L I D  and El~iCssoI~). The obser- 
vation of particulate glycogen in the lumens of tumor capillaries is difficult to 
interprete. At the present t ime we favor the idea this is probably caused by rup- 
ture of tumor  cells with release of glycogen to the capillaries. 

Although cytoplasmic inclusions of triglycerides generally appear as homo- 
geneous, moderately electron dense bodies surrounded by  a membrane-like con- 
densation of ground cytoplasm, preservation of the fat is difficult and unpredict- 
able in tissues dehydrated in propylene oxide ([D]~LlVIA~). Comparisons of the 
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size and distribution of fat droplets in frozen sections of Mdehyde-fixed tissues, 
with the vacuoles seen in tissues fixed in OsOa and processed for electron micro- 
scopy, indicated that  many of the vacuoles represented dissolved neutral fat. I t  
is not clear whether all the vacuoles seen in the tumor cells represent dissolved 
lipids. This is particularly questionable concerning those occasional vacuoles 
which were surrounded by a clearly identifiable double-layered membrane. Since 
apparently the clear cells are capable of endoeytosis (SELJ:ELID and E~ICSSO~), 
the membrane-bounded vacuoles may represent endocytosis vacuoles unrelated 
to the cytoplasmic matrix. In normal renM proximal tubule cells, a "unit  mem- 
brane" structure similar to the one illustrated in Fig. 12 can be resolved in the 
"apical vacuoles" (ERIcSSOn and TI~U~P) which apparently represent large pino- 
eytosis vacuoles ((E]~ICSSOaT). In some instances, where dense material was re- 
tained at the periphery of tumor cell vacuoles (see Fig. 18), these structures un- 
doubtedly represent neutral fat. As is also noted in hepatic parenehymM cells 
( O m ~ I U S  and Emcsso_<; P~LAI)~; SMUCKLER~ I~OSS and B~DITT; THUMP, 
GOLDBLATT and STOWa?LL), smooth-surfaced endoplasmie retieulum and mito- 
ehondria tended to be closely associated with the vacuoles. This suggests that  fat 
is actively metabolized by the tumor cells; as discussed by t:)ALADE, the close 
association of mitoehondria and fat droplets may be the morphologie expression 
for fa t ty  acid oxidation by mitoehondria. 

The nature of the large matrix-accumulations of filamentous like or granular 
substance is not clear. They do not seem to represent PAS-positive, diastase- 
resistant material. Somewhat similar structures have been described in other tis- 
sues, e.g. in hepatic parenehymal cells, where they correspond to "Mallory alco- 
holic hyaline" (FLAx and TISDALE) and appear to represent "fibrillar degenera- 
tion of ergastoplasm" (B~AVA and MUKtILOVA-MONTIEL). I t  is interesting to note 
tha t  the tumor cells in which the filamentous or granular aggregates occurred 
contained frequent whorl-like proliferates of endoplasmie reticulum (ERIcssoN 
and SELJ~LID). However, transitions between these and the filamentous or gra- 
nular aggregates have not been observed in tumor cells. 

Summary 
With the aim of elucidating the structure and composition of the cytoplasmic 

matrix in renal carcinomas, eleven tumors obtained during surgery were subjected 
to a comparative light and electron microscopic study, complemented with de- 
terminations of glycogen in homogenates of tumor tissue and normal renal cortex. 
The findings indicated that  in carcinomas of clear cell type, translucency of cyto- 
plasm is due to the presence of glycogen, in some instances in combination with 
occurrence of neutral fat. These substances occupy the major part of the cyto- 
plasm while cytoplasmic organelles are sparse. The granular cells contain abun- 
dant mitochondria while glycogen and fat is lacking or is only present in small 
amounts. PAS-positive, non-glycogenic material could not be demonstrated within 
the cytoplasm of either cell type ; such material is, however, forming extracellular 
"coatings" on both cell types and is probably of glycoprotein nature. The signi- 
ficance of the findings was discussed and reference was made to pitfalls in the 
technique for properly demonstrating different types of PAS-positive materials. 
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A comparison with the appearance of routinely fixed tissues indicated tha t  reli- 
able information concerning PAS-posit ive substances cannot be obtained f rom 
such materiM. 

Yergleichende licht- und elektronenmikroskopisehe Untersuchungen 
der cytoplasmatisehen Matrix in Niereneareinomen 

Zusammen~assung 
M_it der Absicht, die S t ruktur  und Zusammensetzung der cytoplasmatischen 

Matrix in Nierencarcinomen klarznstellen, wurden elf durch Operation erhM- 
tene Tnmoren  einer vergleichenden licht- und elektronenmikroskopischen Unter-  
suchung nnterworfen und mit  Bes t immungen yon Glykogen in homogenisierten 
Tumorgewebe und  in der normMen Nierenrinde erg~nzt. Die Resul ta te  zeigen, dab 
die Durchsichtigkeit  des Cytoplasmas in klarzelligen Carcinomen auf dem Vor- 
handensein yon  Glykogen, zuweflen auch in Kombina t ion  mit  NeutrMfet t  
beruht.  Diese Substanzen nehmen den gr6Bten Tefl des Cytoplasmas ein, wghrend 
cytoplasmatische Organellen nur  sp~rlieh vorhanden  sind. Die grannl~ren Carci- 
nomzellen enthal ten viele Mitochondrien ; Glykogen und  Fe t t  dagegen kommen gar 
nicht  oder nur  in geringen Mengen vor. PAS-positives,  nichtglykogenes Material 
konnte  im Cytoplasma keiner der beiden Zell typen nachgewiesen werden. Dieses 
Material bildet extracellulgre , ,coatings" an beiden Zelltypen und  ist vermutl ich 
glykoproteidiger Natur .  Die Bedeutung tier Untersuchungsergebnisse wird disku- 
tiert, und es wird auf technische Schwierigkeiten ffir die exakte Bes t immung 
der verschiedenen Typen  PAS-posi t iven MateriM hingewiesen. Ein Vergleich mit  
der St ruktur  routinefixierten Materials zeigte, dab zuverliissige Informat ionen 
fiber das Vorkommen yon PAS-posi t iven Substanzen in solchem Material nicht  
zu erhalten sind. 
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