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Inverted papilloma: observation with 
scanning and transmission electron microscopy 

Nobuo Moriyama 1, Hideyuki Akaza l, Toru Suzuki 1 *, 
Kazuki Kawabe 2, and Tadao Niijima 1 
1Department of Urology, Faculty of Medicine, The University of Tokyo, Hongo, 
Bunkyo-ku, Tokyo 113 
2Department of Urology, Branch Hospital, Faculty of Medicine, The University of Tokyo, 
Mejirodai, Bunkyo-ku, Tokyo 112, Japan 

Summary. Three cases of inverted papilloma of the urinary bladder were 
studied by transmission electron microscopy. Scanning electron micro- 
scopic observation was made in one of these. The surfaces of the outer- 
most tumour cells were covered with short stubby microvilli. Multiple 
bud like proliferations of the tumour cells were compatible with a trabec- 
ular type of inverted papilloma. The tumour cells of the trabeculum 
mimicked the intermediate and basal cells of  the epithelium which cov- 
ered the surface. Microcysts are believed to be formed by epithelial 
migration into pits, creating an epithelial inversion, and do not represent 
central necrosis. Ultrastructure suggests that inverted papilloma is a 
very well differentiated tumour. 
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Introduction 

Inverted papilloma of the human urinary bladder is rare. The first case 
report was published by Potts and Hirst (1963). Since then, cases have 
accumulated in the literature and clinicopathological features have been 
proposed (DeMeester et al. 1975; Caro and Tessler 1978; Kunze et al. 1983). 
Inverted papilloma is generally a non-recurring solitary tumour of the trig- 
one, bladder neck, or posterior urethra with a non-papillary smooth surface. 
It is histopathologically characterized by endophytic growth covered with 
normal, atrophic, or hyperplastic urothelium. Although the electron micro- 
scopic appearance has been reported (Moriyama and Ito 1979; Alroy et al. 
1980; Iwata et al. 1982), the topographic features have not been detailed 
precisely. Scanning and transmission electron microscopic studies provide 
information about the nature and biological potential of  this bladder tu- 
mour.  
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Cases 

Case 1. A 37 year old male presented with bladder outlet obstruction. A characteristic solitary 
lesion was discovered at the bladder neck on cystoscopy. This was completely resected. This 
patient has been followed for seven years, without evidence of recurrence. 

Case 2. A 66 year old male underwent transurethral resection of the prostate for symptoms 
of outlet obstruction. At the time of surgery, a solitary smooth surfaced lesion was discovered 
at the bladder neck. There has been no recurrence at six years. 

Case 3. A 35 year old male underwent cystoscopy in the evaluation of haematuria. A solitary 
bladder neck lesion was completely resected. Cystoscopy is negative at one year. 

Materials and methods 

Biopsy specimens were immediately hemi-sectioned for light and electron microscopic studies. 
For light microscopic evaluation, the tissues were fixed in 10% formalin, embedded in paraffin, 
and then stained in the usual fashion. For transmission electron microscopic (TEM) study, 
the tissues were cut into small pieces and fixed overnight in aldehyde solution (1% paraformal- 
dehyde and 2% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4). They were postfixed in 
2% osmium tetroxide solution for 1 h, then dehydrated with ascending series of ethanol and 
embedded in Epon 812. Sections were cut by a glass or a diamond knife equipped on a 
LKB 8800 ultratome. After staining with uranyl acetate and lead citrate, they were examined 
in a Hitachi 12-A TEM. For scanning electron microscopic (SEM) study, only case 3 was 
available. Specimens were similarly fixed, dehydrated, then transferred into isoamyl acetate 
and finally dried in a critical point drying apparatus using liquid carbon dioxide. After mount- 
ing on the aluminium stubs, specimens were sputter-coated with gold and examined in a 
Hitachi S-430 at 15-25 KV. 

Results 

1. Light microscopic findings 

T u m o u r s  were  c ove re d  wi th  n o r m a l ,  a t r o p h i c  a n d  hype rp la s t i c  t r ans i t iona l  
epi thel ial  wi th  a m a x i m u m  o f  7 layers.  A t  least 2 layers  o f  t r ans i t iona l  
cells were  obse rved  in a t r o p h i c  areas.  I n n e r  areas  s h o w e d  epithel ial  co rds  
wi th  i r regu la r  a n d  d e n d r o i d  pa t te rns .  T he  b a s e m e n t  m e m b r a n e s  o f  epithel ial  
co rds  d e m o n s t r a t e d  in tac t  marg ins .  C o n n e c t i v e  tissue a n d  capil lar ies  were  
also n o t e d  in the in ters t i t ium.  G l a n d  f o r m a t i o n s  (microcys t s )  were  obse rved  
in s o m e  areas.  Pe r iod ic  ac id  Schi f f  pos i t ive  mate r ia l s  were  f o u n d  in the 
l u m e n  o f  the  microcys t s .  T he  ep i the l ium o f  the t u m o u r  sur face  exhib i ted  
b u d  like p ro l i f e ra t ions  wi th  deep  pits, c o n n e c t e d  wi th  the inver ted  epithelial  
cords .  The  cells o f  epithel ial  co rds  were  u n i f o r m  a n d  re sembled  the  inter-  
med ia t e  a n d  basa l  cells o f  the  sur face  epi thel ia  (Fig. 1). 

2. S E M  findings 

The  t u m o u r  sur face  was  s m o o t h  a nd  sl ightly lobu la t ed  at  low magn i f i ca t i on ,  
a n d  several  pits were  r ecogn ized  (Fig. 2). O u t e r m o s t  cells o f  the  t u m o u r  
were  p o l y g o n a l ,  f o r m i n g  a pavemen t - l i ke  surface.  These  cells cons i s ted  o f  
two  types  (Fig. 3). T he  lumina l  surfaces  o f  the first type  d e m o n s t r a t e d  den-  
sely p a c k e d  microvil l i ,  wh ich  microvi l l i  were  shor t ,  s t u b b y  and  some t imes  
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Fig. 1. The tumour surface is covered with normal and atrophic transitional cells. Inner layer 
shows epithelial cords with irregular patterns (H.E. stain). Case 3. Insert. Microcysts are 
recognized in the epithelial cords. (Silver stain). Case 1 

Fig. 2. The tumour surface is smooth, and slightly lobulated. Arrows indicate pits. x 70. Case 
3. SEM. Insert. The wall of a pit is covered with polygonal surface cells, x 280. Case 3 
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Fig. 3. Outermost cells of the tumour surface. Upper  half of photomicrograph shows sparse 
microvilli. Lower half  reveals dense microvilli, x 2,200. Case 3. SEM 

Fig. 4. Microvitli of the outermost cells of the surface are short, stubby and dense, x 7,000. 
Case 3. SEM 
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Fig. 5. Outermost cells of the tumour surface demonstrate the cuboidal cell with microvilli 
on the luminal surface and round vesicles beneath the surface, x 4,800. Case 3. TEM 

Fig. 6. Desmosome are recognized in the tumour cells of the epithelial cords, x 9,600. Case 
1. TEM 

Fig. 7. Microvilli are observed on the surface cells of the microcyst, x 3,600. Case 2. TEM 
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branching in appearance. Cell borders were distinct and exhibited 3 or 4 
rows of short microvilli (Fig. 4). Outermost cells of  the second type showed 
irregular surfaces with sparse microvilli. The irregular surfaces are consid- 
ered to represent degenerated microridges. The outermost cells with micro- 
plicae were scattered within the tumour surface (Fig. 3). The cut surfaces 
of the tumour revealed pits forming long holes like ants nests, the walls 
of  which were covered with polygonal surface cells with distinct cell borders 
(Fig. 2 Insert). The surfaces of these cells were diffusely covered with densely 
packed stubby microvilli, and these cells were almost identical to those 
covering most of  the tumour surface. Pleomorphic microvilli were not seen 
anywhere within the tumour. 

3. TEM findings 

Outermost, intermediate and basal cells were clearly recognized within the 
epithelium of the surface. The outermost cells were flat or cuboidal in type, 
these cells had short microvilli, some of which were branching. Asymmetrical 
cytoplasmic membranes were not recognized. The cytoplasm beneath lumi- 
nal membranes contained several round vesicles and no discoid vesicles, 
lysosomes were also demonstrated and rough endoplasmic reticulum was 
prominent. The Golgi apparatus was well developed. Some nuclei were oval 
with slight notching (Fig. 5). Cells with sparse microvilli occasionally exhib- 
ited electron lucent cytoplasm and scanty organelles, and therefore were 
considered to be degenerative. Tight junctions were recognized between ad- 
jacent outermost cells. The surface cells facing pits were cylindrical in shape 
and their cytoplasmic features were the same as those of the outermost 
cells covering the tumour surface. Intermediate and basal cells showed simi- 
lar findings. These cells and nuclei were perpendicular to the basement 
membranes, and contained several lysosomes. Mitochondria were scattered 
around the nuclei. The outstanding findings of these cells were deep nuclear 
notches or clefts. Nucleoli were not so conspicuous. Neighboring cells were 
joined with well developed desmosones, basement membranes were relatively 
thick and collagen fibers were scattered in an interlacing pattern. 

Epithelial cords were composed of the cells which resembled intermediate 
and basal cells of  the tumour surface. However, lysosomes were not so 
numerous. Desmosomes were abundant (Fig. 6). Microcysts were lined with 
cuboidal or flat cells with short microvilli (Fig. 7). Surface cells resembled 
the outermost cells of  the turnout surface, although they had few lysosomes. 
They had no asymmetric unit membranes on their luminal surfaces. Tight 
junctions were also recognized between the adjacent surface cells. The lumi- 
nal surfaces of these cells were covered with dense fuzzy material in all 
cases. The lumen of microcysts contained mainly monotonous dense materi- 
als and small amount of cell debris. 

Discussion 

Inverted papilloma is generally considered to be benign (DeMeester et al. 
1975; Tannenbaum 1976; Caro and Tessler 1978), but there have been 
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some reports of  its malignant transformation (Lazarevic and Garret 1978; 
Whitesel 1982; Altaffer et al. 1982). Kunze et al. (1983) distinguished two 
basic histological types of inverted papilloma: trabecular and glandular. 
The trabecular type develops with a proliferation of basal cells of  the transi- 
tional cell epithelium. The presence of multiple bud like basal cell prolifera- 
tions of the urothelium covering this tumour, and the close resemblance 
of the trabecular cells to normal basal cells are two remarkable characteris- 
tics. The genesis of the glandular type is considered to represent von Brunn's 
cell nests. Our three cases were similar to the trabecular type of their (Kunze 
et al. 1983) category. 

In case 3, SEM observation showed short stubby microvilli on luminal 
surfaces of outermost cells. From the TEM findings, the other two cases 
would be expected to demonstrate similar appearances. Pleomorphic micro- 
villi which are prominent in bladder cancer (Kjoergaard et al. 1977; Jacobs 
et al. 1981 ; Suzuki 1982) were not observed in inverted papilloma of the 
urinary bladder. Alroy et al. (1980) also reported that the luminal surfaces 
of outermost cells, and what he calls "neoplastic cells forming glands" 
have short microvilli. Short, regular or stubby microvilli were reported on 
the outermost cells of benign urothelial lesions (Kjoergaard et al. 1977; 
Jacobs et al. 1981; Suzuki 1982). Considering the type of microvilli present 
in our cases, the outermost cells of inverted papilloma probably represent 
well differentiated tumour cells. 

Iwata et al. (1982) reported that inverted papilloma had small pits on 
its surface. The cut surface observations in our series demonstrate surface 
cells of pits resembling outermost cells with abundant short stubby microvil- 
li. This finding was confirmed in TEM observations. Such pits have not 
been observed in papillary bladder turnouts (Kjoergaard et al. 1977; Jacobs 
et al. 1981 ; Suzuki 1982) and seem to be characteristic of  inverted papilloma. 
This feature supports epithelial inversion as the genesis of  inverted papilloma 
of the trabecular type. 

Asymmetric unit membranes which are characteristic of  normal superfi- 
cial cells (Haynes et al. 1975; Jacob et al. 1978; Suzuki 1982) are not ob- 
served in our cases. Round vesicles were recognized on the outermost cells 
of  inverted papilloma. These vesicles have been found in well differentiated 
bladder tumours and normal urothelium (Fulker et al. 1971 ; Suzuki 1982). 
Secondary lysosomes were numerous. These lysosomes are also present in 
normal urothelium and well differentiated bladder tumours (Fulker et al. 
1971 ; Hoyes et al. 1972; Hynes et al. 1975; Jacob et al. 1978). Desmosomes 
were relatively abundant in our cases. Alroy et al. (1980) also reported in- 
verted papilloma had large numbers of desmosomes that reflecting the be- 
nign nature of this neoplasm, similar to the non invasive papillary transition- 
al carcinoma. 

Kunze et al. (1983) proposed that microcysts were most likely to be 
the result of  cellular necrosis within the cord of the trabeculum. However, 
Alroy et al. (1980) reported tight junctions at the apical pole of the luminal 
surface cells, thus suggesting glandular formation, or true epithelial struc- 
tures. Degenerated and desquamated cells were also disclosed in the lumen. 
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This study likewise demonstrates that luminal surface cells of microcysts 
possess tight junctions and microvilli and resemble the outermost cells of 
the tumour. The material contained in the microcysts is homogeneous. Mi- 
crocysts are therefore thought to be caused by the inversion of the epithelial 
cells of the tumour surface. 

Ultrastructurally, inverted papilloma reveal the characteristics of both 
normal urothelium and well differentiated bladder tumours. Consequently, 
inverted papilloma is probably a very well differentiated urothelial tumor. 

Case 1 and 2 were briefly reported elsewhere (Moriyama and Ito 1979). 
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