
TABLE OF CONTENTS

VOLUME II

FIGURES AND EXPLANATIONS

CHAPTER I. FIGURES 1-33.

CHAPTER II. FIGURES 34 - 91

CHAPTER III. FIGURES 92 - 144

CHAPTER IV FIGURES 145 - 170

CHAPTER V FIGURES 171 - 181



Fig. 1. Transmission electron micrograph of the urothelium of slightly

distended bladder in a 10 day old rat showing three layers of cells

(superficial S; intermediate, I; basal, B). The basal lamina (BL)

and lamina propria (LP) are clearly seen. Note the scalloped nature

of the surface N, nucleus; HD, hemidesmosomes, BC, blood capillary

X 14,000.

Fig. 2. Transmission electron micrograph of the urothelium of dis¬

tended bladder in a 10 day old rat showing three layers of cells

(superficial, S; intermediate, I; basal, B). N, nucleus of inter¬

mediate cell. The fusiform or elongated vesicles (arrows) are

limited by asymmetrical unit membrane. X 28000.

Fig. 3. A stretch of urothelium in partially distended bladder of a

10 day old rat showing four layers of cells (superficial, S; two

intermediate, II, 12; basal, B). Arrows point to asymmetric unit

membrane-limited vesicles. Note the wider extracellular space in

the lower layer of cells. The arrow head points to a fusiform

vesicle which apparently has just been incorporated into the apical

plasma membrane. X 42,000.

Fig. 4. A stretch of urothelium in partially distended bladder of

a 10 day old rat showing two layers of cells (superficial, S; basal, B).

N, nucleus. The AUM-limited vesicLes (arrows) are not typical fusi¬

form in shape. X 42,000.



 



 



-2-

Fig. 5. A high resolution transmission electron micrograph of the

junctional complex at the luminal edge of adjoining superficial cells

in a 10 day old rat. It consists of zonula occludens (ZO), zonula

adherens (ZA) and desmosome or macula adherens (D). AUM, asymmetrical

unit membrane; FV, fusiform vesicle. X 112,000.

Fig. 6. A low power scanning electron micrograph showing the luminal

surface of a distended bladder in a 10 day old rat. The cells are

polygonal in shape but not uniform in size. X 1,600.

Fig. 7. A high power scanning electron micrograph showing the luminal

surface in a 10 day old rat. Note the presence of few small craters

(C) on the surface respresenting openings of fusiform vesicles. The

cell borders appear as slightly elevated ridges with central groove

(arrow). X 16,000.

Fig. 8. A high resolution transmission electron micrograph of the

apical portion of superficial cell in a 10 day old rat showing the

asymmetrical unit membrane (AUM) that limits the urinary face, and

the fusiform vesicles (FV) in the cytoplasm. P, an AUM plaque,

IP, interplaque region with symmetric unit membrane. X 112,000.
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Fig. 9. Another high resolution picture of the apical portion of a

superficial cell in 10 days old rat urothelium showing a fusiform

vesicle (arrow) in open communication with the surface. X 112,000.

Fig. 10 Apical portion of the superficial cell in a 10 day old rat

showing a large irregular vesicle containing some diffuse material.

The limiting membrane of this vesicle is asymmetrical like the

luminal membrane. Note the presence of narrow channel lined by

asymmetric membrane on the right of the large vesicle. X 112,000.

Fig. 11. Transmission electron micrograph of the urothelium of a

slightly distended bladder in 10 month old rat showing three layers

of cells (superficial, S; intermediate, I; basal, B). BL,basal

lamina; LP, lamina propria. The superficial cell appears less

electron dense overall than the underlying cells and its nucleus (N)

contains several nuclear inclusions (arrows). The luminal surface

has the scalloped appearance and numerous fusiform vesicles (FV)

are evident in the adjoining cytoplasm. PB, polymorphic body.

X 10,000.

Fig, 12. Transmission electron micrograph showing the urothelial-

stromal interface in a 10 month old rat. The undulating basal lamina

(BL) consists of a lamina densa and a lamina lucida. Note the pre¬

sence of many well developed hemi-desmosomes (HD). N, nucleus of

basal cell; CF, collagen fibres. X 40,000.
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Fig. 13. Low power scanning micrograph showing the luminal surface

of distended bladder in a 10 month old rat. The cells are fairly

regular in size with 4-7 sides. X 1,600.

Fig. 14. A high power scanning micrograph showing the luminal surface

of urothelium in a 10 month old rat. The surface shows a pattern of

folds or shallow microridges and the cell borders appear as elevated

ridges (arrow). Note the presence of many small craters (C) on the

surface representing openings of fusiform vesicles. X 32,000.

Fig. 15. Apical portion of superficial cell in a 10 month old rat

urQthelium showing numerous fusiform vesicles (FV) oriented hori¬

zontally and vertically. The scalloped nature of the luminal surface

may also be noted. I, plaque, IP, interplaque; M, mitochondria;

RV, rounded vesicles; MF, microfilaments. X 40,000.

Fig. 16. Golgi complex (GC) in a superficial cell in a 10 month old

rat urothelium. It shows a symmetrical unit membrane structure.

Asymmetrical unit membrane-limited vesicles (AUM) are observable

in the area. Also present are coated vesicles (CV). X 40,000.
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Fig. 17. Golgi apparatus (GA) in an intermediate cell in a 10

month old rat urothelium. It is located above the nucleus (N)

but is poorly developed. D, desmosome between superficial and

intermediate cells. X 40,000.

Fig. 18. Mitochondria (M), scattered profiles of rough endoplasmic

reticulum (ER) and some coated vesicles (CV) in the cytoplasm of

intermediate cell in 10 month old rat urothelium. Note the presence

of desmosomes (D) between the intermediate and basal cells. X 40,000

Fig. 19. Polymorphic bodies (PB) occasionally met with in the

superficial cell of a 10 month old rat, containing predominantly

lipid globules. X 40,000.

Fig. 20. Transmission electron micrograph of the urothelium of

slightly distended bladder in a 20 month old rat showing three

layers of cells (superficial, S; intermediate, I; Basal, B).

The superficial cell appears less electron dense overall than

the underlying cells and contains numerous fusiform as well as

elongated vesicles (FV) in the apical cytoplasm. Careful

examination in high power has revealed the symmetrical nature

of some of the elongated vesicles. X 21,000.
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Fig. 21. The junctional complex in a 20 month old rat urothelium.

It consists of zonula occludens (ZO), zonula adherens (ZA) and

desmosome (D). AUM, asymmetrical unit membrane. X 80,000.

Fig. 22, Part of the luminal surface of a superficial cell in

20 month old rat urothelium showing the flexible luminal membrane

and the absence of asymmetrical unit membrane in the area.

SUM symmetrical unit membrane. Also visible are cytoplasmic

vesicles limited by asymmetrical unit membrane. (AUM) and

symmetrical unit membrane. X 112,000.

Fig. 23. Part of the luminal surface of a superficial cell in

20 month old rat showing the presence of feyr, short microvilli

whose free ends are broader than their base. X 80,000.
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Fig. 24. Scanning electron micrograph of the luminal surface

of slightly distended bladder in a 20 month old rat showing tightly

adherent cells with polygonal profiles in a pavement-like arrange¬

ment. The cell borders appear as slightly elevated ridges.

X 3,200.

Fig. 25. A higher power scanning micrograph showing part of the

luminal surface of 20 month old rat urothelium. Note the complex

folding of the cell surface and the sporadic microvilli (mv).

X 16,000.

Fig. 26. Another scanning micrograph showing part of the luminal

surface of 20 month old rat urothelium. Note the presence of

several short microvilli (mv). X 16,000.

Fig. 27. Transmssion micrograph showing the region of a Golgi

complex (GC) in the superficial cell in 20 month old rat uro¬

thelium. Note that most of the asymmetrical unit membrane (AUM)-

limited vesicles are situated in the peripheral areas of Golgi

complex while the symmetrical unit membrane (SUM)-limited vesicles

are close to the Golgi cisternae. X 42,000.
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Fig. 28. A Golgi complex (GC) in an intermediate cell in 20 month

old rat urothelium. Note the absence of any asymmetric membrane

limited vesicles, while SUM limited, elongated vesicles are present.

CV, coated vesicles; M, mitochondria; ER, endoplasmic reticulum;

N, nucleus. X 42,000.

Fig. 29. Golgi apparatus (GA) in a basal cell in 20 month old

rat urothelium. The main vesicular components in the area are

coated vesicles (CV). ER, endoplasmic reticulum; N, nucleus.

X 42,000.

Fig. 30. A superficial cell in 20 month old rat urothelium

showing endoplasmic reticulum (ER), Golgi apparatus (GA),

asymmetric membrane-limited vesicles (AUM) and elongated

vesicles limited by symmetrical membrane (SUM). Some mitochondria

(M) are degenerating. X 42,000.

Fig. 31. Polymorphic body (PB) in the basal cell in 20 month

old rat urothelium. Its contents include a lipid inclusion.

N, nucleus; M, degenerating mitochondria; BL, basal lamina;

HD, hemi-desmosome. X 42,000.
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Fig. 32. Nucleus (N) of a superficial cell (S) in 20 month

old rat urothelium showing the uniform distribution of

chromatin. SUM, symmetrical unit membrane limited vesicles,

AUM, asymmetrical membrane limited vesicles. Such vesicles

occur in the intermediate cell (I) also. X 21,000.

Fig. 33. Another micrograph of the urothelium in a 20 month

old rat showing three layers of cells (superficial, S;

intermediate, I; basal, B). Note that the intermediate cell

contains many fusiform and elongated vesicles as in the super¬

ficial cell. The basal lamina (BL) and lamina propria (LP)

are clearly seen. CF, collagen fibres; Ly, lymphocytes.

X 21,000.
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Fig. 34. Light micrograph showing the human bladder urothelium of

young adult. The urothelium consists of 5-6 layers. The super¬

ficial cells are large and each overlie two, three or more cells

of the intermediate layers. Basic Fuchsin-stained. X 750.

Fig. 35. Transmission electron micrograph showing the general

appearance of the superficial cell in the human bladder urothelium

of young adult. Note the electron lucent cytoplasm and clusters

of mitochondria (M) in the apical cytoplasm. Nu, nucleolus, NI,

nuclear inclusion, I, a dark intermediate cell. X 4,500.

Fig. 36. A binucleated superficial cell of young adult urothelium.

The cell is very electron lucent compared with the intermediate

cell (I). The nuclei (N) have smooth envelopes and contain

highly dispersed chromatin. Nu, nucleolus; PB, polymorphic

body. X 4,500.

Fig. 37. A high resolution micrograph of a junctional complex

consisting of zonula occludens (ZO), zonula adherens (ZA) and

macula adherens (MA) between two superficial cells in young

adult bladder urothelium. X 100,000.

Fig. 38. Superficial-intermediate cells interface in young adult

human urothelium showing rounded and elongated vesicles in the

intermediate cell close to the border with the superficial cell.

The vesicles are limited by symmetric membrane. X 60,000.
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Fig. 39. The intermediate cells in young adult human urothelium.

The nuclei have more irregular outline than in the superficial

cells. Mitochondria (M) and vesicle (V) are concentrated in

the apical cytoplasm. Note the interdigitating cell processes

along the lateral borders of the cells. X 4,500.

Fig. 40. Basal cells and urothelial-stromal interface in young

adult human urothelium showing the general appearance of the cyto¬

plasm and the nuclei of the basal cells which rest on a continuous

basal lamina (BL). Note the long cell processes in the wide inter¬

cellular spaces. X 4,500.

Fig. 41. Urothelial-stromal interface in young adult human bladder

showing"that the basal lamina consists of a lamina lucida (LL) and

lamina densa (LD). HD, hemi-desmosome. X 22,500.

Fig. 42. Transmission electron micrograph of the luminal membrane

in young adult urothelium. AUM, asymmetrical unit membrane; FV,

fusiform vesicle with asymmetrical limiting membrane; RV, rounded

vesicle with symmetrical limiting membrane. L, lumen of bladder.

X 100,000.

Figs. 43-45. The luminal plasma membrane and the suface mucous

coat or glycocalyx in young adult human urothelium stained by

ruthenium red. Note the very thin flamentous glycocalyx over the

asymmetrical unit membrane (AUM) as in Figs. 43 and 44 and over the

symmetrical unit membrane (SUM) as in Fig. 45. X 120,000.
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Fig. 46. Scanning electron micrograph showing the luminal surface

of a moderately stretched urothelium from young adult human bladder.

At this magnification, the cells appear to have a smooth surface.

X 1,600.

Fig. 47. Scanning electron micrograph of a moderately stretched

urothelium from young adult human bladder showing simple pattern

of microridges on the surface. X 4,800.

Fig. 48. A high power scanning electron micrograph of the luminal

surface of young adult urothelium showing the simple pattern of

microridges which are rather shallow. X 32,000.
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Fig. 49. Transmission electron micrograph showing fusiform vesicle

(FV) limited by asymmetrical unit membrane in the apical cytoplasm

of superficial cell from young adult urothelium. M, mitochondria.

X 60,000.

Fig. 50. Golgi complex (GC) in superficial cell from young adult

urothelium showing dilated stacks of cisternae and vesicles. Also

present are coated vesicles (CV) some of which appear to be fusing

with or budding from large Golgi cisternae. PB, polymorphic body;

FV, a large vesicle nearly fusiform in shape; ER, endoplasmic

reticulum; MF, microfilament. X 50,000.

Fig. 51. Golgi complex (GC) in the intermediate cell from young

adult urothelium showing dilated stacks of cisternae and large

vesicles. CV, coated vesicles; M, mitochondria; ER, endoplasmic

reticulum. X 50,000.
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Fig. 52. Light micrograph of the normal urothelium of middle-aged

human bladder. Note the urothelium consists of 4-5 layers. The

superficial cells are large and each straddles two or more of the

underlying intermediate cells. X 750.

Fig. 53. Low power transmission electron micrograph showing the

general appearance of urothelium of middle-aged bladder. Note the

presence of lymphocytes (Ly) between the intermediate cells.

LP, lamina propria. X 2,250.

Fig.54. Transmission electron micrograph of binucleated superficial

cell (S) in urothelium of middle-aged bladder. The cell is of lower

electron density than the underlying cells. The nuclei with smooth

outline and the chromatin is finaly dispersed. Nu, nucleolus;

M, mitochondria; I, intermediate cell. X 4,500.

Fig, 55. Transmission electron micrograph showing the general

appearance of the superficial cell of middle-aged urothelium. Note

mitochondria (M) concentrated in the apical cytoplasm. N, nucleus,

L, lumen of the bladder; I, intermediate cell. X 4,500.

Fig. 56. High power electron micrograph of an optical region of the

superficial cell from middle-aged urothelium showing the asymmetrical

unit membrane (AUM). The ruthenium red-stained preparation also

shows a pachy glycocalyx consisting of a fine layer of filamentous

material and interspersed beaded material. X 100,000.
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Fig. 57. Superficial and intermediate cells from middle-aged uro-

thelium. Note the low electron density of the superficial cell (S).

The intercellular spaces (IS) between cells are wider in the deeper

regions of the urothelium. The apical portion of an intermediate

cell adjoining the superficial cell shows an accumulation of mito¬

chondria (M). LF, lipofuscin granules. X 4,500.

Fig. 58. Transmission electron micrograph of the basal cells in

middle-aged bladder urothelium showing the general appearance of the

nuclei and cytoplasm. Note the greater electron density of the basal

cells (B) and the wider intercellular spaces with long interdigitating

cell processes. BL, basal lamina. X 4,500.

Figs. 59 and 60. The junctional complex between superficial cells of

middle-aged urothelium. ZO, zonula occludens; ZA, zonula adherens;

D, desmosome. X 100,000.

Fig. 61. Low power electron micrograph showing an intermediate cell

(I) jutting to the lumen between the superficial cells (S) in the

middle-aged urothelium. X 7,500.

Fig. 62 High power photograph of the central part of Fig. 61 showing

the adherens type junctions between the luminal cells. X 50,000.
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Fig. 63. The urothelial-stromal interface in middle-aged bladder.

Note the lace-like basal lamina (BL). B, basal cell; HD, hemi-

desmosome; CF^collagen fibres. X 20,000.

Fig. 64 The urothelial-stromal interface In middle-aged bladder.

Note that the intercellular space (IS) between basal cells appears to

be open to the lamina propria (arrows). HD, hemi-desmosome. X 32,000.

Fig. 65. The luminal plasma membrane in middle-aged urothelium

stained by ruthenium red. Note the thin flamentous glycocalyx over

the asymmetrical unit membrane (AUM). RV, rounded vesicle; SUM,

symmetrical unit membrane. X 100,000.

Fog, 66. The luminal plasma membrane in middle-aged urothelium.

Note the surface is thrown into shallow folds which is limited by

symmetrical unit membrane (SUM). The crests of the folds are drawn

into microville. An asymmetrical unit membrane (AUM) - limited

vesicles is visible. X 100,000.
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Fig. 67. Low power scanning micrograph of the luminal surface of

middle-aged urothelium. The cells are variable in size with some

small surfaces of the underlying layer jutting between the super¬

ficial cells. X 3,200.

Fig. 68. Scanning micrograph to show the variability in appearance

of the luminal surface of middle-aged urothelium. One of the cells

shows a few sparsely distributed microvilli. X 4,800.

Fig. 69. A high power scanning micrograph of the luminal surface

of middle-aged urothelium. The surface is covered with simple

pattern of short and discontinuous microridges amidst which some

microvilli are recognisable. X 10, 600.

Fig. 70. Transmission electron micrograph of the luminal plasma

membrane of middle-aged urothelium. The surface has a smooth out¬

line and is limited by symmetrical unit membrane (SUM). Note the

presence of vesicles nearly fusiform (FV) in shape and with

asymmetrical limiting membrane. X 100,000.
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Fig. 71. The apical portion of the superficial cell of middle-aged

urothelium. The surface and the large cytoplasmic vesicles - nearly

fusiform in shape - are limited by asymmetrical unit membrane (AUM).

X 100,000.

Fig. 72. A stretch of luminal plasma membrane in middle-aged uro¬

thelium stained by ruthenium red. Note the thin filamentous glyco-

calyx over the asymmetrical unit membrane (AUM). X 100,000.

Fig. 73. A stretch of luminal plasma membrane in middle-aged uro¬

thelium stained by ruthenium red. Note the thin filamentous glyco-

calyx over the symmetrical unit membrane (SUM). X 100,000.

Fig. 74. Golgi complex (GC) in the superficial cell from middle,

aged urothelium. Note the large flattened saccules and large vesicles.

Also note the presence of a large number of coated vesicles (CV) in

the area. N, nucleus; FV, fusiform vesicle. X 40,000.

Fig. 75 Golgi complex (GC) in the intermediate cell from middle—aged

urothelium showing some flattened saccules and vesicles of various

sizes. Note the presence of some coated vesicles. N, nucleus;

M, mitochondria. X 40,000.
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Fig. 76. Light micrographs showing the elderly human bladder uro-

thelium. (a) Three to four cell thick region. X 750. (b) One to

two cell thick region. X 500.

Fig. 77. Low power transmission electron micrograph of a superficial

cell of a three cell thick region of elderly urothelium. Adjoining

this stretch (on the right) is a thin region consisting of two small

cells. Note the few rounded vesicles (RV) in the apical cytoplasm

of the superficial cell. PB, polymorphic body. X 11, 250.

Fig. 78. Low power electron micrograph of a thick region of

elderly urothelium. The intermediate and basal cells of the left

half of the picture appear normal whereas, in the other half,

infiltrating lymphocytes contribute to the thickness of the uro¬

thelium. X 4,500.

Figs. 79 and 80. Low power picture of thin regions of elderly uro¬

thelium. Note large mitochondrial clusters (M) in the apical cyto¬

plasm. MV, microvilli; BL, basal lamina; LP, lamina propria.

X 4,500.
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Fig. 81. A high resolution micrograph of the luminal surface of two

cell thick region of elderly urothelium. Note the symmetrical unit

membrane (SUM) structure of the luminal membrane. Note also the band

of microfilaments (MF) that runs horizontally through the cytoplasm

adjoining the surface. The microvilli at the surface also contain

vertically oriented microfilaments that seem to run into the hori¬

zontal microfilament band. Microtubules (MT) are also discernible

in the apical cytoplasm. MV, microvilli. X 100,000.

Fig. 82. Series of closely placed adherens type of junctions adjoining

two superficial cells of a two cell thick region of elderly urothelium.

X 22,000.

Fig. 83. Microvillous surface of a thick region of the elderly uro¬

thelium. This is the most common appearance of the luminal surface

in thick region consisting of 3-4 cells. Note that the appearance of

the luminal junction closely resembles a zonula occludens. MV, micro¬

villi; SUM, symmetrical unit membrane; D, desmosome. X 100,000.

Fig. 84. An apical portion of the superficial cell in elderly uro¬

thelium showing the symmetrical unit membrane (SUM) that limit the

urinary face of the cell. X 60,000.

Fig. 85. An apical portion of the superficial cell in elderly uro¬

thelium. The luminal membrane has a scalloped appearance, but the

crests are drawn into microvilli. X 20,000.
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Fig. 86. Low magnification scanning micrograph showing the luminal

surface of the elderly urothelium. The cells are variable in size

with numerous small surfaces of the underlying layer jutting between

the superficial cells. X 1,600.

Fig. 87. Scanning micrograph of the luminal surface of elderly

urothelium. Note that some cells are covered with a moderate

number of uniform microvilli and others are covered by arborizing

ridges. X 3,200.

Fig. 88. A high power scanning micrograph of the luminal surface

of elderly urothelium showing that the uniform microvilli (MV) are

distributed rather sparsely. X 32,000.
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Fig. 89. The luminal plasma membrane in elderly urothelium stained

by ruthenium red. The glycocalyx (GLY) is thicker than in the

younger urothelia and more beaded in structure than in the middle

aged urothelium. RV, rounded vesicle. X 80,000.

Fig. 90. A section passing through the Golgi complex (GC) in a

superficial cell of the thick region of elderly urothelium. Note

the numerous vesicles in the vicinity of the Golgi cisternae.

Some of the vesicles are uniformly electron dense and are pro¬

bably primary lysosomes (PL). ER, endoplasmic reticulum; CV,

coated vesicles; MF, microfilaments. X 25,000.

Fig. 91. A series of pictures to show pinocytotic activity along

the borders of urothelial cells. Initially, a small pit-like

depression appears (arrow in Fig. 91a. X 18,750) and then the in¬

vagination deepens (arrow in Fig. 91b. X 25,000). Further in¬

vagination results in the formation of a free vesicle in the cyto¬

plasm (arrow in Fig. 91c. X 25,000). Fig. 91d shows lateral

border of a superficial cell where several free vesicles are

observable, some with a dense content filling the vesicles only

partially. X 18,750.



 



-23-

Fig. 92. Transmission electron micrograph of rat urinary bladder 1

week after the end of a course of MNU treatment. Most of the urothelial

cells have desquamated. In the field illustrated all that remains of the

urothelium is the basal cell. Note the presence of many long uniform

microvilli (MV) at what is now, the luminal surfaces of the cell.

N, nucleus; BL, based lamina. X 10,000.

Fig. 93. Transmission electron micrograph of the urinary bladder 1

week after MNU instillation. The basal lamina (BL) is bare being

completely denuded of epithelial cells. X 15,000.

Fig. 94. Transmission electron micrograph of the urinary bladder 1

week after MNU instillation. Note the presence of desmosome (D)

along apposed lateral cell borders. No typical tight junction near the

luminal membrane of the adjoining cells. MV, microvilli containing

bundles of microfilaments. X 40,000.

Fig. 95. Transmission electron micrograph of the urinary bladder 1 week

after MNU instillation showing a urothelial cell which is completely

detached from the basal lamina (BL). The intervening space (Int) be¬

tween the cell and the basal lamina is filled with amorphous to fibrous

substance. Note, hemi-desmosome are absent. Also note the well developed

endoplasmic reticulum (ER) with dilated cisternae. The arrow points to

a dilated cisternae which appears continuous with the cell exterior. X 15,000.

Fig. 95 (inset). Showing profiles of the dilated cisternae of endoplasmic

reticulum (ER) being continuous with the cell surface (arrow). X 30,000.

Fig. 96. Transmission electron micrograph of the urothelium 1 week after

MNU treatment showing the abundance of endoplasmic reticulum (ER). Note

Golgi apparatus (GA) which contains parallel cisternae and spherical

vesicles. MF, microfilaments. X 22,500.

Fig. 97. Transmission electron micrograph of the urothelium 1 week after

MNU treatment showing two basal laminae (BL) under the urothelial cell.

M, mitochondria; MF, microfilament. X 15,000.
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Fig. 98. Scanning electron micrograph of the luminal surface of rat

urinary bladder 1 week after MNU instillation. In the field illustrated,

the remaining urothelial cells are loosely arranged with prominent inter¬

space (In) spanned by long intertwined microvilli of adjoining cells.

X 3,200.

Fig. 99. Transmission electron micrograph of the urothelium 1 week after

MNU instillation showing well developed endoplasmic reticulum (ER) with

dilated cisternae. Note the dilated cisternae contain filamentous

material. X 30,000.

Fig. 99 inset. Showing the filamentous material (FM) in the extracellular

space closely resembles the contents of the dilated cisternae of the

endoplastic reticulum (ER). X 30,000.

Fig. 100. Light micrograph of a focal area of rat urothelium 4 weeks

after MNU treatment. The urothelium is composed of 3 to 7 layers. Be¬

neath the urothelium, there is an increase of cellularity and the

amount of collagen materials. Basic Fuchsin-stained section. X 750.

Fig, 101. Transmission electron micrograph of the two upper layers

of cells in an area of the urothelium 4 weeks after MNU treatment showing

the general appearance of the cells. Note the irregularity of the nuclear

envelopes and the large nucleolus (Nu). The luminal surface is mainly

smooth with a few short microvilli (MV). The apical cytoplasm of the

superficial cell (S) contains few fusiform vesicles (FV) and numerous rounded

vesicles (RV). Note also the presence of vesicles (V) in the apical

cytoplasm of the intermediate cells (I). X 4,500.

Figs. 102 and 103. Transmission electron micrographs of apical portions

of the superficial cells in focal area of the urothelium 4 weeks after

MNU treatment. Note the gently and irregularly folded nature of the

luminal surface. The cytoplasm contains fusiform vesicles (FV) and

rounded vesicles (RV). GA, Golgi apparatus; M, mitochondria; PB,

polymorphic body; MF, microfilament. X 11,250.
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Fig. 104. Transmission electron micrograph of superficial cell 4

weeks after MNU treatment showing an area of the luminal surface with

short, more or less regularly spaced microvilli. Note the junctional

complex at the luminal surface. FV, fusiform vesicles, RV, raounded

vesicles, MV,microvilli. The arrows point to close intertwining of

borders of adjoining superficial cells.. X 20,000.

Fig. 105. Transmission electron micrograph of a superficial cell

4 weeks after MNU treatment. Note the junction appears to be of

zonula adherens type (ZA). D, desmosome; FV, fusiform vesicle;

RV, rounded vesicle. X 20,000.

Fig. 106. Urothelial-stromal interface 4 weeks after MNU treatment

showing blood capillary (BC) apparently pushing into the urothelium.

Note the interruptions of the basal laminae of both the urothelium and

the capillary in this region (arrows). N, nucleus of basal cell;

leu, leukocyte. X 7,500.

Fig. 107. Focal area of the hyperplastic urothelium consisting of

small cells with characteristically rounded nuclei (N) and large numbers

of microfilament bundles (MF). Note the continuity (arrow) of microfilament

bundles with desmosomes (D). Mitochondria (M) appear normal but are

larger and have more transverse cristae than usual. X 7,500.

Fig. 108. An apical portion of the superficial cell 4 weeks after MNU

treatment. The junctions appear to be of zonula adherens type (ZA).

SUM, symmetrical unit membrane at the luminal surface; FV, fusiform

vesicle bounded by asymmetrical membrane; RV, rounded vesicle.

X 80,000.
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Fig. 109. Scanning electron micrograph of the luminal surface

in an area of urothelium 4 weeks after MNU treatment. Note the

pavement-like surface with slight irregular blebs. X 2,300.

Fig. 110. Scanning electron micrograph of the luminal surface in

a focal area of urothelium 4 weeks after MNU treatment. Note the

surface is covered with shallow ridges and individual microvilli.

X 32,000.

Fig. 111. Scanning electron micrograph of the luminal surface

in a focal area of urothelium 4 weeks after MNU treatment.

Note the closely spaced simple microvilli. X 32,000.
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Fig. 112. Light micrograph of a part of rat urothelium 12 weeks after

MNU treatment. Note the blood capillary and stromef (arrows) pushing

into the urothelium. Basic Fuchsin-stained section. X 750.

Fig. 113. A low power transmission electron micrograph of the super¬

ficial and intermediate cells 12 weeks after MNU treatment, showing

the fairly uniform appearance of these cells. The nuclei (N) are

irregular and contain mostly diffuse chromatin and prominent nucleoli

(Nu). X 4,500.

Fig. 114. An apical portion of the superficial cell in an area of

the urothelium 12 weeks after MNU treatment. The junctional complex

does not appear to be as in normal urothelium. MV, microvilli, one

of which is probably branched (arrow); RV, rounded vesicle; FV,

fusiform vesicle. X 40,000.

Fig. 115. Transmission electron micrograph of the intermediate cells

12 weeks after MNU treatment showing the general appearance of these

cells. X 4,500.

Fig. 116. An apical portion of a superficial cell 12 weeks after MNU

treatment. Note the finger-like microvilli (MV) which are limited by

symmetrical unit membrane (SUM). The few fusiform vesicles (FV)

present are limited by asymmetrical unit membrane. X 40,000.

Fig. 117. Apical portion of another superficial cell 12 weeks after

MNU treatment. The microvilli (MV) are closely but irregularly spaced

and are of variable sizes. Some of them are also branched (arrows).

X 15,000.
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Fig. 118. High power micrograph of a superficial cell 12 weeks

after MNU treatment. The junctional complex appears to consist of

a zonula adherens (ZA) junction except perhaps at the very edge where

an attenuated zonula occludens (ZO?) may be present. SUM, symmetrical

unit membrane; D, desmosome; FV, fusiform vesicle with asymmetrical

membrane. X 80,000.

Fig. 119. Another transmission micrograph of the luminal surface

12 weeks after MNU treatment. Note that the microvilli (MV) are

irregular and of variable sizes. SUM, symmetrical unit membrane;

GLY, glycocalyx; FV, fusiform vesicle limited by asymmetrical membrane.

X 40,000.

Fig. 120. Micrograph of superficial cells 12 weeks after MNU treat¬

ment. The luminal junction appears to be of zonula adherens type (ZA)

except perhaps at the very edge where an attenuated zonula occludens

(ZO) may be present. MV, microvilli; FV, fusiform vesicle; RV,

rounded vesicle; PB, polymorphic body. X 30,000.

Fig. 121. Transmission electron micrograph of intermediate cells

12 weeks after MNU treatment. Note the abundance of bundles of

microfilaments (MF). These microfilaments resemble the system of

filaments associated with desmosomes (D). X 15,000.
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Fig. 122. Low power scanning electron micrograph of a part of the

luminal surface of rat urothelium 12 weeks after MNU treatment

showing the cobblestone-like appearance of the surface of a papillary

process. X 1,600.

Fig. 123. A high power scanning electron micrograph of the surface

of a papillary projection 12 weeks after MNU treatment, showing

microvilli. X 32,000.

Fig. 124. Transmission electron micrograph of the urothelial-

stromal interface 12 weeks after MNU treatment, showing the intimate

contact between blood capillary (BC) and the basal cell (B). The

basal lamina appears interrupted at this site (arrows). MF, micro¬

filament bundles; D, desmosome. X 15,000.

Fig. 125. The urothelial-stromal interface of rat 12 weeks after

MNU treatment showing another instance of intimate contact between

blood capillary (BC) and basal cells (B). The basal lamina (BL) at

this site appears intact. X 4,500.
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Fig. 126. The urothelial-stromal interface 12 weeks after MNU treat¬

ment also showing intimate contact between blood capillaries (BC) and

basal cells (B) of the urothelium. X 6,000.

Fig. 127. The urothelial-stromal interface 12 weeks after MNU treat¬

ment. In this instance a blood capillary (BC) appears to have entered

the urothelium. X 6,000.

Fig. 128. Light micrograph of rat urothelium 24 weeks after MNU

treatment showing a papilloma composed of transitionalcells arranged

around a central core of blood vessels and supporting stroma. Note

the urothelium is 4 to 8 layers thick. Some intracytoplasmic luminae

(IL) are observable in the superficial and intermediate cells. Basic

Fuchsin-stained section. X 300.

Fig. 129. Transmission electron micrograph of superficial cells 24

weeks after MNU treatment showing the general appearance of these cells.

Note the presence of pleomorphic microvilli (MV) on the surface.

Profiles of rough endoplasmic reticulum (ER) are observable throughout

the cytoplasm. IS, intercellular space; M, mitochondria; N, nucleus.

X 6,000.

Fig. 130. An apical portion of a superficial cell 24 weeks after MNU

treatment. The surface is covered with pleomorphic microvilli (MV) and

a thick glycocalyx (GLY). ER, endoplasmic reticulum. X 45,000.

Fig. 131. The urothelial-stromal interface of a papilloma 24 weeks

after MNU treatment showing the basal lamina (BL) and hemi-desmosome

(HD). N, nucleus of basal cell; MF, microfilament; M, mitochondria.

X 30,000.



 



-31-

Fig. 132. Transmission electron micrograph of the intermediate cells

24 weeks after MNU treatment showing well developed endoplasmic

reticulum (ER) and severed Golgi apparatuses (GA). N, nucleus;

D, desmosome. X 10,000.

Fig. 133. The luminal surface of urothelium in a papilloma 24 weeks

after MNU treatment. Note the lack of a recognizable zonula occludens.

An adherens type of junction (ZA) is present at the site. , micro¬

villi; GLY, glycocalyx. X 100,000.

Fig. 134. Another transmission micrograph of intermediate cells 24

weeks after MNU treatment. Several profiles of rough endoplasmic

reticulum (ER) are found throughout the cytoplasm. Microfibril

bundles (MF) are not plentiful in these cells. D, desmosome.

X 10,000.

Fig, 135. High power micrograph to show a desmosome (D) between two

intermediate cells 24 weeks after MNU treatment. Note the bundle of

microfilament (MF) which is associated with the desmosome. ER,

endoplasmic reticulum. X 30,000.
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Fig. 136. Superficial cells 24 weeks after MNU treatment showing

continuity of the intercellular lumina (IL) with the luminal

membrane. Both are profusely covered with pleomorphic microvilli

(MV). X 10,000.

Fig. 137. The urothelial-stromal interface 24 weeks after MNU

treatment showing the general appearance of the basal cells and

the supporting stroma. Note the bundles of microfilaments (MF)

in the basal cells and the small amount of collagen fibres (CF)

in the stroma. BC, blood capillary; Ly,lymphocyte. X 6,000.

Figs. 138 and 139. Transmission electron micrographs of the

luminal membrane of urothelium 24 weeks after the MNU treatment.

The cells are profuesly covered with pleomorphic microvilli (MV)

and their luminal aspect is covered with the thick glycocalyx

(GLY). In certain locations, the symmetrical nature of the

luminal membrane (SUM) is discernible. X 100,000.
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Fig. 140. The urothelial-stromal interface 24 weeks after MNU

treatment showing basal cell pseudopedia (PP) projecting through

gap in the basal lamina (BL) into the submucosa. HD, hemi-desmosome.

X 15,000.

Fig. 141. Transmission electron micrograph of superficial and

intermediate cells 24 weeks after MNU treatment showing the presence

of intracytoplasmic lumina (IL1) in intermediate and supreficial

cells and intercullar lumina (IL2) between superficial and inter¬

mediate cells. Note the presence of pleomorphic microvilli pro¬

jecting into the luminae as of the luminal surface. X 6,000.

Fig. 142. A low power scanning electron micrograph of the urinary-

face of the bladder 24 weeks after the termination of the MNU instilla¬

tion, showing numerous papillomas protruding into the bladder lumen.

X 160.

Fig. 143. Another scanning electron micrograph of the luminal surface

of a papilloma 24 weeks after MNU treatment showing tunnel-like

formations. Some erythrocytes are also visible on the luminal surface.

X 1,600.
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Fig. 144. A high power scanning electron micrograph of the luminal

surface of a papilloma 24 weeks after MNU treatment showing numerous

microvilli. X 32,000.

Fig. 145. Light micrograph of a human type I carcinoma in situ. The

urothelium is variable in thickness. There is an apparent lack of

intercellular cohesiveness. Note the relatively large nuclei of the

cells. In the urinary face not*also some large cells which appear

to be in the process of desquamation. Arrow points to a urothelial

cells probably migrating into the sub-mucosa. Basic Fuchsin-stained

section. X 750.

Fig. 146. Transmission electron micrograph of the apical portions of

superficial cells in human type I carcinoma in situ. Note the degenera¬

ting mitochondria (M) and the lack of any other recognisable organelles

or cytoplasmic constituents. X 11, 250.

Fig. 147. Transmission electron micrograph of the urothelial-stromal

interface in human type I carcinoma in situ. The basal lamina (BL) on

the right hand side of the picture is thick with more than one lamina

densa. Note also the absence of desmosomes between the intermediate

and basal cells, and hemi-desmosomes in the basal border of the basal

cells. Inv., invagenation of the basal plasma membrane of the basal

cell. X 11,250.

Fig. 148. Scanning electron micrograph of the luminal surface of human

type I carcinoma in situ showing the irregular arrangement of small

cells in the deeper layers of this lesion. Large cells as seen in LM

preparations - Fig. 145 - were never found. X 4,800.
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Fig. 149. Transmission electron micrograph of the intermediate cells

in human type I carcinoma in situ. Note the presence of scattered

profiles of rough endoplasmic reticulum (ER) and the independent Golgi

complexes (GC). Arrows point to small vesicles similar to those found

in the region of Golgi complexes. M, mitochondria; N, nucleus. X 20,000.

Fig. 150. Transmission electron micrograph of human type I carcinoma

in situ showing apparent lack of intercellular cohesiveness and the

absence of intercellular junctions. Note the nuclei (N) which occupy

large areas of the cells and contain large amount of condensed chromatin

and a prominent nucleoli (Nu). X 6,000. Inset. An incompletely formed

desmosome (D) between two intermediate cells. X 30,000.

Fig. 151. Transmission electron micrograph of the urothelial-stromal

interface of human type I carcinoma in situ. An urothelial cell (UC)

appears to have entered the sub-mucosa. The basal lamina (BL) is

multiple. ER, endoplasmic reticulum; GA, Golgi apparatus; M, mito¬

chondria. X 15,000.

Fig. 152. Light micrograph of human type II carcinoma in situ. The

urothelium is 5 to 7 layers thick. Note the presence of intracytoplasmic

lumina (IL) in the superficial and intermediate cells and also the

lucent patches in the sub-mucosa immediately under the urothelium. The

superficial cells are large and cuboidal and pale. The intermediate

and basal cells are spindle shaped and their nuclei are deeply stained

and occupy relatively large areas of the cells. X 750.
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Fig. 153. Transmission electron micrograph of the apical portion of a

superficial cell in human type II carcinoma in situ. Note the presence

of mitochondria (M) which have electron dense matrix and attenuated

cristae. Note also the surface is smooth and flexible with theccrests

of the wavy contour appearing as sporadic microvilli. RV, rounded

vesicles. X 4,500.

Fig. 154. Scanning electron micrograph of the luminal surface of human

type II carcinoma in situ. The surface of the large luminal cells is

mostly smooth with ridges and occasional microvilli-like processes.

X 4,800.

Fig. 155. Transmission electron micrograph of the intermediate cells

in human type II carcinoma in situ. The nuclei (N) contain large amount

of condensed chromatin and large nucleoli (Nu). Also note the presence

of a slight dense amorphous material (AM) in the intercellular cisternal

space. Ly, lymphocyte; NI, nuclear inclusion; G, aggregation of

particles in nucleus, GA, Golgi apparatus; D, desmosome. X 15,000.

Fig. 156. Transmission electron micrograph of human type II carcinoma

in situ showing pinocytotic activity along the border of an intermediate

cell (arrows). Note the presence of amorphous material in the inter¬

cellular cisternal space. GA, Golgi apparatus; ER, endoplasmic

reticulum. X 30,000.
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Fig. 157. Transmission electron micrograph of human type II carcinoma

in situ showing cytoplasmic projections of the basal urothelial cells

invading the sub-mucosa. The basal lamia forms a network in places where

several lamina densa are noticeable. Also note that the zone of con¬

nective tissue adjoining the basal cell processes contains only a few

collagen fibrils and hardly any other connective tissue elements. X, 4,500.

Fig, 158. Transmission electron micrograph of human type II carcinoma

in situ showing focal break in the basal lamina in region immediately

adjacent to intercellular cisternal space (arrow). Note that the

adjoining zone of connective tissue contains only fragments of collagen

fibrils. Also observable are electron lucent patches (elp) in the

sub-mucosa. A finely amorphous substance in the intercellular cisternal

space is continuous with a similar substance in the sub-mucosa. Bl*,

basal lamina. X 15,000.

Fig. 159. Transmission electron micrograph of human tupe II carcinoma

in situ showing another instance of cytoplasmic projections of a basal

urothelial cell invading the sub-mucosa. Note the basal lamina forming

an irregular network around the projection. Also note the amorphous

substances in both the urothelial extracellular space and the adjoining

sub-mucosa. The cytoplasmic projection of the basal cell contains small

vesicles (arrows) close to the plasma membrane. X 12,500.

Fig. 160. Transmission electron micrograph of an apical portion of a

large superficial cell in human grade I papillary carcinoma. Note the

luminal surface has a scalloped appearance with microvilli at the crests.

The surface displays a glycocalyx. The tight junction (ZO?) seems to be

rather attenuated. RV, rounded vesicles limited by symmetrical membrane.

The luminal membrane is also symmetrical in structure. M, mitochondria;

ER, endoplasmic reticulum. X 30,000.
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Fig. 161. Transmission electron micrograph of an apical portion of

a large superficial cell in human grade I carcinoma. Note the luminal

surface has a simple wavy outline with sparsely distributed micro¬

villi (MV). A glycocalyx is quite evident. X 20,000.
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Fig. 162. Transmission electron micrograph of an apical portion of

a small superficial cell in human grade I carcinoma. The luminal

surface shows more microvilli (MV) than the large cells. Note that

the microvilli are of variable dimensions and some are branched.

RV, rounded vesicles; M, mitochondria. X 40,000.

Fig. 163. Transmission electron micrograph of urothelial-stromal

interface in human grade I carcinoma. The basal lamina (BL) is very

thick and reduplicated several times. BC, blood capillary. X 15,000.

Fig. 164. The urothelial-stromal interface in grade I carcinoma.

The basal lamina (BL) is thick but rarefied with electron-lucent

patches, and it closely follows the tiny projections from the basal

cells. The adjacent connective tissue also has electron-lucent

areas and collagen fibrils apparently undergoing dissolution.

X 22,500.

Fig. 165. Scanning electron micrograph of the luminal surface of

small superficial cells in human grade I carcinoma showing uni¬

formly distributed microvilli. X 32,000.
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Fig. 166. Transmission electron micrograph of an intermediate cell

in a focal area of human grade I carcinoma. Note the well developed

rough endoplasmic reticulum (ER) and Golgi apparatuses (GA). The

nucleus has a coarse, granular appearance. M, mitochondria;

N, nucleus. X 20,000.

Fig. 167. Another transmission electron micrograph of an inter¬

mediate cell in a focal area of human grade I carcinoma. The peri¬

nuclear area of the cytoplasm is filled with microfilaments (MF).

The nucleus (N) has a coarse granular appearance with clusters

of granules of different sizes. M. mitochondria. X 20,000.
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Figs. 168 and 169. Transmission electron micrographs of apical

portions of superficial cells in human grade II papillary carcinoma

The luminal surfaces show numerous pleomorphic microvilli (MV)

which are covered with thick and dense glycocalyx (GLY). V, vesicles;

M, mitochondria; GL, glycogen particles; IL, intracytoplasmic

lumina; D, desmosomes. Fig. 168 X 10,000 and Fig. 169. X 20?000.

Fig. 170. Scanning electron micrograph of the luminal surface of a

human grade II papillary carcinoma showing numerous pleomorphic

microvilli. Some microvilli are branched. X 32,000.



 



-42-

Fig. 171. A low power scanning electron micrograph of an area of

the luminal surface of normal urothelium from a young adult treated

sequentially with Con A and RBCs. Very few RBCs are present and

they may be trapped in artificial gaps between cells. X 1,000.

Fig. 172. A low power scanning electron micrograph of an area of

the luminal surface of young adult treated with WGA and RBCs. The

few RBCs present are probably trapped between cells. X 1,000.

Fig. 173. Scanning electron micrograph to show Con A-mediated

RBCs adsorption onto the luminal surface of normal urothelium of

elderly subjects. Many RBCs are present and at least some are

clearly on cell surfaces and apparently not trapped in gaps between

cells. X 3,000.

Fig. 174. WGA-mediated RBCs adsorption to an area of the luminal

surface of normal, elderly urothelium. Again, the RBCs are present

on the surface of cells and not trapped in gaps between cells.

X 3,000.
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Fig. 175. A SEM preparation showing Con A-mediated RBCs adsorption

to the luminal surface of grade 1 papillary carcinoma. Numerous

RBCs are present, some of which show altered marphologies.

DC, discocyte; EC, echinocyte. X 3,000.

Fig. 176. The surface of grade I Papillary carcinoma as seen in

SEM following treatment with WGA and RBCs. Many RBCs are adsorbed

onto the surface. DC, discocyte; EC, echocyte. X 3,000.

Fig. 177. Scanning electron micrograph of the luminal surface of

grade I papillary carcinoma showing adsorption of numerous RBCs after

coating with PHA. The RBCs are predominantly in the form of

elliptocytes (ELC). X 3,000.

Fig. 178. A high power scanning electron micrograph of an area of

the luminal surface of normal urothelium from a young adult treated

sequentially with Con A and hawi ocyanin. Very few haemocyanin

molecules are visible. X 20,000.
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Fig. 179. A high power SEM preparation of the luminal surface

of normal aged urothelium treated with Con A and haemocyanin to

show the large number of mark molecules present. Apart from

single molecules, a number of clusters are visible. X 20,000.

Fig. 180. The surface of grade I papillary carcinoma as seen

in SEM following Con A-mediated, haemocyanin adsorption . It

may be noted that there are many more clusters of haemocyanin on

the microvillous surface than on the smooth surface. A few

scattered, individual molecules are present on the smooth surface

(in the lower left hand corner of the micrograph). X 20,000.

Fig. 181. A high power scanning electron micrograph showing

the distribution of haemocyanin and the surface of grade II

papillary carcinoma. The number of clusters is greater than

in grade I carcinoma, although individual molecules are still

discernible. X 20,000.



 


