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ARCHITECTURAL ULTRASTRUCTURE OF THE
URINARY BLADDER EPITHELIUM

I. THE INFLUENCE OF THE
CONTRACTED AND DISTENDED STATE

Taira KonNisar

From the Department of Urology, Shiga University of Medical Science
(Dircctor: Prof. T. Tomoyoshi)

The luminal surface and three dimensional architecture during contraction and distension
of the normal rat and human urinary bladder mucosa were observed by scanning electron
microscopy (SEM) after cryofracture of specimen and by transmission electron microscopy
(TEM).

The bladder epithelium consists of three distinct types of cells, superficial, intermediate
and basal cells. SEM and TEM shows that the epithelium is stratified in various states.
Some of the intermediate cells reach the basal lamina by fine cytoplasmic processes, but most
of them and superficial cells never directly reach the basal lamina.

In the rat bladder, the contracted epithelium consists of three to five cell layers and
becomes three cell layers in the distended state. Since neighbouring cells are joined by
desmosomes, the contact relations between each cell do not change in contracted and distended
states. SEM shows an irregular luminal surface of the superficial cells in contracted state.
Under TEM this luminal surface showed a scalloped contour, and most of the cell membranes
intruding into the cytoplasm gave the appearance of discoidal vesicles. Between superficial
cells there are numerous interdigitations in the distended state which show an accordion-
like appearance. Between neighbouring cell layers the
contracted state and shallow in the distended state.

In the human bladder, the contracted epithelium consists of six to eight cell layers and
becomes three to six cell layers on the distended state. Ultrastructural features of the human
bladder epithelium during contraction and distension are basically similar to those of the
rat bladder epithelium.
changes from protruded to flattened, but the microvilli-like membrane junctions between
intermediate and basal cell layers demonstrate little change.

interdigitations are deep in the

In contrast, during contraction and distension mainly cellular shape
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kg (stratified epithelium) TH 2, TXTD
M EER I E T 5 %5 - (pseudo-stratified
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Fig. 1. Rat contracted bladder.

SEM showing the luminal surface of the bladder muco:

The surface is characterized by many irregular deep grooves (G), infoldings (I) a
small surface ridges (R). The intercellular boundaries (arrowheads) are placed

the deep grooves,
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4 A 4 . 8, 3%
Fig. 2. Rat contracted bladder. SEM showing
fractured bladder epithelium which con-
sists of vertically tall four to five cell
layers bordered by intercellular spaces
(IS). S, superficial cell;I, intermediate
cell ; B, basal cell ; SE, subepithelial
tissue.
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SEM & : KBk Pkl o RE R £ 5 ]
Ao X VEFIbh, KA, MNEARS LD BT
A LBREHFET 5. B & i ImR
TEVEEZE L, Fhict nizsthis | KOER
REEC L vELTC5Y, ANLEEMcEET S
Lixciny (Fig. 1), SME T M4 ~58
I Dz o> Tk h AL EE R ARV HEYETS
7, KEMArEEECET 2 BIA bR 1.
PEBMicizZEO LbROBER ALK, KEMED
KEDKPDOIAA X HEFRE SRR LT
HO0RHEIND. FHMEE ORI 2, —
W RO O RSN A BB (Tig. 2).
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Fig. 3. Rat contracted bladder. TEM showing
the transitional epithelium of the blad-
der. Superficial cell (S) appeared to be
an ‘umbrella cell” straddling several
cells of the underlying layer. 1, inter-
mediate cell ; B, basal cell ; SE, sub-
epithelial tissue; L, bladder lumen.

Jar EEBRECET 5B Abhiah 1. FB MR
X2~ 3o FHEMEC - THEL, vWhb¥ b
umbrella cell OFEEX 215 (Fig. 3). EEHI
kR \T, FI#ER2eH (discoidal vesicle) A3l
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unit membrane (AUM) #FL Tk H, EEBHiE
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o> Ml w2 vz, ERBMRHES T © By B 1
RiE, KDoA (infolding) MEEIR, ch
bk SEM itk THESh kEHEE: —&T 5
(Fig. 4). ZBAIRMESET © HER © Kika 1,

Efig8/ N4 (Zonula occuldens), f}3#/\# (Zonula
adherens), &P (desmosome) X h s HELEER
#&ME (junctional complex) THEE LTV 525, —
#iZ junctional complex /KSR IHEX
hic. ZEMREOEMMIMELL, HERCIIEES
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Fig. 4. Rat contracted bladder. TEM showing the intercellular boundary (arrowhead) and
many discoidal vesicles (V) in the cytoplasm of superficial cells. Note the extremely
irregular luminal surface of the superficial cell, showing angulation of the plasma
membrane forming protrusions, dips and infolding (IF). L, bladder lumen.

I AR R U PO (R4 ERAB 0 SE Fe BE AT 4 12 2 %,
EEM TS (interdigitation) *H LTk h, *
o PR R MR E 2 B B AR AT 5 & 5 7
W ETH50MEHTHS. FRIBMKRC 5 T
b, ABERAIOMBEEPIC SO discoidal vesicle %
WD, EKEML PRIBAIIAO 1T desmosome
L, SHBOBEME L interdigitation A% X%
CEELTW-5 (Fig. 5).

2. 7. MEBE

SEM % : REBMBEO NiEMoRmE, 5[l
BIU6AMTIEEREY BT 5%, IR AL R
TRDDIAAT R SRy . BRI S o8
WS, DRI L CHBcsE LTE Dy, *
DA ILAERRE SR el E, REICIE o B
EAH LR (Fig. 6). G T BRI S Sk
PREZ R L, HBLL 3 BOMar b, %4ty
HBIF & 40 K A i SRR 0 M e A L
% (Fig. 7).

TEM & : RIBMIRO WM 8% & k7 dis-
coidal vesicle (THR L, REAL KD AL 28
Higws. BB 3 IBOMIEL ey, KEFEcilic
EIhIPEY 275 (Fig. 8). HIEAIRR o &2
RATEIE, UREI & BORMC (B fE M 7e interdigi-
tation DY & b, NN L EMEORE X @ 251t

Fig. 5. Rat contracted bladder.
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TEM showing
the junctional area between the super-
ficial cells (S). The intercellular plasma
membrane is relativelv straight in the
luminal side (arrowheads), but shows
an interdigitation in the basal side (ar.
rows). Superficial and intermediate cellg
(I) are joined by desmosome (D). L,
bladder lumen.
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CRhicichiBa 235, £BMEHD junc-
tional complex i RIC L BEEIITH S high -
7o (Fig. 9). —7%, FBMHIKE B0k 0B AE
i, MEBIhiciodic interdigitation (g LTus
B0, ZHINEREHIL desmosome W CHEELTE Y,
BT desmosome 2YEEEB (half-desomo-
some) I o> CHEREEZ LT W5, SiEEHE
@ discoidal vesicle iZ{EIC L ZHHELD LTu
% (Fig. 19).

3. e b REERE

SEM & : XKEMINLS « b & Ble» THHHLE
L, FHEICIXEL LT LbROER, A ABR, TD%
Wil LEBEA SR 7288 (microridge) #TBL LT b
AR E A XX By, EEMARILE < ke
AL, REoBEiL Tty (Fig. 11). ZIEET
VIR L A MR R T A S R\ RSP e Lk
EWMEETH. EEITI LR TH Y, EKEMAAMED
RBRMES R bh, Zha B oME @i - T
WO ENLHBEERTHL Z LB Ih S (Fig.
12).

TEM {4 : ZBMLS » + A EES MR
FHEE % 7s LA R0 B MAARE junctional com-
plex CEZL V5. FHBMRIEIRE L%
M 2L, &AM desmosome THEFE LT\
5. MEEBRITIAS, BHEREEYRD 5. EEM
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Tab AHOI R 23 505, MMAHBRRR X 0 5
{ it >T\v% (Fig. 13).

FRIEAIAD SEM BT 351 KL AR
DS L AR M E R & D EE LT

Fig. 12, Human contracted bladder. SEM show-
ing vertically fractured surface of the
superficial cell layer (S). The intercel-
lular boundary (arrow) is seen and con-
nects with the lateral cell membrane of
the superficial cells.

Fig. 13. Humz}n contracted bladder. TEM showing the junction between intermediate cells.
Junc.tlons' consist of the cytoplasmic membrane fusions and desmosomes (D).
Various sized, curved or branched microvilli-like structures project into the interce

lular spaces.
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Fig. 14. Human contracted bladder. SEM show- Fig. 15. Human contracted bladder. SEM show-

19

ing the fractured surface of the inter- ing the portion where the surface of
mediate cells (I). These are joined by intermediate cells are exposed. Note
septum-like walls (arrowheads). Plicated that microvilli-like structures seen in
ridges or projections are demonstrated TEM show microridges and plicated
among the intercellular spaces (arrows). projections of cell membrane (arrows)

: P 2 ‘

Fig. 16. Human distended bladder. SEM showing vertically fractured bladder epithelium.
The luminal surface is characterized by small ridges (R). The intercellular boun-
daries are well demarcated by prominent ridges (arrows). The superficial cell layer
(S) is thin.

BEAMNEFEL, TEM BRCEZE SN EREE Mg Ths LI hic (Fig. 15).
L—FLT\5% (Fig. 14). o, HifumcagtEL 4. v M {HRERE

faEE O SEM B TIRBMERCEHEI L H SEM {2 . INfERACZ S hic LbkDREH L
ST D O FEREER & i Bt < BRIk ZE R o KT BEAERDL Y, X XFROBMTS BEREAH mi-
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Fig. 17. Human distended bladder. TEM showing the full thickness of bladder epithelium

which consists of five to six cell layers.

In spite of distended state, numerous mi-

crovilli-like structures seen in the contracted state are observed between neighboring
cells. S, superficial cell; I, intermediate cell; B, basal cell; SE, subepithelial tissue;

L, bladder lumen.

croridge % 7c LCHET 5. MBI OB KGR
IERRIC L L CRIE i FB R LT 5. SIRE
TIXEBER, FREBHEIRIKTES I ke
HEINHEY 2T 5 (Fig. 16).

TEM % : FHBBILKFEH BB S WisEr 4+
2755, a0 8BS AR T, v
OEALHREE LT HBRA. EEMEMEIL junction-
al complex TEE L TH Y, KHlMAM 1L des-
mosome MEHEIN, TOESHERITIER L Oh
BT X oE&8% 53 e -1 (Fig. 17).
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BEREREAT LR o> HIRRE 0 E X 3N X OVBRic X
hRIeh, ¥BPECE > Thhit Y Rics, 5.,
IR 4 ~5 BRI L, MBI SEr et
LI TWwb. —F, b CRRINMERG6 ~8Ex i
L, BERCII3~4BHL5~6BhiTxhT
L\Z)l,4,10~12) Walkcrl) 01‘7 71%%@??.]:&%&”}@@
THRFRIMEC LY, BEBIT Lid 3 BiE, T
bbb 1BV RBMIE | ~B8B X9 ksdis
BARE, 1BX v s HEMEBY FHL T 5L
| L.

BT LR OIS oW T, FhANER
(stratified epithelium) TH B0, HB\ L3~

TOHMEN EEB ET 545 L (pseudo-strati-
fied epithelium) THBDH, LIFIX hRZEDO Y
hTEREZATHDBD, WELRICERIC - T
g\ Petry B2BEMBT LE YR & FIH AR
HEL, FEOMIEE TOMBEREY BE L &R,
REMIa s FREBRRRT . b g R
THELTET S LI EETHDL L RE L. —F,
Scheidegger® 1L JEME T ELELE © BHHR 0 &
FH X b, AR A L R ORI e A e
ETL0rAD LR, REMCIIEERCE L
THBLDIERDRE T E|EL, BEOY LT
EZRE M AR MR A R D A s b BRI
FCREL T2 5 @E LAY, KEEETELT
WD ST ERNT S, EED TEM %
LUERREEINT SEM BoBEc s\ T, IFERc
B MinEeE » KRR BT 2 @y Es LE
e, RS oMRESRREERCERT, $1h2E
MO MRE SR, EERCE L\ 5B bR x
Binote. MBELCESE, S#MBEBLKEFRICREL.
FREER O RER & 545, WUHS & AEORTR T, Ik
BOLEIEREETHS LEHR L.

BERBT EEONMS XORBOBE#EZE L &
IRAHIREM T RTBE Gliding) $52 &
e L ORBYE 25 &E 2 b T Ieh,
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ker” (TINMER JOMRBIC X - LB Lo 3
BREE L i, BeTaIBET 5 L0 Tty
Z & %R L, Richter H% [3REHAAMZIL tight
junction AEEL, &#KEML desmosome i X
VEFLTHDZ LKLY, £MRMTETEHLT
BT 5Z Lwind, REBHEROMASC, Bk
RHEMMO interdigitation AEE, WEETHZ &
X DHET B EHE L. Koss® % Noack H7
17y FERBT LEO FEBMERY TEM £ SEM
CIOVEEL, ABEMEO AUM H#HEERIAD
% discoidal vesicle DERELFEUTHD, [hE
Ffic discoidal vesicle MBI T B Lmnb, E
RBiiao NIEMMRED ks X OBt discoi-
dal vesicle 235 LTV 5 & & %7R¥ L. Minsky
LR EBATRO NE MK KR L, discoidal
vesicle OEEXREL, Wik XL OMBCBET 5
R D858 594% A% discoidal vesicle & LTHEE
LT3 EHE L.

EED TEM 3 L UBELIN SEM X 5 =%R70
BTV, 7 BRI R B
BEHECRCHEH L, Thiel bk EEM
fEMoEMEIEEF MBI S, LMl
desmosome AL, EMllao (BRI ELE
T, BMELEHIRAKER ETE L o e ST
HolE Lo BE L 5. ToRMe, HERCISE
BRI KER @B MEL, Thicd $7n-TIX
FEFRC EE G AR h » e R B IR OB mE 2 7 =
=T A VRERB DI Eh BB ELT5. &R
B OEMETILRAIHAL, ZEEEO BRI
% EEL BRI, discoidal vesicle DFEREITE
Bl <, HEE, EEEROBECHEAI L, »o
B X b FHfEE o discoidal vesicle DEE L
PTn. LichisT, REMREONMR X MBI
H3 5 i, SRR I IRE RN ELBA LT
discoidal vesicle ® L ROEELX & b, FRIBH
fa B A0 IES L OB Bl ST 5 faEL,
INfEEFIZ 13 discoidal vesicle #® interdigitation @
Blx s tErzbhic.

b EMBT EEORBHRO IR X O BRIL S
v POBEL FRE, RED LIRS OBK &
discoidal vesicle OF{tic L bz 5, HREEL
EEMIARIZ OV TS » + ERich, TEM THE
Lick 5, MMERRCA 2 5HIBEKED microridge
I THEELTE D, HEHEEOMERIL mi-
croridge BAIL T OWBEREAE LicE ¥ CHlakiE
DHEPKEHF ECHBRCHBEND L2 bR

BiBREA Ui 3412 13 microridge & LT WA I
FnZbh, ThiFHEZAERBICE XS, R
PRI DB AT LB « ORI EO L LD H TRIET
TR L, BHEEENCIL microridge Dfh BEIEKIT
IR LTwahicneEr bl

BEBE 1T Lo R - ¥EBAFT (urine-blood bar-
rier) B LTHE ~ @& h, KEBHRONE
AMREED AUM L B MR AF O tight junc-
tion D 2O DFEEMNBEEL TV BLEELBR T
30010, ERMREOEARERY TEM X b
B45 L, —BTIUERS X OEERE b fifaEo
SEENFEE LT Zonula occuldens ¥ L, LD
Tz Zonula adherens, ¥ 5z desmosome #F3
% junctional complex %Fb5%. L L—#fiKZ
® X 57 junctional complex * /R FEAHERIE
Z&h, Claude L' D34 L leaky junction T
i ntEIh.

5] &

L. 79 b X O v FIEFBEMAEE L, [UERS
T OMERE O FHRNE FEME 3 L O IREEEIEE =
L EERBETHYUES X » BB LK (stratified
epithelium) &E % Lt

2. 7. MEKOIMEE XUMEL EBEECK
VWTirARNoERELBOE L EIRERKALR D
FIfg k22 (discoidal vesicle) OB fbic k% L £
bh, PiHEPLEEMRC S QI EBoE e
HiafkElo k4 (interdigitation) O b X 5 £ %
bhic.

3. v MEMOWMEE DO, REERC B
T7 v+ ERROZEIC LS EE 2 bhies, G
BeEEMc B TR BOE(LAETH D,
MBI % b h b HRBEOE (microridge) 11E
Ly,

4. R - MMEBAMD 12+ LTERBMABRMOEEE
B A& (Junctional complex) 23E % Hh b A,
g L ORI X ) ToBEFRCE XA bR
hote. —HOER MM O & i junctional
complex ¥ K EAHRADFED bR, leaky junction
LEZ b,

WMERABICHIY, KEMESLBY T LIRERRA
SRR B HEN BERRILFASL, A8 L
TR BRI WIR SR R SR SR B OB s R
LET.
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