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ARCHITECTURAL ULTRASTRUCTURE OF THE
HUMAN URINARY TRANSITIONAL EPITHELIUM

Hidenori Takavama and Taira Konisur
From the Department of Urology, Shiga University of Medical Science
(Director : Prof. T. Tomoyoshi)

Human urinary bladder mucosa, comfirmed to be normal by cystoscopic, histologic and bacterio-
logic examination, were obtained from four patients at prostatectomy and from two patients at an
anti-VUR procedure. The luminal surface and the three dimensional architecture of the bladder
mucosa were observed by scanning electron microscopy (SEM) after cryofracture of specimen and
by transmission electron microscopy (TEM).

The epithelium consists of superficial, intermediate and basal cells, and SEM and TEM showed
that it was stratified. Intermediate cells reached the basal lamina by slender cytoplasmic processes
but superficial cells were not directly in contact with the basal lamina.

No pleomorphic or long microvilli were observed but short microvilli or granular protrusions were
sparsely seen on the luminal surface of superificial cells.

SEM of cryofractured surfaces revealed that cells from each cell layer were in contact with cellular
junctions such as ridges, plicated projections and septum-like walls. Their junctions were more com-
plicated with increasing depth of the cell layer. No pleomorphic or long microvilli were observed
on any cell surface of the intermediate or basal cell layer. Under TEM, however, these junctional
structures of ridges, plicated projections and septal walls appeared to be microvilli under TEM.
Microvilli-like structures on TEM, therefore, have to be carefully distinguished from real microvilli.
Careful observation is required when the presence of cells covered with microvilli is described as a sign

of malignancy.
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HIITH b, MAEE ORIt SEM D& TR
SFTHBDT, TEMBEL bbb TRy, SEM
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L SEM BEARDIEREE @ 3R L A o 2 bic
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B CBiK LY. =& TRk SEM & TEM o
LDEic 24, SEM Ait=2% ) — Ath THREZER
CCHREL, BEESR (=t a—=vo=7Y) v/
# TF-1 &) wCEWiL, BRSERE £.<5
v AD ion coating L, HIZL S-900, F7-i%
HFS-2S SEM & CHZE L.

TEM BARMERE : fTROHET 2 4 XhiclEAo
fb5% Luveak 812 & THUBL, YA IERE,
By 7 =75, 7=vBHoEREEHL, B

H-500 # TEM i CTHZE L.
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1. BEMEAT B OMITRE

B ELEoEIREERKCS L TEECEB I
SEM o EE K i) I hi- )i To TEM i TH
BT ENTEDH, 10~60p T—E TR, Wk

SEM showing vertically fractured

bladder epithelium which consists

of two to seven or eight cell layers.
% 1,000

Fig. 2. TEM showing the superficial cell which appeared to be an “umbrella cell’*
This cell straddles three cells of the underlying intermediate cells. The
luminal surface has a microvillous and scalloped appearance. X3, 600
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TAHTIE2~4B, Bui ATk 6~I10BHiEs
bR I h T3 (Fig. ). REMIEET, +F
Mlan 2 « 3o L THLTEETHZ ENS
{, WA umbrella cell DkfEY EF 575 (Fig.
2), BRI EBIC E TEORRED b D bFET
5. ¥, EBARIFBHEECIED CRET,

Fig. 3. SEM showing exposed cell surface
of the urothelium by a cryofracture.
Note that microridges and plicated
projections on the cell surface are
more complicated as the cell layer
becomes deeper. x 1,400

f\", S, s, e &
Fig. 5. SEM showing the fractured surface

of the superficial cell layer. The

intercellular boundaries (arrows)
are seen in the folds because of the
state of contraction of the epithelium
and connect with the lateral cell

membrane of the superficial cells.
% 3, 500

BEARECET20b EECHAbRLN, KEBI
FCHET 5 L DORRED b - . FIEAR
S THDHH, EEEBIWIBAL TIIE XITEL
2, BOHZ TR SHEEEEL TW5Z 0%
V. E e, MBS x5 CREREAERC X S M
it ) ZAR KRBT EBIcic-> T35 (Fig.

Vit I po P . 2

Fig. 4. SEM showing the luminal surface
of the bladder mucosa. Superficial
cells form a pavement-like surface
lined with polygonal cells. x1,000

Fig. 6. SEM showing the luminal surface
of superficial cells in a contracted
condition. Microridges and intercel-
lularly bordered ridges (arrow)
have sharp edges and scalloped cell
surface is angular. Short microvilli

and nodular prominences are sparse.
% 8, 500
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3). FBMA L X cEBARECAA LBECZH
T5Z EXREIR U, EEREE CEYT, hicE
LTwa0bihbhs (Fig 1) HEMRLET2ED
MR L/INE T, ¥ - RELEAT T, B
s EEEPEMEEc L, ¥, BREET
HEERECEE L THFET 5.

2. EEMfOBHE

SEM {& . EEHIfaD A b DB TILRES
X5 - 6ABOTNESLAENY, LAY, Mo
MR ERRCEA THRBRS. ThEhoffgoH
JII Lk e UTRTPE, FRddERRe Bl T
b, {EMEREE CixbET 5 REMIaRNL | RDRB
RO E FOTBO X » TRTORTH55%
BLTWw3 (Fig. 4). BRERBZE T ORHIREIE
R X SRV L AD D, BRILFERR
DR TH o7 h, HEERREREDEHELESIL
THRERT WS, EROIENHE > TD ET
AT, M RECEEYR L, NBYEETS
Z L TERL. T DA o R A BRI T
2B &, FOEICILRIRIBEOBEMERT R L
TWBEDOHED LR, T ORPFREROREIS M
JaPE O MR ERE LTl b, RBMRE oA
DEBEETHDC LHEMIN D (Fig. 5).
FKEMORERE IR X D R BH, W
b5 gEBbhD MM, %7k S THRACEE
L, EEITERO X SR oMM o & Z DM
HEASiFI 758 (microridge) # 2L, Z DREHDE
EEL ML T W5 (Fig. 5). s v & Bbh
BRMEBTLL, T IPRDOP D L0 TeBE TR L,
X BiIT Al EEIO REHD B FE
L, *0ORE, EHMOB/K Db -HEE LT
Bobhs (Fig.6). EECBMELRD S Z Ll

4 K1 L v 5
[ % I
b g ,f;qﬁr

LAERS, BETHHATLEIEREN» S <ED
LD THD (Fig. 6).

LB FIBE DR AR BRSSINTRC CTBD &, BE
Pt B MR AT & A Y OBATEECHEEL
T B Fodbic. SMATE Ti MBI R 37w, L
L, BRcMfcEzhsz bbby, FEHEh
B TIRIBEE T CRE R EE 2R, Zhk
D EHOETCIIBEEC A bbb D X h XHEEFE:
microridge RV ERBEEMH SIS (Fig. 7).

TEM 4 : &EMa0 WML FE T,
BRI il < HRAMEER & BARED X 5 T iR B D
7% Thik SEM Bickidn & TR0 Miams
microridge #7EtkT % DT, HOBMMBIIZEA

il & <

SEM showing the fractured surface
of the superficial cell layer. The area
of tight junction (arrow) is smooth
and other surfaces are covered with
ridges, plicated projections and
sparse minute microvilli. X 7,000

ook S .

Fig. 8. TEM of the luminal cell membrane with microvilli-like and

scalloped contour of the superficial cell.

Note that the unit

membrane is asymmetrical with the outer leaflet being thicker
than the inner one. x67,000
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TEM showing the lummal plasma membrane

3 '&;,
Nl .’;z.":

Note that the

unit membrane is symmetrical at portion A and asymmetrical
at portion B with the outer leaflet being thinner than the

inner one.

ERHLRT, HoThENeboTHS (Fig. 2).
st el —ERE 2 b b 3BHEY BLTV5
25, SROMTIIMRE DI EE L NIEE DE I AT
U THHHBEDOMIIEL v BV &, HEIA
X DBEWIENFHMEDE (asymmetric unit mem-
brane, AUM) # 2L TV 5%, & EITIXNFEI I
IWEWRS I ERRbN% (Fig.8~10). Zn X’
TR, JERFRME O ZEREE R 2T 5 it —
EOHAMERPRFHELERD Hhigy.
B3 % RE e O AIEE D RBILEEE T Tiifile
EoSEN B\ Gghd L IRED B4/ Ve (zonula
occludens) AAHbh, D>OWTHIRKEEOETFEE
DIEL 1o o Fe fh &/ 4 (zonula adherens) 3% b,

The membrane of the discoidal vesicle (arrow) is
asymmetrical as is the portion B membrane.

x 67, 000

&M (desmosome) A3z ik THEL (Fig.
10), Zhi CoMiEElZERN TS, h
& DR T BRI kA (interdigitation) 2Hf
B & o T A D AA K HEE 2L (Fig. 2),
PR E T 2 KE O M BITL TV 54, &

D HIED desmosome #EHBHZ L pb. =
D &5 IRREA — RV TE B TH B, AL L - T
BRI INER AR Do WA 2 BET 5 2 L23b
% (Fig. 11).

MENC SR OWEY, 525\ kAR o%2k
(discoidal vesicle) 23 Z@d bR, 23 ED RRELXH
L5, ThiRBEMEEE S % -7 AkOFE

EREL, AARREDEIME UM, JERtFHit

Fig. 10. TEM showing the typical junction area betWeen tWo superﬁéial

cells.

Zonula occludens (Z.0.), zonula adherens (Z.a.) and two
desmosomes (D) are seen.

x 37, 000
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Fig. I1. TEM sho

dw a s *

wing the junction between superficial cells. Note the

.‘%§ o3
-_‘};‘ ;"; \\

o

absence of zonula occludens (arrow). x32,000

OBENRR bR (Fig. 8,9). ZFoffi, MIEEAKT
TN NEERSRER ORI Y, MBEOE
FEEOEC X BRI L BRI MRS FET D
A, THhOLDOFTRIEDWTCERT A Z LILZ DmXD
BENDIRXThBEDOTEETS.

3. FREMRoME

SEM {& : P 7 Bl Tk MR A LBV 1o
RETHZOND LN, ToMik X <BETS

B

SEM showing the fractured junctional
area between intermediate cells. The
cells are joined with septum-like walls
on which adherent lines are observed
(arrow). Plicated ridges or projections
and nodular or short microvilli are
demonstrated among the intercellular
spaces. x 9,000

L, HIRRINEEL TV A EEMEREL TW5E
BEEL, ZEBEHREETE N, B/ MLrRD 5
ZEL BB ZOEBEEECIBEREBHLAER
Bk AR bhBZ D, BMETIMRMALEWT
HOTEEL TS 0EEL SRS (Fig. 12). %
72, & OZEEPCILERE OO HRREED X 5 AHAI
ML, i, 800 #EBE LTI FETS
(Fig. 12). OEROFIEED 22 HIZEB RV RIF &

Fig. 13, SEM showing the portion where only
superficial cells are taken out from
the epithelial surface. Exposed inter-
mediate cells are covered with many
microvilli-like structures. x900
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hEER TGS S TE LML, BBl
TR REEY 27 5. filaoEmif cikxh, M
JaREABH XN T, R LT & 5w
TEEMT R h, TESAVOBEOBEIREH 2R, KD
BA TERA R L T e Ehbhhh, Fi, OF
RIPEED BB ED b s, BB, H-T
PENLOTHD. ORREEEIERC R Aifaz &
BT, ERPGESIGESL e W AMIVERY L 5
(Fig. 3). zhbofrRit bdoMaZoLIkED b
DE—FHL T3,

BEATEBOR B S\ CEB AR JIEigE L,
HRA B L o3 T OREME TIRER OWME CE
bhTuwarEds (Fig. 13). Lanl, BfEXT
X/ BET 5 L fARE AR e BREERERLO R
iR E 2R D LEUTIEENR, 55 Vi B RO

A

A e o . g
Fig. 14. High magnification TEM from the
same area of Fig. 13. Note that the
microvilli-like structures show microrid-
ges, plicated projections or angular cell
surfaces. X3, 500

X

EER TR ELR 5 (Fig. 14). LWiEm©
B I MR BRIl O ERE & I ERkER 1 E W
THHEVI B TRIcH> TV 5.

TEM & : Bl O& ARl SEM & T
SN X S ICHIBIE S CEEE L T 53 & [HIR
DML EICFEL, FEBLE D e o%A T
HDHEAL desmosome WEETZBELNDS.
RIBROMALIIMED & 5 I HIFE D SEERR, Bl
R, SR OERL A LI SGE & LR, &
FBAEOUMEE LTAOIhB T EMHDHE, =
hooERH< FTIREORBETHEAEL, BHEET
% flifafhc Bt 3 5 MIaEBORB TR LIRS & &Ik
7evs (Fig. 15).  Th b oMM 2 b % #ERE
2L SEM B Th bhicZ & ARl BT
BEEMEAT, B2 3KEDRL, Fu, %

ah WM 7

Fig. 15. TEM demonStrating the junctions bet-

ween intermediate cells. Junctions consist
of the cytoplasmic membrane fusion
and round intercellular spaces. Long,
short, curved or branched microvilli-like
structures project into the intercellular
spaces. Note that the structure of the
intercellular space is more complicated
in deeper cells. The lymphocyte (Ly) is
often observed between cells as shown
here. x 35,000
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BB MBaRE Tk B AR L e b, BRI
L, ®R<7th, BHLILLoRHEROL DI ALR
% (Fig. 15).

4. EEMRoBE

SEM (% : EEMIaIEERI L CRET 5,
ORI, AR X v R b, FEEBEC
U CHEE R\ FEEE DM & B/ N TR
EIROMBENAEET 5. W TFhoMigd FREMie s 5

Fig. 16. SEM showing the fractured surface of
Note remarkably
complicated intercellular spaces and

the basal portion.

junctions. Cp: capillary. x5, 200

A s
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5 E ik B RS o EM OEARE L AR TH
57, HEMBRE ST 3B FEOCHRET
LM X M T SR BRO KA B A D RA
CERCES, BELTWAREYEL W5 (Fig
16). pafcLMT A EEX h, MAREABRETE S
WTILE - 7o RBANCIRETR, OIEROBES A D
h, Zhbolick), EETRROEBEROERED
Zhs (Fig. 3, 17).

b S B 3
SEM demonstrating the basal cell
attached to the basal lamina (BL).
The basal lamina shows a gentle
wavy surface. Xx6,200

sk

Fig. 18. TEM showing the basal portion of the epithelium. The cells are

joined with membrane fusion, desmosomes (D) or interdigitation.
Note the complex structure of microvilli-like processes into the

intercellular spaces. x7,300
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BB DR & DB AR i EINTE Tl RBRA e
LIBEASBETRETHS. i, ML EERET
SIEELA oK, BEALHELCRBTRDONhEE
Lo, BRICEEE, S L CRBTORE
BTN TEREEREET 5 0ATHS (Fig.
17).

TEM £ : SEM e % b & & < Mo A
BrE > TREOb D LN TTESAYDLD LS
bic 2 MOME A BB, & FIIAIRENEE
BB - TRLECRRBO O A bR S, Hlluk
AR 2 MoMia s b B L BRI T LB
RS RERERBORADREEYET 52, EEE
AR OB OB 2 B oMigc s\WTRi D,
BEHOMETIEVCIRET 5 laERECHERRE
EEL, 2 D BRWREEHR L 58, Mo
HADBEIHHET, LB TFERBMLEELA DR
ARERIEREPRERTEIREL, BERETLA
WA FELET 5 (Fig. 18). hEMila L o, EEM
o B R Fh desmosome 3% Hh B DIk
AR L A ThHHY, EERIEL WAL TIX
LI AL ARMBEOETEECE VRALS D,
Vb % half-desmosome DEGEIBELEINS. ¥
fo, EEBELEL TV ABOMBEILARCETS
EnEL, EEEIEEL TS, EEEOREE
CCRIBTIRAL, RHRETT LAz, B MRA LAcE
i ERBDH OIS,

% 2

BEMRT EEOMRBOE X F0INE, INERE
wXh, ¥, BHEC I DRLRLH, TR~
5BLOnG 7 EYE TEREIRTWS. L, £
B X W HRBOEINEREEVIHELDD, &
ATRESHCL » 2B HAMA b5 En58
E0x2A2bh5. o3 laRBcETaEHIx
O b %L DRILTHLRBY, BENBT LR
BER LR (stratified epithelium) Thzh, 2%k
H¢ (multilayered or pseudo-stratified epithelium)
THEPIEFEBEBRFEORRLLH/EINTED,
FRBERMAMFE—L T, Lnvd, ZoA¥ B
LR b7\, Petry SPIXABEIY OREM Y
K OB FEME CREST L, KBkl +
BRI b MR A% KR & T MUTBEL T B
BN ERTHB LBRTNE, ¥, ARLS %
HEBR X5 SEM BZic kb, REMMELEER
¥ CHIAEREY ML T WA E v, Lol s,
Scheidegger® (% 4 TR OB OB T L & Bkt

PHc TETEHE CHENCEZL, FREMRTER
B cETAEEYH T, ZBMRIRL TEEE
¥ CERT, BEWBTERIEB LR THS LBNT
Wb, Fofling < oRTIFBMIE (superficial
cell layer), F/Bfifa/@ (intermediate cell layer),
HEEMaE (basal cell layer) o 3 fifaE» B~
TB EWSTRRDOLTHB. FHFRTLL SEM DFEl
¥, TEM Bic S\ CHEBELBR LY, REM
FarFEiaoRE v l: EEMMCET 2 % T M
RULHIBEEREYHITL TWABIEE IR, F
BB ¥ CELTOWARRIIZED bhithote. L
L, shiEfiiao M EsRs R ET S L L
LIEBETE . Lichi - TEEOBRE T BRI
EEGEB LR TH D EEL DRAAGERE I
FEXE LTI IR T2 085 H 5.

v} EFERBARO BRI B E FE
35 & PEciz & SR T30, Firth and
Hicks® 1%, chidkBMlasrHiL, TRoMiaR
EOBMEEL LT WEDTHA S EBRNT5. &
TR e NENEE, KREVENREECBEND,
BREITHROBERc XY HETA & B ELD
Wges~0 CHIBRTWS. L Ligsih, EAD
FEEEBHRCIIMBEN RS RS & k% Jacob
58 XHEL, HREOFEIERCER LMo
SRS ERTS o EL Tw5b. BEOHE
Tit SEM B\ Ui, REBMARCIEMERRY
ShY, BELTIEFFORRE L VWH>XEL D
T# - 7= (Fig. 6). Nelson 5 (X microvill &
pleomorphic microvilli ¥ MBI ERL, FE
B XM 0.25 pm. EEH 0.25 pm DL DR, H
FE M 0.8~1.8 pm T, EEA 0.5pm Db D
T LR, ToERI W EFEBRORBIC X
pleomorphic microvilli 1352% 51§, hyperplasia
i microvilli %8t |ELTW5. EEHK
DEEEL, FREMRESAEBCER U B
R, WERO BEREErR bhi (Fig
14), WS ni-hE M T EHAC 8N L 7z micro-
ridge RO RIEENHE I (Fig. 3). ok
51 EIMTRTC BB HBE LB AL, e Xy
BHINCHEA LB\ THIRREE OFHENRIR D D
RS QEE, BAKRET L AATERDDTHS
LEZbhD. Hnc X v S5EES heREBE T
#H\GiF7s microridge R VIR, FREERIEREL A D
BB, EIRTRTOSIBERE TIX C 0 X 5 Aokl s Mk
LIciligh B3 5 OB LEER, MBEROME
BE L i d 0TI E B I, LLIo
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X 5 IeIRERRE S bR OBRE LT 5 ENEST
Abh b pleomorphic microvilli &k Bis - T
5. TEM Tit Fig. 15 0 X5 BRE DL 51E
BXxh 5L SEM T\ microridge U7
RERThsLELLRB. LidisT, TEM 1
FDOHZE TiL microridge R OARZEHE & RE O
Ay EEETHY, BREO FEL EFLDO marker
LEZABEEEYETS. SEM ToHME Tk
Biifao4&ic 63, EME ZEMRO L oXieE
EBEWTLEMEBRENT, bTHLAHRETET,
Ml L FREE, OERIBR, BXEELL. ZoX
5ickifafio TEM Tl ik h iEiitEsr 27
50T, WRELHETHCIIERILETHS.
B MR O B R AR Bl L O MR LE~E 3
BREYEL, LadsENE- AUM ThHrHZ L
BHEINTUEY, v BV THEL OHREER R
%725 e b CIRAERBINC HBES R - WY BT
5 Ewvbh, Fulker LI FHEOMIEL v EV-D
PEREAETHBEN, HBHEH TE AUM 28275
LN, Merk 5193 AUM B ADBEILERT
HY, BEAEWRHRITHLAH, & ECIHTHE
ODHEPNEL VETEEOBVEELH D, i, /D
RoBA: AUM BEET, BLAXDOXRBMIEE
E%xE-> T\w5b & BRTW5. Hoyes LI BRED
B CILBES » BTk AUM 2212, hEk
B EBEOMBEY hEVA, FERIFHEIRS E B
Tl B EBELTWA. Jacob 59618 LD
FZATIZ AUM %237, SFHFHEHE Cholclad
NTW5. i, 40~710FAROH KR DEHE TIILl
ERWT AUM ol Bkt BELTH3. b
b DBETCLERAC L - TR—1 % —-vi2T5%
DT, A—EMARITS AUM iR
ELRD, AR BLDTH -1 (Fig.9). &
DISEHEZBC L D REBZRODHY, FElpc LD
MELABDZLEHELNLDL 5N, §F ToHRE
LI RCOBEM ERYHET S ERTRAETHS T
b, ERUACERS - D X 5 kEOE/L L BIR
LTWBZ Ent+aERLRS.
KEMROMEE 5 MfRRE AV bYW B IR « MK
BAFY (urine-blood barrier) DO &0 & LTI ERH
BhplEkitLTws., —c e F EFBRADES,
iAo S EED B LEASH/ NS (zonula occludens)
PR L, OTFILfE/ N (zonula adherens),
IBIATER (desmosome) *iAD 5. bhvbho
BETHZ DL R—BIEEL BT 008G EAL
Tholeht, —HCILEASNENTRD Bhio\ Ak

KLFELE Fig. 11). EBNBEEE B> Tw
VDT, FOAECOWTULHELMTELL
2, DL EHMBOEABTRSTREOPNIVGE
DEBTES, b B Claude H®D\L5 leaky
junction T\ L HERIhB. L, AR
2 tight TH B, leaky TH 5oL TRIE NIRRT X
BUTY HEOERWEC X HBBEE TV =T
X 3 ERNBETFRMEGHHEESEC X b LN
T&ix\. Jacob BOIEA OB TR BB
DOBBELTWIEWEMEAS D E2HEL, ZDX5
T DFEFE R LB R B b DFERE
FELTWA DO TRV LHEELTWS 2 LI
B,

KB BASAH X v EE it SEM, TEM
DOEFRNLHE b X 5k Mk oA FERK
BirboThb, #kéE, desmosome, [REERLE, O
FEREED AL EDMDE->THY, R o mKBEM
ELToHBEEELLLTwiRw. L, SEM,
TEM & dicFEBME EEMEE ke z
FAERS bRIlh, ThEBEBL EE BiK, SEM
TRERSERREC X > TETIATEDTHASS
LHEINDH, BEVET, BRCHBRVETRST
VORERLELRS.

& =

1. HRALERBEMMEY SN EC X 5 SEM B2
TEM BB¥ Kol olcb o5, MBRKIVERBL
BEThbLEL LIS

2. EKBEMRO ABREEIIIEREYEL, mi-
croridge 2L, HEOEMREBIFTDT, H-Th
BINT, BEISIRERL VS5 REIDTH- 1

3. BB —E» L RS 3BEEY 215
2, RERHLEBR TS AUM BER I TH
.

4. EKEM, PEME EEMRO LR K
AIIRB X Y EEICH - THEE Lo TWh 5. £
HRoEEC b EMEBIXALRT, BFELTCLE D
bDTH -

TEM § TOMMERBEIOCR, REeREke
microridge OREE L E % bhie

X Bk

1) Monis B and Zambrano D: Ultrastructure of
transitional epithelium of man. Z Zellforsch
87: 101, 1968

2) Hicks RM and Chowance J: Experimental



B - AN - DK - BT BN 867

induction, histology, and ultrastructure of
hyperplasia and neoplasia of the urinary
bladder epithelium. Int Rev Exp Pathol 18:
199~280, 1980

3) Porter KR, Kenyon K and Badenhausen
S: Specialisation of the unit membrane.
Protoplasma 63: 262~274, 1967

4) Firth JA and Hicks RM:

variation in the fine structure and enzyme

Interspecies

cytochemistry of mammalian transitional
epithelium. J Anat 716: 31~34, 1973

5) Koss LG: Some ultrastructural aspects of
experimental and human carcinoma of the
bladder. Cancer Res 37: 2824~2835, 1977

6) Jacob J, Ludgate CM, Forde J and Tulloch
S: Recent observations on the ultrastructure
of human urothelium 1. Normal bladder of
elderly subjects. Cell Tiss Res 193: 543~560,
1978

7) Petry G and Amon H: Licht-und elektro-
nenmikroskopische Studien wber Struktur
und Dynamik des Ubergangsepithels. Z
Zellforsch  69: 587~612, 1966

8) BEFl— - RR ¥ -BEOT-EB BT
LROEEBFERUSIHIDIE. 4B HAE TR
BEFRWRE, 53, 1977

9) Scheidegger G: Der Aufbau des Ubergangs-
epithels der Harnblase bei Schwein, Schaf,
Ratte und Spitzmaus. Acta Anat 107: 268~
275, 1980

10) Battifora J, Eisenstein R and Mc Donal JH:
The human urinary bladder mucosa—An
electron microscopic study. Invest Urol 1:
354~361, 1964

11) Flaks B, Cooper EH and Knowles JC:

Observations on the fine structure of human

ureteric tumors. Europ J Cancer 6: 145~
149, 1970

12) Newman J and Hicho RM: Detection of
neoplastic and preneoplastic urothelia by
combined scanning and transmission electron
microscopy of urinary surface of human and
rat bladders. Histopath 1: 125~135, 1977

13) Nelson C, Croft WA and Nilsson T: Surface
characteristics of malignant human urinary
bladder epithelium studied with scanning
electron microscopy. Scand J Urol Nephrol
13: 31~42, 1979

14) 8RR M e P EMHEROCBENEROEE.
FHRNBTEME X 55K, BUWKRKE 73:
469~487, 1982

15) Fulker M]J, Cooper EM and Tanaka T:
Proliferation and ultrastructure of papillary
transitional cell carcinoma of the human
bladder. Cancer 27: 71~82, 1971

16) Merk FB, Pauli BU, Jacobs JB, Alroy ],
Friedell GH and Wiensteim RS: Malignant
transformation of urinary bladder in humans
and in N-[4-(5-Nitro-2-furyl)-2 thiazolyl]
formamide-exposed Fisher rats: Ultrastruc-
ture of the major components of the
permiability barrier. Cancer Res 37: 2843~
2853, 1977

17) Hoyes AD, Ramus NI and Martin BGH:
Fine structure of the epithelium of the human
fetal bladder. J Anat (Lond) 111: 415~425,
1972

18) Claude P and Goodenough DA: Fracture
faces of zonulae occludentes from “tight”
and “leaky” epithelia. J Cell Biol 58: 390~
400, 1973

(19844E 3 A 2 BAEIBEZ )



