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Abstract

Purpose : To evaluate apoptosis of lens epithelial
cells with immunohistochemical methods.

Methods : We performed terminal deoxynucleoti-
dyl transferase - mediated dUTP- biotin nick end la-
beling (TUNEL) assays on capsulotomy specimens
(68 eyes in 53 patients) from patients who had under-
gone cataract surgery and an epithelium of diabetic
cataracts in rats (144 eyes in 72 rats). The animal
model of diabetic cataracts was prepared by injec-
tion of streptozotocin in three- week old rats. The
rats were also examined using the proliferating cell
nuclear antigen (PCNA) immunohistochemical stain-
ing method.

Results : Although some TUNEL - positive cells
were detected in capsulotomy specimens, we recog-

nized little correlation between its distribution and
morphological classification of cataracts. In the ani-
mal model of diabetic cataracts, TUNEL - positive
cells were seen around the region where epithelial
cells had accumulated. In the accumulated region,
PCNA labeled cells undergoing DNA synthesis were
also detected.

Conclusion : These results suggest the possibility
that apoptosis occurs in human lens epithelial cells
and apoptosis and proliferation may be induced by
factors such as hyperglycemia. (J Jpn Ophthalmol
Soc 104 : 221—225, 2000)

Key words : Apoptosis, TUNEL assay, Lens epithe-
lial cell, Inmunohistochemical staining

I * B
BB e MO TH D 78 b— ¥ AL, IR R

BT b REGE L S ST S, kN T
o A T e 7%, e M 9% 2 P9 R e M e C 4 AL M
HTFR=—VABRILTVLI LA N L L TE

PIRIES KRG ¢ 910-1193
CEME114E5 H 17 B, P 11 £ 10 H 22 HEGET%H)

Reprint requests to: Yoshihiro Takamura, M.D.

SR AR P& H 23—3 MBS IR =

wff HERL

Department of Ophthalmology, Fukui Medical University.

23-3 Shimoaizuki, Matsuoka-cho, Yoshida-gun, Fukui 910-1193, Japan
(Received May 17, 1999 and accepted in revised form October 22, 1999)



222

TWaH " ZhFEFTRENRERED LD - RN
REBILTHE =Y AP BEE LTS L5, ZORH
IS5 Z & TRIROMESTEIZ 720 & 5 VIFUET
EDNBHNLZ V. 2w RlEHIZINT TIZEVE
LWhHHTHY, ZOHTT R M= AOMZEIXIREH
WIZBWTKERERE D,

CAUEHNBEEHIC BT L BT DH 5. KM ikico
WTIRIEA - BEERICBWTOTH F— 32 ADFEER
EHLOODHDH, HBENEANRKICBTATHEN—
ADFBFIZOWTIEIRZLALELE L EAR TN
TWaY" M Z2ZCHNiE, e b EERBES v AN
ETFNERNRE LT, KRS EEMICZBTL TR M-
¥ A% TdT mediated dUTP-biotin nick end labeling (TU-
NEL) #: % H W TREMBRIb IR L7,

M % B &

UFo2@zase L.

L e NETHE A ARG & 1 B (53 B 68 i)
POHMNETFMICB VT 25G# 42w LEEF Ty
B ARE Lo TN ZIRILL, B2 4% 737 BV 4
TLFE FEHO0.1M ) > Mkl (pH 7. 4) T 2~3 K
A L 7.

WRLBEIRH T v PEFNV 3HEMUIKESg O
Sprague-Dawley (SD)RHEZ » MZA LT MY b o
(Sigma) # A 1 g HB720 0.1 mg WHEMNIZHES LTk
WiET v FEFT VAR L 72 4~12 Hilg X Thi AT
W2 PRI L 7=, %538 12 PE§°25) 72 PUfli A, 2 h2hui
WOWEZ A LT M b2 485 185 & PRI
@ 2 [l {5 v, R A 200 mg/dl BAF o R i B ok L7,
T— 7V CTIRRERBOER, B 5 (CHRER 2 i L, K S ik ik i
A 5 E)5H LS LBl & g% —BR & L -THLY il
Lz &l BEBRAG 5 v b & F M2 BV Tid, TUNEL
& &L 2B DNA &g o f5 8% & 7% 2 ¥ proliferating
cell nuclear antigen (PCNA) e g ieta & fr-72. 5 v |k
DR R%Z TN Zh, TUNEL k1213 4% 78T KV AT L
FENEAH0IMY >8Rkl (pH 7.4) T, Bt PCNA
IEHARIL A CIE A %/ — L THEL .

M2 & PRI L 7= A8 2 MR L L, 10 f5 AR L 72
proteinase K (DAKOQO) THLE L 7z #, TUNEL #: 12 f¢ v
S IE R RR AL 27 He ff % T - /2. Terminal deoxynucleotidyl
transferase (TdT) @ &2 1d ApopDETEK® (DAKO) %
H v, biotin £kt dUTP 35 X UF peroxidase avidin #i 4
RO B 214 simply sensitive® Horseradish Peroxidase
-DAB In Situ Detection System (ENZQ) & v 7z, £ 72,
PCNA 5 Hli b2 Cld avidin- biotin complex (ABC)
BEIZEYex 774 7 SAB-POM ¥ v b® (=FL
A1) % M v TP W, — K PU K 12 13 H PCNA monoclonal
antibody (NC-012, Novocastra Lab., UK, mouse mono-
clonal antibody) % v 7z, £ Z R EMEM B2 TdT,

HIRZEE 104 % 4%

$1. PCNA monoclonal antibody % FH 72 v F5 4 % fili J]
L, W 36 A T +#% 7)) X A (Olympus) %
L CHEL A

o & &

AE1 e PRETIZILOCSII AHIZ L 2 HNED
TETE, BEIR A O A 72 EI2iEH L 2. LOCS 11 47 %113 #%
O, Rl % 6 Bz, i - HRE FR& T iRgTE
NENSEREIZIFI T2 b0 TH D, ANREO ST % 57F

1 EbrKREFHEICET S TdT-mediated dUTP-
biotin nick end labeling(TUNEL).
TUNEL # s fs).
fEf) A OBEIRIE (—)LOCS 111 573 C) N: Ps
FEB B - B (—) LOCS 111 473 Cy N2 Py
FEM C @ BEERHG (+)LOCS TI1 %7%i Ca N, Ps
23—1% 27 um



PR 1244 B 10 H

MR T X 29, 68 I 59 IR (2 35 v T TUNEL Ky
PN A d - 72. TUNEL Btk & LT, LT 3 &R
T,
FEB) A D70 B E BERHE (—)LOCS I 478 C N2 Py
JEH) B : 61 i ictE BRI (—) LOCS 1L 478 C, N. P,
FEB C 2 69 medctt  BEIRIE (+)LOCS 11 478 G N, Pe
TUNEL BtEfian% Mg s Fshzd 9 i
HEIN ABOL ) CEEOREFZLVHICTL
YA d - 72 £ 912, AINREEO#H R & TUNEL B

H2 AMLFTRI I BEICLIBERRT v DK
SiF a1 O TUNEL $&fl.
AFE5HOADBELZANBEZEL TWwizHl
TUNEL Btz id o icdh o2 B 5 # 9M
H.C:#5%128H.B.C b ICHEILAHNEZE
LTH, Rl R () o JF P IZ TUNEL B
PE A D - 72, 23 —1& 27 um

Apoptosis of lens epithelial cells in cataracts + #5#ll 223

3 ZMLTRIBMYUBREICLBERKET v FOK
S AR RO EIEMRNE (PCNA) & fl.
Rz o HERGEB I — 3 L T PCNA Bt e s 42 i
LTw/z. 23—1{3 55 pm

PEML D B L ORI HBIMRE Wb e d iz, 72, )
Fr O TRy S WO A v F % BB ORE R L Bk
MDA & 2 MBS Labaidy, B Lol MK
IR TIE WAL CO XD ISR A S L ICHHR L
TWBHEEYH Y, 5 Z0 RIS TUNEL B
Hid o 72, ZORARICIY B L A5 RS 1~2 48l 53
THY, Hho25BCHOBECILEDTEEWERD
ftre.

WR2: AP P RS X BRI v b
EFNVIIBWT, FINBEOREL & R R 4 G- e o W ]
L L HHIBET, fAED KE VL ORIRAROR X
TwiwF v b Tk TUNEL BtEfRgIE % Ao 720 ik
FMETCTHNRBP S BETH-727 v F T,
TUNEL MM AS 2 A @ X H 1A bz, WIRYIC
LEELHNBEERLTWET Yy FEFMIZBWTIE,
FEMBRAER L 2EsA 0, EORAEIC TUNEL
Btk Ad - 72 (B 2 B, C). F 7=, [lbk % L E o HERTES
2 PCNA FtEsad @i s s h 2z (0 3). i 4
TUNEL B B W THNREEO R X 2 TIEN %
EI o2 b OO, HNEDSESEIZEIT L7 v BT
1 bR O HERE SR8 30 12 TUNEL B Pl s 5 6 B 2 53
HLTWBEBHTRR STV

IV # %

CHEITOHEDL, RERTREEROEREIZEITS
Ko T7TRIF— Y 2AOFHEBZEHRLEV2DDH
AY0 U LinkitEo, v LiIZdERB LR ORI LD
AR LA E BARGEOEE, 2 F ) ANED I BLOE
CERPICTEN—ANFESh TR VD, E W)
B S THELTL 5. COMBICH LTI, LS
HRVBTIPRTVEY D, 22T, S EIEKSBE LIS
o L SRk L i SR AT, TR =Y AL AN
sk DAY, ORI 2~ OR1TET



224

AT LEHME L.

Gl K EEOT R b= 2 & QEHLERE I
M#*%$ 5 ETTUNEL 2 Wi 7THE =¥ 2O EHK
PHTHE, ZOHRNITETWMEN 7 7o —F 58
HTH DD, THIZHBRO LM 2 RFEIZIZED TV,
0, BFHMBEL AV TL TR =Y AMEE EH R
BT 5 EIZEETH S5 BB D 7 K b —
v AMINL % B L 3T EYEAH B. TUNEL #: 12 DNA
GO 2 AR B I T X, A b
WAL EMRETH D, LOMBEIZH L THAEIZHF
tEIZ LD,

REZLDHR2RET D LR EELR AU, B7
LTI AYIZTHE =S A9 E vy k
THA).DNAWCTHIET B SN DT D 5
BT, F 70— ATHEIRFLILELEZILR
59 JERERICIE AR 2 O — 2 A3, JINE kb AL
THZLDEHITHD, 7F b= 2ATIEME 21t
I D vk ST w 5%, TUNEL Btk o %
MR E?EFEI A X IcBgshi, /2, s
NI=HIBE DY) Fr D BF% O E o W et 3 B [ A8
HO,IBOBEETALIIZ DNA YR X TWwS
EEEL H L EMbh. THRF=2 AL D EH T
DRDYef SN, VbW B BRI & LT Mgk
URICRELTLEIZESFEZONA. L FOJET
(SBERR I O A5 MR TN BE O R RS X 2 R0 72 25 % S
Bhdo 7285, YR 0B I BREErE SV E, Bl ZIET F
b= A LSRR O B FNNBE & o BEYE % SRS 2 B
R ENIT LR L B B, T O AV 0] O 1IN D 5 ) R g
Wi & OBEBRAP RN R 2EHNO—D2 2 E 2 bh
B 7T LAENE, BRI IS LTI A AT 9 i & A e
{, TUNEL FatE#ila o 534 o458 & Wik 31212 5% 0
BRGS0 3E & b7z, 72, TUNEL R4 a2t
AHI L T2t e AR o 22854, 4510 14
LA EFEE S 2 &0 28025 o B Bl o &) & A5 4
TFHRZLEITHo7. SHIZFEEEAR DR (2
DNADYM STV T EHREBLTwE BN
Y AR TIEES 2 HUINIZ et L, U1 o5
DANoOBISEORZHERE LTI#R LA TUNEL #: % 3
i3 % bC, BEA O [ 5 3] 1] S0 R 11 R R D il S 7 &
VSR FOEDFERICED LI ICEET A X5
LT BErlH b ELbh:.

@ TUNEL BstEfiig 257 F b — 2 AMILTH 5
ET5E, ZNHIEVTRIHBLTW EEZ SRS,
WA L7 3 Mick VLS hanThsr )
B EV S FREHMARA. TR =V AR L 2B, B
DEHE LV MO EENF-SASRTH LI, 7
A= AMBIEFEERLPICHRESNLEEZEZ LN
BME FIZAKEELEIZBWTTEF—Y AR
TW6EW¢T&bﬁ¥¢%M_l%ﬁﬁ#&Hﬂd

HHtsaE 104% 4%

LRI AR T RTHBT ALk A . 2D L
A GMHAS, RKEEICBTATEF— 2 AR BM# T
LHHMENLALND, LLLESS, KK EEOTH =
AEREHT 5120, FMEFIC 2oL e Tz Tw
CR¥EDNHLLEEbNA KGE L oRAEICH LT
L, EHELD T v MO LT MR % *H-
A4 IV =15 VF 557 13,50 PCNA Hifksadis
ML RE L E2 O TRE 2T TE 2. FO# L,
7 v b OB AN L EOFFEEOEVIIE ST
WA ORIERL G DR L2 L 2R LTWES 2,
THRM=ZANETHFESIN, B L M2 HAET S
L9 CHAAEER SN D D, B D v 002 2 A
THIETTRIMN—VANFFLEINLIONEDbIS R
VR T v MIBUAMAEOBELTEF—2 R
DRFEEE NN LTE D, mHEH o MR 21 5 A
W L7zbiFTiddv, Lo L, EREAIEOHERGTE NI
TUNEL 5 PE#INE, 35 X OHERTER 12 PCNA B3 P i e A3
HoleZ EFTHEF— T A L BHGEE OB F e
H5LDEEZ TS, L MIBWTE, BT IZB W T
HEAM U THMA RSN TwD ESNDD, FikdiEo
BEIZOWTIFFLLEE b T LT, Bk kT
TRV RARH mT%ﬁ%cufb&w>¥zbh
5. THRM=Y A LBGREE DMFRICOWT O %
w?’tT%ﬂ%m%%k&'ﬁwé7ﬁb—>xmﬁ
JEDSH LM E o T hFRuw.,

HWHWMEMMWMXFDX?M%ﬂ&HWth
TWVBH, BEAZ RN TH - TH AN OB 2L
EARMERE & Z i fE ) AL TH B A Tl
LTWwad. & o T, MHIC & 280 RO 2 h
L, ZOEDBTE = AMTAO 54 & [N L O
W EOHME AL OE LT Mt
VL PLINBEOFEIN & 2 B il S o Bg, E OfE & <2
FRFTOIMICBWT TR =Y AFFE I TS,
2% i3 TUNEL BEPEMIIE A 54 LTV 2 O Tl 7w

PEEZTVWES,

TR AGHBEETEWZY 7L 2L, 20
R L TWwEZ R bf)")'(é'f\z‘ 2 LT
AREEILIME R ) S OEE T 2T 2 wiii—ofilso
Y4 ThOEAEE, Mk V) ATHETHL. L
o T OMEA 5 D ¥ 7 F W AHAFE IR AE 0] g
L mi B, KSR E R M I 5E & S5 5 K T
FHLIZEELTWAEEZEZLNTWA YD KEIH
GIZTHRP—Y ADORHUERGHL TV 5D LT 5 L, Nk
AL s - AMEE o BRI X 0, HBRWICE
OIRANTTNRE L ELTTEIN— Y ARFiE s L o
LRTDEZLND, 5H, ThOEOHNEOHRE L 7K
b= AL OMME L ET, RS byEn & Tk
DRFINILETH Y, AR AE L EREZHOL Z 2
Lilh.,



P12 4E 4 1 10 H

1)

2)

6)

10)

11)

12)

x i
Kerrigan LA, Zack DJ, Quigley HA, Smith SD,
Pease ME : TUNEL - positive ganglion cells in hu-
man primary open-angle glaucoma. Arch Ophthal-
mol 115: 1031—1035, 1997.
Portera-Cailliau C, Sung CH, Nathans ] : Apop-
totic photoreceptor cell death in mouse models of
retinitis pigmentosa. Proc Natl Acad Sci USA 91 :
974—978, 1994.
Cook B, Lewis GP, Fisher SK, Adler R : Apop-
totic photoreceptor degeneration in experimental
retinal detachment. Invest Ophthalmol Vis Sci 36 :
990—996, 1995.
Ishizaki Y, Voyvodic JT, Burne JF, Raff MC:
Control of lens epithelial cell survival. ] Cell Biol
121 : 899—908, 1993.
Bassnett S, Mataic D : Chromatin degradation in
differentiating fiber cells of the eye lens. ] Cell Biol
137 : 37—49, 1997.
Garcia-Porrero JA, Collado JA, Ojeda JL : Cell
death during detachment of the lens rudiment
from ectoderm in the chick embryo. Anat Rec
193 : 791—804, 1979.
Schook P : Morphogenetic movements during the
early development of the chick eye : An ultrastruc-
tual and spatial study : Obliteration of the lens
stalk lumen and separation of the lens vesicle from
the surface ectoderm. Acta Morphol Neerl Scand
18 :195—201, 1980.
Li WC, Kuszak JR, Dunn K, Wang RR, Ma W,
Wang GM, et al : Lens epithelial cell apoptosis ap-
pears to be a common cellular basis for non-con-
genital cataract development in humans and ani-
mals. ] Cell Biol 130: 169—181, 1995.
Harocopos GJ, Alvares KM, Kolker AE, Beebe
DC : Human age - related cataract and lens epithe-
lial cell death. Invest Ophthalmol Vis Sci 39 : 2696
—2706, 1998.
Li WC, Spector A : Lens epithelial cell apoptosis is
an early event in the development of UVB -in-
duced cataract. Free Radic Biol Med 20 : 301—311,
1996.
Li WC, Kuszak JR, Wang GM, Wu ZQ, Spector
A : Calcimycin-induced lens epithelial cell apopto-
sis contributes to cataract formation. Exp Eye Res
61 : 91—98, 1995.
Spector A, Wang GM, Wang RR, Li WC, Kuszak
JR : A brief photochemically induced oxidative in-
sult causes irreversible lens damage and cataract.
I: transparency and epithelial cell layer. Exp Eve

13)

14)

15)

16)

17)

18)

19)

20)

21)

23)

Apoptosis of lens epithelial cells in cataracts = %551l 225

Res 60:471—481, 1995.

Chylack LT Jr, Wolfe JK, Singer DM, Leske
MC, Bullimore MA, Bailey IL, et al: The lens
opacities classification system III. The longitudinal
study of cataract study group. Arch Ophthalmol
111(6) : 831—836, 1993.

Hall AB, Thompson JR, Deane ]S, Rosenthal
AR : LOCS III versus the Oxford Clinical Cataract
Classification and Grading System for the assess-
ment of nuclear, cortical and posterior subcapsular
cataract. Ophthalmic Epidemiol 4 (4) : 179—194,
1997.

Gavrieli Y, Sherman Y, Ben-Sasson SA : [dentifi-
cation of programmed cell death in situ via specific
labeling of nuclear DNA fragmentation. ] Cell Biol
119 : 493—501, 1992.

Grasl-Kraupp B, Ruttkay - Nedecky B, Koudelka
H, Bukowska K, Bursch W, Schulte-Hermann R :
In situ detection of fragmented DNA (TUNEL as-
say) fails to discriminate among apoptosis, necrosis,
and autolytic cell death: A cautionary note. Hepa-
tology 21 : 1465—1468, 1995.

Charriaut-Marlangue C, Ben-Ari Y : A caution-
ary note on the use of the TUNEL stain to deter-
mine apoptosis. Neuroreport 7 :61—64. 1995.
Fukuda K, Kojiro M, Chiu JF : Demonstration of
extensive chromatin cleavage in transplanted Mor-
ris hepatoma 7777 tissue : Apoptosis or necrosis?
Am ] Pathol 142 :935—946, 1993.

Kato K, Kurosaka D, Nagamoto T : Apoptotic
cell death in rabbit lens after lens extraction. In-
vest Ophthalmaol Vis Sci 38 : 2322—2330, 1997.
Umemura S, Yasuda M, Osamura RY, Kawa-
rada Y, Sugivama T, Tsutsumi Y : Enhancement
of TdT - mediated dUTP - biotin nick end -labeling
(TUNEL) method using mung bean nuclease, a sin-
gle-stranded DNA digestion enzyme. ] Histochem
Cytochem 44 : 125—132, 1996.

Vaux DL, Strasser A : The molecular biology of
apoptosis. Proc Natl Acad Sci USA 93 : 2239—2244,
1996.

Kubo E, Takayanagi K, Tsuzuki S, Takahashi
Y, Akagi Y : Cell growth of rat lens epithelium in
galactose-induced cataracts. Acta Histochem Cyto-
chem 30 :243—249, 1997.

Raff MC, Barres BA, Burne JF, Coles HS, Ishi-
zaki Y, Jacobson MD : Programmed cell death
and the control of cell survival : Lessons from the
nervous system. Science 262 : 695—700, 1993.




