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Apoptosis in Lens Epithelial Cell of Anterior Lens Capsule Obtained during Cataract Surgery

Kaori YAMAMOTO, Kazumi SHINOZAKI and Sadao HORI
Department of Ophthalmology, Tokyo Women's Medical University

Purpose: To evaluate the relationship between apoptotic cells in the lens epithelium and, the factors influ-
encing the cataract progression. Materials and Methods: Anterior lens capsules were obtained during cataract
surgery by continuous circular capsulotomy in 29 eyes of 24 patients, of the 29 eyes, 15 eyes (13 patients) had dia-
betes, 1 eye (1 patient) had atopic dermatitis, and 3 eyes (2 patients) had a past history in systemic administration
of steroids. The TUNEL (TdT-mediated dUTP-biotin nick end labeling) method was applied to investigate apop-
totic cells. The ratio of apoptotic cells with a positive reaction per 100 cells was determined in 5 fields via light mi-
croscopy. The distribution of apoptotic cells with a positive reaction were classified as diffuse, confluent, or a mix-
ture of both. We examined whether the ratio and distribution were relevant to the type of cortical opacity, de-
gree of nuclear hardness, and background contextual factors related to cataract progression. The type of cortical
opacity were classified as zonular, anterior subcapsular, and posterior subcapsular. The degree of nuclear hard--
ness was classified according to the Emery—Little classification. Background contextual factors related to cata-
ract progression were classified as diabetes, atopic dermatitis, and a past history in systemic administration of
steroids. Results: Of the 29 eyes, 25 eyes showed apoptotic cells in the epithelium. No positive cells were ob-
served in 4 eyes. The ratio of positive cells was 1.7 £1.7% ranging from 0.2 to 6.2%. The distribution was classi-
fied as diffuse in 15 eyes, confluent in 6 eyes, and a mixture of both in 4 eyes. In the group with diabetes, more dif-
fuse type cells were frequently found than in the group without diabetes or none (p = 0.014, 0.048). Conclusion:
We investigated occurrence of apoptotic cells in lens epithelial cells obtained during cataract surgery. Apoptotic
cells were distributed diffuse, confluent, and a mixture of them.

Key Words: apoptosis, lens epithelial cell, cataract surgery, TUNEL (T dT-mediated dUTP-biotin nick end label-
ing) method, diabetes
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Figure Anterior lens capsulotomy speciments stained with TUNEL method
A: The distribution of apoptotic cells (arrows) with a positive reaction by TUNEL method

is diffuse type in case 6.

B: The distribution of apoptotic cells is confluent type in case 20. The distribution of apop-
totic cells (arrows) with a positive reaction are classified as diffuse, confluent, or a mixture

of both.

TUNEL: TdT-mediated dUTP-biotin nick end labeling.

P =Y ADPHNEREEICES LT &EO#MENRDH
BHT TR =Y 2D GATIC O TIZI S
PTREZRV. ANBORERBICEISFSE LA
THHY, EHRBICL VMO LEBE DL, 72
L, BEERFERT PE—MEEE X704 Fe
BEREREORETHL. KEROEREIRE, &8
MERE T, 78—V 2AOHRSmICERT 5
DTV EZZ, HABIIBWT, LEC 257 &
F=Y R TV ABBIUOSMEEZEL, 25
WZIhHE, KGBREEREDY A7, BZOWLD
EE, 25T sRTEOBEND LR L0
THET .
HERBLVHE

1998 4 8 A5 1999 4 5 ISR X FEFF K2
FREEHRRL CEANETN GEE RS 1) % 1T
L7z 31561 453 BRD 9 &, ANBEFMEFIC, ko
P B L ORISR T A L2 AEECHE
ARON, KEEER RN L CEREZ/ERL 2
FEBI 52 B 63 AR 9 B, N LFEW 2 & h37% L B
EETH 72241 29 RTH 5. B 15 61 18 (R, &
PEOBI 11 AR, 407 BF 42 5 13 35~83 1% (669+12.9
WY EERE) Tholt. EFEERBIUY
BT, BERFEIHLLOE 136 1518, R
BVHDF 1L B4 BT, Co%pI2id, 7 FE—
WREER1IGI 1R, A7u4 FeHKR5E 26 318
WEFNTw.

i, BHNEFMEREIC continuous circular cap-

sulorrehexis (CCC) ATV, BIFEH T TARFIRRTE
FaAFRWL, 4% X9 - VAT VT FTERELT
AFA4 75 A EICHE L%, proteinase K, 3%
HO: 00 A % 7 — v T L, TdT-mediated dUTP-
biotin nick end labeling (TUNEL) 5 s % i L, DAB
THRE ISR E LY U TERER L2 EROREE,
MRERIZHE L7ERID S - 72, BART LFE MR
THEIZE L, ®IZDAB OFEB O 57z TUNEL
ISk o B OF B~ #E L7, TUNEL X
ISR OB L T2 DI L Tid, —HEXR
Lo%,%&ﬁéﬂﬁﬂ@¢0ﬁ&éﬁﬁ®5w%
B L, SO TUNEL SIS R 4 A 3 8%/
100 #ifg & ¥ L €, TUNEL KRt B 1 i be =2
(%) %Kz, Wiz, TUNEL RSB AL D 545
RN, WOER!, KHER, ChoORET HRAR
WZHE L 72 (Figure). BB 5720 DTl
EEAE T IAREE (Hitachi Kyowa Engineering Co,
Ltd Hitachi) " TUNEL RIGHBHEMIEA 7 R b — >
AAMABNE —E T B D2 MRET L /2.
HHNBEORERED Y 4 71k, H#R, AET,
HEET, WET +BETRBICHT, BELOHH
{3 Emery-Little 0382 1 ZHE W EE- M L 72, RS
DF AT, EEKEEIE 29 IR 13 1R (44.8%),
B TIRBIZ2IR (69%), %% T L1008
(345%), AiFE T + AT T RSB 4R (138%) 1272
® 72 (Table1). #fE1L X, Emery-Little 238
grade0 1% 29 R ¥ 2 BR (69%), gradel iX 6 iR
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Table 1 Background, characteristics of patients, the ratio and distribution of apoptotic cells with a positive re-

action by TUNEL method of all case (n=29)

Case Sex Age Typgpoictl;gtlcal }E ;l(cif:srs conlfz)cclt{farlogﬁors Ratio (%) Distribution

1 Female 60 Posterior 2 None 0 None

2 Female 71 Posterior 0 Diabetes 0 None

3 Male 77 Zonular 4 Diabetes 0 None

4 Male 80 Zonular 3 Diabetes 0 None

5 Male 48 Anterior + Posterior 1 Diabetes 0.2 Diffuse

6 Male 82 Posterior 2 Diabetes 0.2 Diffuse

7 Female 80 Posterior 3 Diabetes 0.2 Diffuse

8 Male 74 Zonular 2 Diabetes 04 Diffuse

9 Male 74 Zonular 2 Diabetes 04 Diffuse
10 Female 83 Zonular 3 Diabetes 08 Diffuse
11 Male 63 Posterior 4 Steroid 1.0 Diffuse
12 Male 76 Anterior + posterior 2 Diabetes 1.0 Diffuse
13 Female 78 Zonular 2 Diabetes 1.0 Diffuse
14 Male 75 Zonular 2 Diabetes 1.0 Diffuse
15 Male 80 Posterior 2 None 12 Diffuse
16 Female 60 Posterior 2 None 16 Diffuse
17 Male 35 Posterior 1 Steroid 2.0 Diffuse
18 Male 68 Zonular 2 None 22 Diffuse
19 Male 58 Anterior 2 Diabetes 30 Diffuse
20 Male 78 Anterior 2 None 12 Confluent
21 Female 57 Zonular 1 None 20 Confluent
22 Male 74 Zonular 1 None 24 Confluent
23 Male 58 Anterior + Posterior 3 Diabetes 28 Confluent
24 Female 57 - Zonular 1 None 5.0 Confluent
25 Male 63 Posterior 3 Steroid 6.2 Confluent
26 Male 62 Anterior + posterior 2 None 22 Mixture
27 Female 35 Posterior 1 Atopic dermatitis 32 Mixture
28 Female 58 Zonular 0 Diabetes 40 Mixture
29 Female 66 Zonular 2 None 50 Mixture

The type of cortical opacity are classified as zonular, anterior subcapsular, and posterior subcapsular. The degree of nuclear
hardness is classified according to the Emery—Little classification. The background contextual factors related to cataract
progression are classified as diabetes, atopic dermatitis, and a past history in systemic administration of steroids.

Of the 29 eyes, 25 eyes show apoptotic cells with a positive reaction by TUNEL method ranging from 0.2 to 6.2%. The dis-
tribution are classified into diffuse, confluent, or a mixture of both. No positive cells are observed in 4 eyes.

TUNEL: TdT-medjated dUTP-biotin nick end labeling, Steroid: a past history in systemic administration of steroids.

(207%), grade 23 14 R (483%), grade 3% 5
iR (172%), grade4 320} (6.9%) 1Z3D7/z (Ta-
ble 1).

EFMERRET L LT, BR®E 7 Y-t
B2, A7uAf FEFRGBEOFEEIIOWTRE L
7o, BERFEVDHBHDHDIE20MBEHI50R (51.7%), 7
FE—HREEAIZIRG5%), A7a4 Fagks
BEDH % HDi% 3R (103%) T, HHNEDFRIEE
BLHEETLIEHFEREEDO WD ORI0MR
(345%) TH o7 (Tablel).

TUNEL Ut FatEfifa b o &, O EIRE
DEAT, OBBILORE, OEHFNERRT LM
L7z EBNERRFICBNTE, BREOER
WCEaEE, BRBEEFEBOLZVLDLEDER

BES L7z, %72, TUNEL Bptkifin o 54 O BAr R &
BUAE R LIAMIZ B W T TUNEL Bt By 0 B b 382
Z=03% %%, TUNEL BUGFEEEM IR ILE & R & o
IOV T HMRE L7

MEFERIMET X SPSS® statistics 18 #igltY 7 b %
M\ 72, Mann-Whitney’s U test, Pearson’s y*test,
Spearman D NENAHEE 547 % 7>, p<0.05 & F =2
Hy Ll

w =R

1. TUNEL R4 #Rfa e ==

TUNEL B tEMig =2 220 72 did, 29 lRH 25
1(862%) Tdh o7z, BDOLho72Dix 4HR(13.8%)
Td o 7z. TUNEL Kt B P/ B bt =R 1 0.2~6.2
(1.7£17) % Td o7z (Table 1). EEIWEESE o 72

—E103—



104

Table 2 Relevance of the type of cortical opacity and the ratio, distribution of apoptotic cells with a posi-

tive reaction by TUNEL method (n=29)

Type of cortical opacity Ratio (%)

Distribution (eyes)

Diffuse Confluent Mixture None
Zonular (n=13) 19+18 6 3 2 2
Anterior subcapsular (n=2) 21+13 1 1 0 0
Posterior subcapsular (n=10) 1619 6 1 1 2
Anterior + posterior subcapsular (n=4) 1612 2 1 1 0

There was no significant difference in the ratio and distribution by the type of cortical opacity.

TUNEL: TdT-mediated dUTP-biotin nick end labeling.

Table 3 Relevance of the degree of nuclear hardness and the ratio, distribution
of apoptotic cells with a positive reaction by TUNEL method (n=29)

Nuclear

Distribution (eyes)

hardness Ratio (%) Di ; .

iffuse Confluent Mixture None
0(n=2) 20+28 0 0 1 1
1 (n=6) 25%16 2 3 1 0
2 (m=14) 15+13 10 1 2 1
3 (n=5) 2026 2 2 0 1
4(n=2) 05+0.7 1 0 0 1

The degree of nuclear hardness is classified according to the Emery-Little classification.
There was no significant difference in the ratio and distribution according to the degree

of nuclear hardness.

TUNEL: TdT-mediated dUTP-biotin nick end labeling.

bOTIL, EBIETFHHMSE T TUNEL KUG
RBT RNV A TH L L 2R L.

2. TUNEL RGOS0

TUNEL KGR tEIIa o541, 25 IR R 8ERx
1I5HR (60%), H£HERMIZ6IR (24%), BAEM X4
iR (16%) T#H o7 (Figure, Tablel). BERLIX
02~30 (1.0+08) %, H£HKEA, EBERIL12~62
(39+1.6) % T, HEITHIEE!C TUNEL SUS B A
DK H o 72 (Mann—Whitney's U test, p=
0.0002).

3. TUNEL RiciEHEHIlRLEEP I E, REREE
D417 EDRE

RERED Y A4 72X 5 TUNEL K B Al i
WL, HMRE®HIZ19+18%, MiETRE X
21+13%, HETERFHI1619%, BET +BET
BB 16£12% ThHo 7z, SAFRAER LD H
BRERBDY 4 Tk BEE LD o 72 (Pearson’s
=54, p=025) (Table 2).

4. TUNEL RicEiEHatt=e 5% &, BELED
BELDORE

HRBAL DAEEE 1 X B TUNEL it B M 4 g He
# X, Emery-Little 53 ® grade 0 1% 20£2.8%,

grade 11X 25+16%, grade21315+1.3%, grade
313 20+26%, grade 41X 05%07% Tdh o 72, 540
AR &) MIIBHLOREIC X 2 23 0o
7z (Pearson’s x*=0.29, 0.45, 1.2, 0.006, p = 0.59, 0.50,
0.28,0.94) (Table 3).

5. TUNEL RiciEHEHEEEPRIHm L, £25NE
2EFEDOBE

£ B MR K T2 X 5 TUNEL S Bk fl Ha b
K3, BRBEVHHLDIZ10+13%, 7 b¥—R
FBRIZ32%, AT0A FEFERGBEIH DO
31%£28% T, HNEORESLERICHS T8 5
REDN VI DIZ23+216% ThHo7. WRFEND
5 15 RIE, BERBV VDD 4R EERTD, F
TTHNEORESERICES T228KBN TV
DI0MRE HARTH, AEIZ TUNEL Kt Bt
HHEAE D - 72 (Mann—Whitney's U test, p=0.014,
0.048).

TUNEL Kt HEMIE 0540 1%, BERBICBWT
&, 12 RAPBERNE 10 IR (834%), EHEANE 1R
(83%), BAEENZ 1R (8.3%), 7 b E—MRzE4kic
BT, TIEPEERZ 1IRQ00%), AF04 F
EHBESBEND D HDICBWTIX, 3IEPEAER X
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Table 4 Relevance of factors of general background and the ratio and distribution of apop-
totic cells with a positive reaction by TUNEL method (n=29)

Background contextual

Distribution (eyes)

Ratio (%)

factors Diffuse Confluent Mixture None
Diabetes (n=15) 1013 1 1 3
Atopic dermatitis (n=1) 32 0 1 0
Steroid (n=3) 31x28 1 0 0
None (n=10) 2316 4 2 1

In the group with diabetes, more diffuse type cells were frequently found than in the group without di-
abetes or none (Mann—Whitney's U test, p=0.014, 0.048).
TUNEL: TdT-mediated dUTP-biotin nick end labeling, Steroid: a past history in systemic administra-

tion of steroids.

208 (66.7%), HHEMIT1MR (333%), HHNENZ
ERERICHESTHEFRBENLL2VHDITBNT
(&, OB AR RN 3EY (333%), HEAER T 4R
(445%), BAFENX 2R (222%) TdH -7z (Table
4). 7 hE—MEEE, A7 FEFRSERD
b DL, Lhdholid, WRIFEND S 15 IR & B
IR v 14 8], FEREDSH 5 15 IR & B BEANS
%\ 10 BRIZDWT, FNENEAET D &) % B
ThHE, WRFEEHDLDIZ, BRERFAZVHDE
ERTH, EFREEF L2V DOLERTY, AEIC
TUNEL MM AAE L CTH- A L T 72 (Pear-
son’s x*=5.2, 5.5, p=0.022, 0.020)..

6. fFHf & TUNEL [FHMaLER & ORSE

4 & TUNEL Kt By o4 Ml e kb 3213 8 o 46 B
(r=-052,p=0004) Z/RL7.

Z =

1. LEC (25T 5 TUNEL RISk iR

BN BT 2 KEME RO 7 R b= 12
DWW, Li 5", 78— 20K I TUNEL
FE % Fv T, TUNEL BatEfifa i 20 fRAp 2511238
%, TUNEL FEfife o i 381E 144~418% T
HolzbHEL, 7R M=V ADOFRIC HO, RHH
MeBIFTnaY, RESE, 266IF 26)76%
A2 TUNEL FptEfile o HBAH ) 2 70— R
) BHLTHo/eEHELTWDE. Faflo
R MR A Fas-L Bk, Fas PUEREM T, Bel2 471
bBEEFRTH Y, LEC OMifaEME, 7R b=
2E&DH A2 70— AL BLDT, SFTEILHE
FHYLEC OMBEHHIER I2HF S LT 5 & HEH
LTw3”, TUNELETWE TR =Y ZADALDL
FTAZU—YADFEBFIRBESETLE)DICRL
T, 7RI =V RACHEEI BV E SR 5 one
base 3-dT overhand end % &8#% 3 % oligo & Fi\v 72

In situ oligo ligation (ISOL) #7®% 1 A4 DNA #
W9 5 signal staranded DNA (ss DNA) $ifs% H
W REHBA L E RO LB TR -V ADK
HyfrbhTnb,
AWFFETiE, TUNEL FaiEHifno HEEE 1T 86.2%
T, TUNEL BpPEfile o B3 313 02~62% TF
B17x17% THolo. ANBEFMERIE Sh/K
AT AW CEARZ /R L 7225, $SRAUEC R
BIBEATLES230IE, IE2rSBRMN L. F
MEDDDIZL BRE, BAEREOYELR EHE
WEZENEZZOLNDL. LaL, BI LD DI,
EHFMFRET L CIERFVH o 72b DN % <,
PEIRIG L AT LEC OREss & OBE 2R DH % 1] fE
WATRE I NIz, F2, BAALAZ LK), 27
O— Y AR EDEEBIIH 72 LT, Li bOHE
XD DR D B, BIEER OB R
FHiB L TUNEL DA OB HEDHHE LT
Bt 2 BN D 5.

2. LEC (Z&1+ 3 TUNEL B2

MW/HEIZ, LECOT7 R b=V ADHAITDONTDH
EFTRZZRY TIE v, ABFRICBW T,
TUNEL Pl s-A5 1%, 8E, %5k, RAERICHH
TELD, RERED YA 7, M LoRELOH
e 70 BEIZ 300 S N o 72, TUNEL Ut B A
Jalb SR A2 WAERI &) HTHD L, FEICHAER T
TUNEL St bt =R AMK 20 o 72, BEIRIEAYH
550, BERFEFZVWH DL ERTHEHHEBN
Vb D LTS, ARIC TUNEL BBl A5
ELTHA LTz, 4L TUNEL s Byt
HERZEOHME (r=-052,p=0004) ZRL7Z. 2
o Xy, BRBECBWT, LECOTE - A
BAERMICEZY, 7RI =Y X% X72LTWw5 LEC
DEEMRNZ EDbh ol T2 E2FHETER
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FORVBD, ThHHLLENMBICLZE(DADSD
ZBWTIE, LECOT7R M= R3EHER IR
D, TRM=V A% &72LTW5A LEC DEHENEW
Wbl AHETIE, BERFELD DD DOH
%<, 7hE—MEELR AT70M FeFHRSERN
HDDOWBLhhotd, RRHEEFNEFNRELR S L
Bbh, EABLEMSE, TRENRET L2,

3. ERISETRb =R

PEPRIE B I BV CIE, RY F — VRO G
I2& D, NADPH 2SHE S, BT 0V & F 4 VH3
WAL, HO. 288U, BRKEOHNEDHETE & 72
LTWwWa?,

T v MIBWTIE, FERMIC X D LEC DBEsHRED
BRINLERESNTVEY, YVE M=) &
DOFET NV a—VIZ X ) LEC OMIERErER S,
LECIZZ b LHEmEMHEIH F bR < FEIH L Tw
5P BETOLECIZBWVWTIE, BT IVa—LVoE
BIZLD 7R Y=V AFELLZZEDHSBATY
5% F L EERFEREEEOREN LIFEETHLER
MIRAEEE D, MW7V —VAER L CHRRESE
L, MBI W5 8 ENTWAS P, B
FHThbHFru— AP, BREBEFLTH LT K
F—=V20HEFTN TV TRER DD 5.

LEC i&, KEAENTHEIEL, AREIMTE TKEAE
MBI b 5. RS ARRERE R M R 1
ELTHEZSEELTWE, KEAEOTbH %
BOFHATH L TS DEFLEICWEEL 2D,
FLVDDIIEEZER LTS,

HETHNBED LEC #% £R5 8 X UHRRKE D
HIEC X DA 5 &, IEERmE @ LEC % B3
WL & D ICHA L LEC mAE XM L, BERFE TI1d
65 WA CTld LEC BEFWMA L, 65 Il ETiddE
BRFEE LV LECEE K& Poz s h
7Y —7, BRANEEZSLANERO LEC % 8
ELUTHEREE R LoHECId, A% 122 AUT
D LEC 3BWHEIESZHE T 505, MUErBR
%L ZOHBEERIIFEICETLTEBY, Lardn
IS TEBIET LA EDbho T 5aY,
Ihoh s, R TIEX, LEC OMAERRIEINES &
EHWTWAL, LECEEIRITHLEZAS. L
L, BRFICBWTIE, MEse & 512 LEC BEILR
By BN EOFEIZL D LEC OWHED &2 LTw
HEEZ o, BEICINE L &£ DI LEC BT 5
RTE RV ERRLTVWS, AR TIE, FHhik
TUNEL KGRtz a oM iz s L

BE LB, TRIN=—VRAZELLTWSHIEOH
BERPIBOTHENW) 2L, AAEE 7R b—
VAOBBREEZ DL, —RMEORBRICEZ B,
s & & B I LEC O¥FEREDE L, 7R =R
L EHE S MMl E & - TEIE DA LT
LR H 5. FBERKICHB W TIX, TUNEL
FOSBEMIRIEHIE LT LTBY, TRM=V
AHEOBBLEY Dol &b o 7208,
FERRIFIC L ) LEC OHERES ML THB Y, 7K
PV ZOHBHEMETLTwEEEZONS.
TUNEL B4 45 122w Tid, sz & v LEC
DOWREIES L CwiuE, LECEEDL NS 2D
B, TRIN—V A% EZLTWSLEC 3P R - T
BLTBREINDLEZOND. IELSHHERIE
7% EORET LEC O¥HEREM M L Twiid, LEC
BEIIKRELRDN, TRV AZERZLTVS
LECIIHEE L CBBENL EEZ NS, HIRFKH
WRE & FERF A PO R NEE L X EE L S &
BEbndh, BERFICBTUIMBIC L 228
BZ, LEC OMFHRE L 7R M= ADNG UV ANE
fELTW AR D 5. 551, BERBRERE
RMAED Y b a2 — V7 EFMICKRET 5 LEVD
5. KBFZRIL, ANBEOFATREICHE S/ LEC % #
BLTED, FEAO—HHLHSELTVHICHE
ZROA, KEARTIE, LECOWIEEL 7R =Y AN
FEEICEZ > TBY), MEZEOHELTWAT]
BEMEDSH B L Bbhiz, ANEIMEHRSEO—D L
RSN TV, KEERATO LEC OFREDEAL
REALA PV ASEHEANLRERPES L Tws R
b s, BAEOHNEOERO ERISFMH TH 570
BRDBEH S NS & L2 & o TEWIEE D ERO—
DL HUREEND .
o W

F P B AT R 1245 5 7z LEC 12 TUNEL B4
Faz 20w, AR, £ ChOORELETHA
LCwiz, BEREVH S D01, BERFEIZVH O
\ZHAC, TUNEL BpEMifass A BICBIE 8 <o
LW/,

EREHE L EIWZH oo CTREWL W ERZ T
BRI RZREHIE, WY (B—) HEMEEHFEON
MAEHESE AR L F 9. A1 The 8th Congress
of the Europian Society of Ophthalmology (Istanbul,
Turky, 2001) THE L7z
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