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Molecular Pathology of Cancer-associated Retinopathy
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ABSTRACT A variety of paraneoplastic syndrome affects the central nervous system including
eye. So far, two types of retinopathy are known to be associated with patients with malignancies,
CAR (cancer-associated retinopathy), and MAR (melanoma-associated retinopathy).

CAR is associated with epithelial cancers, mostly lung small cell carcinoma, and is characterized
by retinitis pigmentosa-like retinal degeneration. Usually CAR can be found before an. underlying
primary cancer is diagnosed. While MAR is associated with cutaneous malignant melanoma and is
characterized by the relatively sudden onset of photopsia and nyctalopsia. The flash ERG (electror-
etinogram) of MAR patient shows an negative waveform, reduced b-wave amplitude and reservation
of a-wave amplitude, suggesting bipolar cells may be affected.

CAR and MAR are believed to result from autoimune basis. In CAR, a calcium binding protein
called recoverin, 70 kDa protein and neurofilament are found to be the retinal antigens recognized by
patient’s sera. In contrast, the retinal antigens in MAR have not yet heen identified, although
patient sera specifically recognized retinal bipolar cells in immunocytochemistry.
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Table 1 Paraneoplastic Syndromes

ALBREESE

Paraneoplastic Syndrome

Associated Malignancy

Associated Antibodies

CAR
MAR
Cortical cerebellar degeneration

Encephalomyelitis/pure sensory neur-

opathy
Limbic encephalitis
Myelitis
Brainstem encephalitis
Cerebellar dysfunction
Pure sensory neuropathy

Progressive sensorimotor neuropathy -

Guillain-Barre
Relapsing-remitting neuropathy
Subacute motor neuropathy
Opsoclonus-myoclonus

Lambert-Eaton syndrome

Inflammatory myopathy

SCLC, less commonly cervix
Cutaneous malignant melanoma
SCLC, breast, gynecologic, Hodgkin’s
SCLC, occasionally Hodgkin’s

SCLC, breast, and other tumors
Hodgkin’s disease

Lung. breast, lymphoma, myeloma
Hodgkin’s
lymphoma
Neuroblastoma in children Lung and

and non-Hodgkin’s

occasionally breast in adults
SCLC, breast, gastrointestinal, others

Breast, lung, ovarian, gastric

Anti-recoverin, Anti-HSC70
Anti-retinal bipollar cell
Anti-Yo (anti-Purkinje cell)
Anti-Hu (ANNA-1)

Anti-Ri (ANNA-2)

Antibodies to voltage-gated
calcium channels

SCLC: small cell carcinoma of the lung

W5, LAULIKZRE LT CAR LU MAR 2B L T4
e BUPIE E & 0 56 72 SRR FRE 09T o B
LTRSS TRV, Zho 2T 2 2 & I3EE
MRS E 25 &L 2 ¢ B AES L ¥ olRR
FERIIC D O MR ROFRBOERR L 3 L ik
DTFVA CHBIDZ ERXFEING, %2 TKSB
TR EEREREE I D W TR OMA L BRx O5e
TN =TI RERE LN T B,

2 CAR (carcinoma associated retinopathy)

2:1 CAR D&

Sawyer 59 & 3 BIOHIEE (65 mBM: © R¥E_ LK
¥, 76 A | F/INIEDIE B X OV 62 el L FEW
FEAE) BREFHEOMEBEEE L DAL & 2%
L7z, s 3HloLBEORBS R HEaEL
PR & 5 415 BlRRS & & BRI, By
WZIREHIZ b 7 B A O Wk & SR oo
WA RHE LT, FRE L L2 SETho 28T,
NEEOHBRBERNCENER I N IEHE LT
H-7z, Buchanan? IZ5ERFD CAR BEREED
BEHBEBOLTHEMBOER Z2®ME L. Z 0D,
Keltner 59 1%, HRFRHOBEITHEOR I EE, #ik
BEBL R AREEMORESRZE LT 61 DX

T BE OREHRERC FEEREPRER S NIEM 28K
HU %, PEOREROT, 0 BEMEF I
RS X CHERETERSEET S L 2RAL
7o, o TZOBFRRONFBEERZE L 2E
BoBBER X o dHOAERFOMESIc L2z R
AL 72, Grunwald 59 8 X Uf Korngruth 59 #5,
CAR BE M RS L0 s L OIS
DWEZFET 2 2 L6 BBy 2 HEdidkss, #
B ET 2HUOEAE 23839 % 2 & (molecular
mimicry) BSHEEEORHKTH S LHEE L, &5
HIEEHEOE ® SDS BEXKEH%, BHEME %1
K AW 2 A8 v 7ay T, 205kDa, 145
kDa (neurofilament), 65 kDa L1020 kDa DEHE
DERER STz, Thirkill 5'9 % 4 FEHID CAR BE DI
BrHWIYIRT 7 ay B Tol b 2 2 §EEa
M 26 kDa BB 2 3HBICEERE T 2 HEHUE10 &
, I CAR OFIE L EL b5 2 L 2RE L7,
Jacobson 5% & 2 FEFI D/ B E - fERE L 7248
[EREZRE L, CAR ORWICERL, SEBENE, Wk
R, BRI EIIROSME, ERG O Lo
ERBOBMICHITT 2 I ENBETHZ EHELT
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2:2 CARHE
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YoV bR T 2R TH I R T RS —
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XNTWE I ERFER LU, E-oT, R4k
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nate protein 70) $% Z EAHIAL 7 (Fig.2). &5
WREBNZ X 0 ) AN ) > F721F hseT0 1253 2 Bk
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SRR 5 T .
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Fig. 1 Western blot analysis of sera from four
patients with cancer-associate retinopathy.
Anti-recoverin serum (lane 1, 1: 3000 dilu-
tion) and sera from CAR patients (lanes 2-5,
1: 500 dilution) were tested with bovine
retinal soluble extract. 23 kDa and 70 kDa
proteins are commonly probed by patients’
sera (indicated by arrows).
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W B PR E o T2, U AN TR
EHETHZDIINL, hsc70 1FI1EE A ETRTOMRB
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b hsc?0 2l L% DBy a3y 7EAEICHT 5 H
CHUAD B S LT W B20-3, fE-> Tl EDZ &
B2 oL, CARICBIT2Y) 23 v E7213 hse70
XS A BCERISORE E LT, MEERRA S
Y A8 ST B | O SES A 2 S | & ]
2L, Zh%hsc?0cxfd 2 HOREHIBIT 2 b D
E#EzoN5, hsel0 BN BT 2 EHEOEKS
UGB IC BT, RV EAE 2 SHNEE
WA D SRS AL B R IEFIC T 4 — Vv
FAVITTEDENITE0bOE5FY v XarD
BB RIS TS Z b TWwh, ZHUTHIZ hsc70
X, HESFS DR b L AKX S SNIRHCERE
PEWT 20 %P CEE LD LFZONTRE
(Fig.3). fit-> T, hsc70 o3 2 HEHEB I nsD
MHFIRATRRS 2 Mo b3 5 & 5 WlEAL Tuiid, 72
L2 AN KT B HERERIGDETT WS ETH >
THHMMEEESEE 2 2 N TFHINS,

AT adamus S 13 CAR HUE S, #iEB & OHilaM:
FEOWTNEELERL THErERE LIz E IS,
CAR OFHEIZ 5\ CI3Aa M e OB S I3 FEE IR
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MSKGPAVGID LGTTYSCVGV FQHGKVEIIA NDQGNRTTPS YVAFTDTERL IGDABRKNQVA
13:]
MNPTNTVFDA KRLIGRRFDD AVVQOSDMKHW PFMVVNDAGR PKVQVEYKGE TKSFYPEEVS

SMVLTKMKEI AEAYLGKTVT NAVVTVPAYF NDSQRQATKD AGTIAGLNVE, RITNEPTARA
:13

IAYGLDKKVG AERNVLIFDL GGGTFDVSIL TIEDGIFEVK STAGDTHLGG EDFDNRMVNH
P2

FIAEFKRKHK KDISENKRAV RRLRTACERA KRTLSSSTQA SIEIDSLYEG IDFYTSITRA

RFEELNADLF RGTLDPVEKA LRDAKLDKSQ IMDIVIVGGS TRIPKIQKLL QDFFNGKELN
. P4
KSINPDEAVA YGAAVOAAIL SGDKSENVQD LLLLDVTPLS LGIETAGGVM TVtIKRNTTI
P5
PTKQTQTFTT YSDNQPGVLI QVYEGERAMT KDNNLLGKFE LTGIPPAPRG VPQIEVTFDI

DANGILNVSA VDKSTGKENK ITITNDKGRL SKEDIERMVQ EAEKYKAEDE KQRDKVSSKN
P8

SLKSYAFNMK ATVEDEKLQG KINDEDKQKI LDKCNEIINW LDKNQTAEKE EFEHQOKELE

KVCNPIITKL YO

P GGGAPPSGGA SSGPTIEEVD
P3

. 2 Identification of 65kDa autoantigen recog-

nized by CAR patients.

Upper panel: HPLC separation of proteolytic
peptides of 70 kDa protein after in-gel diges-
tion by endoproteinase Lys C. The 70 kDa
protein immunoreactive to CAR patient’s
serum in second-dimension polyacrylamide
gels was treated with 1 xg of endoproteinase
Lys C. Digested peptides were separated
from each other by a reverse—phase HPLC C8
column. Major peaks designated as 1
through 8 were subjected to Edman sequenc-
ing analysis.

Lower panel: Amino Acid sequence of 70 kDa
proteolytic peptides and their homology with
heat shock cognate protein 70. The amino
acid sequences of eight proteolytic peptides
from 70 kDa protein are indicated in bold let-
ters with underlines in the amino acid
sequence of bovine heat shock cognate 70
(37). The peptide designations (P1-P8) cor-
respond with those in the upper panel.
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Fig. 3 The possible roles of heat shock protein as
molecular chaperons

ThHY, EFRZEERETH D EHEL TW»BE,
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WEEMOZLLIEIZE U TH 2, Y H Y VHitk
B & UL hsc70 FLiRD BN I 5 SR 2R
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TREBCELIED >5Rd 5Tz (Fig. 4). DR
R 5H) 730 VHifkS X U hsc70 Filk o &6
CHEGE RS SB I3 2 L8, RICHiY
A8 HUERE X OB hee70 Hidkiz k- T s nie
WA ED & 5 2L B = Lfmé@%ﬁ#b
To & 2%, HHS i EmES K EMEEE D
N oTen, a2 ba— Py 485 /ﬁ{zli
B & UHi hsc70 PUREA L7z b O TS EREOE X
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Fig. 4 Effects of intravitreal penetration of anti-

bodies against recoverin, hsc 70, and/or arres-
tin on scotopic electroretinogram.
PBS, anti-hsc 70 serum (5 ug of IgG), anti-
recoverin IgG (5 xg), a mixture of anti-hsc
70 serum (5 ug ‘of IgG) and anti-recoverin
IgG (5ug), or a mixture of anti-hsc 70
serum (5 ug of IgG) and anti-arrestin IgG (G
ng) was injected intravitreously into Lewis
rat eyes. Three weeks after the injection,
scotopic ERG was recorded. The arrow indi-
cates the timing of the light flash.

WREANCHEH L 2> TH Y, TUNEL $t B
PED NI EMS, T 480 UHERB LU hse
70 AL HMEO 7 K F—3 AR ERILTwE D
L ASRIZ E T30,
BEEO—EICBLTRE Y ANY VET 5280
PihmEEA S CAR 251 I T51cBL T, CAR
EF O R ZFrE C EEREERETHEZ Y A
NUUBFERENBIDEEZOLNTOS, ZITRX
DI N—THFEL DEEFEIT MR 30 BER A~ L
2%, WP EMED) AN Y OFERH L Z &

TEREEARIRAE O 43 R IR : 55

Kb otz (@R, VA Y rRa— KT EEF
DRTEENSREETFTH S pb3 DEFNLIZIZE—D
BRETHD 2 EFHSNTHE, fEoTYpNY VD
BATEFII p 53 ORE LA S »0BERBH LML L
R,

2:4 CAR DR

CAR OWERBELTIX, AFu4{ FOLEGHRERT
PFF 7Y 38 BNEETH -T2 L DMELHLBZEN
SICERMEDO b Db HVIRED & I AWENZIFFEIT
FERL T, SRERAZDHLY #5Y) S Hiks L O
Hihse70 P2 LTI L7 CAR ET Vv 2 H
WTHE ZITok e 25, BIBREEAT A FB LY
Y7 AR ARENETNFED onset & course IZ
FNENWERTH S Z b, I 512Nz
22 LWL VRERZEVRPENDIHEO R RNERDE
BEREOFTCERETVEINENTH 5 2 LHRBEE
ni:.

3 MAR (melanoma associated retinopathy)

FEEMEGEDBREOTEEREHEFRKL T
% MAR BEEH Ripps 539 12 X D RE SN TLSE, &K
KT FOHRED D 24040 (Lo LRI Tk EH
2w}, MAR OBEFER ORI BT 23w $ 25,
CARDZFNEiZER 3,

1) FEEEEAEEE CHERcERSFRINT
5 BRI @E» 6 16F) THET L
EB3%

2)&ah;0%%m%ﬁz L RSB
Hoohb,

3) WAL (electroretinogram, ERG) TR M=
IEEE (congenital stationary night  blindness,
CSNB) BETHO SN L BE LI EF IR 2RT
(bIEDET). LL CSNB B#E £ £4 D oscillation
potential DEE HFH 51 2% (CSNB BEF TRIZIZIE
HThHD),

4) HEHRETIE MAR BEBWTE L LERE
(R MR ARRE) DETRD 55,

Milam 9%, # & U Weinstein 54 iZ, MAR 8%
DINIE % — KPR e CHRIBEBRE RS 21T - 7
2%, MAR BE OIS GRS &4 By

WWERR T A HOVIBROWEET 5 (Fig.5) Z R0
L7z, ZhizsdEicrm U7 MAR BEICsEv 5 s ERG
PR THE 2 Rz —a VBBEINTWAEZ L 2HE
M2 H0ThHs, Ll MARIZBWTIX CAR TH
® 57z CAR antigen D & 5 2 ERE &2 B PiFICEEL

DIE T
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Detection of the presence of MAR antigen
using immnocytochemistry.

Cryostat sections of unfixed rat retina proces-
sed for indirect immunofluorescence. Sec-
tions processed with MAR patient’s IgG (left
panel) or control IgG (right panel) (1: 150)
followed by incubation with second antibody
(Cy3 labeled anti-human IgG, 1: 400 dilu-
tions). GCL, layer of the ganglion cells;
IPL, inner plexiform layer; INL, inner
nuclear layer; OPL, outer plexiform layer;
ONL, outer nuclear layer; OS, outer seg-
ment.

Fig. 5

TIE5DEZARIESINS EFTIZIEES TR,
4 #
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£ 2 b 0% B EE M EREE (CAR, cancer-as-
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SRR, (FRciiZMiilaia s e b 2») chiflEd 258
#0D CAR &, CAR L3R 2K GEREL, BIER
i 1 B fE 3 2 Bk B0 fiE BE AR Y EE MAR
(melanoma-associated retinopathy) @ 2 fEFEAEILE
FTICHISNT WS, CAR IFHE A RA M REOME T
OHEZ 2R & 35, —F, MAR ZHKEW- <
D LR SEE &0, REEEERTECASNLS
negative ERG Z#Hi & 35, s Mpd g b g
FEDOFEREREF & LTI, MR 2 HAPUER (CAR
T X recoverin, neurofilament, 70kDa & &
(hsc70), MAR Tl%, HBESHRMHILHOM S 10 H
CHiF) BTEs0eHEzonTwWD,
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