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In­tro­duc­tion
BRCA1 is one of ma jor ge nes re la ted to pre di spo si tion to fa mi-

lial can cer syn dro mes. BRCA1 is lo ca ted on chro mo so me 17q21, its 
mRNA is 7.8 kb in length and 24 exons span al most 100 kbp of 
ge no mic DNA. Fe ma le car riers of BRCA1 mu ta tions are of li fe ti me 
risk of bre ast /ova rian can cers achie ving even 80-90%. For se ve ral 
eth nic gro ups a few fo un der mu ta tions do mi na ting en ti re po pu la-
tions ha ve be en de scri bed. It is es ti ma ted that the fre qu en cy of 
BRCA1 fo un der mu ta tions among Askhe na zi Jews is aro und 1: 100 
and in Po land 1: 200 (1-5). 

Pur­po­se
Our in i tial ERG re sults (6) sug ge sted that dys func tion of rods, 

co nes and in ner re ti nal lay ers is pre sent in BRCA1 ge ne mu ta tion 
car riers. In or der to ve ri fy our pre li mi na ry fin dings, we de ci ded to 
as sess the re ti nal func tion in a two fold lar ger se ries of BRCA1 ge ne 
mu ta tion car riers. 

Pa­tients­and­me­thods
The ERGs we re per for med on unaf fec ted 30 fe ma les (60 ey es, 

me an age 34.5 ± 9.4 years) – car riers of BRCA1 ge ne mu ta tion 
(exon 20-5382 ins C) from unre la ted fa mi lies dia gno sed in La bo ra-

to ry of Mo le cu lar Ge ne tics of In ter na tio nal He re di ta ry Can cer Cen ter 
in Szcze cin and 30 (60 ey es) he al thy con trols. 

Mu ta tions car riers and con trols we re mat ched as far as age, sex 
and re frac ti ve er ror we re con cer ned. 

Ocu lar fin dings in BRCA1 ge ne mu ta tion gro up we re as fol lows: 
Snel len vi su al acu ity – 20/20 in all sub jects; me an re frac ti ve er ror: 
-0.53 ± 1.0 D, nor mal an te rior and po ste rior seg ment of the eye, 
nor mal co lor vi sion (Farn sworth Pa nel D-15- all 15 chips we re or de-
red wi tho ut any mi sta ke by the pa tient ac cor ding to co lor si mi la ri ty) 
and nor mal vi su al field as me asu red by ki ne tic pe ri me try. Sta ti sti cal 
ana ly ses of elec tro phy sio lo gi cal pa ra me ters we re per for med for 
BRCA1 ge ne mu ta tion car riers. Re cor dings of the full field flash ERG 
in c lu ding sco to pic oscil la to ry po ten tials (OPs) we re per for med with 
the use of UTA S-E 2000 sys tem (LKC Tech no lo gies, Inc.). Pa ra me ters 
of sti mu la tion as well as re gi stra tion im ple men ted in the test pro to-
cols of the sys tem so ftwa re we re in agre ement with the ISCEV 
stan dards [7]. 

Sta ti sti cal ana ly sis was per for med using pa ra me tric (Sha pi ro – 
Wilk test, Stu dent t – test), and non pa ra me tric (Mann – Whit ney 
test) te sts with si gni fi can ce le vel p Ł 0.05. This stu dy was ap pro ved 
by the Com mit te of Me di cal Ethics of Po me ra nian Me di cal Uni ver si-
ty in Szcze cin. 
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Summary: Purpose: To assess the retinal function in BRCA1 gene mutation carriers. 
 Material and methods: Thirty unaffected patients (60 eyes) with constitutional BRCA1 gene mutation were studied. 

Flash ERG recordings were performed in accordance with the International Society for Clinical Electrophysiology of 
Vision (ISCEV) standards. 

 Results: In ERGs, in the maximal response, amplitude of a-wave (p<0.02) was reduced. In the cone single- flash 
response, the amplitude of a-wave (p<0.04) was also reduced. In the scotopic oscillatory potentials (OPs), we noted: 
increased amplitude of OP2 (p<0.0006), increased index of OP amplitude (O1+O2+O3+O4) (p<0.04), and 
increased latencies of OP1 (<0.05) and OP3 (p<0.004) and OP4 (p<0.03). 

 Conclusions: Slight dysfunction of rods, cones and inner retinal layers is present in asymptomatic carriers of BRCA1 
gene mutation. 

Słowa kluczowe: mutacja genu BRCA1, siatkówka, ERG błyskowy. 
Key words: BRCA1 gene mutation, retina, flash ERG. 

PRACE ORYGINALNE

(138)



Klinika Oczna 2005, 107(10-12) ISSN 0023-2157 Index 362646

Retinal dysfunction in eyes of patients with BRCA1 gene mutation

604 Klinika Oczna 2005, 107(10-12) ISSN 0023-2157 Index 362646

Re­sults
The flash ERG pa ra me ters as well as sta ti sti cal ana ly sis for BRCA1 

ge ne mu ta tion car riers and con trols are shown in ta bles I and II. 
Du ring dark ada pta tion sta te, in mi xed co ne -rod ERG (Ma xi mal 

re spon se) re du ced am pli tu de of the a- wa ve was ob ta ined (a-w ave: 
232.1 ± 41.0 µV ver sus 253.3±50.7µV- p<0.02). The b-w ave 
am pli tu de was al so re du ced but not sta ti sti cal ly si gni fi cant. Dif fe-
ren ces in la ten cies of a- and b- wa ves al so we re not sta ti sti cal ly 
si gni fi cant. Fi gu re 1 ilu stra tes an exam ple of ab nor mal mi xed co ne -
rod ERG (Ma xi mal re spon se) with re du ced am pli tu de of a-w ave in 
unaf fec ted BRCA1 ge ne mu ta tion car rier. 

Rod b-w ave ERG was not al te red. Du ring li ght ada pta tion sta-
te, in co ne sin gle whi te flash ERG, re du ced am pli tu de of a-w ave 

was fo und (a-w ave: 37.9 ± 7.9 µV ver sus 41.4 ± 9.7 µV- 
p<0.04). Dif fe ren ces of b-w ave am pli tu de in sin gle flash and 
flic ker as well as la ten cy of the a- and b-w aves we re not sta ti sti-
cal ly si gni fi cant (Tab. I).

In the OPs, sta ti sti cal ly si gni fi cant in cre ase of OP2 am pli tu de 
(OP2-w ave: 92.6 ± 30.9 µV ver sus 74.2 ± 30.8 µV- p<0.0006) 
and in cre ase of in dex of OP am pli tu de (O1 +O2 +O3 +O4): 209.5 
± 57.2 ver sus 195.0 ± 64.0 µV- p<0.04) we re ob ta ined. In cre ase 
of la ten cies of OP1 (P1: 18.4 ± 0.7 ms ver sus 18.2 ± 0.6 ms- p< 
0.05) OP3 as well as OP4 wa ves (OP3: 31.8 ± 0.9 ms ver sus 31.3 
± 0.9 ms- p<0.004; OP4: 40.7 ± 2.1 ms ver sus 40.0 ± 2.3 ms- 
p<0.03) we re ob se rved. Re ma ining OPs pa ra me ters we re not al te-
red (Ta b. II). 

 Amplitude  Latency  
 (µV) (ms)

 N BRCA1 N C p–value N BRCA1 N C p–value

Rod

b – wave + 177.2±40.0 + 182.9±44.4 NS + 100.6±7.6 + 101.2±11.8 NS

Maximal          

a – wave + 232.1±41.0 + 253.3±50.7 < 0.02  – 22.3±1.0 + 22.3±1.0 NS

b – wave + 466.8±93.1 + 495.4±83.7 NS – 44.6±2.7 + 45.6±3.0 NS

Cone          

a – wave + 37.9±7.9 + 41.4±9.7 < 0.04  – 14.0±0.9 – 13.9±0.7 NS

b – wave + 135.4±33.8 + 135.4±36.1 NS – 30.1±0.9 + 30.1±0.9 NS

30 Hz flicker

b – wave + 96.7±20.4 +  96.8±24.4  NS + 28.4±1.2 + 28.9±1.3 NS

BRCA1 –  BRCA1 gene mutation group
C – control group
N – normal distibution. NS – not significant
Values are mean ± standard deviation 

Tab. I. Statistical analysis of the flash ERG results in unaffected BRCA1 gene mutation carriers and healthy controls (n=60 eyes).

 Amplitude  Latency  
 (µV) (ms)

 N BRCA1 N C p-value N BRCA1 N C p-value

OP1 – 36.2±14.1 – 36.2±11.3 NS – 18.4±0.7 – 18.2±0.6 <0.05

OP2 – 92.6±30.9 – 74.2±30.8 <0.0006 – 25.0±0.7 – 24.9±0.7 NS

OP3 – 55.9±20.2 – 56.0±18.5 NS – 31.8±0.9 – 31.3±0.9 <0.004

OP4 – 24.8±11.1 – 28.6±18.9 NS – 40.7±2.1 – 40.0±2.3 <0.03

O1+O2+O3+O4 – 209.5±57.2 – 195.0±64.0 <0.04     

BRCA 1 – BRCA1 gene mutation group
C – control group
N – normal distribution
NS – not significant
Values are mean ±  standard deviation

Tab. II. Statistical analysis of the OPs results in unaffected BRCA1 gene carrier mutation and in healthy controls (n = 60 eyes).
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Di­scus­sion
In this stu dy, we sho wed that dys func tion of the rod and co ne 

pho to re cep tors as well as in ner re ti nal lay er is pre sent in BRCA1 
ge ne mu ta tion car riers. 

En lar ge ment of the num ber of ana ly sed ey es of pa tients with 
BRCA1 ge ne mu ta tion (from 30 to 60 ey es) did not chan ge si gni fi-
can tly the ERG re sults ob ta ined in the gro up of pa tients pu bli shed 
pre vio usly (6). The re is still sli ght dys func tion of rods, co nes and 
in ner re ti nal lay ers. 

ERG ab nor ma li ties we re ob se rved al re ady in car riers of se ve ral 
re ti nal di se ases such as rod – co ne dys tro phy (re ti ni tis pig men to sa 
in dif fe rent ge ne tic pat terns), co ne – rod dys tro phy (8-9). In this 
stu dy, ab nor ma li ties we re de tec ted in flash ERG – re du ced am pli-
tu de of the a- wa ve in dark and li ght ada pted sta te, and in OPs 
– hy per nor mal OP2 am pli tu de and in cre ased la ten cies of OP3 and 
OP4 as well as hy per nor mal in dex of OP am pli tu de (O1 + O2 + 
O3 + O4). 

It is well known that the ab sorp tion of li ght by vi su al pig ment 
in pho to re cep tor outer seg ments in i tia tes a se qu en ce of mo le cu lar 
events that ge ne ra tes hy per po la ri za tion of the pho to re cep tors 
le ading to oc cur ren ce of the a – wa ve. 

 The re is a su ita ble amo unt of evi den ce from dif fe rent so ur ces 
that the sco to pic (dark ada pted) ERG a-w ave re flects es sen tial ly 
so le ly rod pho to re cep tor -cell ac ti vi ty but pho to pic ERG a – wa ve is 
ma in ly of co ne pho to re cep tor ori gin (9). Ob ta ined chan ges in sco to-
pic and pho to pic a – wa ves sug gest dys func tion of rod and co ne 
pho to re cep tors. 

The cel lu lar ori gin of OPs in the re ti na is un cer ta in. Cur rent da ta 
sug gest that cells of the in ner re ti na – ama cri ne or po ssi bly in ter ple-
xi form cells, are the ge ne ra tors of the se po ten tials (10). The chan-
ges in OPs sug gest ama cri ne cells dys func tion after co ne sys tem 
sti mu la tion be cau se re spon ses ob ta ined after the con di tio ning flash 
are from the co ne sys tem (he con di tio ning flash ha ving ada pted the 
rod sys tem so that it do es not con tri bu te to the sub se qu ent flash 

– eli ci ted OPs) (11). Elec tro phy sio lo gi cal chan ges se en in OPs are 
pro ba bly se con da ry to pho to re cep tors dys func tion. 

Up to now, the re is no stu dy de scri bing re ti nal dys func tion in 
pa tients with BRCA1 ge ne mu ta tion and/ or chan ges in co ope ra ting 
ge nes except of c-myc ge ne (12). 

C-myc ge ne in te racts with BRCA1 pro te in clo se to nuc le ar lo ca-
li za tion si gnals re gion (13). 

Al- Ub aidi and co -wo rkers (14) ha ve de ve lo ped trans ge nic 
mo use li nes expres sing a hu man in ter pho to re cep tor re ti no id -bi-
nding pro te in (IRBP) pro mo ter- c-myc con struct. 

Trans ge nic c-myc mi ce exhi bi ted a ra pid re duc tion of co ne -m-
edi ated re spon ses and gra du al loss of the rod ERG a – wa ve re sul-
ting in co ne and rod de ge ne ra tion. The re sults from this stu dy 
sup port the po ssi bi li ty that aber rant expres sion of on co ge ne c-myc 
may un der lie so me forms of hu man rod and co ne – rod dys tro phy. 

It can be hy po the si zed, that ob se rved re ti nal dys func tion in 
BRCA1 ge ne mu ta tion car riers is due to pho to re cep tor ab nor ma li-
ties re la ted to ab nor mal expres sion of c-myc. 

Our da ta sug gest that it is re aso na ble to ta ke in to con si de ra tion 
the po ssi bi li ty of mo di fy ing ef fects of al ter ted BRCA1 pro te in on 
pe ne tran ce/expres sion le vel in pa tients with rod and co ne – rod 
dys tro phies. Po ssi bly, such syn dro mes in BRCA1 car riers will be cha-
rac te ri zed by mo re se ve re out co me. 

Daw son et al. re por ted func tio nal di stur ban ces of re ti na in 
pa tients with bre ast can cer (15). In a gro up of ten pa tients not cha-
rac te ri zed for ge ne tic pre di spo si tions, ab nor ma li ties clu ste red ma in-
ly abo ut dark ada pta tion (rod cell sen si ti vi ty), the blue sen si ti ve 
re ti nal cells and the oscil la to ry com po nent of pho to pic ERG. Elec tro-
re ti no gra phic chan ges de tec ted in our pa per we re cer ta in ly dif fe rent 
be cau se BRCA1 car riers we re sho wing pho to re cep tor dys func tion 
on ly. Thus it se ems that rod and co ne ERG ab nor ma li ties are cha rac-
te ri stic fe atu re not for all bre ast can cer pa tients but to sub gro up of 
wo men be ing BRCA1 mu ta tion car riers. 
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fig. 1. An example of abnormal mixed cone–rod ERG (Maximal response) 
with reduced amplitude of a–wave in unaffected BRCA1 gene 
mutation carrier.
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