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European multicenter study on LOH of APOC3 at 11g23
in 766 breast cancer patients: relation to clinical
variables
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Summary High frequencies of loss of heterozygosity (LOH) in chromosome 11g22-gter have been observed in various malignancies,
including breast cancer. Previous studies on breast carcinomas by Wingvist et al (Cancer Res 55: 2660-2664) have indicated that a survival
factor gene is located in band 11923, and that the highly informative microsatellite polymorphism at the APOC3 locus would be a suitable tool
to perform more extensive LOH studies. In this European multicentre study, we have examined the occurrence of APOC3 LOH and evaluated
the effect of LOH of this chromosomal subregion on the clinical behaviour of the disease in a cohort of 766 breast cancer patients in more
detail. LOH for APOC3 was found in 42% of the studied tumours, but it was not found to be significantly associated with any of the studied
clinical variables, including cancer-specific survival time or survival time after recurrent/metastatic disease. According to the present findings,
the putative survival factor gene on 11923 is not located close enough to the APOC3 gene, but apparently at a more proximal location.
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Loss of heterozygosity (LOH) for a specific chromosome regiora protein kinase required for the DNA damage checkpoint func-
may indicate the presence of a tumour suppressor gene (TSGipn) (Ziemin-van der Poel et al, 1991; Savitsky et al, 1995, 1996;
Studies on tumour LOH have therefore been helpful to identifyfFurnari et al, 1997; Monaco et al, 1997; Sanchez et al, 1997).
many TSGs (Biéche and Lidereau, 1995). High incidences of LOH LOH at 11923 has been reported in association with poor post-
of the 11g22-qter chromosome region have been seen in breasetastatic survival in breast cancer (Wingvist et al, 1995). The
cancer (Hampton et al, 1994; Gudmundsson et al, 1995; Negrini etucial region of LOH seemed to map between loci D11S35
al, 1995; Wingqvist et al, 1995; Kerangueven et al, 1997; Laake et ]11g22) and APOC3 (apolipoprotein C-3 at 11g23) (Hampton et
1997) and also in several other human malignancies (Herbst et al, 1994), in a chromosomal segment of less than 17 Mb (Arai et
1995; Rasio et al, 1995; Gabra et al, 1996; Hui et al, 1996). In add#, 1996). In the initial study of a Finnish breast cancer cohort,
tion, it has been shown that chromosome 11 can suppress tumoAPOC3 appeared to be the most suitable marker for more careful
genicity when transferred to breast cancer (Negrini et al, 1994xaminations of the clinical effects of LOH of the 11923 chromo-
Phillips et al, 1996) and melanoma cell lines (Robertson et al, 19968omal region. Therefore, in the present European multicen-
The distal half of chromosome 11q contains several genesestudy, we analysed tumour and normal tissue pairs of 766
indicated to be involved in tumorigenesis; e.g. ATM (the ataxigprimary breast cancer patients from 11 countries to investigate the
telangiectasia disorder gene at 11g23.1), DDX10 (a putative RNAssociation between LOH at the APOC3 locus and clinical vari-
helicase gene at 11g23.1), MLL1 (a gene at 11923 frequentlgbles in greater detail.
rearranged in acute leukaemia), LOH11CR2A (a potential tumour

suppressor gene at 11923) and CHEK1 (a gene at 11924 encodigfa TERIALS AND METHODS
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Table 1 Clinical characteristics of the studied European breast cancer cohort

Country Number of  Period of collection Mean age of Mean follow-up Positive family Bilateral Recurrent/metastatic

patients disease onset time in months history disease disease course

(range) (range) (cases) (cases) (cases)

Finland 85 1988-90 57 (29-84) 75 (5-117) 7 5 39
France | 46 1993-95 60 (35-87) - - 2 -
France |l 48 1978-87 53 (27-86) 123 (11-198) - 0 25
France Il 61 1988-96 61 (31-84) 32 (3-104) 31 5 5
Germany | 52 1993-95 58 (33-82) 17 (2-31) - - 2
Germany I 76 1992-96 55 (29-83) 26 (6-166) 23 8 13
Hungary 41 1980-94 52 (33-76) 42 (4-160) - 5 18
Iceland 70 1985-93 58 (29-95) 49 (2-92) - - 27
The Netherlands? 11 1986-92 59 (39-73) 52 (7-103) - - 11
Norway 160 1984-94 60 (28-87) 55 (1-122) 23 8 48
Slovenia 17 1993-96 50 (37-68) 33 (24-48) 3 0 1
Spain 21 1994-96 55 (34-83) 11 (1-43) 4 1 3
Swedena 15 1987-92 51 (35-73) 55 (7-117) 1 2 15
UK I 19 1989-90 57 (36-79) 54 (21-70) - 2 6
UK Il 44 1987-88 58 (30-85) 69 (8-123) 5 4 18
All cases 766 1978-96 57 (27-95) 57 (1-198) 97 42 231

— = information not available. 2 = selected cohort (all patients displayed cancer metastasis during the indicated follow-up time).

Table 2 Summary of clinical variables and LOH of APOC3 at 11923 in the
studied European breast cancer cohort of 766 cases at time of diagnosis

Variable No. of cases  No. of informative =~ APOC3
cases (%) LOH %

Tumour size 703

<2cm 271 (39) 39

2-5cm 353 (50) 41

>5cm 79 (11) 53
Positive node status 675

Yes 277 (41) 42

No 398 (59) 41
Distant metastasis 592

Yes 28 (5) 56

No 564 (95) 41
Oestrogen receptor status 548

Positive 355 (65) 45

Negative 193 (35) 38
Progesterone receptor status 541

Positive 315 (58) 44

Negative 226 (42) 42
Grade 397

| 52 (13) 43

Il 196 (49) 39

1 149 (38) 51
Histology 727

Ductal 564 (78) 44

Lobular 111 (15) 39

Medullar 16 (2) 50

Tubular 16 (2) 38

Mucinous 5(1) 60

Other 15 (2) 31

57 months (range 1-198). Information about the family history of
breast/ovarian cancer (in two or three first-degree relatives) and
disease bilaterality was also collected. Tumours were classified
according to size (<2cm, 2-5cm or >5cm in diameter),
histology, histoprognostic grade, and oestrogen receptor and pro-
gesterone receptor status. In addition, information about node and
metastasis status at the time of diagnosis and possible adjuvant
cancer therapy was obtained. Twenty-eight (4.7%) of the patients
presented with metastatic disease at the time of diagnosis, while an
additional 203 patients displayed local and/or distal tumour
recurrence/metastasis during the clinical follow-up time. All cases
from Sweden and the Netherlands were selected according to a
metastatic disease course during the clinical follow-up time.

DNA from tumour tissue (fresh or paraffin-embedded) and
corresponding normal tissue (blood, fresh or paraffin-embedded
tissue) was extracted using standard phenol—chloroform protocols.
Only a minority of the tissue material used was from paraffin-
embedded tissues (2%, (17/766), all cases from Slovenia). In these
cases DNA was extracted using the methods described by Sarkar
(1995). The LOH analysis using the highly informative mono-
nucleotide repeat microsatellite marker APOC3 (Bhattacharya
et al, 1991) was performed either in Oulu or in the research centre
from where the tissue material was collected. Polymerase chain
reaction (PCR) was performed mainly as described previously
(Bhattacharya et al, 1991), with some slight modifications, e.g.
alternatively using radioactive or non-radioactive PCR methods.
In the radioactive protocols we used either direct incorporation of
[a-32-dCTP or p2P]-end-labelled PCR primers. Two different
non-radioactive PCR protocols were used. One utilized silver
staining to visualize the PCR products after electrophoresis. The
other method used fluorescent-labelled PCR primers and an auto-
mated DNA sequencer for fragment analysis (Pharmacia, ALF;

studied patient material was collected from 15 different researcRerkin-Elmer Applied Biosystems, model 373A). In all cases,
centres, representing 11 European countries (Table 1). Clinicthe PCR products were resolved by electrophoresis on 6-7%
characteristics are summarized in Tables 1 and 2. The patiendenaturing polyacrylamide gels. The evaluation of LOH status
studied were diagnosed with primary breast cancer between 19¥&s performed in the radioactive method by comparing the normal
and 1996. The mean age of disease onset was 57 years (ramgel tumour tissue allele intensity ratios of the autoradiograms.
27-95). The mean follow-up time of those patients still alive wa€ach case was evaluated by at least two independent viewers who
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Table 3 LOH at APOC3 (11g23) in different European populations RESULTS AND DISCUSSION
The results obtained from LOH analysis of the 11923 subregion at
APOC3 are summarized in Tables 2 and 3. The APOC3 marker
was informative for determining LOH status in 78% of the studied

Country APOC3 LOH %
(cases with LOH/
informative cases)

Finland 41 (31/75) cases. LOH was observed in 42% of the tumours. The LOH
E:Z:zg :I i‘i gggi; frequencies of the larger unselected subpopulations (with at least
France Il 38 (12/32) 40 patients) varied from 32% to 56%. In addition to the studied
Germany | 37 (17/46) cohort, differencies seen in the LOH incidences could also be due
Germany Il 32 (18/57) to the analysis methods used. The LOH frequency was 47% in
Hungay 52 (14/27) the patients with recurrent/metastatic disease (data not shown).
Iceland 33 (20/60) Interestingly, primary tumours of the two small populations from
The Netherlands? 89 (8/9)

Norway 45 (56/125) Sweden and The Netherlands that had been selected for the pres
Slovenia 29 (4/14) ence of a metastatic disease course displayed the highest LOH
Spain 58 (7/12) frequencies (64% and 89% respectively).

LSJ"Kvelde”a ij Egﬁg According to the statistical analysis, no strong association was
UK I 37 (14/38) foun_d betyvc_aen primary tumour LQH at APOC3 and any of the
All cases 42 (252/597) studied clinical variables (tumour size, node or metastasis status,
Sporadic cases 43 (122/282) histoprognostic grade, histology type, oestrogen or progesterone
Familial cases 31 (22/70) status, adjuvant therapy, bilaterality vs unilaterality, and family
No information 44 (108/245)

history of cancer). Correlation was seen between occurrence of
LOH and disease onset at a higher age=(0.014). This could
*Selected cohort. reflect the observation that the frequency of LOH was 43%
(122/282) for the sporadic cases, but only 31% (22/70) for the
cases with a positive family history of cancer, known usually to
1.0 have earlier onset of the disease. No association was seen betwee
LOH and cancer-specific survival tim@ € 0.146) or survival
after diagnosis of recurrence/metastaBis 0.987).
Although most of the studied cohorts represent cases from a
. certain time period, they seemed to be clinically heterogeneous.
P Nevertheless, we analysed separately all subpopulations consisting
No LOH APOC3 of at least 40 patients. Only a slight correlation was observed
L s . between LOH at APOC3 and a positive oestrogen status in the
LOHAPOCS ,_ oo Germany Il cohort® = 0.0_29), a greater tumour size and a more
0.2 advanced tumour grade in the France Il cohBrt(0.026 and
P=0.024 respectively), and a more advanced tumour grade in the
sporadic cases of the Norwegian cohfrt(0.025). We could not
0 12 24 3 4 60 72 84 96 108 120 detect a significant association between LOH for APOC3 and
Time (months) cancer-specific survival times or survival after recurrence/metas-
Fore 1 Kaolan_ei _ . ol 0 tasis in any of the studied subpopulations. Only in the Finnish
e e o e el e cohortwas a slight correlation between LOH and reduced survival
patients with LOH at APOC3 in their tumours showed slightly reduced times after disease recurrence/metastasis geer0(026) (Figure
survival times (P = 0.026, log-rank test) 1). However, the clinical association was found to be much weaker
than in the initial analysis of the same cohart £ 0.0004;
Winqvist et al, 1995). The difference could be explained by the
compared their observations. In the fluorescent-labelledact that in the current investigation, due to the longer follow-up
microsatellite analysis the data were analysed with appropriaigme, a greater number of patients showed relapse. In the previous
software (Pharmacia, Fragment Manager FM1.1; Perkin EImegnalysis, the follow-up time was approximately 3-5 years and,
Applied Biosystems, Gene Scan) by comparing normal an@jtogether, 28 patients displayed a metastatic disease. In this study
tumour tissue allele peak sizes, heights and area ratios. In bofije more cases showed a metastatic disease course during the uf
methods, intensity or signal ratio differences of at least 25%jated follow-up time (mean >6 years, range 5-117 months).
(depending on the proportion of tumour cells or method usedterestingly, due to the prolonged follow-up time, the correlation
were considered sufficient for LOH assignment. between LOH at 1123 and shortened post-metastatic survival
The Fisher’s two-tailed exact test, the Mann—Whitney test, théime was not as strong as had been seen previously, suggesting th
Pearson test and the stepwise logistic regression analysis methgfisthe Finnish cohort the adverse effect on survival is mainly
were used for the statistical evaluation of associations betweafiited to the first 2—3 years after relapse.
LOH at 11923 and clinical findings. Survival curves calculated by The results presented here make it unlikely that the putative
Kaplan—Meier estimations were compared according to the logsyrvival factor gene on 1123 would be situated very close to the
rank test.P-values below 0.01 were considered significant. On'ysubregion containing the APOC3 gene. As our previous studies
subpopulations with more than 40 breast cancer cases wekgve indicated that the crucial region of LOH seems to be located
analysed independently. between the D11S35 and APOC3 loci (Hampton et al, 1994;
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Wingvist et al, 1995), it is possible that the survival factor gene  heterozygosity in sporadic human breast carcinoma: a common region between

could be at a more proximal location. Interestingly, one additional 11922 and 11623.8ancer Res 54: 4586-4589
bregion exhibitin LOH on chromosome 11023 has beenHerbst RA, Larson A, Weiss J, Cavenee WK, Hampton GM and Arden KC (1995)
su 9 9 a A defined region of loss of heterozygosity a 11923 cutaneus malignant

mapped closer to the DDX10 and ATM genes (Laake et al, 1997; elanomaCancer Res 55: 2494—2496
Hui et al, 1996). The involovement of this subregion wasHui ABY, Lo K-W, Leung S-F, Choi PHK, Fong Y, Lee JCK and Huang DP (1996)
confirmed by our parallel study on LOH of 11g23. Possible addi- Loss of heterozygosity on the long arm of chromosome 11 in nasopharyngeal

; . carcinomatCancer Res 56: 3225—-3229

tional targets of LOH on chromosome X 11q could _mCIUde t}’]q(erangueven F, Eisinger F, Noguchi T, Allione F, Wargniez V, Eng C, Padberg G,
CHEK1 and LOH11CR2A genes (Furnari et al, 1997; Sanchez et Theillet C, Jacquemier J, Longy M, Sobol H and Birmbaum D (1997) Loss of
al, 1997; Monaco et al, 1997). However, LOH11CR2A gene muta-  heterozygosity in human breast carcinomas in the ataxia telangiectasia,
tions have not so far been detected in breast, ovarian or lung Cowden disease and BRCAI gene regi@hs:ogene 14: 339-347

tumours (Monaco et al, 1997)_ As chromosome 11q seems {@ake K, @degérd A, Andersen TI, Bukholm IK, K&resen R, Nesland JM, Ottestad

harb ltiol . tant for t d | titi L, Shiloh Y and Bgrresen-Dale A-L (1997) Loss of heterozygosity at 11923.1
arbour mulupie genes important tor tumour development, It 1S in breast carcinomas: indication for involvement of a gene distal and close to

likely that the size and number of deleted chromosomal segments  ATM. Genes Chromosom Cancer 18: 175180
could be important for determining their clinical effects. Lindblom A, Sandelin K, Iselius L, Dumanski J, White |, Nordenskjéld M and
In conclusion, LOH of 11923 at APOC3 is a frequent finding in Larsson C (1994) Predisposition for breast cancer in carriers of constitutional

. A . translocation 11q;22¢\m J Hum Genet 54: 871-876
primary breast tumours, and it is even more common in th?/lonaco, C, Negrini M, Sozzi G, Veronese ML, Vorechovsky I, Godwin AK and

tumours  of patients developlng a more ad\{anced ) disease. Croce CM (1997) Molecular cloning and characterization of LOH11CR2A, a
However, LOH was not seen to be strongly associated with any of new gene within a refined minimal region of LOH at 11q@28w0mics 46:

the studied clinical variables, suggesting that the putative survival 217-222

factor gene on 11q23 is not located in the immediate vicinity of thélegrini M, Sabbioni S, Possati L, Rattan S, Corallini A, Barbanti-Brodano G and

. . Croce CM (1994) Suppression of tumorigenicity of breast cancer cells by
APOCS3 locus, but more Ilkely further prOX|maI towards the chro- microcell-mediated chromosome transfer: studies on chromosomes 6 and 11.

mosomal subregion harbouring the DDX10 and ATM genes. Cancer Res 54: 1331-1336
Negrini M, Rasio D, Hampton GM, Sabbioni S, Rattan S, Carter SL, Rosenberg AL,
Schwartz GF, Shiloh Y, Cavenee WK and Croce CM (1995) Definition and
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