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A B S T R A C T

The Estrogen Receptor (ER) is an established predictive marker for the selection of adjuvant

endocrine treatment in early breast cancer. During the 1990s Immunohistochemistry (IHC)

replaced cytosol based assays for determination of ER status. This study examined the as-

sociation between ER protein level determined by two different methods and ESR1 gene

copy number. From 289 primary high-risk breast cancer patients, randomized in the Dan-

ish Breast Cancer Cooperative Group (DBCG) 77C trial, results from cytosolic ER levels were

available from ligand binding assays. Archival tumor tissue was retrieved from 257 pa-

tients. ESR1/CEN-6 ratio was analyzed successfully by Fluorescence In Situ Hybridization

(FISH) in 220 (86%) patients. ESR1 amplification (ESR1/CEN-6 � 2.00) was observed in 23%

of the patients and ESR1 deletion (ESR1/CEN-6 < 0.80) was observed in 32%. Further, we

identified ESR1 gain (ratio ESR1/CEN-6 from 1.30 to 1.99) in 19% of the patients. A positive

correlation of ESR1 FISH with both ER-cytosol and ER IHC was found ( p < 0.0001). Amplifi-

cation and gain of the ESR1 gene are associated with higher ER protein content measured

by ligand binding assay and a more intense nuclear staining by IHC compared to tumors

with normal ESR1 gene status. Major variations in ER measured by ligand binding assay

and IHC are observed within all ESR1 copy number subgroups and other mechanisms

than gene copy number seem to contribute to the ER protein content in the tumors.
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Published by Elsevier B.V. All rights reserved.
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Table 1 e Tumor samples available for the study.

Tumor samples from the DBCG 77-C
available for the presented study

Number of samples

Number of tumor samples with ER protein

values (DCC)

289

Number of tumor samples available for

ESR1 FISH analysis

257

Number of tumor samples with successful

ESR1 FISH analysis

220

Number of tumor samples with analyses for

both ER protein values (DCC), ER (IHC)

and ESR1 FISH

220
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method which was used for ER analysis in this study. In

brief, cytosols of homogenized fresh frozen tumor tissue

were incubated with radioactively labeled estradiol and

the unbound estradiol was removed after absorption to

dextran-coated charcoal (DeSombre et al., 1979). Being less

methodological demanding, requiring less tissue and

yielding concurrent histological information, immunohisto-

chemical (IHC) evaluation of ER replaced the ligand binding

assays during the 1990s (Grabau et al., 2000). Retrospective

studies comparing ER values measured by IHC and ligand

binding assays have shown good concordance ranging be-

tween 86 and 88% (Harvey et al., 1999; Khoshnoud et al.,

2011; Regan et al., 2006).

Quantitatively, ER level determined by ligand binding as-

say spans a larger range, from zero to several thousands

fmol/mg and expression of ER in 80e100% of tumors cells

may correspond to ER content of 31e2126 fmol/mg (Grabau

et al., 2000). Interestingly, IHC has been unable to detect

the negative prognostic impact demonstrated from a high

ER content measured by ligand binding assay (Thorpe

et al., 1993). Presently, IHC is the standard method for deter-

mining ER (Hammond et al., 2010) with approximately 80%

of malignant breast tumors being ER positive (Allred et al.,

2009; Talman et al., 2008) and ER positive patients benefit

the most from endocrine treatment (Viale et al., 2007). Nev-

ertheless, at 10-years follow up 26% of the patients receiving

adjuvant endocrine treatment experience relapse (Davies

et al., 2011) and consequently research has focused on

both identification of other potential important biomarkers

reflecting active ER signaling (Drury et al., 2011; Henriksen

et al., 2009) and on the impact of the ESR1 gene level

(Schuur and Weigel, 2000).

Recently, the existence of amplifications (Ejlertsen et al.,

2011; Holst et al., 2007; Nielsen et al., 2011b; Tomita et al.,

2009) and deletions (Ejlertsen et al., 2011; Nielsen et al.,

2011b) in the ESR1 gene encoding ER has been documented

by Fluorescence in Situ Hybridization (FISH) and several

other methods as qPCR, Southern analysis, Comparative Ge-

nome Hybridization, and Chromogen In Situ Hybridization.

By FISH the frequency of ESR1 gene amplifications in invasive

breast tumors range from 13 to 23.7% (Ejlertsen et al., 2011;

Holst et al., 2007; Nielsen et al., 2011b; Tomita et al., 2009),

and has also been reported in carcinoma in situ (Burkhardt

et al., 2010). In a previous study (Nielsen et al., 2011b) we ob-

served ESR1 deletions with a very low frequency (5%) among

ER positive samples. Thus ESR1 gene copy number is mir-

rored by ER expression level, but not in complete agreement

(Holst et al., 2007; Tomita et al., 2009). The present study was

designed to investigate the correlation of ESR1 gene status

with the ER protein level measured by both ligand binding as-

say and IHC in a high-risk breast cancer cohort and to further

explore the existence of deletions in this patient cohort

which also includes ER negative patients as well. Finally,

we wanted to investigate whether tumors with very high

ER-cytosol level constituted a separate group of patients

with respect to ESR1 gene alterations. We hypothesize that

ESR1 copy number alterations may assist explaining discor-

dant results when comparing ER expression by IHC with ER

content determined by ligand binding assay, especially in

ER poor and highly ER positive tumors.
2. Material and methods

2.1. Patients

Patients in this study represent a subset of 289 participants in

the DBCG 77C trial. Postmenopausal patients were eligible for

the 77C trial following mastectomy and axillary sampling if

they met at least one of the following criteria: node positive,

tumor size above 50 mm, or involvement of skin or deep fas-

cia, and were without signs of distant metastasis. All patients

received radiotherapy. Between August 1977 and November

1982, 1716 eligible patients were randomly allocated to radio-

therapy or to radiotherapy and additional 1 year of tamoxifen

(Knoop et al., 2001). At the time ER analysis was not standard

procedure but for 289 of the 1716 patients ER was assessed by

ligand binding assay and for the present study archival paraf-

fin embedded tumor tissue was identified from 257 of the 289

patients with known results from the ER ligand binding assay

(Table 1).

2.2. Dextran-coated charcoal assay (DCC)

The DCC steroid binding assay on tumor cytosols was intro-

duced in 1977 by the DBCG and performed as described in

the EORTC publication from 1979 (EORTC, 1973). The total

binding capacity of high affinity receptors as well as the disso-

ciation constant were determined. Fresh frozen tumor tissue

was homogenized and cytosol prepared as described previ-

ously (EORTC, 1973). The cytosol was incubated overnight at

2e4 �C with 3H-17b-estradiol and unbound ligand removed

by adding a dextran-coated charcoal suspension (EORTC,

1973). Finally, the radioactivity in an aliquot of the superna-

tant was determined by liquid scintillation counting. The bio-

chemical assays were performed at three different

laboratories in Denmark (Talman et al., 2008). Values above

or equal to 10 fmol ER/mg protein were considered positive.

Values �108 fmol/mg protein were considered very high pos-

itive (Thorpe et al., 1993).

2.3. Immunohistochemical staining

Thin tissue sections (5 mm)weremounted on Dako Chemmate

Capillary Gapª microscope slides and immunostained using

Techmate 1000ª (Dako). Heat induced antigen retrieval was

http://dx.doi.org/10.1016/j.molonc.2012.04.003
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performed in citrate buffer in microwave oven for 25 min.

Slides with primary antibody ER1D5 (1:200) were incubated

over night and the Chemmate labeled streptavidin biotin kit

(K5001; Dako) was applied as detection system. Staining was

performed according to the Dako streptavidin-peroxidase pro-

tocol. Both positive and negative controls were implemented.

In samples from 149 patients, the percentage of ER positive tu-

mor cells was scored semiquantitatively by bright field mi-

croscopy as 10% intervals, and the remaining were classified

as negative (0e9%), low positive (10e74%), or high positive

(�75%). Only nuclear staining was considered positive. ER

IHC was retrospectively performed for patients enrolled in

DBCG 77C (Knoop et al., 2001).

2.4. Fluorescence in situ hybridization (FISH) analysis

ESR1 copy number was analyzedwith Dako Histology FISH Ac-

cessory Kit (K5599, Dako A/S, Glostrup, Denmark) using a cus-

tom-made probe covering the ESR1 gene at 6q25 and

a centromere 6 reference probe (Nielsen et al., 2011b, 2004).

The FISH procedurewas performed according to themanufac-

turer’s instructions and described in an earlier study (Nielsen

et al., 2011b). Briefly the method implies pretreatment for

10 min at 95e99 �C in pretreatment solution followed by pep-

sin treatment for 10 min at room temperature. After denatur-

ation at 82 �C for 5 min and overnight hybridization at 45 �C,
excess of probe is removed by stringent wash at 65 �C for

10 min. After dehydration in ethanol, the slides are mounted

with DAPI. Leica DM microscope equipped with filters for

Texas Red, FITC, and DAPI was used for gene signal

evaluation.

2.5. FISH scoring

To allow detection of both ESR1 gene amplification and dele-

tion, the slide evaluation was performed according to the

TOP2A FISH scoring guidelines (Dako K5333 USA package in-

sert, 1st edition 2008.01.18, approved by the American Food

and Drug Administration). These guidelines recommend

quantification of at least 60 red gene signals along with the

green reference probe signals in the same nuclei producing

a final ESR1/CEN-6 ratio score. The recommendations are

based on a previously published pilot study (Olsen et al.,

2004). In contrast to the HER2 guidelines that merely focus

on identifying HER2 gene amplification (Wolff et al., 2007),

the guidelines for TOP2A enables identification of gene dele-

tion, as it is accepted to count signals in tumor cells with

only green reference probe signals present. In accordance

with the TOP2A scoring guidelines a ratio below 0.80 was
Table 2 e ER status by IHC compared with ER DCC.

DCC
(fmol/mg protein)

ER-IHC negative
(0e9%)

E

DCC negative (<10) 45 (58%)

DCC positive (�10e107) 26 (33%)

DCC positive (�108) 7 (9%)

Total 78
defined as ESR1 gene deletion and ratios above or equal to

2.00 as ESR1 gene amplification. A previous assay validation

(Nielsen et al., 2011b) showed that the distribution of ESR1/

CEN-6 ratios in 120 samples from normal breast tissue varied

between 0.96 and 1.29. Consequently, in this study the ESR1/

CEN-6 ratios between 1.30 and 1.99 were defined as ESR1

gene gains, covering the ratios above the normal range and be-

low clear amplifications. A successful FISH analysis is charac-

terized by distinguishable point-shaped red and green signals

of quite balanced size. Samples with fuzzy appearance of the

signals were classified unsuccessful.

2.6. Statistics

Spearman rank correlation was used to compare quantitative

values for two methods (ER DCC vs. ER IHC, ER DCC vs. ESR1

and ER IHC vs. ESR1). Agreement for ordered grouping of hor-

mone receptor status was measured by the weighted K

statistic.

Box plots were designed to visualize the correlations be-

tween methods and ESR1 gene subgroups. The associations

between ESR1 gene status and clinicopathological variables

were assessed by Fishers exact test. P-values are two-tailed.

Statistical analyses were done with SAS v9.2 (SAS Institute,

Inc., Cary, USA).
3. Results

ER values measured by DCC were available for 289 patients

participating in the DBCG 77C trial. Paraffin embedded tissue

sections were retrieved from 257 patients and ESR1 FISH anal-

ysis was performed successfully in 220 (86%) cases (Table 1).

Only samples with bright, point-shaped and clearly separated

signals were considered successful. For 149 of these patients

the values for ER IHC were available as percentage positive tu-

mor cells. The remaining patients samples were classified by

IHC as negative (0e9%), low positive (10e74%), or high positive

(�75%).

3.1. Comparison of ER expression by IHC and ligand
binding assay

Of the 220 patients where ER IHC, ER DCC and ESR1 results

were all available a total of 45 cases were ER negative mea-

sured by both ligand binding assay (<10 fmol ER/mg protein)

and IHC (<10%) and 140 cases were ER positive for both

methods (Table 2) corresponding to Spearman correlation

value of 0.74 ( p < 0.0001) for quantitative values, with Kappa
R-IHC positive
(10e74%)

ER-IHC positive
(75e100%)

Total

2 (3%) 0 (0%) 47

32 (46%) 9 (13%) 67

36 (51%) 63 (88%) 106

70 72 220

http://dx.doi.org/10.1016/j.molonc.2012.04.003
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value of 0.57, p < 0.0001 when classified into groups. Only two

ER IHC positive patients had negative ER DCC value in contrast

to 33 cases with positive ER DCC values whom were ER IHC

negative.

3.2. ESR1 by FISH

A total of 220 tumors were assessable by FISH and ESR1 gene

amplification (ratio ESR1/CEN-6 � 2.00) was observed in 50

(23%) tumors in the range of 2.11e16.43 with an average

ESR1/CEN-6 ratio of 3.96 (Table 3). ESR1 deletion (ratio ESR1/

CEN-6 < 0.80) was observed in 70 (32%) tumors within the

range of 0.30e0.79 and with an average ESR1/CEN-6 ratio of

0.60. ESR1 gain (ratio ESR1/CEN-6 from 1.30 to 1.94) was ob-

served in 41 (19%) of the cases with an average ratio of 1.57.

An average ratio of 1.10 was found within the group of pa-

tients (n ¼ 59, 27%) with normal ESR1/CEN-6 ratio. Examples

of ESR1 gene amplification and deletion are illustrated in

Figures 1A and B.

The distribution of deletions, gains and amplifications

according to ploidy level is seen in Table 4. The background
Table 3 e Patient and tumor characteristics by ESR1 gene status includin
ratio, ESR1 copy number, CEN-6 copy number, ER DCC and ER IHC.

Patient and tumor characteristics by ESR1 copy number status

Variable ESR1
Deletion
(<0.80)

ES
Nor

(0.80e

ESR1 gene status:

primary tumor

N ¼ 220 (%)

70 (32%) 59 (

Average ESR1/CEN-6

Ratio

0.60 1

Average number of

ESR1/nucleus

1.63 2

Average number of

CEN-6/nucleus

2.76 2

Average ER DCC value

(fmol/mg protein)

128 1

Average percentage of ER

IHC positive cells

(N ¼ 149)

25% (51) 40%

Lymph node status:

(n pos. nodes)

0 6 9

1e3 33 37

>3 28 10

Unknown 3 3

Tumor size (mm)

0e20 20 7

21e50 35 38

>50 15 14

Histology

Ductal carcinoma 63 53

Lobular carcinoma 2 4

Other 5 2

Malignancy grade

Grade 1 13 15

Grade 2 39 30

Grade 3 15 13

Unknown 3 1
for the presented distribution of ploidy levels is described

elsewhere (Nielsen et al., 2011a). Overall aneuploidy (also re-

ferred to as polyploidy) defined asmore than three CEN-6 cop-

ies, was present in 19 (9%) tumors, very close to the frequency

of 8% described byWolff et al. (25). Five (2%) tumors had loss of

CEN-6 indicatingmonosomy (haploid CEN-6 copy number), all

being ESR1 amplified tumors. ESR1 gain was solely observed in

diploid tumorswhereas ESR1 normal copy numberswere seen

in diploid, triploid and tetraploid tumors. ESR1 deletions were

restricted to triploid, tetraploid and higher ploidy levels while

amplifications were only observed in haploid and diploid

tumors.

3.3. ESR1 FISH compared to ER expression by IHC and
ER content by DCC

Table 5 shows the association between FISH, DCC and IHC.

Among the ESR1 amplified tumors, 94% were ER DCC positive

and 86%were ER IHC positive using cut-off values for DCC pos-

itivity of �10 fmol/mg protein and for IHC positivity of �10%

stained cells. Among the samples with ESR1 gain 88% were
g ESR1 gene status in accordance to average values of ESR1/CEN-6

R1
mal
<1.30)

ESR1
Gain

(1.30e<2.00)

ESR1
Amplification

(�2.00)

27%) 41 (19%) 50 (23%)

.10 1.57 3.96

.23 2.70 5.87

.04 1.73 1.55

58 232 377

(35) 52% (29) 58% (34)

4 4

23 23

14 22

0 1

9 14

24 29

8 7

39 47

2 0

0 3

6 10

29 29

6 9

0 2
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Figure 1 e Examples of ESR1 gene status in invasive breast tumors (603 objective, oil emulsion). The red ESR1 probe is labeled with Texas Red

fluorochrome and the green reference probe with fluorescein (FITC). In (A) the ESR1 gene is amplified (FISH ratio ‡ 2,00) and in (B) ESR1 gene

deletion is present (FISH ratio < 0.80).
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ER DCC positive and 78% were ER-IHC positive, thus resem-

bling ESR1 amplified tumors. Among samples with ESR1 nor-

mal status, 76% were ER DCC positive and 68% were ER-IHC

positive. The frequency of ER positive samples (DCC/IHC)

were markedly lower (64% and 39%, respectively) in the

groups of ESR1 deleted tumors.

The quantitative values of the two different ER assays were

both significantly ( p< 0.0001) correlated with ESR1 copy num-

ber. The ESR1 amplified tumors had higher average ER values

compared to ESR1 normal tumors and tumors with ESR1 gain,

while ESR1 deleted tumors had lower ER values (Table 3). This

is illustrated by Box Plots in Figures 2 and 3, which also show

that although a positive correlation exists there is a wide

range in ER protein values in each group. A broad variation

of ER DCC values was especially found in the ESR1 amplified

group ranging from 0 to 1510 fmol/mg protein with a mean

value of 377 fmol/mg protein (Table 3). The clinicopathological

characteristics according to ESR1 gene status are presented in

Table 3. No significant correlations with known prognostic

factors were observed.
3.4. ESR1 status in discordant cases between IHC and
DCC

Among 78 ER IHC negative tumors, 45 cases were ER DCC neg-

ative and 33 ER DCC positive. No significant difference was

identified with respect to ESR1 gene status ( p ¼ 0.66).
Table 4 e ESR1 gene status in accordance to ploidy levels.

Ploidy level CEN-6 copies Deletion Normal

Haploid <1.25 0 0

Diploid 1.26e<2.10 0 41

Triploid 2.10e2.93 52 17

Tetraploidy 2.94e3.77 15 1

High ploidy >3.78 3 0

Total 70 59
4. Discussion

In the present study we could confirm the existence of ampli-

fications, gains and deletions of the ESR1 gene. In addition we

found a strong positive correlation between ESR1 gene level

and ER content byDCC and between ESR1 gene level and ER ex-

pression by IHC ( p < 0.0001). By IHC, one third of the patients

(35%) had ER negative tumors and a large fraction of these tu-

mors had ESR1 deletion (55%). Similarly, 53% of the tumors,

which were classified as ER negative after DCC analysis, had

ESR1 deletion. Also, ESR1 gain or amplification was observed

in tumors classified as ER negative by IHC or by DCC analysis

but only in 21% and 17% of the cases, respectively. ESR1 ampli-

fication was most frequent in tumors with more than 75% ER

positive cells or high ER level determined by the DCC method,

35%and33%of the cases, respectively. Ourdata suggest a close

association between genetic alterations in the ESR1 gene and

ER protein content as measured by DCC or IHC.

The strength of the study is the availability of ER protein

measurements from two different methods. Although the

samples were collected more than 15 years ago, ESR1 FISH

analysis was successful in 86% of the samples available. The

limitations concerns the fact that the results of ER IHC were

reported with the percentage positive cells for only 149 of

the patients analyzed, but fortunately we could show that

the classification in ER positive and negative tumors yielded

similar results.
Gain Amplification All patients Percentage

0 5 5 2%

41 45 127 58%

0 0 69 31%

0 0 16 7%

0 0 3 1%

41 50 220 100%

http://dx.doi.org/10.1016/j.molonc.2012.04.003
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Table 5 e ER DCC and ER IHC according to ESR1 gene status.

ESR1
Deletion
(<0.80)

ESR1
Normal

(0.80e<1.30)

ESR1
Gain

(1.30e<2.00)

ESR1
Amplification

(�2.00)

Total

ER DCC negative

(<10 fmol/mg protein)

25 (36%) 14 (24%) 5 (12%) 3 (6%) 47

ER DCC low positive

(10e107 fmol/mg protein)

23 (33%) 22 (37%) 10 (24%) 12 (24%) 67

ER DCC high positive

(�108 fmol/mg protein)

22 (31%) 23 (39%) 26 (63%) 35 (70%) 106

ER-IHC negative

(<10% stained cells)

43 (61%) 19 (32%) 9 (22%) 7 (14%) 78

ER IHC low positive

(10e74% stained cells)

13 (19%) 19 (32%) 20 (49%) 18 (36%) 70

ER IHC high positive

(�75% stained cells)

14 (20%) 21 (36%) 12 (29%) 25 (50%) 72

Total (N ¼ 220) 70 59 41 50

ER IHC and ER DCC

negative

24 (56%) 13 (68%) 5 (56%) 3 (43%) 45

ER DCC positive and ER

IHC negative

19 (44%) 6 (32%) 4 (44%) 4 (57%) 33

Total (N ¼ 78) 43 19 9 7
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ESR1was amplified in 23% of the tumor samples in the cur-

rent study, and this frequency is in line with previous reports

using FISH (Holst et al., 2007; Nielsen et al., 2011b; Tomita

et al., 2009). The frequency of ESR1 deletions was considerable

higher (32% versus 5%) than in our previous study of ER-IHC

positive patients (Nielsen et al., 2011b). One possible explana-

tion is that one third of the patients in the current study were

ER negative. We have previously reported elevated number of

deletions in a patient population with high number of ER neg-

ative tumors (Ejlertsen et al., 2007). Thus ESR1 deleted tumors

might constitute a unique group with respect to protein

content.
Figure 2 e Boxplot illustrating ER DCC (fmol ER/mg protein)

according to ESR1/CEN-6 ratio in 220 malignant breast tumors. The

boxplot visualizes the significant positive correlation ( p < 0.0001)

between the amount of ER protein measured by DCC and ESR1 ratio

measured by FISH.
The FISH technique seems to be particular suited for detec-

tion of low level amplifications and deletions, while other

techniques (Albertson, 2008; Brown et al., 2008; Drury et al.,

2007; Horlings et al., 2008; Moelans et al., 2010b; Reis-Filho

et al., 2008; Vincent-Salomon et al., 2008) seem to underesti-

mate the frequency of amplifications and miss the deletions

(Albertson, 2008). Only two studies have made direct compar-

ison between ESR1 FISH and other techniques (Moelans et al.,

2010b; Tomita et al., 2009). In one study the number of ampli-

fications was 23% by FISH analysis and 1% by quantitative PCR

analysis (Tomita et al., 2009) while the other showed a de-

crease from 12.5% amplifications by FISH to only 2% by the
Figure 3 e Boxplot illustrating ER IHC (% positive tumors cells)

according to ESR1 ratio in 149 patients. The boxplot visualizes

the significant positive correlation ( p < 0.0001) between the

amount of ER protein measured by IHC and ESR1 ratio measured

by FISH.

http://dx.doi.org/10.1016/j.molonc.2012.04.003
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multiplex ligation-dependent probe method (Moelans et al.,

2010b). Thus, the FISH analysis appears to be the most sensi-

tive technique, particularly for detection of low level amplifi-

cations. Assay comparison is often based on the high level

amplified HER2 gene (Moelans et al., 2010a), but results from

HER2 assays seem not easily transferred to other genes. ERS1

FISH signals have recently been described as homogeneously

staining regions with fuzzy and cloudy appearance (Ooi

et al., 2011). We cannot recognize this description of FISH sig-

nals in our series of samples where fuzzy and cloudy signals

were considered as unsuccessful FISH analysis. An explana-

tion to this difference in appearance of signals could either

be the difference in probe length or the tissue fixation time.

Our study demonstrates a statistically significant correla-

tion between ESR1 gene level and ER protein content mea-

sured by both DCC and IHC. Although ESR1 amplification

and gain are associated with higher ER IHC expression and

ER DCC content in the majority of the ESR1 enriched tumors,

while only approximately one third of the IHC or DCC positive

tumors have increased ESR1 gene copy number. This relation

between gene copy numbers and protein content corresponds

to the one found for the TOP2A gene and protein (Callagy et al.,

2005). In contrast, seven (14%) of the ESR1 amplified tumors

were ER IHC negative, but four of these tumors had positive

ER DCC values. Only three (6%) of the ESR1 amplified tumors

were DCC negative. Apart from the differences in ESR1 copy

number the identified discrepant tumor values might be

explained by variation in sensitivity between methods or by

tumor heterogeneity. Finally, the cut-off value for ER IHC in

this study was �10% positive tumor cells. This might explain

some of the discrepancy as well since a few of the tumors

with low DCC values and negative ER IHC might have positive

reaction in 1e9% of the tumor cells. However, only a minor

fraction (5%) of patients samples show positive staining in

1e9% of the tumor cells (Iwamoto et al., 2012).

Disagreement on the clinical impact of ERS1 amplifications

has been reported as two studies find correlation between

ESR1 amplification and improved survival (Holst et al., 2007;

Tomita et al., 2009) while a third study (Nielsen et al., 2011b)

reports that ESR1 amplification was significantly associated

with poor survival. Recently Ejlertsen et al. (2011) found that

ESR1 amplificationwas correlated to poor disease free survival

in a sub-group of patients enrolled in the BIG-98 trial. However

in multivariate analysis ESR1 gene status did not provide sig-

nificant prognostic nor predictive information for this specific

population of ER positive patients randomized to endocrine

treatment with either tamoxifen or letrozole.

The highest values of ER DCC (�108 fmol/mg protein) have

been associated with the worst prognosis but also with the

greatest benefit from adjuvant treatment with tamoxifen

(Thorpe et al., 1993). Since the average value of both ER IHC

and ER DCC in the present study is increased according to

ESR1 gene status one could speculate that the patients with

both ESR1 gene amplification and high protein expression/

content benefit most from tamoxifen treatment. However,

since we observed major variations in ER content and immu-

noreactivity within every ESR1 group, high protein expression

is not always the result of amplification and other mecha-

nisms than gene aberrations seem to contribute (Dunbier

et al., 2011).
In conclusion, we observed a close association between

ESR1 gene copy number and ER protein content measured by

ER DCC as well as by IHC. Both amplification and gain of

ESR1 was associated with highly elevated ER protein levels

and a large fraction of ER negative tumors had ESR1 deletion.
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