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Abstract

Abnormalities of chromosome 17, recognised over two decades ago to be important in
tumorigenesis, often occur in breast cancer. Changes of specific loci on chromosome 17 including
ERBBZ2amplification, P53loss, BRCAI loss, and TOPZA amplification or deletion are known to
have important roles in breast-cancer pathophysiology. Numerical aberrations of chromosome 17
are linked to breast-cancer initiation and progression, and possibly to treatment response.
However, the clinical importance of chromosome 17 anomalies, in particular the effect on ERBB2
protein expression, is unknown. Reports are conflicting regarding the association of copy gain of
chromosome 17 (polysomy 17) with strong ERBB2 protein expression in the absence of true
ERBBZ2 gene amplification. Copy-number anomalies in chromosome 17 seem to be common in
tumours that show discrepant ERBB2 expression and in tumours with discordant ERBB2-protein
and ERBBZ2 gene copy number measurements. The mechanisms of £RBBZ dosage changes—gene
amplification versus chromosome gain and loss—probably differ in primary and metastatic
disease; however, a correction for chromosome 17 copy-number is necessary to completely
distinguish between these mechanisms. A better understanding of how polysomy 17 affects gene-
copy number and protein expression will help to select patients who will respond to therapies
targeting ERBB2 and other protein products of chromosome 17 loci.
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Introduction

Changes in the number of individual whole chromosomes (aneusomy) seems to indicate
genetic instability and was first proposed to cause tumorigenesis in 1902.1 Gains
(polysomy) and losses (aneusomy) of specific chromosomes are common in breast cancer
and are respectively associated with activation of oncogenes and inactivation of tumour-
suppressor genes.2—4 Abnormalities in chromosome 17 are common in breast cancer,5
including whole chromosome and gene-copy-number anomalies, allelic losses, and
structural rearrangements shown by conventional cytogenetic and molecular cytogenetic
techniques.2,3,6,7 These chromosome abnormalities have been linked to mechanisms of
breast-cancer pathophysiology including reduced apoptosis, unchecked proliferation,
increased motility, and increased angiogenesis.4,8,9 Up to 93% of breast tumours have
whole chromosome 17 copy-number changes.10 Analytical approaches with comparative
genomic hybridisation and gene-expression profiling confirm the high proportion of whole
and regional chromosome 17 changes in breast cancer.4,5,8,9 Distinct patterns of changes
are associated with different clinicopathological features and gene-expression subtypes of
breast cancer.11

Researchers debate the clinical importance of gain in copy number of chromosome 17
(polysomy 17) in breast cancer. The effect of polysomy 17 on expression of human
epidermal-growth-factor receptor 2 (ERBB2) in £ERBBZ non-amplified breast tumours is of
particular interest (figure 1), as is its effect on treatment response to ERBB2-targeted
therapies (eg, trastuzumab, lapatinib). Figures 1 and 2 show fluorescence in-situ (FISH)
staining for ERBBZ (red signals) and chromosome 17 (green signals) in invasive breast
cancer. The tumour in figure 1 is defined as £ERBB2 non-amplified with chromosome 17
polysomy. A gain of signal is seen for the probe against the centromere of chromosome 17
(centromere enumerator probe 17 [CEP 17]). Although there seems to be a gain of signal for
the probe against ERBBZ, the ERBBZ signal is not increased with respect to the number of
CEP 17 signals. About 97% of cells displayed three or more CEP17 signals with a resultant
ERBBZ.CEP17 ratio of 1-10. Figure 2 shows a gain of signal for ERBBZ2 and typically two
signals per nuclei for chromosome 17. Thus, this figure shows a breast tumour with ERBB2
amplification and chromosome 17 disomy (about 5% of cells displayed 3 or more CEP17
signals with a resultant ERBBZ.CEP17 ratio of 12:23).

In addition to £RBBZ, genes involved in breast-cancer pathophysiology that are located on
chromosome 17 include tumour-suppressor genes P53 and BRCA1, and the gene for
topoisomerase lla (7OPZA; figure 3). These key genes are located in regions that are often
deleted (P53, BRCA1, TOPZA) or amplified (ERBBZ2, TOP2A). Therefore, elucidating the
effects of aneuploidy 17 copy-number changes will provide a better understanding of the
role of genetic instability in breast cancer. For example, P53 is deleted in more than 50% of
primary breast carcinomas,12-14 leading to inactivation of cellular tumour antigen P53 and
genetic instability. Increased numbers of chromosome 17 and abnormal P53 expression have
been observed simultaneously in breast-cancer cells, further evidence of an association
between loss of P53 and genetic instability of chromosome 17.15 Additionally, about 40%
of breast cancers have loss-of-heterozygosity (LOH) on the long arm of chromosome 17:12—
14 the location of possible tumour-suppressor genes, including BRCAL, prohibition (PHB),

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Reinholz et al.

Page 3

non-metastatic cells 1 (MMEI), and wingless-type MMTV integration site family member 3
(WNT3) (figure 3).

ERBBZand TOPZA are in close proximity on chromosome 17 (figure 3) and copy number
changes together in many tumours. TOPZ2A is either amplified or deleted, with equal
probability, in nearly 90% of £ERBB2-amplified primary breast tumours.16—18 By contrast,
TOP2A copy-number anomalies are rare in ERBB2Z non-amplified tumours (<7%).19,20
TOPZA deletion also affects tumours with polysomy 17, and so 7TOP2A deletion probably
happens before polysomy.18,19 Furthermore, the presence of abnormalities in both ERBB2
and 7OPZA might help to identify patients best suited to trastuzumab and anthracycline
therapies.21-24 Preliminary findings suggest that polysomy 17 affects response to
trastuzumab.25-28 Therefore, whole chromosome 17 copy-number anomalies might affect
the clinical assessment and importance of ERBB2and TOPZA amplification and protein
expression.

Although polysomy in chromosome 17 is associated with several diseases and cancers, in
this Review we focus on breast cancer. Because FISH is the prevailing technique to visualise
and quantify chromosomal anomalies, we have primarily such data. FISH methods maintain
tumour architecture and spatial relationships between cells, enabling investigation of the
genetic heterogeneity of anomalies. We discuss the relevance of different cut-off points used
to define chromosome 17 aneusomy and the implications of copy-number changes in breast
carcinogenesis. Reports of the prevalence of aneusomy 17 and its association with
prognostic factors in breast cancer are summarised. Finally, we discuss the emerging
relevance of chromosome 17 aneusomy in response to anti-ERBB2 therapies.

Identification of aneusomy 17

Definitions of aneusomy 17 differ with the threshold criteria for monosomy and polysomy
(tables 1 and 2).29-50 Setting of these thresholds is complicated not only by genomic
heterogeneity and proliferative activity of tumours, but also by the substantial nuclear
truncation resulting from tissue sectioning. Control specimens used to set these thresholds
have included human lymphocytes,29,31,33,50 cholangiocarcinoma cell-line controls,
31,51,52 benign breast-lesions or biopsies (eg, fibroadenomas, sclerosing adenosis),38,53
healthy breast tissue,30,32,36,40,54,55 and paired healthy breast tissue.36 Typically, 5-30%
of cells displayed monosomy and less than 5% displayed polysomy in healthy (control)
epithelium.10,56-58

Chromosome 17 aneusomy is typically identified with one of two methods. The first method
finds the mean number of centromere-17 signals per control cell and defines aneuploidy as
more than 3 standard deviations (SD) from this value. In the second method, the abnormal
range is determined by a pre-specified proportion of nuclei displaying a prespecified number
of abnormal centromeric signal counts. For each method, different signal counts have been
used as cut-offs, leading to large differences in the reported incidences of chromosome 17
aneusomy (tables 1 and 2).29-50
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Because the definition of chromosome-17 aneusomy is controversial, we analysed FISH data
from about 11000 breast tumours (7400 £RBBZ2 non-amplified and 3200 ERBBZ2 amplified
specimens) from the clinical ERBBZ2 database maintained by the cytogenetics laboratory at
Mayo Clinic, Rochester, MN, USA (Schroeder MJ, Jenkins RB, unpublished data). We
classified specimens by either the proportion of nuclei with three or more centromere-17
signals (to validate our polysomy 17 cutoff) or with 1 centromere-17 signal (to validate our
monosomy 17 cut-off). We compared the distribution of specimens with these classifications
with the distribution of specimens classified by the average number of centromere-17
signals. For both ERBB2-non-amplified and £RBBZ-amplified specimens, we observed two
populations separated at threshold of either greater than 30% nuclei with three or more
centromere-17 signals or an average of 2-:2 centromere-17 copies per cell, thus,
distinguishing normal and polysomic cases. We also observed that two populations were
separated at thresholds of either greater than 60% nuclei with one or more centromere-17
signals or an average of 1.4 centromere-17 copies per cell, thus, distinguishing normal and
monosomic cases. These cut-offs should be investigated and validated in other clinical trials
with ERBB2-targeted therapies.

Aneusomy 17 and breast cancer

Several studies have examined the prevalence of changes in copy number of chromosome 17
in invasive breast cancer (tables 1 and 2).29-50 Monosomy 17 is observed less often than
polysomy 17 (typically less than 15% and greater than 35%, respectively), but the
prevalence for both types of aneusomy vary greatly between studies. Reported incidences
range from 0-38% for monosomy 17 and 8-68% for polysomy 17 (tables 1 and 2).29-50
Several studies further divided polysomy 17 into low-level and high-level polysomy and
observed that low-level polysomy 17 was the more common of the two (26-43% vs5-7%;
table 1).25,35-38,40,44 The range in prevalence values is a result of different types of
material examined, different selection criteria (eg, ERBB2 immunohistochemical scores),
and the varying methods used to define thresholds of disomy, monosomy, and polysomy as
discussed above.

Aneusomy 17 in breast-cancer progression

The understanding that genetic instability can drive tumorigenesis prompted descriptive
studies that investigated genetic changes associated with early breast-neoplasia progression.
Both gains and losses of chromosome 17 happen in all stages of breast cancer, including
non-invasive (proliferative lesions), preinvasive (ductal carcinoma in situ [DCIS] and lobular
carcinoma in situ [LCIS]), and invasive breast disease (invasive ductal carcinomas [IDC];
table 3).43,51,55-58,60 Proliferative lesions were characterised mainly by borderline
chromosome losses, whereas advanced lesions (LCIS, DCIS, and IDC) were characterised
by unequivocal losses and gains. The role of aneusomy 17 in non-invasive disease is
supported by a study that found copy-number changes of chromosome 17 in 25 of 32
women with non-proliferative epithelium or hyperplasia with no evidence of invasive
disease.59
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The presence and extent of chromosome aneuploidy differed substantially between
neoplastic cells from the invasive component of a breast carcinoma and cells of the residual
preinvasive population.51,58 Furthermore, intraductal carcinomas associated with invasive
neoplasms showed a greater extent of chromosomal aneusomies than did DCIS without an
invasive component.51 Chromosomal instability might correlate (perhaps causally) with
progression of DCIS to invasive growth, suggesting that genetic instability is a pattern that
affects the likelihood of progression of early breast carcinoma.51 Paired DCIS and invasive
specimens have common and unique genetic changes, suggesting clonal diversity within the
same tumours.54,60 Indeed, distinctive, but overlapping patterns of genetic instability are
found in primary breast-tumours and adjacent uninvolved parenchyma.10

Monosomy 17 seems to be more widespread than polysomy 17 in non-invasive and low
grade in-situ carcinomas (tables 3 and 4).43,51,55-58,60 Loss of chromosome 17 has been
observed in hyperplasia and malignant lesions but not in corresponding healthy tissue,
suggesting that hyperplasia might be clinically relevant in breast-cancer development.56
Additionally, monosomy is more common than polysomy in LCIS, suggesting that subsets
of preinvasive breast neoplasia have divergent patterns of genetic instability.56,57
Monosomy of chromosomes 7, 8, 16, and 17 is more common in grade | DCIS than in grade
I11 DCIS tumours (29% [9/31 hybridisations] vs 4% [2/49 hybridisations]).51

Polysomy 17 is often seen in DCIS (tables 3 and 4),43,51,54,57,58,60 and the pattern of
chromosomal gain differs between healthy and DCIS tissues.60 Visscher and colleagues51
noted polysomy 17 in 88% (43/49 hybridisations) of grade 111 DCIS compared with none in
grade | DCIS. However, neoplasms of grade 1l DCIS had varied chromosome aneuploidy:
disomy in 38% (24/63 hybridisations), monosomy in 26% (16/63 hybridisations), and
polysomy in 36% (19/63 hybridisations) of specimens. The presence of multiple aneuploidy
patterns in DCIS supports the notion that diverse mechanisms of genetic alteration are
involved in the development of breast cancer.

The identification of copy-number changes in lesions that are potentially premalignant
supports the classification of these lesions as biologically premalignant. Moreover,
aneusomy 17 might be an intermediate biomarker of breast tumorigenesis and help to detect
patients at high risk who might gain from preventive action. The overall goal is to elucidate
the multistep mechanism of breast carcinogenesis. In specimens of preinvasive and early
invasive breast-cancer lesions, associating tumour subtype and allelotype with specific
chromosome copy-number changes, gene mutations, and gene expression will help.

Aneusomy 17 in invasive breast cancer

Polysomy 17 and ERBB2 amplification

The development of trastuzumab, an ERBB2-targeted antibody, and findings that ERBB2
overexpression and gene amplification often predict its benefit, prompted numerous
investigations of the relation between chromosome 17 monosomy and polysomy, ERBB2
amplification and non-amplification, and ERBB2 expression in invasive breast cancer (table
2).19,28,38,41-50 Reported prevalences for chromosome 17 monosomy were typically less
than 15%, irrespective of ERBB2Z amplification. Two studies did not find monosomy in any
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ERBBZ2 amplified tumours,19,44 whereas another group reported a prevalence of 49%
(49/101).38 Chromosome 17 polysomy was usually more prevalent in tumours with ERBB2
amplification (10% [1/10]-88% [7/8]) than in tumours without £RBB2 amplification (3-6%
[1/28]-55% [33/60]). In our N9831 clinical trial,28 we observed polysomy 17 in 58%
(865/1488) of £ERBBZ2amplified tumours and in 36% (70/156) of ERBBZ non-amplified
tumours.

Polysomy 17 and ERBB2 expression in the absence of ERBB2 amplification

Because ERBB2 overexpression without gene amplification has been observed in up to 10%
of breast tumours, several studies assessed the association between chromosome 17
polysomy and ERBB2 expression in tumours without £/£BB2 amplification (tables 1 and 2).
29-50 Findings were contradictory. Many studies suggest that, at least in a subset of breast
carcinoma, increases in £RBBZ2 copy number that result from polysomy 17 can lead to
protein overexpression in the absence of ERBBZamplification.37,38,40,44,46,47,61
Polysomy 17 is more common in non-amplified tumours with overexpression of ERBB2
(immunohistochemical [IHC] scores of 3+) than in tumours with no or low ERBB2
expression (IHC scores of 0-1+).37,46,61 In our N9831 study,28 among 156 patients with
ERBBZ non-amplified tumours, there is an association between polysomy 17 and ERBB2
expression. Breast tumours scored as IHC 2—-3+ were more likely to be polysomic for
chromosome 17 than tumours scored as 0-1+ (p<0-001). High polysomy (four or more
chromosome 17 signals per nucleus) seems to be more strongly associated between ERBB2
overexpression (immunohistochemical score of 3+) and chromosome 17 copy-number than
low polysomy (fewer than four chromosome 17 signals per nucleus).35

Conversely, weak associations between ERBB2 expression and £ERBBZ2 copy number have
been observed in other studies of non-amplified tumours.62,63 Several studies have found
that in the absence of £RBBZ2 gene amplification, high polysomy 17 was not associated with
ERBB?2 protein or mRNA overexpression.12,36,42,43,49,64 Molecular detection techniques
(eg, reverse transcription PCR and isotopic in-situ hybridisation) showed that ERBB2
MRNA expression was not increased in nonamplified breast tumours with polysomy 17, and
that amplification of ERBBZresulted in increased ERBB2 expression, independent of
chromosome 17 polysomy.48,50,64—66 Therefore, in the absence of amplification,
polysomy 17 does not seems to result in increased expression of ERBB2 mRNA. In
summary, whether chromosome 17 polysomy can cause of ERBB2 overexpression in the
absence of true ERBB2amplification is unclear.

Polysomy 17 might cause slight ERBB2 expression (IHC 2+) in instances of gene
amplification with FISH ratio 2—-4 or 4-6 ERBBZ copies.38,44,47 An additive effect on gene
dosage and protein expression has been seen in scenarios of high polysomy 17 (=4
chromosome 17 signals per nuclei) with gene duplication or modest gene amplification
(ERBBZICEPL1T ratio 2-3).35,43 Furthermore, many patients with IHC 2+ did not have gene
amplification but had chromosome 17 polysomy.35,67,68 Polysomy 17 has been reported in
41-86% of ERBB2 non-amplified tumours scored as IHC 2+ or 3+.37,38,40,42,44,46
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Association of polysomy 17 with prognostic factors

Genomic aberrations recurrent in a specific type of cancer can be important prognostic
markers for tumour progression. Because chromosome 17 copy-number alterations have
been repeatedly identified in preinvasive and invasive lesions (table 3),43,51,55-58,60
aneusomy 17 is a predictor of cancer aggressiveness.

Table 5 lists studies of associations between common pathological characteristics and
aneusomy of chromosome 17. Commonly examined characteristics were tumour grade,
nodal metastasis, and hormone receptor status. In general, high tumour grade was associated
with polysomy 17.10,12,31,36,39,40,51,69 However, other reports did not find this relation.
29,33,34,47,50,64 Many investigations have shown a link between polysomy 17 and lymph
node metastasis,32,47,69 although this is not always true.10,36,31,50 Monosomy 17 also
has been associated with nodal metastasis.34 The association between aneusomy 17 and
hormone-receptor status is controversial. Studies have shown that both monosomy and
polysomy were associated with oestrogen-receptor negativity.32,34,36 Results are also
inconsistent regarding links between polysomy 17 and oestrogen-receptor
positivity12,39,47,50 and tumour size.12,29,31,33,50,64 Polysomy 17 was found more often
in invasive ductal carcinomas than in invasive lobular carcinomas by use of chromogenic in-
situ hybridisation.70 Overall, it seems that aberrations of chromosome 17 copy-number are
associated with indicators of poor prognosis in certain groups of patients with breast cancer,
and that these associations might be related to differences in the £ERBB2 amplification status
of the tumour.

Chromosome 17 copy-number correction

Clinicians are interested in aneusomy 17 because of its possible effect on classification of
ERBBZ status (ie, interpretation of £ERBBZtesting), especially for tumours with differing
protein and gene measurements. Results from several studies show that polysomy 17 is
regularly seen in tumours with discrepant ERBB2 protein and gene copy number
measurements.28,35,45,46,50,61,62 Polysomy 17 (especially highly polysomic cases) seems
to cause the inconsistency in ERBBZ amplification defined by gene-copy number versus
amplification defined by the ratio of gene-copy number to chromosome-copy number.37,50
Furthermore, in most ERBBZ-positive examples (positive by either ERBB2 protein
overexpression [immunohistochemical score of 3+] or ERBBZ gene amplification [ERBBZ/
CEP17 ratio =2]), ERBB2 overexpression results from gene amplification independent of
polysomy 17—although polysomy 17 is often found with £RBBZ2 amplification. However,
in another class of ERBBZ2-positive tumours ERBB2 overexpression happens in the absence
of ERBBZamplification, and in this instance protein overexpression might result from
deregulated gene transcription and not from extra copies of chromosome 17.50,68,71
Chromosome correction is necessary to accurately identify these rare tumours that likely
have different biological characteristics than tumours with £RBBZ2 amplification.50

Reports indicate chromosome correction (chromosome copy number normalisation) as the
best method to adjust for ERBB2/neu pseudoamplification due to chromosome 17 polysomy.
45,50,71 Inclusion of the probe for the centromere gives reassurance that the chromosome
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bearing the aberrant gene is still being detected in truncated nuclei (during tissue
sectioning), and the probe serves as an independent positive control for hybridisation
reaction.45 Therefore, the copy number of chromosome 17 should be routinely examined to
show technical validity and to help distinguish between low and high ERBBZ amplification.
Chromosome correction will then help differentiate a subgroup of patients that probably
have genetic and clinical differences.50,71 These differences will affect patient selection for
ERBB2-targeted therapies and the efficacy of therapy.

Chromosome 17 and prediction of therapeutic response

In the last 3 years, investigations have begun on associations between aneusomy of
chromosome 17 and trastuzumab benefit.25-28 Preliminary findings suggest that patients
with metastatic breast cancer with £RBBZ2 amplification and chromosome 17 monosomy did
not respond to trastuzumahb.27 Our results from N9831 further suggest that patients with
primary breast cancer with ERBBZ/CEP17 ratios greater than 15, most of whom displayed
monosomy 17, did not benefit from adjuvant trastuzumab (hazard ratio 1-01).28 This implies
that aneusomy 17 might be more important in tumours with ERBB2 amplification (ratio
greater than or equal to 2) and monosomy 17 (although rare), if gene dosage is the main
mechanism of protein overexpression. For patients with high ERBBZICEP17 ratios and
monosomy 17, precautions should be taken and absolute gene copy number might be
unimportant because ratio alone might not be a reliable indicator of £RBBZ status.

Conflicting results have come from studies that addressed the question: in tumours with
ERBB?2 overexpression but without £/£BB2 amplification, does polysomy 17 predict
trastuzumab responsiveness?25,26,28 Some researchers hypothesised that polysomy 17
might not have predictive value for trastuzumab therapy and only tumours with true gene
amplification respond to trastuzumab therapy.71 Findings from two studies25,26 suggested
that that polysomy of chromosome 17 was associated with ERBB2 overexpression in
absence of ERBBZ2 amplification, indicating that polysomy 17 possibly can be used in
clinical assessment of ERBB2 status and treatment prediction for anti-ERBB2 therapies.
Three of seven patients with non-amplified tumours and ERBB2 IHC 3+ scores responded in
the WO16229 trastuzumab trial,25 and two of these patients had polysomy 17. A subset
analysis of the CALGB 9840 trial26 suggested that patients who were FISH-negative and
had polysomy 17 (defined as greater than or equal to 2:2 centromere 17 signals) possibly
responded to trastuzumab (p=0-048) but did not have significantly longer progression-free
and overall survival. However, a preliminary report from EGF3000172 found that polysomy
17 did not predict response to lapatinib; the median progression-free survival was not
significantly different between and within treatment arms based on polysomy 17.73 These
results could be interpreted to mean that polysomy 17 does not predict anti-ERBB2
treatment response, or that polysomy 17 is clinically important in the metastatic setting, but
not in the adjuvant setting. In our N9831 adjuvant trastuzumab trial,28 we reported a benefit
from trastuzumab for patients with £RBB2 amplified tumours (ratio =2-0) with either
polysomy 17 (hazard ratio 0-52) or normal chromosome 17 copy-number (0-37). Also, the
423 patients who received chemotherapy alone and had £/RBB2 amplified and polysomy 17
tumours had a longer 5-year disease-free survival rate (78%) than the 282 patients who
received chemotherapy alone and had £ERBB2 amplified and disomy 17 tumours (68%;
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p=0.04). Furthermore, our exploratory analyses showed that 5-year disease-free survival rate
for patients treated with trastuzumab with £RBB2 normal (non-amplified and IHC 0-2+)
tumours was 66% for those with polysomy 17 and 84% for disomy backgrounds.28 Because
there are so few patients with polysomy 17 in reported studies, the response of polysomic,
ERBB2-non amplified but IHC-positive tumours to trastuzumab therapy needs further
investigation. Gains and losses of chromosome 17 (and other chromosomes or regions)
might be biologically and clinically relevant for reasons other than responsiveness to anti-
ERBB?2 therapy, warranting further subset studies of large trials. At this time, we do not
recommend using polysomy 17 in treatment decisions for ERBB2-directed therapies.

Conclusion

Aneuploidy is an indication of genetic instability and might deregulate global gene
transcription in cancer cells, either by driving or inhibiting tumorigenesis.74 Accumulation
of genomic and epigenomic aberrations enables the development of breast cancer
pathophysiology. Discovery of recurrent aberrations and the genes that are deregulated by
these aberrations will aid in understanding the mechanisms of cancer formation and
progression and guide improvements in cancer diagnosis and treatment.

Abnormalities of chromosome 17 result in key changes in genes including ERBBZ2, BRCAI,
P53, and TOPZA. These changes are known to have an important role in breast-cancer
pathophysiology. Whole chromosome 17 copy-number alterations are also common in breast
cancer, but their clinical relevance is much less defined. This is partly because of the
different criteria used for classifying aneusomy (monosomy and polysomy) of chromosome
17. Non-standardised criteria also explains the wide range of incidences of aneusomy 17
reported and why conflicting evidence exists for the role of polysomy 17 in ERBB2
expression in ERBB2Znon-amplified breast tumours.

Aneusomy of chromosome 17 is observed in all stages of breast carcinogenesis and is an
indicator of poor prognosis. Chromosome 17 monosomy is more common in non-invasive
and preinvasive cancers than in invasive breast lesions. By contrast, chromosome 17
polysomy is more common in invasive than in non-invasive and preinvasive breast lesions.
Polysomy of chromosome 17 is also common in cases with equivocal ERBB2 protein
expression and £RBBZ2 gene amplification as well as in cases with discrepant ERBB2
protein and gene copy humber measurements.

Furthermore, ERBB2 overexpression in invasive breast cancer typically results from ERBBZ2
amplification independent of polysomy 17. Polysomy 17 should be distinguished from true
ERBBZ2 amplification by use of chromosome correction. Tumours with polysomy 17 seem to
be more similar to ERBBZ2-negative than to ERBB2-positive tumours.50 Polysomy 17 in the
absence of ERBBZ2 amplification has not been associated with clinical characteristics of
ERBBZ2-positive breast cancer.50,71 Chromosome 17 aneusomy might have different roles
in prediction of anti-ERBB2 treatment response for primary versus metastatic breast cancers.
Identification of chromosome 17 polysomy might be important when planning treatment
approaches targeting other amplicons or genes located on chromosome 17. Finally, it is
essential to optimise staining, normalise for chromosome 17 copy-number, and standardise
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criteria for clinical assessment and interpretation of £/RBB2 amplification. Investigators who
do FISH should be aware of aneusomy and do careful studies to validate criteria for
chromosome 17 gain and loss, 75 including comparison with healthy breast specimens from
the same sample if available. Wide ranges exist in ERBB2 expression using different
analytes (ie, DNA, RNA, and protein), suggesting the importance of other factors such as
transcription and translation regulation, tumour-cell heterogeneity, preanalytic variability, or
assay variability. Overall, the integration of molecular cytogenetics, whole-genome
screening, and gene-expression profiling will allow for more detailed investigation of the
mechanisms of chromosome aneusomy in protein expression, gene amplification, and
breast-cancer pathophysiology. This approach, combined with a review of existing clinical
trial data, will lead to improved assessment of ERBB2 status, more accurate selection of
patients for targeted therapy, and better outcomes.76

Search strategy and selection criteria

Data for this Review were identified by searches of Medline, Current Contents, and
PubMed using the search terms (alone and in combination): “polysomy 177, “breast
cancer”, “polysomy 17 and trastuzumab”, and “therapy response”. References from
relevant articles, abstracts and reports from meetings were included only when they
related directly to the scope of this Review. Articles published in English between
January, 1980, and November, 2008, were included.
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Figure 1. Fluorescent in-situ hybridisation (FISH) detection of ERBB2 non-amplification and
chromosome 17 polysomy in invasive breast cancer

Red signals represent the detection of the ERBBZ gene and the green signals represent the
detection of the centromere enumerator probe (CEP) for chromosome 17. Arrows indicate
ERBBZ2non-amplified, polysomic chromosome 17 nuclei.
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Figure 2. FISH detection of ERBB2 amplification and chromosome 17 disomy in invasive breast
cancer

Red signals represent the detection of the ERBBZ2 gene and the green signals represent the
detection of the centromere enumerator probe (CEP) for chromosome 17. Arrows indicate
ERBBZ2amplified, disomic chromosome 17 nuclei.

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Reinholz et al.

Tumour suppressor protein 53 (P53)

Neurofibromin 1 (NF1)

17¢11+2 -
17q12 Human epidermal growth factor receptor 2 (ERBB2)
17¢21+1 Topoisomerase Il alpha (TOP2A)

17¢21+2 - Signal transducer and activator of transcription 3 (STAT3)
Breast cancer 1 gene (BRCA1)

17q21+31 -
Wingless-type MMTV integration site family member 3 (WNT3)

gqigg : Non-metastatic cells 1 (NME1)
g Prohibitin (PHB)
17q22
17q23+1

BRCA1-interacting protein 1 (BRIP1)

17q23+2
7423+ Ribosomal protein S6 kinase (RPS6KB1)

17923+3
17924+1 —
17q24+2

17q24+3
17q25+1
1725+2

Baculoviral IAP repeat-containing protein 5 (BIRC!
17q25+3 P 9p 5 (BIRC5)

Figure 3. Ideogram of chromosome 17
Genes important in breast cancer are indicated.

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.

Page 17



Page 18

Reinholz et al.

‘punoj uoljeloosse ou=""

'snajonu Jad [eubls /T 8WIOSOWOIYD SPOL=SIA 90UaIa)al Ul pariodal Ajiorjdxe J0u=yN ‘pappaquis-uiyesed paxiy-uljewioj=3d- ‘aresdse a|pssu aul=yvN-

AN 86 . 9LE<
UN 9z 4SL€9TT
+€ ze Y g1 ySCT> yn ySeesed 092 608 3d44 0%(8002) [2 18 UNAH
+€ Iz JE N ¥N N uN 09 56 3d44 2(2002) [e 18 UuewjoH
AN ev §0e< o1 291< gy aN 001< oy VN4 6€(2002) I8 18 BSIyaMeL
N 8% 7S
AN ov ne
+Z7 o 4E vz 4V o 4 00z £ve Jddd 8£(9002) [2 18 BlOJOIN
+e 1 ae9LE<
- g 4SLE9TT
+€ oy 4% g YST> ey 4SCTST 09 €68 3d £€(5002) 1232 BN
ANy 98T gy 4SET> gy 4SBTSET 09 v1e 3d3 9€(€002) [ 19 SianEm
1Y ¢ ,,0Le<
- ¢y glsLegee
- ey 49T gz YOLT> gy ySCTOLT 092 68T 3d44 5€(2002) I2 30 Buem
N 8e §51< ge 207 g 4042 007-00Z a4 3d44  vE(2002) I8 18 nojnodoxeN
AN 8 §9< T 29 1y 4 0012 vl deud yonoy £6(2002) [e 18 WysH
AN L€ §0¢< zz 5 1w dN 00T< €11 VN4 2e(T002) [e 18 ojouwexnsL
AN 89 §01= 00 20 o 4 0012 69 VN4 TE(666T) B 18 SNUBINO
N v §0e< vT o #S1< gp  408< 002< 08 VN4 0€(966T) [2 19 BMBIYD]
N SS Z<SW 0§ 2Z>SW  oF  Z=SW 0012 67 VN4 62(G66T) [e 18 uolbuLLIaH
*co_ﬂoaxw
up10.d ZEGYT YHM LOIRIOSSY 95 4joInD % HOIND % oD
pa1uNco
AwosAjod Awosouo |\ Awosig Bjonu Jo JequinN suBWIads Jo JequinN  [ellerew seslg

Author Manuscript

Author Manuscript

sisjeue HS|4 Aq payewNsa Jaoued 1Sealq aAISeAUI Ul ALUOSNaUR /T SWOSOWO.IYD JO 30Us[eAdld

T alqeL

Author Manuscript

Author Manuscript

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.



Page 19

Reinholz et al.

“+€ JO $8100S [D1WAYD0ISIYOUNWIWI 29T YIM sinowny QT pue (92°€<) AwosAjod ybiy usamiag punoy sem :o:m_oo&,qt

‘AwosAjod [ans]-ybiH
¥

x

‘AwosAjod _o>m_.>>o._\\

'snajonu Jad sfeuis /T SWOSOWOIYD JO Jagquinu m.mmaeq§

*(snajonu Jad sjeubis /T swosowoIyd £ 40 g< AJjeaidA}) Swosowolyd a113us Jo uoifial d11awousd Jo ureb yim 19jonu Jo Emu_ma%

‘(snajonu Jad [eubis 2T awWOSOWO04YI T 40 0 YuM AJ[eaidA1) swosowoyd a11us Jo uoifial 91aWwo.uad Jo SSO| YIIM 18]9nu JO Ewswn_u

'snajonu Jad sfeubis g BuiAe|dsip s|j99 Jo Ewo_wn_aN

‘sinown payijduwre-uou zggy/7 ul (Aisuaiul Bulurels +£-0 se paJods) uoissaldxe zggy3 pue /T AwosAjod usamiag UOIBId0SSe 8y ]
¥

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.



Page 20

+Z uN (¥2) ¥z (9v) 85T #8< 1) ve (6v) 67 (v2) €8 7 UN N (0e) z0T #° e 10T eve
UN  (21) 89 (ne (1) 1L #&2 N UN N N uN uN dN uN £ov S ISY
AN (81) 2 (872 (87) 6 $9871< (s1) 9 (0o (en) 9 $SET> (29) 92 (28) 6 (02) s¢ $S8T-SET g 1 0S
WN  (¥€) €02 (ov) vs (se) 152 FAXAS uN uN uN uN UN dN uN N €65 Vet 12l
o
o
w7 (18 @®1) ¥1 €Dz #€2 4N N wDe N (s8) 18 (06) 22 44 (L8) €St N % 3 408 g1
S
2 ~
+€ (91 (6€) 02 (o1) 1L $& N N N N N N dN N 609 & 8. 189
O
s
o
UN (1€) 9 (65) LT (28) €5 dN uN uN uN uN (69) 08 (v ezt 14(€9) 26 dN orr = 62 SvT
5
[~
+€ (LT (88) £ (v€) 52 $E (sv)e (0o (Tv)e #7170 (89) S (€Dt (29) 9v 1 9 T 8 vL
3+
B8
WN (9T (91 (19K 2 08< KR (91 ®8)¢ 108< (09) 6 (on v (1) v1 08< §ST 2§00 e
]
£
VN (s) g€ AN AN #E° (02) zT AN AN 17 (s2) ST uN uN 1 09 £ 61 6.
=}
<
IS
N (99T (V297 (9'8)s 1< (o)1 (T9T (re)e i7 (81)§ (€9) ST (se) 0z 4 82 m vz 85
~
(%) Ndue-toN (%) Ndwy (%) NEOL HoD (%) Ndue-oN () Ndwy ()Nl Homd (o) Ndwe-oN L(WINAUY (o) Npor  pono  dweug LAWY eiop
NN
sJinown}
paii|duwe
-uou
zagya ul
uoissa dxe
zgay3
yum
uo11e100sS Y AwosAjod Awosouo |\ Awosig suBWI0ads Jo JequinN

Reinholz et al.

sisA[eue HS|H Ag pajewunss Jaoued Jseaiq paiyjdue-uou pue  paiyijdwe zggy3 sAISeAul ul Awosnaue /T SWOSOWOIYD JO &

¢ dlqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 21

Reinholz et al.

"2'Z< 0nel 1 TdIDEEgHT Se paulsp uoneoyljdw
*2ILUOSIP 8¢ 0} B4NYRI3}| WO

*(1199 Jad speubis /T awosowolyd €2 10 z< A|ea1dA1) swosowolyd ainus Jo uoibal u_EEo@._mo 10 ureB yum 19jonu
@

*(1199 Jad [eubis /T awoSOWOAY T 10 0 YIM A|[ed1dAl) awosowolyd aliua Jo uoibal o_EE@ES 10 SSO| YlIM 13]9nL
<

‘1199 J3d sjeufis /T SWOSOWO0IYD Z YIM 13]9NU JO 1B "Snajanu Jad s[eubis zs Yum 9408< :uonediyljdwe-uou Zggy/3 ‘snajonu Jad sjeubis zgg4F G< yim o\ooWh :Se paulyap uoleail|di

2

&)
"snajonu Jad s[euBISET sWOSOWOIYD JO Jaqui

"Z< ohel pue
ausb zgg&/F 7 se pauly

ale in P

10 slaquinu [enba se pauiyap AwosAjod ‘speubis /T awosowoayd> sfeubis zgga/F Se paulsp AWosouow ‘S|1ad |[e ul punoy sem sjeubis /T sWOSowolyd g 0} pajejal sjeud

se pauiyap uoneayd

@vail

"paredIpUl BSIMIBUIO SSBIUN 0°Z=< 0NRl L TdIADIZES.

ipt

"Z< [euBis /T WOSOWO0IYd apow 1o [eubis zggy/F muo:@ﬁ paulep uoea I dun

', T AwosAjod y1im paje1oosse 10U sem UoIssaldxa zggyI=VvN '9oualaal ul payodals Aj1o1jdxa Jou=yN "suswidads Jo Jaquinu=pN ‘uolediijduwe-uou Nmmmn.\ngmm.coz ‘uoneoiyldwe zg

o
e
5
<
~
WN  (6V) 29 (ev) zv (9v) vo1 18 dN uN uN uN uN uN dN uN 921 m §§6  ozz
- S
., 0ES UIe 5
S
)
dN - (98) 0L (85) 598 (05) s£6 e 08 (ce)s (e5) 62 (2v) 68 #09< (z9) 18 (28) ¥ (e€)Gz9 40955071 ggp gsyT 8881

(%) Ndwe-uoN (%) Ndwy (%) NEIOL 4HoIND (%) Ndwe-toN (%) Ndwy (%) NeIoL oD  (9%) Ndwe-oN (%) NAWY  (g0) \ feroy oo dure-uoN LAWY pejoy

sJinown)
poydure
-uou
cag43 ul
uoissa dxe
29943
yim

uo11e100sS Y AwosAjod Awosouo Awosig suBWI0ads Jo JequinN

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 22

Reinholz et al.

'snajonu Jad sjeubis g BuiAe|dsip S|1a9 Jo Jusdlad

't

*(1199 Jad speubis /T awosowolyd €2 10 z< A|ea1dA1) swosowolyd a113us Jo uoifial 91BWOIIUSI JO Ulel Yiim 13anu 4o Juasdlad

4

189 Jad sjeubis /T awosOWoIyd T 10 0 YIM A|[ea1dAl) sLOSOWOoIYd a413us 10 uoiBal J1LI8WOIIUB JO SSO| YIIM I13]oNU JO JU8dIad
¥

"paIpMs sewouldJes 1sealq 2T ay3 ul uorreindod nyis-ul [enpisal o} pasedwod a1am S|[39 BUIPRAU xx

'89Ual8)a) Ul payodal Aj1o1jdxa JON=4N "Suawidads Jo Jaquinu=N

8 0S 9 8¢ 9T BWOUIDJeD [e10Np SAISEAU|
14 S 9 4N dN T NyIsS Ul ewouldled |eong
0 o 0 o o L5 6 qo1 aN 0022 6 uosa| aniteIBHIold  §5(0002) e 38 oYLy
v LS
T vt #08< o o L08< 2 g2 £08< 00£-00T ] nys Ul ewoulored [eyona  £(0002) I8 18 Zeuswir
0TS ures
499 49v  402< 4l 46T OV 405 4SE 0PSSO 0000z 4 (SuonesIpuaAy evT) 82 NHS Ul ewoupsed [end  T6(0002) e 19 JAYISSIA
468 48L 48 40T 49 4T 0TS UED 4 (suonesIpLaAy 09) 2T musuodwiod sniseAur palied
45¢ 40 yO0e< 48 49T Ov< ylT yvE  OV>SSOT 00£-002 zT NS Ul ewourosed [a1ond  8S(666T) I8 19 Ulfspusin
0 0 € 19 HN 6 NS Ul BLIOUIDIRD Jeinqo|
z oz S 05 un 40T UreS o1 NJIS Ul BLIOUIDIED [e1on
o o 40 1 oyr 0 LOP< N 07> 5807 00£-002 9 uoise| antesaj|old  2G(966T) [e 18 JayIsSIA
dN UN dN € BLIOUIDJIBD [BIONP SAISEAU|
g oot /0I< N §¢ N 709 00z € nYIs up ewourored [ond  09(S66T) [2 18 Aydiniy
0 0 T 00T 0 0 T BWOUIDJRD Jejngn L
T 00T 0 0 0 0 T BWOUIDJ.D [e10Np SAISeAU|
0 0 0 0 0 0 T NS Ul BLIOUIDIRD JBINgoT]
T 00T 0 0 0 o /0T>UEO T NS ul ewouldled [eng
0 o 40y os LSy o5 LGP>SSOT 00002 8 uoise| sAneIeHIold  9G(v66T) [2 18 B[edIN
N % Ho-InD N % HoinD N % Ho-nd
AwosAjod Awosouo N Awosig  paIunod BPNU Jo JBgquinN suBWI0ads Jo JequinN anss|) sea.g

Author Manuscript

siIsAjeue HS|4 Aq parewnsa uoissaifoid Jaoued-1sealq ul 2T AWOSnaue JO adusjensid

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.



Page 23

Reinholz et al.

*(snajonu Jad s31doo /T SLIOSOWOIYD JO JBQLINU B|eLIBA PBUIRILOD S|[39 NowWing) Jaquinu Adod /T 8WOSOWoIyd m:owcmmeawI\\

‘SuOIESIPLIGAY UO paseq sous|eAsld !

'snajonu Jad sfeufls /T aWOSOWOIYD JO Jaquinu mmem><,m

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.



Page 24

Reinholz et al.

Author Manuscript

‘suswioads ¥N apnjoul Jou m%n_k

“PaPN[OUI 10U 8B SINOWN) PaJRIonsSe pue £ 3]qel W) SUOIESIPLIGAY usdlad
*

"90UdJa4aJ Ul pauodal Ajo1jdxa Jou=yN ‘suawidads Jo Jaquinu=N

0S 6 € 68 L € 0 0 67 TC BWOUIDIR) BAISBAU|
0 0 0 0 ¢ 0 0 0 6 0T  NMS Ul BWOUIdIED Jejngo
0S 97 0 v 0T € qC 4 124 [43 N}Is ul ewouldred [epng
0 0 0 ¢ § 0 9. €T 9 €¢ uols3| annelsijold

._.o\o N NN ._.o\o N aNN ._.g N AN

AwosAjod Awosouo |\ fwosig (N) slewoads

(g 91ge1 wouy snsal Apnis Jo uoleUIqWOD) uolssalboud Jaourd-1sealq Ul /T Awosnaue Jo Arewwns

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.



Page 25

Reinholz et al.

05(8002)
[e 19 1dwag
L1d ‘puail WN VN A\ VN A\ A\ VN 922 uspueA
07(8002)
N N N N N uN LTd°A 4N 60€ 1218 UnkH
6£(2002) ©
N N LTd A N N N LTd A 4N 2y 19 BSIyeL
79(9002) e
N N +43/VN N VN N VN UN €68 18 0be [e@
17(5002)
N VN VN LTd A N uN W\ UN ST [e 10 opl|EsS
D
9e(e00g) e
VN N -43/.1d wN N N LTd A LTdA ¥T2 18 S8l
=}
ve(e682)
3%}
LTWA N -43/.TW LTWA A VN VN N zv nojnodogeN
(@)
ee(z@e)
N -dd/LTw VN VN AL DN N VN 4N 1L 210 Wt
ze(1e8e)
1
N -dd/Ltd -43/LTW LTd A N N N YN ETT OJOWENES |
3+
15(000& I
N N N N N uN ITR A UN 82 18 JOYOSSIA
(2]
o1(0a82)
N N UN VN N N LTd A UN 82 e 1 g
1€(668T)
Bl
dN dN uN WN WN L1d°A L1d°A dN 69 snuey PN
S}
69(6667% 12
N N N LA N N A 4N 9T 19 BYUIARPY
L
0£(966T I
AN N N LTB°A N N AN »8N 901 19 BMEMIO|
12(966T) I©
UN VN VN N LTd A N LTd A UN  S§ 18 suosIad
62(S66T)
le1s
N N N 10 L\ N N 4N 6F uoiburisH
AIAINS  J01deoa8u0esafold  J01deosal usboliseO  sniels [epou Jnown]  8zis Jnown)  ABojoisiy Jnown)  apelb Jnown]  xepuloisouboud weybuinoN  suswioads Jo equinN

Author Manuscript

Author Manuscript

G 9|qeL

sonsLIsIaRIRYD [RIIBOjOYTRdODIUID YIIM UOIIRId0SSE puR /T AWosnauy

Author Manuscript

Author Manuscript




Page 26

Reinholz et al.

"sawosowolyd ajdinw jo AwosAjod yym u&m_oo%dw

*(erien10 BuiBels siselselaw ‘snyels [epou ‘az1s Jnowiny AIN.L Buisn) aBels Inowiny Yim uoiie|a1109 oN
¥

‘Aianisod 101dadal suoisisabold=+
dd “Ainebau 101dadal auoltalsabold=—yd ‘Ananisod-101daoas uabonsso=+y3 ‘Aniebau-101dadal usbosseo=—y3 ‘paredipul se (2 Tw) Awosouow 1o ‘(21d) AwosAjod ‘(2 Te) Awosnaue /T SWOSOWOIYD YlM
SISIXa UOIIRI0SSe= A "SNIe]S Jaquinu Adod /T SWOSOWOIYD UM PajeIdosse 10U Ing ApNiS Ul paulluexe d11SLIgloeIeyd=\yN ‘ddue[equil aLOSOWOoIYd=| "89ualajal ul paniodal Jou=yN ‘suswioads Jo Jaquinu=N

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Lancet Oncol. Author manuscript; available in PMC 2017 August 09.



	Abstract
	Introduction
	Identification of aneusomy 17
	Aneusomy 17 and breast cancer
	Aneusomy 17 in breast-cancer progression

	Aneusomy 17 in invasive breast cancer
	Polysomy 17 and ERBB2 amplification
	Polysomy 17 and ERBB2 expression in the absence of ERBB2 amplification

	Association of polysomy 17 with prognostic factors
	Chromosome 17 copy-number correction
	Chromosome 17 and prediction of therapeutic response
	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

