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ABSTRACT

Chromosomal instability (CIN) is a major characteristic of many cancers. We investigated
whether putatively functional single nucleotide polymorphisms (SNPs) in genes related
to CIN (CENPF, ESPL1, NEK2, PTTG1, ZWILCH, ZWINT) affect breast cancer (BC) risk and clin-
ical outcome in a Swedish cohort of 749 incident BC cases with detailed clinical data and up
to 15 years of follow-up and 1493 matched controls. As a main observation, carriers of the A
allele of the CENPF SNP rs438034 had a worse BC-specific survival compared to the wild type
genotype GG carriers (hazard ratio (HR) 2.65, 95% confidence interval (CI) 1.19-5.90),
although they were less likely to have regional lymph node metastases (odds ratio (OR)
0.71, 95% CI 0.51-1.01) and tumours of stage II-IV (OR 0.73, 95% CI 0.54-0.99). As there is
increasing evidence that CENPF is associated with poor prognosis in patients with primary
BC, further independent studies are needed to clarify the importance of genetic variation in
the CENPF gene in the clinic.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

of oncogenes.>®”# Additionally, alterations in the gene
expression caused by CIN can increase cell proliferation or de-

Chromosomal instability (CIN) leading to an aberrant chromo-
some number has been recognised as a hallmark of human
cancer.' However, the molecular mechanisms underlying
CIN are poorly understood.*® They include defects in chro-
mosomal segregation, telomere stability, DNA damage re-
sponse as well as defects in checkpoints preventing the
reproduction of abnormal cells. CIN is supposed to contribute
to tumourigenesis through accelerating the rate of loss of het-
erozygosity of tumour suppressor genes or the amplification

crease cell death, which are essential processes for tumour
development and progression.®’

Carter and colleagues have described a gene expression
signature of aneuploidy as a significant predictor of poor clin-
ical outcome in tumours of the breast, lung and brain.’ A
ranking of genes correlating with the high levels of CIN con-
tains several key regulators of replication and segregation of
chromosomes, including the genes ESPL1 (extra spindle
poles-like 1, separase), NEK2 (never in mitosis gene A-related
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kinase 2), PTTG1 (pituitary tumour-transforming gene 1, secu-
rin) and ZWINT (ZW10 interactor). Moreover, Perez de Castro
and colleagues have described genes known as mitotic regu-
lators which are mutated and over-expressed in various CIN
cancers.'”® Among them are the CENPF (centromere protein
F), ESPL1, NEK2, PTTG1, ZWILCH and ZWINT genes, respec-
tively. Importantly, in those tumour types where CIN is pres-
ent, there is a significant correlation between the CIN
phenotype and poor prognosis, suggesting that chromosome
imbalances specifically contribute to aggressive or metastatic
cancer.” In another study, the association between gene
expression and breast tumour copy number aberrations in
genes belonging to one or more of the categories DNA replica-
tion, DNA damage/repair, cell cycle, mitosis, centrosome and
telomere has been assessed.’ In particular, Fridlyand and
colleagues observed that many genes which maintain gen-
ome integrity are over-expressed and direct targets of E2F?
This fact supports the hypothesis that the deregulation of
the Rb/E2F pathway is a major contributor to CIN in breast
tumours.

Traditional prognostic factors, such as tumour size, grade
and lymph node metastasis status, are still the most impor-
tant prognostic factors for long-term survival in breast cancer
(BC), although recent gene expression profiling studies have
provided a new tool for the prediction of BC prognosis.’? Also
inherited genetic variation can affect both individual’s risk of
BC™ and survival in BC.**** As CIN can contribute to both
tumourigenesis® and cancer prognosis,”’® genetic variation
in CIN genes may affect BC susceptibility and prognosis. In
our previous study we investigated the effect of nine puta-
tively functional single nucleotide polymorphisms (SNPs) in
six major spindle checkpoint genes (BUB1B, BUB3, CENPE,
MAD2L1, MAD2L2, TTK) on familial BC risk in a German popu-
lation.’ Our results of no association between the studied
SNPs and the risk of BC suggest that genetic variation in the
mitotic checkpoint genes is not functionally relevant in the
assessment of BC and rather may have an effect on cancer
progression and prognosis.

For the present study, we selected six genes involved in
different steps of mitosis that have been shown to correlate
with CIN: CENPF, ESPL1, NEK2, PTTG1, ZWILCH, ZWINT.>**
We screened the regulatory and the coding regions for puta-
tively functional SNPs and selected six SNPs for further anal-
ysis by genotyping. We used a large Swedish study population
with detailed clinical data and a follow-up time of up to 15
years.

2. Materials and methods

2.1. Study population

The analyses were performed on DNA from 749 Swedish BC
cases together with 1493 controls. The cases with the age
and gender matched controls were drawn from the popula-
tion-based Vésterbotten intervention project and the mam-
mary screening project, which contain blood samples
collected between January 1990 and January 2001 from an eth-
nically homogenous population living in a geographically de-
fined region in North Sweden.” Prospective cases were
identified from the cohorts by record linkage to the regional

cancer registry. The controls were selected from the same co-
hort as the corresponding case. They were matched with the
case by age at baseline (+/- 6 months) and the time of sam-
pling (+/- 2 months). The controls had to be alive at the time
of diagnosis of the corresponding case and without any previ-
ous cancer diagnosis, except carcinoma in situ of cervix uteri.
All participants gave an informed consent to the use of their
samples for research purpose. The blood samples were stored
at -80 °C until the time of sample selection and DNA isolation
for genotyping analyses. After dividing the samples randomly
on the 96-well plates, whole genome amplification (WGA) was
performed with the GenomiPhi DNA amplification kit (Amer-
sham Biosciences, Piscataway, NJ) according to the method
described by Wong and colleagues.'® using ®29 DNA polymer-
ase as described by Paez and colleagues.'® The amplification

Table 1 - Characteristics of the Swedish breast cancer
samples at the time of diagnosis.

Characteristics Breast cancer patients,

n (%)

58.1 (30.9-76.1, 8.7)

Age at diagnosis, mean (range, SD)

Oestrogen receptor (ER)

Positive 200 (26.7)
Negative 80 (10.7)
Missing data 469 (62.6)
Progesterone receptor (PR)

Positive 177 (23.6)
Negative 97 (13.0)
Missing data 475 (63.4)
Hormone receptor combination

ER+/PR+ 164 (21.9)
ER+/PR- 31 (4.1)
ER-/PR+ 13 (1.7)
ER-/PR- 66 (8.8)
Missing data 475 (63.5)
Tumour size in cm

<2cm 486 (64.9)
>2 cm 214 (28.6)
Missing data 49 (6.5)
Histologic grade

1 155 (20.7)
2 342 (45.7)
3 215 (28.7)
Missing data 37 (4.9)
Regional lymph node metastasis

Negative 450 (60.1)
Positive 209 (27.9)
Missing data 90 (12.0)
Stage at diagnosis

0 2 (0.3)

I 392 (52.3)
il 310 (41.4)
111 25 (3.3)
v 14 (1.9)
Missing data 6 (0.8)
Distant metastasis

Negative 728 (97.2)
Positive 13 (1.7)
Missing data 8 (1.1)
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results were controlled by genotyping two frequent SNPs
using TagMan allelic discrimination assays. The SNPs had
been genotyped previously using the original genomic DNA.
Less than 0.10% of the WGA genotypes could not be deter-
mined or did not agree with the data of the genomic DNA.
Genotyping was performed blinded by the case-control status
of each sample using WGA DNA.

Clinical data for the BC cases were retrieved from the reg-
istry managed by the Northern Sweden Breast Cancer Group
(Table 1). Follow-up was performed until 26th April 2007.
Information about the date of death was collected from the
Swedish population register with a BC-specific follow-up until
31st December 2004. The median follow-up time for BC-spe-
cific survival was 4.7 years. The study was approved by the
ethical committee of Karolinska Institute Syd and Umea
University.

2.2.  SNP screening by sequencing

Genomic DNA from blood from a randomly chosen set of 32
Swedish BC samples was used to screen by sequencing the
promoters, up to —1000 bp from transcription start site, re-
ported non-synonymous coding SNPs (NCBI dbSNP) and the
3'UTRs in six genes related to CIN (CENPF, ESPL1, NEK2, PTTGI,
ZWILCH and ZWINT). Primer sequences are available from the
corresponding author on request.

To identify putative transcription factor binding sites we
used the TESS - Transcription Element Search System data-
base (http://www.cbil.upenn.edu/tess/). The PolyPhen data-
base (http://genetics.bwh.harvard.edu/pph/) was used to
predict a possible impact of an amino acid substitution on

the structure and function of human proteins. Putative
miRNA binding sites in the 3'UTRs were determined using
the online available tools microlnspector (http:/mir-
na.imbb.forth.gr/microinspector/) and TargetScan (http://
www.targetscan.org/).

2.3.  TaqMan allelic discrimination

The TagMan allelic discrimination method was used to geno-
type the six selected SNPs as described previously.?° The Tag-
Man assays (Assay-on-demand) were ordered from Applied
Biosystems (Foster City, CA, USA). Call rates for genotyping
ranged between 96.9% and 99.1%. The large sample set for
genotyping contained 104 duplicate samples (four duplicates
on each 96-well plate) which represent approximately 5% of
all samples. The genotypes of the duplicates showed 100%
concordance.

2.4.  Statistical analysis

The observed genotype frequencies in the controls were
tested for Hardy-Weinberg equilibrium (HWE) using the
test. Statistical significance for the differences in the geno-
type frequencies between the BC cases and the controls was
determined by the Wald y? test of heterogeneity with two de-
grees of freedom. The linkage disequilibrium (LD) between
the SNPs was evaluated with the Haploview software.?! Odds
ratios (ORs) and 95% confidence intervals (95% Cls) for associ-
ation between genotypes and BC risk and tumour characteris-
tics were calculated by logistic regression (PROC LOGISTIC,
SAS Version 9.1; SAS Institute, Cary, NC). For a polymorphism

Table 2 - Verified SNPs in the promoter, the coding region and the 3'UTR of genes related to CIN. Verification was done by

sequencing 32 randomly selected BC samples. SNPs included in further analyses are typed in bold.

Gene SNP Variation wt/wt wt/var var/var Region Putative effect
reference ID

CENPF 153748691 [C/G] 26 5 0 5'UTR Putative transcription factor binding sites
152070065 [C/q] 26 5 0 Exon 11 Benign amino acid change [His/Gln]
152666839 [G/A] 22 5 0 Exon 12 Benign amino acid change [Ala/Thr]
rs335524 [G/A] 17 2 10 Exon 16 Unknown amino acid change [Arg/Gln]
rs438034 [G/A] 10 16 5 Exon 18 Unknown amino acid change [Arg/GIn]

ESPL1 151976938 [T/C] 6 5 1 Promoter Putative transcription factor binding sites
156580941 [C/T] 11 1 Promoter Putative transcription factor binding sites
156580942 [A/C] 13 12 3 Exon 1 Damaging amino acid change [Ala/Asp]
rs1318648 [A/C] 12 15 4 Exon 7 Damaging amino acid change [Ser/Arg]
151056692 [A/G] 13 13 3 3'UTR No predicted effect

NEK2 15701927 [G/T] 12 7 1 Promoter No predicted effect
1s701928 [T/A] 15 11 2 Promoter Putative transcription factor binding sites
1510429965 [A/G] 21 7 1 Exon 7 Benign amino acid change [Asn/Ser]
1s894852 [C/T] 17 11 1 3'UTR No predicted effect

PTTG1 151862392 [T/A] 15 13 3 Promoter Putative transcription factor binding sites
151862391 [A/C] 14 13 3 Promoter No predicted effect, in LD with rs1862392
1$2961952 [G/A] 20 8 2 3'UTR No predicted effect

ZWILCH 1s3087660 [A/G] 11 13 4 5'UTR No predicted effect

ZWINT new [C/A] 13 14 3 5'UTR: -819 bp Putative transcription factor binding sites

from ATG

152241666 [G/A] 10 14 7 Exon 6 Benign amino acid change [Arg/Gly]
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with a variant allele frequency between 25% and 45%, the
study had greater than 90% power to detect an OR of 1.40 at
a significance level of 0.05 (PS — software for power and sam-
ple size calculation, http://biostat.mc.vanderbilt.edu/twiki/
bin/view/Main/PowerSampleSize). The survival curves for
BC-specific survival were derived by the Kaplan-Meier meth-
od (PROC LIFETEST, SAS Version 9.1, SAS Institute). The rela-
tive risk of death by BC was estimated as hazard ratio (HR)
using Cox regression (PROC PHREG, SAS Version 9.1, SAS Insti-
tute). Censoring events were death by another cause than BC,
moving out of the study and 31st December 2004. The HRs
were also calculated within subgroups of cases with a similar
manifestation of a clinical factor. Furthermore, the hazard ra-
tio for the overall risk was adjusted for the clinical factors
(oestrogen receptor status, progesterone receptor status, tu-
mour size, lymph node metastasis, histologic grade) to deter-
mine the value of the genotypes as an independent
prognostic marker.

3. Results

3.1.  Selection of SNPs

A randomly chosen set of 32 Swedish BC samples was
screened to verify SNPs in the chosen genes CENPF, ESPL1,
NEK2, PTTG1, ZWILCH and ZWINT. The promoter regions and
the 3'UTRs of all genes were sequenced, as well as the re-

ported non-synonymous coding SNPs (NCBI dbSNP) in the
CENPF, ESPL1, NEK2 and ZWINT genes, respectively. Table 2
shows the SNPs verified in the investigated gene regions in
our small sample set. In the procedure of selecting SNPs for
genotyping also the LD data derived from our sequenced SNPs
and from the public HapMap database were taken into ac-
count. A total of six SNPs were selected for genotyping in
the Swedish study population (CENPF: rs438034, ESPLI:
rs6580941, NEK2: rs701928, PTTGI1: rs1862392, ZWILCH:
153087660, ZWINT: 1s2241666).

According to the HapMap data, the SNPs in the CENPF,
ESPL1, NEK2 and PTTG1 gene, respectively, are in high LD
forming only one big haploblock (Supplementary Fig. 1A-D).
Since this was in compliance with our sequencing results,
we selected one SNP in each gene for further investigation.
The ZWILCH gene is divided into two big haploblocks which
are separated by a region of low LD (Supplementary Fig. 1E).
Within the sequenced regions we could confirm only one
SNP in the 5'UTR located in the first haploblock and selected
it for genotyping. In the 5'UTR region of the ZWINT gene we
detected a new frequent SNP 819 bp upstream of the transla-
tion start. However, no TagMan genotyping assay could be de-
signed for this SNP. Since no other promoter SNPs could be
confirmed, and the LD within the ZWINT gene was relatively
high we selected the non-synonymous coding SNP in exon 6
which was according to our sequencing results in LD with
the newly identified SNP (D’ = 1.0, r* = 0.44).

Table 3 - Associations of the genotypes of the cases of the CENPF SNP rs438034 with tumour characteristics in the Swedish

population.

Tumour characteristics Genotypes

GG GA AA GA + AA
Oestrogen receptors
Positive 60 (30.3) 103 (52.0) 35 (17.7) 138 (69.7)
Negative 26 (32.9) 43 (43.0) 19 (24.1) 53 (67.1)
OR (95% CI) 1.00 0.76 (0.42-1.39) 1.25 (0.61-2.58) 0.89 (0.51-1.55)
Progesterone receptors
Positive 51 (29.0) 96 (54.6) 29 (16.4) 125 (71.0)
Negative 33 (34.4) 39 (40.6) 24 (25.0) 63 (65.6)
OR (95% CI) 1.00 0.63 (0.36-1.12) 1.28 (0.64-2.57) 1.09 (0.33-3.58)
Tumour size
<20 mm 157 (32.6) 247 (51.2) 78 (16.2) 325 (67.4)
>20 mm 74 (35.2) 94 (44.8) 42 (20.0) 136 (64.8)
OR (95% CI) 1.00 0.81 (0.56-1.16) 1.14 (0.72-1.82) 0.89 (0.63-1.25)
Histologic grade
1+2 156 (31.8) 256 (52.1) 79 (16.1) 335 (68.2)
3 73 (34.4) 93 (43.7) 47 (22.1) 140 (65.7)
OR (95% CI) 1.00 0.78 (0.54-1.12) 1.27 (0.81-2.01) 0.89 (0.64-1.26)
Regional lymph node metastasis
Negative 136 (30.6) 231 (51.9) 78 (17.5) 309 (69.4)
Positive 79 (38.2) 90 (43.5) 38 (18.3) 128 (61.8)
OR (95% CI) 1.00 0.67 (0.46-0.97) 0.84 (0.52-1.35) 0.71 (0.51-1.01)
Stage
0+1 115 (29.4) 213 (54.5) 63 (16.1) 276 (70.6)
T-1V 125 (36.3) 151 (41.5) 68 (19.8) 219 (63.7)
OR (95% CI) 1.00 0.65 (0.47-0.91) 0.99 (0.65-1.52) 0.73 (0.54-0.99)

Because of missing clinical data, the numbers of cases vary and do not add to 100% of subjects. OR, odds ratio; 95% CI, 95% confidence interval.
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3.2.  No association of SNPs with BC susceptibility

No differences in the allele or genotype frequencies between
the BC cases and the controls were detected (Supplementary
Table 1). For the SNP rs3087660 (ZWILCH) the controls deviated
slightly from the HWE (P = 0.001). However, as for the other
SNPs, the allele and genotype frequencies were approxi-
mately concordant with the ones published for Caucasians
in the HapMap database.

tumour

3.3.  Association of SNPs with breast

characteristics at the time of diagnosis

When we stratified the BC cases by the tumour characteristics
listed in Table 1, few associations were observed. For the SNP
rs438034 in the CENPF gene, the carriers of the A allele were
less likely to have regional lymph node metastases (OR 0.71,
95% CI 0.51-1.01) and tumours of stage II-IV (OR 0.73, 95% CI
0.54-0.99) than the carriers of the wild type (WT) genotype
(Table 3).

For the SNP rs1862392 in the PTTG1 gene, the carriers of
the TA genotype had more often regional lymph node metas-
tasis positive tumours than the carriers of the WT genotype
(OR 1.50, 95% CI 1.05-2.14) (Supplementary Table 2). Also the
carriers of the AG genotype of the SNP rs3087660 (ZWILCH)
had more often oestrogen receptor positive tumours than

Table 4 - Breast cancer-specific survival of the selected
SNPs in all cases.

Survival analysis

Gene Genotype Breast cancer-specific survival
Nan  Naiea (%) HR (95% CI)
CENPF
15438034 GG 234 10 (4.3) 1.00
GA 351 26 (7.4) 1.64 (0.79-3.40)
AA 126 15 (11.9) 2.65 (1.19-5.90)
ESPL1
156580941 cc 323 18 (5.6) 1.00
CT 208 22 (7.4) 1.30 (0.70-2.42)
TT 85 9 (10.6) 1.96 (0.88-4.36)
NEK2
15701928 TT 379 24 (6.3) 1.00
TA 272 23 (8.5) 1.39 (0.78-2.46)
AA 53 4(7.8) 1.20 (0.42-3.47)
PTTG1
1s1862392  TT 315 23(7.3) 1.00
TA 313 18 (5.7) 0.83 (0.45-1.53)
AA 77 8 (11.0) 1.51 (0.68-3.38)
ZWILCH
153087660 AA 238 16 (6.7) 1.00
AG 330 27 (8.2) 1.18 (0.64-2.20)
@@ 128 4 (3.) 0.45 (0.15-1.35)
ZWINT
12241666 GG 277 22(7.9) 1.00
GA 323 21 (6.5) 0.79 (0.44-1.44)
AA 112 8(7.1) 1.02 (0.46-2.30)

HR, hazard ratio; 95% CI, 95% confidence interval.

the carriers of the WT genotype (OR 0.52, 95% CI 0.28-0.95)
(Supplementary Table 2). However, for the PTTG1 and the
ZWILCH SNPs the rare homozygous genotype frequencies
did not differ between the cases and the controls.

3.4.  Association with BC-specific survival

The survival analysis stratified by the genotypes of the stud-
ied SNPs in all cases showed that the carriers of the AA geno-
type of the SNP rs438034 in the CENPF gene had worse BC-
specific survival compared to the WT genotype carriers (HR
2.65, 95% CI 1.19-5.90) (Table 4, Fig. 1A). The other investigated
SNPs were not associated with survival. For the SNP rs438034
(CENPF) we further examined the BC-specific survival in rela-
tion to the tumour characteristics (Supplementary Table 3).
The survival was worst in women with the GA and AA geno-
types, when they had tumours larger than 2 cm (HR 5.11, 95%
CI 1.46-17.85; HR 4.73, 95% CI 1.28-17.51) (Fig. 1B). This effect
was also observed in the higher stage tumours (HR 2.25, 95%
CI 0.99-5.11; HR 2.97, 95% CI 1.24-7.08) (Fig. 1C). In the multi-
variate analysis, adjusting for all clinical markers of the tu-
mours, the A allele carrier status was significantly
associated with survival both when we included (HR 3.41,
95% CI 1.29-9.00) and excluded hormone receptor status (HR
2.48 95% CI 1.19-5.17) from the analysis (Table 5), indicating
the value of the CENPF SNP rs438034 as an independent prog-
nostic marker.

4, Discussion

Functional polymorphisms, which have an effect on the regu-
lation of gene expression or on the coded protein, can con-
tribute to the differences between individuals in
susceptibility to and severity of a disease. Many cancers show
CIN, i.e. they frequently lose and gain whole chromosomes
during cell divisions. Chromosomal unstable cancers are
likely to have a poorer prognosis than diploid cancers and
the degree of aneuploidy correlates with the severity of the
disease.? Although unscheduled cell proliferation is usually
promoted by alterations of direct regulators of mitotis, recent
studies have identified several mitotic proteins that are differ-
entially expressed in various types of cancers.”*! Based on
these findings, we selected six genes related to CIN, to evalu-
ate whether genetic variation in these genes affects BC risk or
prognosis.

We detected several common SNPs in the promoter, the
coding region and the 3'UTR of the investigated genes, many
of them having a potential to affect gene expression or pro-
tein function. In the ESPL1 gene, the sequenced promoter
SNPs were located within several putative transcription factor
binding sites (TESS) and the coding SNPs were predicted to
have a damaging effect on the protein structure (Polyphen),
thus giving a high biological plausibility for this gene to be in-
volved in BC. According to our screening results and the data
available by HapMap 10 of 14 SNPs were in high LD (D’ = 1.0,
r? > 0.8). As we observed no effect of the investigated SNP
16580941 on BC risk and clinical outcome, we can exclude
with a high probability any effect of genetic variation in ESPL1
on BC susceptibility and prognosis.
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Fig. 1 - Survival of the breast cancer patients according to their genotypes of the SNP rs438034 (CENPF) after diagnosis of
cancer. (a) Breast cancer-specific survival and (b-c) survival in relation to tumour size and stage II-IV, respectively.

So far, hardly any studies on polymorphisms in the inves-
tigated genes in relation to cancer risk and prognosis have
been published. Only one multigenic study on BC susceptibil-
ity has investigated 3 SNPs in the PTTG1 gene in a Taiwanese
population.?? It found an increased risk of borderline signifi-
cance for the variant genotype carriers of rs2910203 in intron
3. According to HapMap this SNP does not exist in the CEPH

population. Additionally, the HapMap data show hardly any
LD between the SNPs in the PTTG1 gene in the Asian popula-
tion. In the CEPH population, both the HapMap data and our
own sequencing results indicated high LD between the SNPs.
We investigated only one SNP rs1862392 in the promoter re-
gion of the PTTG1 gene and found no association with the risk
and clinical outcome of BC. This result suggests that genetic
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Table 5 — Multivariate analysis of hazard ratio for the SNP rs438034 (CENPF). The analyses were adjusted for all tumour

characteristics at the time of diagnosis, including and excluding hormone receptor status, respectively.

Genotype Nan Naiea (%) HR (95% CI) P value
Adjustment including hormone receptor status®

@e 82 5 (6.1) 1.00

GA 116 17 (14.6) 3.68 (1.33-10.17) 0.01
AA 49 9 (18.4) 3.01 (0.99-9.12) 0.05
GA+AA 165 26 (15.8) 3.41 (1.29-9.00) 0.01
Adjustment excluding hormone receptor status®

€e 202 9 (4.4) 1.00

GA 291 24 (8.3) 2.55 (1.17-5.54) 0.02
AA 104 12 (11.5) 2.35 (0.99-5.60) 0.05
GA+AA 395 36 (9.1) 2.48 (1.19-5.17) 0.02

HR, hazard ratio; 95% CI, 95% confidence interval.
a The median follow-up time was 6.5 years.
b The median follow-up time was 4.4 years.

variation in the PTTG1 gene does not affect BC susceptibility
or prognosis in the Caucasian population.

The main observations of our study were apparently con-
tradictory: although the carriers of the A allele of the CENPF
SNP rs438034 were less likely to have aggressive tumours of
stage II-IV with lymph node metastases, they seemed to have
worse BC-specific survival than the non-carriers. Additionally,
the strongest association between the A allele carrier status
and bad survival was observed in patients with aggressive tu-
mours (larger than 2cm and high stage tumours). The multi-
variate analysis suggested that the CENPF SNP rs438034 is
an independent prognostic marker of BC. This result should
be taken with caution, because complete clinical data were
available only for 247 patients, mainly due to the missing data
of hormone receptor status. However, even when hormone
receptor status was excluded from the analysis, this SNP
showed up as an independent prognostic marker. Addition-
ally, multivariate analysis is complicated by correlations be-
tween variables whereby causality cannot be inferred.

The role of the kinetochore protein CENPF in the mitotic
checkpoint has created controversial discussions in the
past.?® Recent studies have shown that CENPF is not an essen-
tial component of the spindle assembly checkpoint, but
rather contributes to a prolonged mitotic delay in response
to unattached kinetochores®®?* by modulating recruitment
of other checkpoint components to the kinetochores.?®

The investigated SNP rs438034 in the CENPF gene is located
in exon 18 and causes an amino acid change from arginin, a
charged polar basic amino acid, to glycin, a nonpolar amino
acid. However, no functional effect on the coded protein could
be predicted by the Polyphen prediction tool. The CENPF gene
shows a high genetic variability with 22 non-synonymous
coding SNPs. Among them, there are 15 rare SNPs with fre-
quencies <2%, 3 SNPs with a frequency <6% and 4 SNPs with
frequencies >35%. According to HapMap the common SNPs
in the CENPF gene are in relatively high LD forming one big
haploblock. The HapMap tag SNP picker tool suggests 3 tag-
ging SNPs (rs2807663, rs335524, rs376776) with a minor allele
frequency >10%. Our selected SNP is in high LD with the Hap-
Map tagging SNPs (D’ = 1.00, r* = 0.75-1.00). Therefore, the ob-
served effect may derive from other functional variants which
are in strong LD with rs438034. The SNPs with allele frequen-

cies <6% are not in LD with the common SNPs and thus can-
not explain the effect of rs438034.

CENPF contains multiple motifs and functional do-
mains.?>?® Both the investigated SNP rs438034 and the other
common, non-synonymous SNPs, which are in high LD with
1438034, are located within important functional domains
of CENPF. rs438034 is located within a nuclear localisation do-
main.?”” Moreover, CENPF contains an Rb-binding domain
which is located at the C-terminal region, 18 amino acids up-
stream of the SNP investigated in this study. The SNP
153748697 (Asn2396Asp) lies within a region of internal re-
peats and might affect CENPF-kinetochore interactions.?®
Rs335524 (Arg2729GIn) and rs7289 (Asn3106Lys) are located
in regions that have been shown to be important for spindle
pole localisation, CENPF homo- and heterodimerisation and
to contain putative chromatin binding sites, respectively.?”-?

The power of our study was high (>90%) to detect moder-
ate effects (OR > 1.4), which could be expected for SNPs se-
lected based on their predicted functionality. Additionally,
many of the SNPs were in LD with other putatively functional
SNPs. As in our previous study on polymorphisms in the mi-
totic checkpoint genes,'® no association with BC risk was ob-
served and only one SNP associated with some clinical
tumour characteristics and survival. We concentrated on re-
gions, known to contain regulatory elements and non-synon-
ymous SNPs, however, there may be rare SNPs in the screened
regions or functional SNPs in other, still unknown, regulatory
regions, which affect BC risk and clinical outcome.

In our study, the CENPF SNP was associated with worse BC-
specific survival. The CENPF protein expression has been
shown to correlate with reduced BC-specific survival, under-
lining its usefulness as a BC-specific marker of poor out-
come.?® Additionally, CENPF expression has been correlated
significantly with high telomerase activity.?’ Moreover, a sig-
nificant proportion of tumours over-expressing CENPF have
been shown to be aneuploid, strengthening the relation be-
tween CENPF and markers of CIN.?’ Our results suggest a pos-
sible role for the investigated SNP rs438034 or other SNPs in
high LD with this SNP in BC due to a differential expression
or function of the CENPF protein. Additional studies are
needed to clarify further the role of polymorphisms in the
CENPF gene in BC prognosis.
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