i Tomas Bata University in Zlin
Library

Single nucleotide variants in KIF14 gene may have
prognostic value in breast cancer

Citation

KRUS, Ivona, Veronika BRYNYCHOVA, Viktor HLAVAC, Radka VACLAVIKOVA, Maria KOVACOVA,
Renata KOZEVNIKOVOVA, Katerina KOPECKOVA, Jannis TORNIKIDIS, David VRANA, Jifif GATEK, and
Pavel SOUCEK. Single nucleotide variants in KIF14 gene may have prognostic value in breast
cancer. Molecular Diagnosis and Therapy [online]. vol. 26, iss. 6, Adis, 2022, p. 665 - 678 [cit.
2024-02-01]. ISSN 1177-1062. Available at
https://link.springer.com/article/10.1007/s40291-022-00616-z

DOI

https://doi.org/10.1007/s40291-022-00616-z

Permanent link

https://publikace.k.utb.cz/handle/10563/1011173

This document is the Accepted Manuscipt version of the
article that can be shared via institutional repository.

TBU Publications

M . Repository of TBU Publications

publikace.k.utb.cz



https://link.springer.com/article/10.1007/s40291-022-00616-z
https://doi.org/10.1007/s40291-022-00616-z
https://publikace.k.utb.cz/handle/10563/1011173
https://publikace.k.utb.cz/

Single Nucleotide Variants in KIF14 Gene May Have Prognostic
Value in Breast Cancer
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Abstract

Introduction Human kinesin 14 (KIF14) is one of the 70 prognostic marker genes (so-called Amsterdam
profile) previously identified by the microarray of breast carcinomas, and its high transcript expression
in tumor specimens indicates a poor prognosis for patients. We performed a pilot study to explore the
prognostic and predictive meaning of KIF14 germline genetic variability in breast cancer patients.

Methods KIF14 coding sequence, including 5' and 3' untranslated regions and overlaps to introns for
identification of splicing sites, was analyzed using next-generation sequencing in the testing set of
blood DNA samples from 105 breast cancer patients with clinical follow-up. After rigorous evaluation
of major allele frequency, haplotype blocks, in silico predicted functional aspects, expression
guantitative trait loci, and clinical associations, eight single nucleotide variants were subsequently
validated in the evaluation set of 808 patients.

Results Carriers of minor alleles G (rs17448931) or T (rs3806362) had significantly shorter overall
survival than wild type homozygotes (p =0.010 and p = 0.023, respectively) thus successfully replicating
the results of the testing set. Both associations remained significant in the multivariate Cox regression
analysis, including molecular subtype and stage as covariates (hazard ratio, HR = 1.7, 95% confidence
interval (Cl) = 1.1—2.8 for rs17448931 and HR = 1.9, Cl 1.2-3.0 for rs3806362).

Discussion In conclusion, our preliminary data suggest that minor alleles in rs17448931 and rs3806362
of KIF14 represent candidate biomarkers of poor prognosis of breast cancer patients. After pending
validation in independent populations and eventual functional characterization, these candidates
might become useful biomarkers in the clinics



1 Introduction

Breast cancer is the most commonly diagnosed cancer (2.26 million new cases in 2020 worldwide) and
the leading cause of cancer death (685 thousand) in women [1]. Therefore, robust diagnostic,
prognostic, and predictive biomarkers, enabling effective personalized therapy, are a prerequisite for
effective clinical decisions.

Cancer evolves over decades through multiple genetic and epigenetic changes in affected cells and
tissues formed during an interplay between inherited genetic background and exposome [2]. Cancer
hallmarks, signaling pathways affected during carcinogenesis, became the focus for development of
targeted therapies [3]. However, not all patients may benefit from these achievements either due to
unknown background mechanisms or to uncertain druggable targets in some tumors. Multidrug
resistance is another well-known factor, significantly complicating and regrettably frequently causing
failure of both conventional and targeted therapies. Despite the enormous success in the identification
of many genetic or biological features of resistant tumors, biomarkers allowing efficient therapy
optimization, avoiding or at least limiting resistance potential, are still missing.

Recent studies draw attention to kinesins, a superfamily of microtubule-based motor proteins with
diverse functions [4]. Kinesins participate in the intracellular transport of various cargos, including
organelles, protein complexes, chromosomes, and mRNAs, along microtubules in an adenosine
triphosphate (AT P)-dependent way [5]. Mitotic spindle formation, chromosome segregation, midbody
formation, and completion of cytokinesis represent important roles of kinesins during cell division [6-
9].

Human kinesin 14 (KIF14; OMIM: 611279) was among the 70 prognostic marker genes identified by
the microarray of breast cancer samples [10]. KIF14 overexpression in breast cancer cells with genomic
gain in the 1q chromosome region, frequently also observed in other cancers, has been reported [11],
and KIF14 transcript overexpression in tumor samples predicted poor survival in breast carcinoma
patients [12]. Higher risk of metastasis and decreased metastasis-free survival were reported in
patients with increased expression of KIF14 at the tips of the torpedo-like structures in breast
carcinomas, and in KIF14-positive cells, genes of ether lipid metabolism were highly upregulated [13].
A high KIF14 expression was also significantly associated with worse relapse-free survival in breast
cancer patients with a triple negative (TNBC) subtype [14]. Our previous studies have shown that gene
expression levels of KIF14 and its interacting partners PRC1 (protein regulating cytokinesis 1, OMIM:
603484) and CIT (citron Rho-interacting serine/threonine kinase, OMIM: 605629) are elevated in
breast and ovarian tumor tissues and are significantly associated with the survival of patients [15, 16].
On the other hand, the expression of these genes has no prognostic meaning in colorectal and
pancreatic cancers [17]. Silencing KIF14 leads to disruption of the cell cycle—suggesting its potential
use as a target for cancer therapy [18], reverses acquired resistance to protein kinase inhibitor
sorafenib [19], and in terms of conventional chemotherapy enhances the sensitivity of breast cancer
cells to docetaxel under in vitro conditions [20].

Despite the above reviewed evidence relating to clinical associations of KIF14 expression with the
clinical progress of breast cancer patients, including sensitivity to conventional and targeted therapy,
knowledge about the role of KIF14 genetic variability is virtually non-existent. With reference to
recently published data [21], this pilot study addressed the question of the prognostic or predictive
role of germline KIF14 genetic variability in breast cancer patients from a Czech population.



2 Materials and Methods
2.1 Patients

A total of 808 incident female breast cancer patients, diagnosed in two Prague region hospitals (the
Medicon PLC and the Motol University Hospital) and the Hospital Atlas in Zlin (all in the Czech
Republic), were included in the study. Patients were recruited between 2001 and 2013.

Diagnosis of all patients was confirmed histologically according to standard diagnostic procedures [22].
Hormone receptor expression was evaluated based on a 1% cut-off. Immunohistochemistry was
utilized for HER2/ERBB2 (Erb-b2 receptor tyrosine kinase 2) testing; 3+ scores were considered as
positive and 1+ as negative. In the case of 2+ scores, fluorescent in situ hybridization (FISH) was
further used for status confirmation. The cut-off between high and low expression of proliferative
marker Ki-67 was 13.25% [23]. Intrinsic breast carcinoma subtypes were classified following published
recommendations [24]. Patients underwent therapy with either neoadjuvant or adjuvant
chemotherapy or with hormonal therapy according to the actual treatment guidelines in effect at the
time of study. Detailed clinical characteristics of the patients were retrieved from medical records
(Table 1). Response to the neoadjuvant cytotoxic therapy was evaluated by the Response Evaluation
Criteria in Solid Tumors (RECIST) v1.1 [25].

2.2 Targeted Sequencing in the Testing Phase of the Study

Blood samples were collected during diagnostic procedures using tubes with KsEDTA anticoagulant.
DNA was isolated from lymphocytes using the phenol/chloroform extraction method described
earlier [26].

Our recent pharmacogenomics study provided data for 509 genes, including KIF14, by next generation
sequencing (NGS) of DNA from the blood of 105 breast cancer patients [21]. For the present study, we
extracted original raw data of KIF14 from the above-mentioned dataset, which further served as a
testing set. Briefly, reads were mapped on reference sequence hgl9 using the Burrows-Wheeler
Alignment (BWA) mem tool [27]. Base and indel recalibration, as well as short indels and single
nucleotide variants discovery and variant quality score recalibration, was done using the Genome
Analysis ToolKit GATK [28]. Variant annotation was accomplished using ANNOV AR [29]. Details of
the library preparation, target enrichment, data processing, and variant calling are provided elsewhere
[21]. Variants for subsequent validation in the evaluation set were selected using the minor allele
frequency (MAF > 0.05), construction of haplotype blocks, in silico predicted functional aspects, and
clinical associations (clinical data are provided in the Online Supplemental Material (OSM) Resource
1). Based on these criteria, eight variants were assessed in the subsequent evaluation set of patients
(n =808).



Table 1 Clinical characteristics of breast cancer patients in the evaluation set

Characieristics Patients, N (%) PES" os"
Ape 3t disgnosis, mean + S0 (years) 590 % 125 NS NS
Menopausal status NS NS
Pre menopausal W02 4{15)
Postmenopauszl a6 {75)
Tumor size (pT) 34E-12 20E-03
pT1 5547
pT2 212477
pT3 19(2)
pT4 1141}
Pl 12
Lymph node metastasis (pM) 1. TE-05 0001
Ahbsent (phil) 5094aT)
Present (pM1-3) 256433)
pix 43
Pathological stage 3.6E—10 2.6E-04
I 403 {52)
] 300 (39}
I 69 (9)
Not determined 36
Histological bype NS M5
I asive ductal carcinoma a6 (Ta)
Other type 195 (24)
Unknown T
Intrinsic molecular subty pe 34E-D 010
Luminal & 191 {27}
Lumninal B 352 (50
HER2-enriched 62 (9)
Triple-negativa'basal-like 96 (14)
Not determined 7
Pathological grade (G) 02 0003
Gl 181 {23}
G2 390 {50)
G3 B {IT)
Gix 29
Estrogen meceptor status 0Dl NS
Positive 62177
Negative 184 (23)
Mot determined 3
Progesterone e oeplor status 00 NS
Positive 584(73)
Megative 221427
Not determined 3
HERYEREE? status NS M5
Positive 193 (24)
Megative 611 {76}
Mot determined 4
Expression of Bi-&7 NS M5
Positive 347 {58)

Negative 253 {42)




Table 1 (continued)

Characteristics Patients, N (%)" PFS"
Not determined 208

Response to the neoadjuvant cytotoxic therapy NS
Complete or partial response 125 (75)
Stable disease or progression 42 (25)
No neoadjuvant therapy 641

NS non-significant
aNumber of patients with % in parentheses

bp values according to the Breslow test

2.3 Functional Predictions and Bioinformatics

All variants identified in the testing set were evaluated using the “Sorting Tolerant From Intolerant”
(SIFT) algorithm [30] and the RegulomeDB database [31]. Variants classified as “deleterious” (score
0.0-0.05) by the SIFT or with rank 1 or 2 in the RegulomeDB were selected as potentially functional
for the evaluation phase. The distribution of hap-lotypes was tested using HaploView v.4.2 program
[32] with the algorithm as published [33]. All variants in strong local linkage disequilibrium (r2 > 0.8)
were analyzed together as haplotype blocks. Expression quantitative trait loci (eQTL) were assessed
using available data for transcript levels in nonmalignant mammary tissue from a subgroup of patients
(n =20) of the testing set reported previously [16]. Transcript levels of KIF14 in tumors (n = 130) and
nonmalignant control tissues (n = 65) from available patients of the evaluation set were also used for
this comparison. In silico analysis of the candidate variants tested in the evaluation phase was
performed with the VarSome software (https:// varsome.com/).

2.4 Genotyping of KIF14 Candidate Variants in the Evaluation Phase of the Study

Variants rs12060793, rs74319334, rs17448931, rs12120084, and rs6665951 in KIF14 were assayed by
TagMan SNP Genotyping Assays (C_31277474_10, C_99738324_10, C_33326989_10, C_372014_10
and C_36796_10, respectively) using real-time PCR with ViiA7 Real-Time PCR System (Thermo Fisher
Scientific, Waltham, M A, USA). The following cycling conditions were used: initial denaturation at 95
°C for 10 min followed by 40 cycles of denaturation at 95 °C for 15 s and annealing/extension at 60 °C
for 60 s. Three additional variants in KIF14 (rs2808244, rs3806361, and rs3806362) were analyzed by
direct DNA sequencing in one 653 bp PCR product. Oligonucleotide primers (OSM Resource 2) for
sequencing were designed using the Primer3 software [34]. PCR products were generated using 50 ng
of genomic DNA in 25 ulL volume reactions containing 5 x FirePol Master Mix with 7.5 mM MgCl,, 0.2
mM dNTP, 0.25 uM each primer, and 1.25 U FirePol DNA polymerase (Solis Biodyne, Tallin, Estonia).
The PCR cycling conditions were initial denaturation at 94 °C for 2 min followed with 35 cycles of
denaturation at 94 °C for 30 s, annealing at 64 °C for 1 min, elongation at 72 °C for 90 s, and final
elongation at 72 °C for 5 min. The resulting PCR products were purified by ExoSAP-IT PCR Product
Cleanup Reagent (Thermo Fisher Scientific) according to the manufacturer's instructions and
sequenced using ABI 3730 DNA Analyzer (Applied Biosystems, Foster City, CA, USA). For sequencing
PCR, the forward primer was used. Sequencing chromatograms (OSM Resource 3) were evaluated by



the Sequencing Analyses Software v5.2 (Applied Biosystems) according to the GRCh38.p13
(NC_000001.11) reference sequence.

2.5 Statistical Analysis in the Evaluation Phase of the Study

In the first round of analyses, Hardy-Weinberg equilibrium was assessed. Consequently, associations
of variants with clinical data were evaluated for all variants with MAF > 0.05. The additive, dominant,
and recessive genetic models were used for statistical evaluation. The additive genetic model was
assessed by logistic regression and dominant and recessive models by the Pearson chi-square test.
Associations between categorized values as genotype and clinical data were analyzed using the
Pearson chi-square or two-sided Fisher’s exact test. For evaluation of continuous variables such as age
and eQTL, the Kruskal-Wallis test was used. The tested clinical variables were as follows: menopausal
status (pre- vs. post-menopausal), stage, tumor size (pT), regional lymph node involvement (pN),
histological type (invasive ductal vs. other invasive carcinomas), grade, expression of estrogen (ER),
progesterone (PR), and HER2/ ERBB2 receptors, and Ki67 (negative vs. positive). The response to the
neoadjuvant cytotoxic therapy was evaluated as partial or complete response (responders) versus
stable or progressive disease (non-responders). Progression-free survival (PFS) was defined as the
time elapsed between surgery and relapse. Overall survival (0S) was considered as the time elapsed
from surgery to the patient’s death. A study follow-up endpoint was set to 120 months (10 years), and
therefore PFS and OS data were censored at 120 months and evaluated by the Kaplan-Meier method
with the Breslow test. Further, a multivariate Cox regression analysis included variants significant in
univariate analyses and factors affecting PFS and OS. Patients lost to follow-up were excluded from
PFS analyses. The p-values are departures from twosided tests. The Benjamini-Hochberg false
discovery rate (FDR) test was used for correction of multiple testing of all new associations in the
evaluation set [35] and g < 0.05 was considered significant. Analyses were conducted in the statistical
program SPSS v16.0 (SPSS, Chicago, IL, USA).

3 Results
3.1 Subjects'Characteristics

Clinical features of the study population are shown in Table 1. The median PFS and OS were 78 months
and 84 months, respectively. Tumor size, lymph node involvement, grade, stage, and molecular
subtype were statistically significantly associated with both PFS and OS of patients in the evaluation
set and ER and PR only with PFS. Of these factors, pT and pN represent stage (TNM staging system)
and receptors and Ki67, which associates with grade [36], are used for stratification of patients into
intrinsic subtypes. Considering these facts and the size effects, stage and subtype were included in the
multivariate Cox regression as covariates.

3.2 KIF14 Germline Variability in the Testing Set of Patients

For the present study, raw data for KIF14 germline variability were extracted from the previously
published dataset [21]. Overall, 86 variants in KIF14 were identified in 105 patients with raw
sequencing data. Of these, 23 variants were below the tranche sensitivity threshold for indels (99.0%)
and thus were considered as false positives. In total, 63 variants passed the filter, 58 of which were
known and five that were novel according to dbSNP build 151 (for a list of all variants passing filters,



see OSM Resource 4). A total of 25 variants had MAF > 0.05 in the testing set. Two out of these
variants had more than 50% missing data and were excluded from further analyses (rs4304619 and
rs2794409). Finally, 23 variants were evaluated for eQTL, functional predictions, and clinical
associations. Among them, three haplotype blocks, each composed of three variants (Block 1:
rs12060793-rs74319334-rs12120084, Block 2: rs7543730-rs10753877-rs58696327, and Block 3:
rs2808238-rs10577607-rs2794410), were identified.

Taken together, eight variants (OSM Resource 5) had informative and significant eQTL, functional
predictions, or clinical associations with breast cancer characteristics in the testing set and underwent
further evaluation.

3.3 KIF14 Germline Genotyping in the Evaluation Set of Breast Cancer Patients
The genotype distribution of the KIF14 variants in the evaluation set is shown in Table 2.

Firstly, associations of rs12060793, rs74319334, rs17448931, rs6665951, rs12120084, rs2808244,
rs3806361, and rs3806362 variants with clinical features of breast cancer patients (n = 808) were
evaluated. Schematic depiction of these variants in KIF14 gene is shown in Fig. 1. The linkage
disequilibrium analysis showed that these variants can be treated as independent variants (r? < 0.8)
(OSM Resource 6).

Patients carrying the minor allele A in rs12060793 had grade 3 tumors significantly more often than
patients with the wild type GG genotype (p = 0.048), while patients with the wild C allele in rs3806362
more often had grade 3 or 2 than those bearing the rare TT genotype (p = 0.049). The association
with grade was also significant for the rs12120084 in the additive model (p = 0.036). The positive Ki67
status occurred significantly more frequently in patients with the wild type GG compared with rare AA
genotype carriers for rs12060793 (p = 0.047) and also patients with the wild type GG in rs12120084
had a Ki67 positive status more frequently than rare CC genotype carriers (p = 0.034). Patients with
the minor allele T in rs3806362 had larger tumors (pT2-4) significantly more often than wild type CC
carriers (p = 0.040).



Table 2 Distribution of evaluated candidate variants in KIF14 and their clinical associations in the evaluation set of breast

cancer patients
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Table 2 (continued)

Variani Cie oty sz Patinis Binor allale frequencies Frequency in Clindeal assoc ations
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Associations seen in the testing set and confirmed in the evaluation shown in bold
9N number of patients, NS non-significant, TN BC triple negative breast cancer

bMAF in European population according to ALFA (Allele Frequency Aggregator) [41] based on genotyping of thousands of
subjects.

Results for thirty-five patients are missing due to repeated failure of PCR amplification process
dResults for two patients are missing due to repeated failure of PCR amplification process

eFor subtype analyses, these patients were divided to non-luminal (HER2 or TNBC) versus luminal (A or B) subgroups.

Furthermore, patients with the wild type genotypes AA in rs17448931 or GG in rs2808244 had tumors
with the positive HER2/ERBB2 status significantly more often compared with minor allele G or A allele
carriers (p =0.038 andp =0.049, respectively). The distribution of rs3806361 variants in the additive
model was also significantly associated with HER2/ERBB2 status (p = 0.038). The negative PR status
was more frequent in patients with the rare CC genotype in rs6665951 compared with wild T allele
carriers (p =0.023). Moreover, patients with the minor allele A in rs3806361 more often had the PR-
negative or ER-negative tumors than wild type CC carriers (p = 0.010 and p = 0.046, respectively).

The division of breast cancer patients into intrinsic molecular subtypes yielded several significant
results. Patients with luminal A and B subtypes compared with those having TNBC or HER?2 subtypes
significantly differed in the distribution of KIF14 rs74319334 and rs3806361 genotypes. Carriers of the
minor allele A in rs74319334 significantly prevailed among patients with TNBC or HER?2 subtypes
compared with wild type TT carriers (p = 0.004). This association was similarly strong in patients with
TNBC subtype only (p = 0.006). Carriage of the minor allele A in rs3806361 compared with the wild
type CC genotype was associated with these subtypes as well (p = 0.017). Additionally, patients
bearing the wild type GG genotype in rs2808244 had the TNBC subtype significantly more often than
carriers of minor allele A (p = 0.016).

Collectively, the association between HER2/ERBB2 and KIF14 rs3806361 observed in the testing set
(p =0.047) was replicated in the evaluation set (p = 0.038) (Table 2). No new associations (observed
only in the evaluation set) passed the FDR correction for multiple testing (g = 0.0006).

3.4 The Relationship Between KIF14 Variants and Survival of Breast Cancer Patients

In the second round of analyses, associations between the distribution of variants and PFS or OS were
analyzed in the whole evaluation set of patients and then patients were also stratified according to
therapy type into adjuvant chemotherapy and hormonal therapy only treated subgroups.
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The intrinsic molecular subtypes (luminal, TNBC, and HER?2 subtypes) were used for further patient

stratification. A multivariate Cox regression analysis was employed to evaluate the influence of

potential confounding factors affecting PFS and OS (subtype and stage) in the evaluation set.

There were no statistically significant associations between KIF14 variants and PFS.



OS analysis identified that patients bearing the minor allele T in rs3806362 had significantly shorter
0S compared with wild type CC genotype carriers (p = 0.023, Fig. 2a). The Cox regression analysis
confirmed these results (p = 0.006; hazard ratio (HR) = 1.9; 95% confidence interval (CI) 1.2-3.0).
Patients with the minor allele G in rs17448931 had significantly shorter OS than wild type AA genotype
carriers (p = 0.010, Fig. 2b). This result was also confirmed by the multivariate Cox regression analysis
(p =0.028; HR =1.7,95% Cl 1.1-2.8). Both associations were also seen in the testing set of patients
(Table 2).
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Fig. 3 Kaplan-Meier overall survival plots for KIF14 variants in breast cancer patients stratified by subtype and therapy. Plot
a represents the rs17448931 variant in patients treated with adjuvant chemotherapy, b rs12060793 in the subgroup of
patients treated only with hormonal therapy, ¢ rs17448931, and d rs3806362 in the subgroup of patients with TNBC or

HER?2 subtype. Patients with the wild type genotype (full line) were compared to minor allele carriers (dashed line)

Additionally, wild type GG carriers had significantly shorter OS than patients with minor alleles A
(rs12060793) or C (rs12120084) (p = 0.014, Fig. 2¢c, and p = 0.033, Fig. 2d, respectively). However,
these results were not confirmed by the multivariate Cox regression analysis and did not pass the FDR
test (g = 0.006).

In analyses stratified by therapy, the rs17448931 was associated with OS in the subgroup of patients
treated with adjuvant chemotherapy (p = 0.048, Fig. 3a) and the rs12060793 with OS in the subgroup
of patients treated with hormonal therapy only (p = 0.015, Fig. 3b). The multivariate Cox regression
analysis and the FDR test also failed in these cases (g = 0.003).



Unlike the subgroup of patients with luminal subtypes, where no association was demonstrated, in the
subgroup of patients with TNBC or HER?2 subtype, a shorter 0S was observed in patients carrying
minor alleles G inrs17448931 (p =0.020, Fig. 3c) or T in rs3806362 (p = 0.020, Fig. 3d). Furthermore,
neither associations passed the FDR test (@ = 0.003).

We further performed an in silico analysis of the candidate variants using the VarSome software.
However, all variants were predicted to be benign according to the American College of Medical
Genetics and Genomics (ACMG). Thus, these results must be treated with caution. Human Genome
Variation Society (HGVS) nomenclature, prediction, and conservation scores are shown in Table 3.

The last step of statistical evaluation included survival analyses for the rs12060793-rs74319334-
rs12120084 haplotype block (Table 4). Patients with ATC or AT G haplotypes had longer OS than
those with other haplotypes (p = 0.041, Fig. 4a, and p = 0.049, Fig. 4b, respectively).

Table 3 In silico evaluation of candidate variants in KIF14

Variant HGVS® ACMG"  Conservation score®
rs12060793 ¢ *1104C>T Benign 0.914

rs74319334 ¢ *1074A>T Benign —0.383

rs17448931  c4353+118T>C  Benign —0.164

rs6663951 c.3096A>G Benign 0.08

rs12120084  c4897C>G Benign —0.045

rs2808244 c.-408C>A Benign —-2.014

rs3806361 c.-390G>T Benign -0.912

rs3806362 c.-387G>A Benign =3.277

9Human Genome Variation Society (HGVS) description based on NCBI Reference Sequence: NM_014875.3
bEvaluation based on the American College of Medical Genetics and Genomics (ACMG)

¢PhyloP100 score based on multiple alignments of 99 vertebrate genome sequences to the human genome. The greater the
score, the more conserved the site

Table 4 Distribution of the haplotype block in the evaluation set of breast cancer patients

Haplotype® Count Frequency, %
GTG 609 2R.8
ATC 492 232
ATG 479 226
GAG 197 93
Other” 342 6.1

Due to heterozygosity some patients fall into more than one haplo-type group
9Haplotypes composed of rs12060793, rs74319334, and rs12120084 variants

bHaplotypes with frequencies < 5% are not individually presented



Moreover, significantly longer OS was seen in grouped patients with ATC and ATG haplotypes
compared with others (p = 0.014, Fig. 4c) and in the same group of patients limited to those treated
only with hormonal therapy (p = 0.015, Fig. 4d). The multivariate Cox regression analysis and the FDR
test failed to confirm these results (g = 0.002).

In order to analyze the eQTL in the evaluation set as well, we compared eight candidate SNPs with
transcript expression in tumors and control tissues (OSM Resource 7). None of the SNPs were
associated with KIF14 expression (p > 0.05).

4 Discussion

This two-phase study explored the previously unknown clinical and prognostic significance of KIF14
germline genetic variability in female breast cancer patients. In the in silico testing phase, we used the
results of the previous study of 509 pharmacogenes and oncodrivers in 105 patients [21]. This analysis
identified 23 germline variants in KIF14 with MAF > 0.05, which we consequently evaluated for
clinical associations, eQTL, and functional predictions. As a result, we selected eight variants
(rs12060793, rs74319334, rs17448931, rs6665951, rs12120084, rs2808244, rs3806361, and
rs3806362) for the subsequent evaluation phase. Three of these variants (rs12060793, rs74319334,
and rs12120084) composed a haplotype block with 2 > 0.8.

The main results of the present study show that carriers of minor alleles G in rs17448931 or T in
rs3806362 of KIF14 have significantly poorer 0S compared with patients carrying the wild type (p =
0.010 and p = 0.023, respectively). These associations replicated the testing phase results and
remained significant in the multivariate Cox regression analysis with molecular subtype and stage as
covariates. Both variants represent the non-coding variation (intron variants) and have no established
clinical significance (absent in ClinVar, accessed on 26 June 2022). The MAF in Caucasians is 0.07-0.08
for rs17448931 and 0.09-0.11 for rs3806362 in ALFA or gnomAD databases, suggesting that smaller
studies could have missed assessing their importance. We selected both variants for evaluation due to
their significant associations with the survival of patients in the testing phase, but also for their
functional annotations as predicted by the RegulomeDB. These annotations reached a high-rank 2a for
rs3806362 and 3a for rs17448931. More specifically, the ChlP-seq in various biosamples identified 454
peaks for the rs3806362 and 73 for the rs17448931. The FAIRE-seq or DNase-seq has shown 32 results
for the rs3806362 in various cell lines. This analysis indicated 11 results for the rs17448931, of which
three hits were in the prototypical MCF7 breast carcinoma cell line, while the rest of the cell types had
one or no result. Moreover, chromatin state analysis identified 126 hits on active translation start sites
(TSS) for rs3806362, but none for rs17448931, where 66 hits were associated with strong transcription
and 61 with even quiescent or low transcription. Based on the above data, we suggest both variants
for further clinical and functional validation.

To the best of our knowledge, the present report is the first to show the implication of KIF14 germline
variability for the prognosis of breast cancer patients. On the other hand, the association between
KIF14 expression and the prognosis of breast cancer patients has been well described in several studies
[11, 12, 37, 38]. None of the KIF14 variants identified by our study reached significance in the eQTL
analysis. Thus, prognostic associations may not be relevant to the expression level of the parent gene,
but instead to epigenetic events, including the above “open chromatin” states affecting protein-DNA
interactions or KIF14 protein function.
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Fig. 4 Kaplan-Meier overall survival plots for breast cancer patients divided according to carriage of the KIF14 haplotype
block rs12060793-rs74319334-rs12120084. Whole set of patients carrying ATC (a) or ATG (b) haplotypes, and both
haplotypes combined compared with patients bearing the other haplotypes (c). Subgroup analysis of patients treated with
hormonal therapy for both haplotypes combined versus the other haplotypes (d). Patients with the prevailing haplotype are
represented by the dashed line and the rest by the solid line

A recent case-control study with bioinformatics analysis suggested a link between another variant,
rs10800708, located within the KIF14 miRNA binding site, and genetic susceptibility to breast cancer
[39]. The variant allele in the rs10800708 likely disrupts the binding site for miR-892a, miR-4252, and
miR-5095, and creates a putative target site for miR-2114-3p. The carriage of the AA genotype or A
allele was significantly associated with an increased breast cancer risk (odds ratio 4.8 and p < 0.0001
or 3.2 and p = 0.0003, respectively), but neither independent validation nor further functional
evidence was reported [39].

Previous studies have demonstrated KIF14 as a putative therapeutic target in patients with aggressive
TNBC subtype [14, 20, 38]. Our study identified associations between several KIF14 variants and
intrinsic molecular subtypes of breast cancer. Carriers of minor alleles in rs74319334 or rs3806361
significantly prevailed among patients with TNBC or HER2 subtypes compared with wild type carriers.
On the contrary, wild type homozygotes for rs2808244 had the TN BC subtype significantly more often
than minor allele carriers. The rs3806361 variant is particularly interesting because we also replicated
its association with the HER2/ ERBB?2 expression status. This variant is in the 5'-untrans-lated region,
which is critical for ribosome recruitment to the mRNA transcript and choice of the start codon. Thus,
these regions are recognized as important for the control of translation efficiency and shaping the
cellular proteome [40]. Indeed, the RegulomeDB analysis identified 126 hits on an active TSS for this



variant, but a lack of eQTL. However, the connection between this variant and the HER2/ERBB?2
expression status, molecular subtype, or tumor aggressiveness of breast carcinomas needs to be
further addressed.

Survival analyses also suggested a putative prognostic role of the haplotype block composed of
rs12060793, rs74319334, and rs12120084 variants. Patients with ATC or ATG haplotypes had
significantly longer OS than patients with other haplotypes despite these findings not being confirmed
by the multivariate Cox regression analysis, and did not pass the FDR test, suggesting that individual
KIF14 variants provide better prognostic information. Similarly, in analyses stratified by therapy, the
association between rs17448931 and OS in the subgroup of patients treated with adjuvant
chemotherapy did not pass the above tests. The reasons behind this can be related to the small sample
size of the compared subgroups and, thus, these results shall be interpreted with extreme caution,
bearing in mind the described drawbacks.

There are several limitations to our study. First, the sample size of analyses stratified by subtype or
therapy compared to studies carried out by large consortia or metaanalyses may be considered
modest. On the other hand, we collected samples and clinical data from all contributing centers in a
unified fashion avoiding heterogeneity in the sample type (e.g., blood or tissue), quality, and analytical
approach. Second, the population composition, with the vast majority of patients being of Slavic
Caucasian ethnicity, for now, precludes generalization, and independent studies in different
populations should follow. Last, we do not provide a functional characterization of the most successful
variants for strengthening the evidence and discerning causative from correlative associations.
Nevertheless, in vitro or in vivo animal studies are cost- and time-consuming and sometimes lead to
biased extrapolation, due to low genetic and phenotypic similarity between isolated cell types or
animal models to real-life oncological patients. Instead, we provide cost-effective and detailed in silico
predictions as starting points for further research.

To sum up, this pilot study provides the first evidence that KIF14 variants rs17448931 and rs3806362
can, independently of other relevant clinical risk factors, identify patients with worse prognosis from
those with more favorable outcomes. Since these data are preliminary, we advocate further research
on the prognostic relevance and clinical utility of germline KIF14 variants as revealed by the present
study.
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