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Purpose: The aim of this study was to investigate the diagnostic and prognostic value of human 

kinesin family member 4A (KIF4A) as an effective biomarker for breast cancer.

Materials and methods: Cancer Genome Atlas data and 12 independent public breast cancer 

microarray data sets were downloaded and analyzed using individual and pooled approaches.

Results: The results of our study revealed a strong and positive correlation between KIF4A 

expression and malignant features of breast cancer. KIF4A had a strong prognostic value in 

both ER-positive and ER-negative breast cancers comparable to or even better than tumor size, 

lymph node invasion, and Elston grade. We also found that KIF4A might be the target gene of 

microRNA-335, which can suppress KIF4A expression by targeting the 3′-untranslated region 

of its mRNA.

Conclusion: KIF4A might serve as a robust prognostic predictor for breast cancer. Targeting 

KIF4A activity could be a promising therapeutic option in breast cancer treatment.

Keywords: breast cancer, KIF4A, microarray, microRNA, prognosis

Introduction
Breast cancer is one of the most common malignant tumors which accounts for the 

second leading cause of mortality for women worldwide.1 The development of screen-

ing methods and therapeutic approaches has considerably improved the survival for 

patients with breast cancer in recent years.2–4 However, tumor heterogeneity remains 

a great clinical challenge which leads to great individual differences in the outcome 

of breast cancer treatments. Currently, several genetic predictors have been applied 

to the clinical diagnosis and treatment of breast cancer, such as wound-response gene 

signature,5 21-gene recurrence score,6 and 70-gene signature.7 Nevertheless, all these 

methods lack specificity and may impose additional financial burden on the patients. 

Thus, there is a pressing need for more specific and economical biomarkers to predict 

prognosis and develop better therapeutic strategies of breast cancer.

Human kinesin family member 4A (KIF4A) is a 140-kD protein which plays a 

critical role in multiple cellular processes, mainly including chromosome condensation 

and segregation, middle-spindle formation, and cytokinesis during mitotic division.8–11 

Recently, it has become apparent that KIF4A plays an essential role in cancer develop-

ment and progression. Studies have shown that KIF4A served as a potential contributor 

of several malignant tumors, such as lung cancer,12,13 breast cancer,14 cervical cancer,15 

hepatocellular carcinoma,16 and oral cancer,17,18 while in gastric cancer, KIF4A was 

observed to inhibit tumor cell growth.19 As for breast cancer, data from the study by 
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Wu et al indicated that KIF4A could modulate the Rad51 path-

way by interacting with the breast cancer susceptibility gene 

BRCA2.20 However, the exact role and underlining molecular 

mechanisms of KIF4A in breast cancer remain unclear.

MicroRNAs constitute a class of noncoding small RNAs 

ranging from 20 to 24 nucleotides in length. They widely 

exist in eukaryotes and regulate gene expression at the 

posttranscriptional level by binding to the 3′-untranslated 

region (UTR) of their target gene mRNAs, leading to either 

translational repression or mRNA degradation.21–24 A single 

microRNA can target multiple mRNAs while individual 

mRNAs may be regulated by different microRNAs simul-

taneously, resulting in a complex regulatory network.22,25 

MicroRNAs were proved to play key roles in the modulation 

of various biological processes.23,26 A large body of evidence 

has indicated that there is a direct link between microRNA 

function and oncogenesis,27,28 serving as both promoter 

and suppressor to regulate the progression of different 

cancers.29–31 Up to now, the microRNAs targeting KIF4A 

remain unknown.

The main aim of this study is to investigate the diagnostic 

and prognostic value of KIF4A as an effective biomarker for 

breast cancer. The Cancer Genome Atlas (TCGA) data sets 

and 12 independent public breast cancer microarray data sets 

were downloaded and analyzed using individual and pooled 

approaches. The relationships between the expression of 

KIF4A and the clinicopathological characteristics of breast 

cancer were then evaluated. The results indicated that KIF4A 

expression was positively correlated with cancer malignancy. 

In addition, KIF4A had a strong prognostic value in both 

estrogen receptor (ER)-positive and ER-negative breast 

cancers. We also found that KIF4A might be the target gene 

of microRNA-335 (miR-335), which was confirmed by the 

dual luciferase reporter assay.

Materials and methods
Microarray data sets acquisition 
and processing
Human breast tissue gene expression profile data sets with 

corresponding clinical and follow-up information were 

downloaded from the publicly available Gene Expression 

Omnibus (GEO) database (www.ebi.ac.uk/arrayexpress)32 

and TCGA database (https://cancergenome.nih.gov/).33 

Besides TCGA data sets, 12 independent breast cancer 

microarray data sets were chosen for the present study as 

follows: GSE7390,34 GSE1456,35 GSE2034,36 GSE4922,37 

NKI,38 GSE10885,39 GSE24450,40 GSE22226,41 GSE25066,42 

GSE53031,43 GSE58812,44 and GSE22220.45 Demographic 

distribution of KIF4A for GEO and TCGA data sets is 

presented in Tables 1 and 2, respectively. All data sets were 

used to evaluate the clinical significance of KIF4A in breast 

cancer and the GSE22220 data set was used to investigate 

microRNAs possibly regulating KIF4A expression. In order 

to normalize the mRNA and microRNA expression levels, 

we re-stratified patients into four subgroups (Q1, Q2, Q3, and 

Q4) based on the percentile for each data set. The re-stratified 

data sets were then integrated into a new data set for pooled 

analysis. Expression levels less than the median value were 

defined as KIF4A low (Q1 + Q2) while expression levels 

greater than or equal to the median were regarded as KIF4A 

high (Q3 + Q4).

gene set enrichment analysis (gsea)
GSEA software version 2.0.13 was used to investigate the 

clinical relevance and biological effects of KIF4A according 

to the protocol described in a previous study.46 Each data 

set and the corresponding phenotype label were loaded into 

the GSEA software. The gene sets were acquired from the 

Board Institute website. The number of permutations was 

set to 1,000, and the phenotype label was based on KIF4A 

(218355_at) expression levels. The signal-to-noise ratio was 

calculated and ranked-list metric was then generated.

Table 1 Demographic distribution of KiF4a in geO data sets

Variables KIF4A

High (%) Low (%) P-value**

age (years) 0.0629
,50 263 (52.5) 238 (47.5)
$50 299 (45.9) 229 (53.6)

grade ,0.0001
1=well 48 (22.5) 165 (77.5)
2=mod 198 (42.4) 269 (57.6)
3=poor 299 (71.7) 118 (28.3)

er ,0.0001
negative 285 (66.1) 146 (33.9)
Positive 397 (42.6) 536 (57.5)

Tumor size ,0.0001
,2 83 (38.3) 447 (51.26)
$2 174 (52.4) 158 (47.6)

lymph node status 0.2625
negative 426 (48.8) 447 (51.2)
Positive 174 (52.4) 158 (47.6)

Molecular subtype ,0.0001
luminal a 31 (20.4) 121 (79.6)
luminal B 98 (72.6) 37 (27.4)
her2+ 60 (68.2) 28 (31.8)
Basal-like 118 (77.6) 34 (22.4)
normal-like 18 (15.0) 102 (85.0)

Notes: There are 928, 1,097, 1,364, 630, 1,205, and 671 cases in age, grade, er, tumor 
size, lymph node status, and molecular subtype. Statistical significance, **P,0.05.
Abbreviations: er, estrogen receptor; her2, human epidermal growth factor 
receptor 2; KiF4a, human kinesin family member 4a; geO, gene expression 
Omnibus; mod, moderate.
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Prediction of micrornas regulating 
KiF4a expression
The GSE22220 data set was used to identify microRNAs 

independently associated with KIF4A expression in breast 

cancer. miRanda algorithm (www.microrna.org) was applied 

to predict microRNAs with possible binding sites on KIF4A 

mRNA. MicroRNAs shared by two methods were chosen 

for the subsequent analysis and experiment.

Dual luciferase reporter assay
Dual luciferase reporter assay was performed to predict the 

direct binding of miR-335 to the target gene KIF4A. The pmir-

GLO Dual Luciferase MicroRNA Target Expression Plasmid 

was purchased from Promega Corporation (Fitchburg, WI, 

USA). The recombinant plasmids were constructed by insert-

ing either the exactly matched sequence or a mutant version 

of KIF4A 3′-UTR into the pmirGLO vector. For the luciferase 

reporter assay, HEK293T cells were seeded and grown as 

monolayers in six-well plates. Cells were transfected with 

the miR-335 pmirGLO constructs and miR-335 using Lipo-

fectamine 3000 (Thermo Fisher Scientific, Waltham, MA, 

USA). Scrambled RNA was used as a negative control. The 

cells were assayed using the Dual-Glo luciferase assay kit 

(Promega Corporation) 24 hours after transfection. Normal-

ized luciferase activity for each construct was compared to 

that of the no-insert positive control. For each transfection, 

luciferase activity was averaged from four replicates.

Data management and statistical analysis
The gene expression profile database was downloaded, con-

verted, constructed, and managed by MS Excel. Statistical 

analysis was performed using JMP 10.0 software (SAS Institute 

Inc, Cary, NC, USA). Categorical variables were compared 

using χ2 analysis, Fisher’s exact, or the binomial tests of pro-

portions. Continuous data were compared using independent 

t-tests. Kaplan–Meier analysis and Cox proportional hazard 

models were applied for survival analysis. Multivariate Cox 

proportional hazards regression model was adopted to adjust for 

covariate effects, and stratification analysis was used to reduce 

the potential confounding effect on the estimation of hazard ratio 

(HR). Missing data were coded and excluded from the analysis. 

P,0.05 was considered to indicate statistical significance.

Results
The expression of KiF4a associates with 
the aggressiveness of breast cancer
To investigate the clinical relevance of KIF4A expres-

sion, 12 independent public breast cancer microarray data 

sets were analyzed individually and in a pooled approach. 

Results showed that the mRNA expression level of KIF4A 

was significantly related to tumor size and grade, but not 

lymph node invasion in the pooled data set (Figure 1A). In 

the Pawitan set (GSE1456), KIF4A expression was signifi-

cantly higher in basal-like breast cancers which were known 

as the molecular subtype with poorest prognosis (Figure 1B). 

A further GSEA indicated that KIF4A-high phenotype 

significantly enriched the gene signatures related to high 

tumor grade in the Pawitan set, with the normalized enrich-

ment score at 2.73 (Figure 1C). The overall results for the 

KIF4A enriched gene signatures presented in Figure 1D 

suggested that KIF4A was intimately associated with breast 

cancer susceptibility, invasion, metastasis, and relapse. 

Taken together, these results suggested that high expression 

Table 2 Demographic distribution of KiF4a in Tcga data sets

Variables KIF4A

High (%) Low (%) P-value**

age (years) 0.0035
,50 309 (55.4) 249 (44.6)
$50 905 (48.3) 967 (51.7)

grade ,0.0001
1=well 20 (12.1) 145 (87.9)
2=mod 261 (35.2) 480 (64.8)
3=poor 647 (69.9) 279 (30.1)

er ,0.0001
negative 422 (36.7) 124 (63.3)
Positive 777 (42.1) 1,070 (57.9)

Tumor size ,0.0001
,2 249 (42.0) 344 (58.0)
$2 693 (53.6) 600 (46.4)

Tumor stage ,0.0001
T0 3 (75.0) 1 (25.0)
T1 237 (39.0) 370 (61.0)
T2 595 (53.5) 517 (46.5)
T3 98 (56.0) 77 (44.0)
T4 16 (55.2) 13 (44.8)

lymph node status 0.2084
negative 123 (48.2) 132 (51.8)
Positive 136 (52.3) 124 (47.7)

Molecular subtype ,0.0001
luminal a 128 (18.9) 551 (81.1)
luminal B 357 (77.4) 104 (22.6)
her2+ 161 (73.2) 59 (26.8)
Basal-like 182 (91.5) 17 (8.5)
normal-like 27 (19.3) 113 (80.7)
claudin-low 94 (47.2) 105 (52.8)

chemotherapy ,0.0001
no 683 (45.3) 825 (54.7)
Yes 269 (67.9) 127 (32.1)

Notes: number of cases – age: 2,430; grade: 1,832; er: 2,393; tumor size: 1,886; tumor 
stage: 1,927; lymph node status: 515; molecular subtype: 1,898; chemotherapy: 1,904. 
Statistical significance, **P,0.05.
Abbreviations: er, estrogen receptor; her2, human epidermal growth factor 
receptor 2; KiF4a, human kinesin family member 4a; mod, moderate; Tcga, 
The cancer genome atlas.
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Figure 1 The expression of KiF4a associates with the aggressiveness of breast cancer. (A) mRNA expression level of KIF4A was significantly related to tumor size and grade, 
but not lymph node invasion in the pooled data set. (B) KIF4A expression was significantly higher in basal-like breast cancers. (C) gsea indicated that KiF4a-high phenotype 
significantly enriched the gene signatures related to high tumor grade in the Pawitan set. (D) The overall results for the KiF4a enriched gene signatures.
Abbreviations: KiF4a, human kinesin family member 4a; gsea, gene set enrichment analysis; nes, normalized enrichment score; her2, human epidermal growth factor 
receptor 2.
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of KIF4A was significantly associated with aggressiveness 

of breast cancer.

Prognostic significance of KIF4A 
for breast cancer
Survival analysis was performed on TCGA data sets as 

well as 12 GEO data sets. Cases of each data set were re-

categorized into four subgroups (Q1, Q2, Q3, and Q4) based 

on the percentile of KIF4A expression. The lowest expression 

subgroup, Q1, was set as the reference category for calculation 

of the HR. Univariate and multivariate Cox proportional hazard 

analyses were conducted for each data set. We found that 

higher expression of KIF4A was significantly associated with 

poor survival on both overall survival (OS) and progression- 

free survival (PFS) in the Pawitan set (Figure 2A and B) and 

NKI set (Figure 2C and D). As KIF4A expression improved, 

Figure 2 (Continued)
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OS and PFS were gradually decreased, in almost in a dose-

dependent manner. Similar results were observed in the GEO 

pooled analysis as well (Figure 2E and F), with an adjusted 

HR of 1.31 in Q2 (95% CI: 0.78–2.25), 2.45 in Q3 (95% 

CI: 1.54–4.04), and 2.03 in Q4 (95% CI: 1.24–3.42) for OS 

and 1.41 in Q2 (95% CI: 1.04–1.91), 2.14 in Q3 (95% CI: 

1.61–2.88), and 1.94 in Q4 (95% CI: 1.43–2.64) for PFS. As 

for the TCGA pooled analysis, statistical significance was 

only observed in OS. Detailed analytical results for each data 

set are listed in Tables 3 and 4. Further stratified analysis of 

the GEO pooled data suggested that KIF4A expression levels 

were significantly associated with poor OS and PFS in both 

ER-positive (Figure 3A and B) and ER-negative subtypes 

(Figure 3C and D). However, a more remarkable dose-

dependent fashion was observed in ER-positive subtypes than 

ER-negative subtypes. In TCGA data sets, KIF4A expression 

demonstrated a notable effect on OS in ER-positive breast 

cancer only (data not shown). Moreover, as displayed in 

Figure 4D and E, the prognostic performance of KIF4A was 

comparable to or even better than tumor size, lymph node inva-

sion, and Elston grade in both ER-positive and ER-negative 

breast cancers. All these findings suggested that KIF4A could 

serve as a strong prognostic predictor for breast cancer.

mir-335 is a possible regulator of KiF4a
In order to gain a better understanding of the clinicobiological 

role of KIF4A in breast cancer, we next looked for its potential 

regulators. MicroRNAs independently associated with KIF4A 

expression in breast cancer were identified by analyzing the 

GSE22220 data set. miRanda algorithm was applied to predict 

microRNAs with possible binding sites on KIF4A mRNA. 

Finally, two microRNAs shared by both methods were dis-

covered: miR-335 and miR-411 (Figure 5A). The predicted 

binding sequence of these two microRNAs and KIF4A mRNA 

3′-UTR is presented in Figure 5B, along with the thermo-

dynamic stability score (miRNA support vector regression 

[mirSVR]) and sequence conservation score (PhastCons). 

As illustrated in Figure 5C, the level of KIF4A in breast 

cancer was negatively correlated with miR-335 and miR-411 

expression. Further stratified analysis of the GSE22220 data 

set demonstrated that the expression of miR-335, but not 

miR-411, was significantly associated with better PFS in a 

dose-dependent manner (Figure 4A and B). Dual luciferase 

reporter assay was then performed to study the direct binding 

and influence on the transcript activity of miR-335 on the 

target gene KIF4A. The results indicated that miR-335 sup-

pressed KIF4A expression by targeting the 3′-UTR of KIF4A 

mRNA (Figure 4C). Of greater importance, as with KIF4A, 

the prognostic performance of miR-335 was comparable with 

tumor size and lymph node involvement, better than Elston 

grade in ER-positive breast cancer (Figure 4D). Although no 

prognostic significance was found for miR-335 expression in 

ER-negative subgroups, there was an increasing trend in recip-

rocal HR values as microRNA levels increased (Figure 4E).

Figure 2 The prognostic significance of KIF4A in breast cancer patients. Overall survival analysis for KIF4A in (A) gse1456 data set, (C) nKi data set, (E) geO pooled data 
set with overall survival information. Progression-free survival analysis for KiF4a in (B) gse1456 data set, (D) nKi data set, (F) geO pooled data set with progression-free 
survival information.
Abbreviations: KiF4a, human kinesin family member 4a; geO, gene expression Omnibus; hr, hazard ratio.
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Table 3 Univariate and multivariate analyses for KiF4a and survival in geO data sets

Data set Overall survival Progression-free survival

HR (95% CI) Adjusted HR (95% CI)* HR (95% CI) Adjusted HR (95% CI)*

gse7390
Q1 reference reference reference reference
Q2 1.26 (0.66–2.41) 1.17 (0.62–2.26) 1.07 (0.43–2.70) 1.01 (0.40–2.56)
Q3 1.95 (1.09–3.64)** 2.00 (1.06–3.85)** 2.54 (1.20–5.86)** 2.45 (1.09–5.88)
Q4 1.68 (0.91–3.19) 1.93 (0.91–4.16) 2.04 (0.92–4.82) 1.75 (0.66–4.82)

gse1456
Q1 reference reference reference reference
Q2 3.74 (1.15–16.7)** 4.14 (1.01–27.9)** 3.32 (0.76–22.7) 2.87 (0.65–19.8)
Q3 4.06 (1.27–17.9)** 5.21 (1.24–35.6)** 8.21 (2.29–52.3)‡ 6.22 (1.58–41.5)‡

Q4 6.62 (2.20–28.5)‡ 7.52 (1.81–52.0)‡ 11.9 (3.43–74.9)‡ 7.55 (1.87–51.4)‡

gse2034
Q1 n/a n/a reference reference
Q2 n/a n/a 1.60 (0.89–2.96) 1.62 (0.90–2.99)
Q3 n/a n/a 1.91 (1.01–3.49)** 1.97 (1.10–3.61)**
Q4 n/a n/a 2.20 (1.25–3.99)‡ 2.40 (1.32–4.46)‡

gse4922
Q1 n/a n/a reference reference
Q2 n/a n/a 1.27 (0.63–2.62) 1.19 (0.58–2.47)
Q3 n/a n/a 2.17 (1.15–4.29)** 1.94 (1.00–3.91)**
Q4 n/a n/a 3.43 (1.87–6.63)‡ 2.88 (1.43–6.03)‡

nKi set
Q1 reference reference reference reference
Q2 3.25 (1.24–10.1)** 2.61 (0.99–8.14) 1.85 (0.98–3.60) 1.59 (0.84–3.12)**
Q3 6.87 (2.86–20.4)‡ 4.52 (1.84–13.6)‡ 3.52 (1.97–6.62)‡ 2.63 (1.44–5.03)‡

Q4 8.50 (3.63–24.8)‡ 4.14 (1.67–12.6)‡ 3.63 (2.05–6.77)‡ 2.52 (1.34–4.94)‡

gse10885
Q1 reference reference reference reference
Q2 1.72 (0.57–5.35) 1.14 (0.32–3.93) 1.45 (0.59–3.56) 1.23 (0.44–3.34)
Q3 2.81 (1.13–7.95)** 2.28 (0.88–6.64) 2.51 (1.18–5.68)** 2.58 (1.11–6.40)**
Q4 3.95 (1.68–10.8)‡ 2.67 (0.99–8.15) 3.20 (1.54–7.11)‡ 2.68 (1.10–7.02)**

gse24450
Q1 reference reference
Q2 1.07 (0.28–4.33) n/a 1.14 (0.30–4.59) n/a
Q3 2.44 (0.82–8.89) n/a 2.83 (0.94–10.3) n/a
Q4 5.17 (1.93–17.9)‡ n/a 5.73 (2.13–19.8)‡ n/a

gse22226
Q1 reference reference reference reference
Q2 0.99 (0.27–3.56) 0.91 (0.24–3.71) 1.32 (0.49–3.69) 1.01 (0.33–3.17)
Q3 1.80 (0.62–5.87) 1.58 (0.50–5.98) 2.21 (0.92–5.82) 2.08 (0.82–5.96)
Q4 1.73 (0.58–5.73) 1.25 (0.37–4.84) 1.55 (0.60–4.28) 1.25 (0.44–3.78)

gse25066
Q1 reference reference
Q2 n/a n/a 2.27 (0.94–5.98) 1.86 (0.74–5.01)
Q3 n/a n/a 2.00 (0.82–5.32) 1.35 (0.51–3.81)
Q4 n/a n/a 1.63 (0.64–4.44) 0.97 (0.36–2.81)

gse22220
Q1 reference reference
Q2 n/a n/a 2.59 (1.12–6.69)** 2.26 (0.86–7.05)
Q3 n/a n/a 4.91 (2.26–12.24)‡ 4.80 (1.90–14.71)‡

Q4 n/a n/a 6.54 (3.05–16.18)‡ 7.38 (2.90–22.75)‡

gse53031
Q1 reference reference
Q2 n/a n/a 2.06 (0.71–6.73) 1.86 (0.64–6.09)
Q3 n/a n/a 3.45 (1.36–10.49)‡ 2.67 (1.01–8.40)**
Q4 n/a n/a 2.58 (0.93–8.23) 2.18 (0.76–7.20)

gse58812
Q1 reference reference reference reference

(Continued)
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Table 4 Univariate and multivariate analyses for KiF4a and survival in Tcga data sets

Data set Overall survival Progression-free survival

HR (95% CI) Adjusted HR (95% CI)* HR (95% CI) Adjusted HR (95% CI)*

Data set 1
Q1 reference reference reference reference
Q2 0.73 (0.38–1.37) 0.85 (0.44–1.60) 1.37 (0.66–2.90) 1.53 (0.72–3.31)
Q3 1.05 (0.58–1.87) 1.25 (0.67–2.29) 1.40 (0.65–3.02) 1.41 (0.63–3.21)
Q4 0.97 (0.55–1.72) 1.10 (0.58–2.08) 1.27 (0.59–2.73) 1.14 (0.50–2.61)

Data set 2
Q1 reference reference n/a n/a
Q2 1.89 (1.45–2.48)‡ 1.82 (1.39–2.39)‡ n/a n/a
Q3 2.89 (2.24–3.75)‡ 2.73 (2.12–3.55)‡ n/a n/a
Q4 2.93 (2.28–3.80)‡ 2.57 (1.97–3.38)‡ n/a n/a

Pooled data
Q1 reference reference reference reference
Q2 1.61 (1.26–2.05)‡ 1.56 (1.23–2.00)‡ 1.37 (0.66–2.90) 1.53 (0.72–3.31)
Q3 2.45 (1.95–3.09)‡ 2.34 (1.85–2.96)‡ 1.40 (0.65–3.02) 1.41 (0.63–3.21)
Q4 2.47 (1.97–3.12)‡ 2.21 (1.73–2.82)‡ 1.27 (0.59–2.73) 1.14 (0.50–2.61)

Notes: Univariate and multivariate analyses were conducted to evaluate hr of KiF4a (high vs low). *For multivariate analysis, hr was adjusted by age and er status in data 
set 1, data set 2, and pooled analysis. Statistical significance, ‡P,0.01.
Abbreviations: hr, hazard ratio; er, estrogen receptor; KiF4a, human kinesin family member 4a; Tcga, cancer genome atlas; n/a, not applicable.

Table 3 (Continued)

Data set Overall survival Progression-free survival

HR (95% CI) Adjusted HR (95% CI)* HR (95% CI) Adjusted HR (95% CI)*

Q2 2.76 (0.92–10.05) 3.49 (1.16–12.79)** 2.24 (0.80–7.20) 2.65 (0.94–8.56)
Q3 2.86 (0.96–10.45) 4.35 (1.44–15.97)‡ 2.54 (0.92–8.07) 3.48 (1.25–11.15)**
Q4 1.25 (0.33–5.07) 1.74 (0.46–7.05) 1.01 (0.28–3.64) 1.32 (0.36–4.77)

Pooled data
Q1 reference reference reference reference
Q2 1.79 (1.19–2.72)‡ 1.31 (0.78–2.25) 1.59 (1.24–2.04)‡ 1.41 (1.04–1.91)**
Q3 3.16 (2.18–4.69)‡ 2.45 (1.54–4.04)‡ 2.45 (1.94–3.10)‡ 2.14 (1.61–2.88)‡

Q4 3.80 (2.65–5.60)‡ 2.03 (1.24–3.42)‡ 2.71 (2.16–3.43)‡ 1.94 (1.43–2.64)‡

Notes: Univariate and multivariate analyses were conducted to evaluate hr of KiF4a (high vs low). *For multivariate analysis, hr was adjusted by age, er status, elston grade 
in gse7390 and gse10885, gse22226, gse24450, gse25066, gse22220, and gse53031. in the gse4922 set, hr was adjusted by age. in the gse1456 set, it was adjusted 
by elston grade and er status. For the gse2034 set, hr was adjusted by er status. The nKi set was adjusted by age, grade, and er status. in the gse58812 data set, hr was 
adjusted by age and ER status. HR was adjusted by age, ER status, and Elston grade in the pooled analysis. Statistical significance, **P,0.05; ‡P,0.01.
Abbreviations: hr, hazard ratio; er, estrogen receptor; KiF4a, human kinesin family member 4a; geO, gene expression Omnibus; n/a, not applicable.

Discussion
In spite of advanced therapeutic techniques, breast cancer 

still remains the major cause of female deaths and continues 

to increase public health care expenditure. Breast cancer is 

a heterogeneous group of diseases which can be classified 

into four major molecular subtypes according to the expres-

sion of ER, progesterone receptor (PR), human epidermal 

growth factor receptor 2, and marker of proliferation Ki67 

(MKI67).47–49 At present, outcomes of patients with breast 

cancer are predicted primarily on the basis of this classifi-

cation and conventional clinicopathological characteristics 

such as histological grade, histological type, and TNM 

stage. In clinical practice, however, tumor heterogeneity 

always causes tremendous difficulty for the prediction of 

treatment response and prognosis. Researches on molecular 

mechanisms implicated in the biological process of breast 

cancer have obtained immense progress in the past few 

years. Various genetic changes have been identified to play 

critical roles in breast carcinogenesis and progress,50–52 but 

are merely the tip of the iceberg. Therefore, more effective 

molecular biomarkers are required to be further explored for 

breast cancer prevention, diagnosis, and treatment.

The results of our study revealed a strong and positive 

correlation between KIF4A expression and malignant features 

of breast cancer. We also found that KIF4A could serve as 

a robust prognostic predictor for both ER-negative and ER-

positive breast cancers with prognostic power comparable 

to or even better than tumor size, lymph node invasion, and 

Elston grade. It is well known that chromosomal abnormality 

which can usually be caused by abnormal mitosis is a feature 
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Figure 3 Prognostic performance of KiF4a in er-positive and er-negative breast cancer. mrna levels of KiF4a and overall survival in (A) er-negative, (C) er-positive 
breast cancer in geO pooled data set. mrna levels of KiF4a and progression-free survival in (B) er-negative, (D) er-positive breast cancer in geO pooled data set.
Abbreviations: KiF4a, human kinesin family member 4a; geO, gene expression Omnibus; er, estrogen receptor; hr, hazard ratio.

of cancer cells. Previous studies have shown that KIF4A was 

closely associated with the regulation of chromosome struc-

tural integrity, spindle midzone formation, and cytokinesis.8–11 

It is reasonable to speculate that high KIF4A expression gen-

erates cells with chromosomal damage and therefore increases 

susceptibility to cancer.53 Additionally, KIF4A has been 

implicated as an important molecule leading to the failure of 

DNA repair through influencing the BRCA2/Rad51 pathway 

and inhibiting the enzymatic activity of PARP-1.14,20,54 That 

means the higher the KIF4A expression level, the more the 

mitotic defects and DNA errors. Commonly, failure of DNA 

repair is associated with genomic instability which contributes 
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significantly to drug resistance and tumor progression. This 

could be an explanation for the poor outcomes of breast cancer 

patients with high expression level of KIF4A.

We next embarked on a search to find the potential 

microRNAs targeting KIF4A mRNA expression. By using 

the GSE22220 data set and online miRanda algorithm, miR-

335 finally came to the fore. It is important to note that the 

expression of miR-335 was significantly associated with 

better PFS in a dose-dependent manner. In addition, the 

prognostic value of miR-335 was comparable with tumor 

size and lymph node involvement, better than Elston grade 

in ER-positive breast cancer. Results of the dual luciferase 

reporter assay indicated that the expression of KIF4A might 

be modulated by miR-335 through direct binding to the 

3′-UTR of KIF4A mRNA. Accumulating evidence sug-

gests that miR-335 may play an important role during tumor 

development.26,55,56 miR-335 was found to exert a tumor-

suppressive function in breast cancer,55,57,58 lung cancer,59 

pancreatic cancer,60 gastric cancer,61,62 ovarian cancer,63 

renal cancer,26 prostate cancer,64 and malignant glioma.56 

However, in astrocytoma65 and meningiomas,66 miR-335 acts 

as an oncogene. According to previous researches, the loss 

of miR-335 expression is a common event in human breast 

cancer which ultimately leads to tumor progression.57,67,68 

miR-335 was found to inhibit breast cancer cell migration 

and invasion by directly targeting EphA455 and PAX6.69 

A group of German researchers reported that miR-335 was 

crucial for the BRCA1 regulatory cascade in breast cancer 

Figure 4 (Continued)
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development.68 Results of these studies are consistent with 

our findings and support the view that downregulation of 

miR-335 may be associated with poor prognosis in patients 

with breast cancer. For the first time, we linked the expression 

of KIF4A to miR-335, which may help us to better understand 

the underlying mechanisms by which KIF4A influences 

breast cancer progression, and may lead to the identification 

and development of novel therapeutic targets.

Figure 4 mir-335 associated with poor outcome of breast cancer by targeting the 3′-UTr of KiF4a mrna. Overall survival analysis for mir-335 in gse22220 data set with 
(A) overall survival information, (B) progression-free survival information. (C) results of dual luciferase reporter assay. The prognostic performance of mir-335 in (D) er-
positive, (E) er-negative breast cancer in gse22220 data set.
Abbreviations: KiF4a, human kinesin family member 4a; mir, microrna; UTr, untranslated region; er, estrogen receptor; hr, hazard ratio; DFs, disease-free survival.

Figure 5 (Continued)
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Limitations
There are several limitations in the current study. First, it 

is primarily a data sets analysis without further confirma-

tion by clinical tissue samples which decrease the robust-

ness of our conclusions. Second, except the dual luciferase 

reporter assay, we did not perform any other experiments to 

uncover the detailed molecular biological mechanisms by 

which KIF4A affects the prognosis of breast cancer. Thus, 

there is still plenty of work to be done to make the whole 

story complete.

Conclusion
Our findings suggested that KIF4A may have strong prog-

nostic value for predicting clinical outcome in different 

breast cancer subgroups, which may contribute to the direct 

regulation of miR-335. Targeting KIF4A activity could be 

a promising therapeutic option in breast cancer treatment. In 

view of its crucial significance and potential clinical value, 

a thorough study into it is worth the effort.
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