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Abstract. The WD-repeat domain (WDR) family is distributed
in the majority of eukaryotes and has several unique biological
functions. It serves important roles in signal transduction,
cytoskeleton assembly, protein transport, RNA processing,
chromatin modification and transcription mechanisms. WD
repeat domain 34 (WDR34) has been recently identified as
a member of the WDR family. Overexpression of WDR34
was accompanied by the presence of multiple centrioles in
the cell, suggesting that it was associated with tumor occur-
rence. However, its association with breast cancer was unclear.
To the best of our knowledge, it has not yet been confirmed
whether WDR34 gene expression is associated with breast
cancer. Therefore, the current study attempted to clarify this
by performing a comprehensive study using multiple datasets
in the Oncomine, Breast Cancer Gene-Expression Miner and
Kaplan-Meier Plotter databases. The analysis indicated that the
mRNA expression levels of WDR34 were increased in breast
cancer tissues compared with normal tissues. Consistent with
this result, the Broad-Novartis Cancer Cell Line Encyclopedia
revealed that WDR34 mRNA expression levels were upregu-
lated in breast cancer cell lines compared with other cancer
cells. It was noted that high WDR34 mRNA expression
was associated with forkhead box M1 and PTTGI regulator
of sister chromatid separation, securing in co-expression
analysis. Expression profile characteristics of WDR34 mRNA
were identified in different molecular subtypes of breast
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cancer. Furthermore, survival analysis revealed that increased
expression levels of WDR34 mRNA were associated with poor
overall survival in patients with breast cancer, particularly in
luminal B, lymph node status-positive and estrogen receptor
(ER)-negative subgroups. Additionally, Kaplan-Meier curves
revealed that high WDR34 mRNA expression was associ-
ated with shorter relapse-free survival in patients with breast
cancer, particularly in ER-positive, human epidermal growth
factor receptor 2-negative and progesterone receptor-positive
subgroups. These results suggested that WDR34 may be used
as a prognosis predictor in breast cancer and may provide a
novel target for the diagnosis and treatment of breast cancer.

Introduction

Breast cancer is the most widespread cancer and the
second-leading cause of cancer-associated mortality among
females worldwide (data from Cancer Statistics 2018), despite
the availability of effective chemotherapy agents (1,2).
Cytotoxic and molecular targeted anti-cancer therapies remain
the major treatment options for breast cancer (3). The greatest
challenges in the management of patients with breast cancer
include the determination of prognosis and the identification
of appropriate adjuvant systemic therapies (4). Therefore,
there is a requirement for effective prognostic biomarkers for
patients with refractory breast cancer.

WD-repeat domain (WDR)-containing proteins are
characterized by a common sequence repeat of tryptophan
and aspartic acid pairs are generally found at the end of their
40-residue-long amino acid sequences (5). WDRs, including
DR13, DCAF4L2, WD48, BOP1 and CIRHIA, serve as plat-
forms for the assembly of protein complexes or mediators of
transient interplay between other proteins (6).

WD domain repeat 34 (WDR34), a member of the WDR
superfamily, encodes a highly conserved protein consisting
of 536 amino acids, with human and mouse WDR34 sharing
83% homology. WDR34 acts as a mitogen-activated protein
kinase kinase kinase 7-associated inhibitor of the interleukin-1
receptor/Toll-like receptor (TLR)3/TLR4-induced nuclear
factor-xB activation pathway (7,8). Studies have revealed that
WDR 34 mutations may result in short-rib polydactyly syndrome
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type III or severe asphyxiating thoracic dysplasia (8,9). A study
by Wu et al (10) indicated that WDR34-mutant mice succumb
in mid-gestation and exhibit open brain and polydactyly
phenotypes. WDR34 downregulation was identified in oral
squamous cell carcinoma tissues compared with normal control
tissues (11). Research from cDNA microarrays demonstrated
that WDR34 had a 6.8-fold difference in expression between
cases with and without recurrence in patients with bladder
cancer (12). Although numerous studies have suggested that
WDR 34 expression is associated with the progression of cancer,
the role of WDR34 expression in the tumorigenesis and prog-
nosis of breast cancer remains unknown.

In the present study, a bioinformatics analysis based on a
number of public clinical databases was performed in order
to investigate WDR34 expression in breast cancer and normal
tissues. The aim of the present study was to identify a possible
biomarker suitable for the prognostic prediction of patients
with breast cancer.

Materials and methods

Oncomine analysis. The WDR34 mRNA expression level
was analyzed in breast cancer and matched normal tissues
based on the The Oncomine Platform (www.oncomine.
org), which consists of 715 datasets and 86,733 samples. The
analysis was conducted using the following filters: i) Gene,
WDR34; ii) differential analysis, cancer vs. normal analysis;
iii) cancer type, breast cancer; and iv) data type, mRNA. In
the current study, all statistical methods and statistical values
were obtained directly from the corresponding database. The
threshold for statistical significance was set as P<0.01; fold
change >2; and gene rank, top 10%.

The present study involved a meta-analysis using a
random permutation method and further illustrated WDR34
gene expression in different breast cancer datasets from
Oncomine (13).

Breast Cancer Gene-Expression Miner (bc-GenExMiner).
In the present study, the expression of WDR34 mRNA in
different subtypes of breast cancer and the correlation between
genes or identified clusters of correlated co-expressed genes
were analyzed using bc-GenExMiner (version 4.1; begenex.
centregauducheau.fr). bc-GenExMiner includes 36 annotated
genomic datasets and 5,861 patients with breast cancer (14,15).

Cancer Cell Line Encyclopedia (CCLE) analysis. WDR34
mRNA expression in breast cancer cell lines was analyzed using
the CCLE database (portals.broadinstitute.org/ccle/home),
which provides public access to genomic data, analysis and
visualization for 947 human cancer cell lines.

Kaplan-Meier survival curve analysis. The prognostic value
of WDR34 mRNA expression in breast cancer was assessed
according to overall survival (OS) and relapse-free survival
(RFS) using Kaplan-Meier plotter (kmplot.com/analysis) up to
June 30 2018 (16). Log-rank P-values and hazard ratios (HRs)
with 95% confidence intervals were determined on the webpage.

The Cancer Genome Atlas (TCGA) data and cBioPortal.
The invasive breast carcinoma dataset (TCGA, Provisional),
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consisting of 1,105 samples with pathology reports, was
selected for further analysis of WDR34 expression using
cBioPortal (www.cbioportal.org) (17,18). The selected genomic
profiles included putative copy-number alterations from
GISTIC_2.0 (http://portals.broadinstitute.org/cgi-bin/cancer/
publications/pub_paper.cgi?’mode=view&paper_id=216&p=t),
and the selected patient/case sets included tumor samples
with RNA data (RNA Seq V2). Disease-free survival (DFS)
or OS results were derived from cBioPortal using the OS
Kaplan-Meier estimate. The proportion and distribution
of samples with WDR34 alterations were presented in the
Oncoprint (http://www.canvasxpress.org/html/oncoprint-2.
html), which is a visual image used to show changes in
different genomes, including mutations, copy number changes
and mRNA expression. All statistical methods and statistical
results in this study came from the corresponding online
database.

Results

mRNA expression profiles of WDR34 in different tumor types.
A total of 304 unique analyses were gathered from different
types of cancer in the Oncomine database. The results of 20
analyses demonstrated statistical significance; 19 analyses
consisted of high expression and one analysis consisted of
reduced expression. Notably, the mRNA expression of WDR34
in breast cancer was the highest among different cancer types
(Fig. 1A).

Using data from a previous study by Curtis et al (19), it was
demonstrated that WDR34 mRNA expression was increased
2.034- and 2.103-fold in breast cancer tissues compared
with normal tissues (Fig. 1C and D). A consistent result was
identified in another dataset derived from TCGA, consisting
of 593 breast cancer samples; WDR34 mRNA expression was
increased 2.199-fold in breast cancer tissues when compared
with normal tissues (Fig. 1E). To demonstrate the reliability
of the study, a meta-analysis of 27 studies from 10 datasets
obtained from the Oncomine database was performed. It
was revealed that the expression of WDR34 mRNA in breast
cancer tissues was significantly higher compared with that in
normal controls (P=0.002; Fig. 1B).

Furthermore, upregulation of WDR34 mRNA was iden-
tified in breast cancer cell lines using CCLE analysis. This
result was consistent with that obtained from the breast cancer
tissues (Fig. 2).

WDR34 mRNA expression is associated with molecular
subtypes of breast cancer. In the BC-GenExMiner data-
base, the expression level of WDR34mRNA was analyzed
in different types of breast cancer tissues. The expression
level of WDR34 mRNA in patients with human epidermal
growth factor receptor 2 (HER2)-positive breast cancer
was increased compared with patients with HER2-negative
breast cancer (P=0.0242; Fig. 3A). However, there were no
statistically significant differences observed regarding the
WDR34 mRNA expression level in patients with estrogen
receptor (ER)-positive or ER-negative breast cancer
(Fig. 3B). Similar results were obtained for patients with
progesterone receptor (PR)-positive and PR-negative breast
cancer (Fig. 3C).
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Figure 1. mRNA expression patterns of WDR34 in breast cancer tissues compared with normal tissues. (A) Expression pattern analysis of WDR34 mRNA
in different cancer tissues performed in the Oncomine database. The number of datasets with statistically significant (P<0.01) WDR34 mRNA upregulation
(red) or reduced expression (blue) in the different types of cancer vs. corresponding normal tissue are presented. The gene rank was analyzed according to the
percentile of the target gene in the top of all genes measured in each research. Cell color is determined by the best gene rank percentile for the analyses within
the cell. The P-value threshold was 0.01. (B) Expression of WDR34 in patients with breast cancer in studies identified in the Oncomine database. 1-27 represent
the 27 studies on the expression of WDR34 in patients with breast cancer. Red indicates higher WDR34 expression and blue indicates lower WDR34 expres-
sion. (C-E) Respective expression levels of WDR34 mRNA in the Breast Statistics study or Curtis Breast Statistics (breast cancer tissues vs. corresponding
normal tissues). The P-value threshold was <0.01 and threshold for fold-change was 2.0. WDR34, WD domain repeat 34.
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Figure 2. WD domain repeat 34 is expressed prominently in breast cancer cell lines according to the Cancer Cell Line Encyclopedia analysis. The numbers in
brackets following the type of cancer on the x-axis represent the number of cell lines.

Breast cancer subtypes were determined according to
SCM1 classification using the bc-GenExMiner. Notably,
WDR34 mRNA expression in the HER2 subtype was signifi-
cantly increased compared with the luminal A and luminal B
subtypes (P<0.0001; Dunnett-Tukey-Kramer's test; Fig. 3D).
Furthermore, WDR34 mRNA expression was not significantly
different between patients with basal-like and non-basal-like
breast cancer (P=0.8841; Fig. 3E). Similarly, WDR34 mRNA
expression was not significantly different between patients
with triple negative breast cancer (TNBC) and non-TNBC
patients (P=0.1754; Fig. 3F).

Regarding the Scarff Bloom and Richardson (SBR) grade
status, higher WDR34 mRNA expression was significantly
associated with a more advanced SBR grade (P<0.0001;
Dunnett-Tukey-Kramer's test; Fig. 3G). Regarding the
Nottingham Prognostic Index (NPI) status, a higher NPI level
was significantly associated with increased WDR34 mRNA
expression (P<0.0001; Dunnett-Tukey-Kramer's test; Fig. 3H).
When age was taken into account, it was identified that
WDR34 mRNA expression was not significantly elevated with
increasing age (P=0.5179; Fig. 3I).

High expression of WDR34 mRNA is correlated with high expres-
sion of forkhead box M1 (FOXM1) and PTTGI regulator of sister
chromatid separation securin (PTTGI). It was demonstrated that
WDR34 mRNA expression was upregulated in breast cancer.
Therefore, an in-depth exploration on whether WDR34 was asso-
ciated with other potential gene biomarkers was performed. In the
be-GenExMiner, mRNA correlation analysis indicated that high
WDR34 mRNA expression was positively correlated with the

expression of FOXMI1 (r=0.35; P<0.0001; Fig. 4A) and PTTGI
(r=0.29; P<0.0001; Fig. 4B). A correlation map for all patients was
produced for WDR34, FOXMI1 and PTTGI (Fig. 4C).

Increased WDR34 mRNA expression indicates poor OS in
patients with breast cancer, particularly in luminal B, lymph
node status-positive and ER-negative subgroups. The poten-
tial prognostic value of WDR34 mRNA expression in patients
with breast cancer was further assessed. The current study
indicated that high WDR34 mRNA expression was associ-
ated with shorter OS in patients with breast cancer (HR=1.48;
P=0.015; Fig. 5A). Sub-analysis indicated that high WDR34
mRNA expression was associated with shorter OS in luminal
B (HR=2.50; P=0.012; Fig. 5C), but not luminal A (HR=0.85;
P=0.53; Fig. 5B). Furthermore, high WDR34 mRNA expression
was correlated with shorter OS in patients with ER-negative
breast cancer (HR=2.34; P=0.021; Fig. 5E), but not in those
with ER-positive breast cancer (HR=1.27; P=0.54; Fig. 5D). In
patients with breast cancer with a positive lymph node status,
a significant correlation was identified between high WDR34
mRNA expression and OS (HR=2.06; P=0.0096; Fig. 5H);
however, a correlation was not indicated in patients with breast
cancer with a negative lymph node status (HR=0.86; P=0.75;
Fig. 51). Significant differences were not observed in breast
cancer subtypes including HER2-positive (HR=1.52; P=0.49;
Fig. 5F), HER2-negative (HR=0.56; P=0.30; Fig. 5G) and
basal subgroups (HR=1.10; P=0.76; data not shown).

Elevated WDR34 mRNA expression is correlated with shorter
RFS in patients with breast cancer, particularly in ER-positive,
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Figure 3. WDR34 mRNA expression in molecular subtypes of breast cancer. The data were generated from the Breast Cancer Gene Expression Miner
database. Overall significant differences between groups were assessed by Welch's test to generate a P-value. Dunnett-Tukey-Kramer's tests were used
for pairwise comparisons when an overall significant difference existed (P<0.05). (A) mRNA expression of WDR34 in patients with HER2-positive and
HER?2-negative breast cancer. (B) mRNA expression of WDR34 in patients with ER-positive and ER-negative breast cancer. (C) mRNA expression of WDR34
in patients with PR-positive and PR-negative breast cancer. (D) mRNA expression of WDR34 in different SCM1 subtypes of breast cancer patients. (E) The
mRNA expression of WDR34 between basal-like and non-basal-like breast cancer. (F) mRNA expression of WDR34 in patients with TNBC and non-TNBC
patients. (G) The mRNA expression of WDR34 according to SBR status. (H) mRNA expression of WDR34 according to NPI status. (I) mRNA expression of
WDR34 in different age groups. WDR34, WD repeat domain 34; HER2, human epidermal growth factor receptor 2; ER, estrogen receptor; PR, progesterone
receptor; SCM, subcutaneous mastectomy; TNBC, triple-negative breast cancer; SBR, Scarff Bloom and Richardson; NPI, Nottingham Prognostic Index; IHC,

immunohistochemistry.

HER2-negative and PR-positive subgroups. High WDR34
mRNA expression was significantly associated with shorter
RFS in breast cancer patients (HR=1.59; P=5.7x10"%; Fig. 6A).
Sub-analysis on different subtypes of breast cancer was
conducted, which indicated that high WDR34 mRNA expres-
sion was correlated with shorter RFS in patients with ER-positive
(HR=1.40; P=0.024; Fig. 6D), but not in ER-negative breast
cancer (HR=1.23; P=0.22; Fig. 6E). Moreover, high WDR34
mRNA expression was correlated with shorter RFS in patients
with PR-positive (HR=1.62; P=0.013; Fig. 6F), HER2-negative
(HR=1.40; P=0.027; Fig. 6I) and lymph node status-positive
(HR=1.61; P=2x10""; Fig. 6J) breast cancer subtypes, but not

in PR-negative (HR=1.29; P=0.16; Fig. 6G), HER2-positive
(HR=0.94; P=0.83; Fig. 6H), lymph node status-negative
(HR=1.05; P=0.81; Fig. 6K), luminal A (HR=1.25; P=0.071;
Fig. 6B), luminal B (HR=1.32; P=0.074; Fig. 6C) or basal
(HR=1.26; P=0.16; Fig. 6L) breast cancer subtypes.

WDR34 mRNA mutations do not affect OS or DFS in patients
with breast cancer. A total of 66/1,093 (6%) sequenced
patients with invasive breast carcinoma exhibited alterations
of WDR34. The Kaplan-Meier plot and log-rank test identified
that the alterations of WDR34 had no significant influence on
the OS or DFS of patients with breast cancer (Fig. 7).
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Figure 5. Prognostic values of WDR34 mRNA expression in patients with breast cancer. The OS was determined using the Kaplan-Meier Plotter. (A) High
WDR34 mRNA expression was associated with shorter OS in patients with breast cancer. High WDR34 mRNA expression was not associated with shorter OS
in (B) patients with luminal A breast cancer but resulted in shorter OS in (C) patients with luminal B breast cancer. High WDR34 mRNA expression was not
associated with shorter OS in (D) patients with ER-positive breast cancer, but was associated with shorter OS in (E) patients with ER-negative breast cancer.
WDR34 mRNA expression was not associated with shorter OS in patients with (F) HER2-positive or (G) HER2-negative breast cancer. High WDR34 mRNA
expression was associated with shorter OS in (H) patients with lymph node status-positive breast cancer, but not (I) patients with lymph node status-negative
breast cancer. WDR34, WD domain repeat 34; OS, overall survival; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2.
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Figure 6. Prognostic value of WDR34 mRNA expression in patients with breast cancer. The RFS was determined using the Kaplan-Meier Plotter. (A) High
WDR34 mRNA expression was significantly associated with shorter RFS in all patients with breast cancer. High WDR34 mRNA expression was not associ-
ated with shorter RFS in patients with (B) luminal A or (C) luminal B breast cancer. High WDR34 mRNA expression was associated with shorter RFS in
(D) patients with ER-positive breast cancer, but not (E) patients with ER-negative breast cancer. High WDR34 mRNA expression was associated with shorter
RFS in (F) patients with PR-positive breast cancer, but not (G) patients with PR-negative breast cancer. WDR34 mRNA expression was not associated with
shorter RFS in (H) patients with HER2-positive breast cancer, but was associated with shorter RFS in (I) patients with HER2-negative breast cancer. High
WDR34 mRNA expression was associated with shorter RFS in (J) patients with lymph node status-positive breast cancer, but not (K) patients with lymph node
status-negative breast cancer. (L) High WDR34 mRNA expression was not associated with shorter RFS in patients with basal-like breast cancer. WDR34, WD
domain repeat 34; RFS, relapse-free survival; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.
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Figure 7. WDR34 mRNA expression and mutation analysis in invasive breast carcinoma. (A) Overall survival analysis was performed in cases with or without
WDR34 alterations. (B) Disease-free survival was performed in cases with or without WDR34 alterations. (C) OncoPrint in the cbiportal was used to illustrate
the distribution characteristics of samples with different genetic alterations of WDR34. A total of 66/1,093 (6%) sequenced patients with invasive breast

carcinoma exhibited alterations of WDR34. WDR34, WD domain repeat 34.

Discussion

Breast cancer is the most commonly diagnosed malignancy
among females, and is a heterogeneous disease with distinct
molecular subtypes (20). Several molecular subtypes of breast
cancer have been identified, including luminal A, luminal B,
HER2-positive and basal-like subtypes (21-23). The develop-
ment of breast cancer resistance to chemoradiotherapy or
targeted therapy, as well as distant metastasis, remains a chal-
lenge. Therefore, there is a requirement for the identification of
potential target genes or proteins that may be beneficial for the
treatment of breast cancer (24,25).

The WDR protein family is involved in a variety of
cellular processes, including cell cycle progression, signal
transduction, apoptosis and gene regulation (7). Receptor for
activated C kinase 1, a member of the WDR protein family,
was significantly upregulated in breast cancer, non-small-cell
lung cancer, pulmonary adenocarcinoma, glioma and esopha-
geal squamous-cell carcinoma (26). Based on Oncomine
database analysis, the current study demonstrated, to the
best of our knowledge for the first time, that high WDR34
mRNA expression occurred in breast cancer tissues and breast
cancer cell lines. Furthermore, co-expression analysis, as
evidenced by bc-GenExMiner, indicated that high WDR34
expression was positively associated with the expression
levels of FOXM1 and PTTGI1 (27). Previous studies indi-
cated that FOXMI1 is overexpressed in breast cancer and is
strongly associated with resistance to targeted therapies and
chemotherapy (28). Elevated expression of FOXMI1 has been
reported in a variety of human tumors, including those of the
breast (29). The mean expression level of FOXMI1 was previ-
ously reported to be the highest in the TNBC subtype, which
was associated with poor prognosis and reduced survival time
in patients with breast cancer (29,30). Notably, PTTGI is an

oncogene that is important for the progression of mitosis in the
metaphase-anaphase transition (31,32). Additionally, PTTG1
overexpression is associated with malignancy, particularly
thyroid, breast and colorectal carcinoma (32). A previous study
indicated that PTTGI is highly expressed in patients with
breast cancer and that the expression levels were correlated
with the degree of malignancy in breast cancer cell lines.
Furthermore, the study demonstrated that PTTG1 enhanced
the migratory and invasive properties of breast cancer cells by
inducing epithelial-to-mesenchymal transition (33).

Survival analysis of WDR34 expression levels in the
current study demonstrated that high WDR34 expression
was associated with poor OS in patients with breast cancer,
particularly in the luminal B, lymph node status-positive and
ER-negative subgroups, when compared with controls. These
results suggested that WDR34 serves an important role in
the tumor progression of hormone-sensitive breast cancer.
In addition, it was revealed that high WDR34 expression
frequently predicted shorter RFS in patients with breast
cancer, particularly in ER-positive, HER2-negative and
PR-positive subgroups. The aforementioned results suggested
that patients with breast cancer with high WDR34 expression
had an increased risk of mortality. Previous studies indicated
that the WDR protein coronin-3, which contains five WD
motifs, is associated with various invasive tumors, including
melanoma, human diffuse glioma, liver cancer, breast cancer
and gastric cancer (34-36). Furthermore, high expression of
coronin-3 was associated with increased tumor malignancy
and a more advanced clinical stage. F-box and WD repeat
domain containing 7 (FBXW?7) recognizes and binds to
substrates via eight WD motifs at the C-terminus (37,38).
However, knockout of FBXW?7 with short hairpin RNA
increases the KLF5 gene and Fbw7 targets the KLF5
protein for ubiquitin-mediated proteasomal degradation
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and suppresses breast cancer cell proliferation (39). Taken
together, these results suggested that overexpression of
WDR34 may be used as a biomarker of poor prognosis in
patients with breast cancer in the future.

Previous studies have reported that HER2-positive
breast cancer is frequently more aggressive and is associated
with an increased risk of disease recurrence and mortality
compared with other breast cancer subtypes (23,40,41). At
present, a substantial number of HER2-targeting agents
have been introduced for the clinical treatment of breast
cancer (42). One of these agents, trastuzumab (Herceptin),
has several shortcomings, including its high cost and side
effects such as cardiotoxicity (43). The present study indi-
cated that the WDR34 mRNA expression level was higher
in patients with HER2-positive breast cancer compared with
patients with HER2-negative breast cancer. Furthermore,
the WDR34 mRNA expression level was higher in patients
with HER2-positive breast cancer compared with patients
with the luminal A and luminal B subtypes. Thus, it may be
inferred that increased levels of WDR34 mRNA may result in
more aggressive breast cancer. However, it remains unknown
whether the upregulation of WDR34 may be used as a target
for novel agents for the treatment of HER2-positive breast
cancer.

The NPI is widely used to predict survival in patients with
breast cancer, and a higher NPI is associated with a worse
prognosis (44,45). The present study indicated that a higher
NPI level was significantly associated with the expression level
of WDR34 mRNA. In other words, WDR34 mRNA upregula-
tion predicted a poorer prognosis in patients with breast cancer.
In addition, high WDR34 mRNA expression was associated
with a higher SBR grade, which typically suggests growing
and spreading tumors (46).

Previous studies have reported that mutations of
WDR34 mRNA are primarily associated with short-rib
polydactyly syndrome type III and severe asphyxiating
thoracic dysplasia (8,9). Loss-of-function mutations of
FBXW?7, another WDR protein, have been identified in
colorectal cancer (18%), uterine endometrial carcinoma
(15%) and uterine carcinosarcoma (40%), suggesting that the
interactions between FBXW?7 and its substrates are inter-
rupted by disrupting the structural integrity of the WDR
domain (47,48). Notably, compounds targeting the WDR
domain of FBXW7 are expected to antagonize binding of
cyclin E and phenocopy the oncogenic effect of mutations
that are recurrent in cancer (47). Although gene alterations
of WDR34 occurred in ~6% of sequenced patients with
invasive breast carcinoma, no influence on OS or DFS was
observed in the present study. Thus, it can be inferred that a
WDR34 mRNA mutation did not significantly influence the
prognosis of breast cancer. However, future studies on the
correlation between WDR34 mRNA mutation and breast
cancer are required.

The present study had a number of limitations. Firstly,
the study only analyzed the high expression of WDR34 in
patients with breast cancer compared with normal samples
using comprehensive bioinformatics analysis. Functional
verification was not carried out through cohort research and
molecular mechanism research. Secondly, the Oncomine data-
base is a cancer microarray data-mining platform, which can
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be used to identify new prognostic biomarkers. However, gene
chip technology has a certain degree of false-positive results
that are likely to influence the accuracy of the current study.
Thirdly, the number of samples in the OS analysis using the
Kaplan-Meier plotter was small, which possibly influenced
the outcome. Finally, since the survival analysis was based on
an online database (the Kaplan-Meier Plotter), integrated data
could not be acquired to perform multivariate analysis.

In conclusion, to the best of our knowledge, this study
demonstrated for the first time that the WDR34 mRNA
expression was significantly increased in breast cancer tissues
compared with normal tissues. Furthermore, high WDR34
mRNA expression was associated with poor OS and shorter
RFS in patients with breast cancer, and may be an attractive
prognostic prediction biomarker and promising therapeutic
target for breast cancer. However, the role of WDR34 mRNA
expression in the genesis and progression of breast cancer
requires further basic and clinical study.
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