MEDIC.
SCIEN (R

CLINICAL RESEARCH

e-ISSN 1643-3750
© Med Sci Monit, 2019; 25: 8873-8890
DOI: 10.12659/MSM.919046

L

MONITOR

e oiaoas Identification of Hub Genes Using Co-Expression
publihed: 012 Network Analysis in Breast Cancer as a Tool to
Predict Different Stages

Authors’ Contribution: ACE 1 Yun Fu 1 Department of General Surgery, Luoyang First People’s Hospital, Luoyang, Henan,
Study Design A BCD 2 Qu-Zhl Zhou P.R. China
Data Collection B Xi Lei Zh 2 Department of Breast Surgery, Guangdong Province Chinese Traditional Medical
Statistical Analysis C BC 3 lao-Lei ang Hospital, Guangzhou, Guangdong, P.R. China

Data Interpretation D BF 4 Zhen-Zhen Wang 3 Department of Hand Surgery, Luoyang Orthopedic-Traumatological Hospital,
Manuscript Preparation E CDE 5 Peng Wang Luoyang, Henan, P.R. China
Literature Search F 4 Department of Pathology, Luoyang First People’s Hospital, Luoyang, Henan,
Funds Collection G P.R. China
5 Department of General Surgery, Luoyang First People’s Hospital, Luoyang, Henan,
P.R. China
Corresponding Author: Yun Fu, e-mail: fuyunluoyang@163.com
Source of support: Departmental sources

Background: Breast cancer has a high mortality rate and is the most common cancer of women worldwide. Our gene

co-expression network analysis identified the genes closely related to the pathological stage of breast cancer.
Material/Methods: We performed weighted gene co-expression network analysis (WGCNA) from the Gene Expression Omnibus (GEO)
database, and performed pathway enrichment analysis on genes from significant modules.

Results: A non-metastatic sample (374) of breast cancer from GSE102484 was used to construct the gene co-expression
network. All 49 hub genes have been shown to be upregulated, and 19 of the 49 hub genes are significantly up-
regulated in breast cancer tissue. The roles of the genes CASC5, CKAP2L, FAM83D, KIF18B, KIF23, SKA1, GINS1,
CDCAS5, and MCM6 in breast cancer are unclear, so in order to better reveal the staging of breast cancer mark-
ers, it is necessary to study those hub genes. Gene Ontology and Kyoto Encyclopedia of Genes and Genomes
indicated that 49 hub genes were enriched to sister chromatid cohesion, spindle midzone, microtubule motor
activity, cell cycle, and something else. Additionally, there is an independent data set — GSE20685 — for mod-
ule preservation analysis, survival analysis, and gene validation.

Conclusions: This study identified 49 hub genes that were associated with pathologic stage of breast cancer, 19 of which
were significantly upregulated in breast cancer. Risk stratification, therapeutic decision making, and progno-
sis predication might be improved by our study results. This study provides new insights into biomarkers of
breast cancer, which might influence the future direction of breast cancer research.
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Background

Breast cancer has a high mortality rate and is the most com-
mon cancer of women worldwide. A study published in 2013
used statistical methods to estimate that the number of new
cancer cases in Europe in 2012 would be about 3.45 million,
to which the largest contributor would be breast cancer. With
the third-highest mortality [1]. The incidence of breast cancer
in postmenopausal women is higher [2], and breast cancer is
considered one of the leading causes of death in postmeno-
pausal women, accounting for 23% of all cancer deaths [3].
In recent years, the morbidity rate of women under 50 years old
has been increasing, and due to the female infertility induced
by breast cancer treatments such as chemotherapy, women
are caught in a dilemma of choosing between survival and fer-
tility [4]. The occurrence of breast cancer is related to hered-
ity [5]; therefore, the BRCA1/2 mutation has been studied for
use in risk assessment in families with a high prevalence of
breast cancer [6]. Many genetic tests such as the PAM50 ROR,
Breast Cancer Index, and EndoPredict have been reported to
predict the development of advanced recurrences [6]. There are
many treatments for breast cancer, including chemotherapy,
surgery, targeted therapy, hormone replacement therapy, radi-
ation therapy, and combination therapy [3], but the large num-
ber of treatments available is a proof that each treatment is
not fully effective. The poor prognosis of breast cancer is re-
lated to drug resistance, and inappropriate pathological stage
may aggravate it. It has been shown that scientific and accu-
rate pathological staging can improve individual prognosis.

Weighted gene co-expression network analysis (WGCNA) is a
systematic and comprehensive biological method to explore the
correlation between genes, which stands out among many bio-
logical methods. The WGCNA approach operates on 2 assump-
tions: that molecules with similar expression patterns may be
involved in specific biological functions (co-regulation of genes),
and scale-free distribution [7]. In simple terms, the gene dis-
tribution is more consistent with the scale-free network dis-
tribution by selecting soft threshold 3 to weight the correla-
tion coefficient so as to maximize the use of information and
avoid information loss [8]. To facilitate their use, a WGCNA R
software package summarized and standardized its methods,
including network construction, module detection, gene se-
lection, topological property calculation, and visualization [9].

WGCNA builds modules by identifying potential links and cor-
relations between high-throughput genes. Modules closely re-
lated to clinical features were used as hub modules for subse-
quent analysis until the discovery of hub genes tightly related
to the disease. This method is not only used for the detection
of specific biomarkers of normal and abnormal tissues (such
as cancer screening and specific biomarkers of gene-related
diseases), but also for the identification of hub genes between
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abnormal tissues (such as tumor staging, grading, and metas-
tasis). Therefore, the purpose of the present study was to apply
the differentially expressed genes (DEGs) co-expression net-
work constructed by WGCNA to identify a series of hub genes
related with breast cancer pathological stage. These hub genes
as biomarkers may provide better diagnosis and more effec-
tive treatment for breast cancer patients, thus leading to ear-
lier detection and better results. This study may contribute
to the establishment of a complete biomarker system for the
pathological staging of breast cancer.

Material and Methods

Data collection and Preprocessing

The breast cancer gene expression profile of dataset
GSE102484 [10], downloaded from the Gene Expression
Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/),
was raw and was based on the GPL570 [HG-U133_Plus_2]
Affymetrix Human Genome U133 Plus 2.0 Array platform.
In the 683 samples of its data set, we selected 374 samples
of non-metastatic breast cancer, and all of our samples were
female. Then, the preprocessing of 374 original expression
data includes the normalization of data using a robust multi-
array averaging (RMA) [11] algorithm and the filtering of the
nsFilter algorithm. There were 374 samples and 10 093 probes
used for subsequent analysis. Furthermore, an independent
data set, GSE20685 [12], also downloaded from GEO for mod-
ule preservation analysis and validation.

Weighted gene co-expression network construction

The WGCNA package in R software was used to construct the
co-expression network. First, samples with a Z.K value <-2.5
were deleted as outliers and did not participate in the later
analysis. For the construction of a co-expression network, we
converted the correlation matrix with the removed outlier sam-
ples into the adjacency matrix based on value, and the spe-
cific calculation was a_|cor(x, x)|*, and X, and x; are the nodes
i and j of the network. The B was determined by scale-free to-
pology criterion and R? >0.8 made the network approximately
meet the scale-free network distribution generally. For details,
refer to original authors Zhang and Horvath. Then, this study
transformed the adjacency matrix into a topological overlap
matrix (TOM) after a series of complex calculations. TOM pro-
vides a simplified diagram of the network, allowing the visu-
alization of the network and facilitating the identification of
network modules. Then, the TOM graph was analyzed by av-
erage linkage hierarchical clustering based on the phase dis-
similarity (1-TOM). Finally, the dynamic shear method was
used to obtain the original modules and all the unidentified
genes were assigned to a module. The original modules that
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we obtained were screened and merged before moving on
to the next analysis. According to the author’s recommenda-
tion, the number of genes in each module was 30 and above.
At the same time, each module was marked with a different
color for the convenience of research, and the unrecognized
genes were grayed out.

Module preservation analysis

To verify the stability of the module, gene expression profiles
of 327 samples from data set GSE20685 were used for module
preservation analysis. We used the module preservation method
in WGCNA R software to calculate the Z summary score (Z score)
and medianRank [13], which assesses whether the module is
preserved or not. Since Z score and medianRank have their own
advantages and disadvantages, in order to treat each mod-
ule equally, the analysis method with both of them is usually
adopted. If the Z score is greater than 10, it is considered that
the module is highly preserved, and the higher the Z score is,
the higher the stability of the module is, and the more reliable
the subsequent analysis will be. A medianRank of the modules
close to zero indicates a high degree of module preservation.

Identifying clinically significant modules

The selection of hub modules for subsequent analysis was
based on the calculation of the correlation between clinical in-
formation and gene modules and the similarity of module ex-
pression in samples, including modules eigengene (ME), gene
significance (GS), and module significance (MS).

Hub genes identification, validation, and functional
annotation

The hub gene is defined as the gene with the highest de-
gree of connectivity in the hub module. Specifically, our
study determined hub genes based on 2 values, and selected
geneModuleMembership >0.8 and geneTraitSignificance >0.2 as
the hub genes. This limitation leads to a high degree of modu-
larity and clinical characteristics of the hub gene. Moreover,
genes in hub modules were projected into a protein—protein
interaction (PPI) network to further clarify the interaction and
association between genes, which was one of the references
for our analysis of genes and diseases and the evidence sup-
porting the status of hub genes. The “limma” package is used
to identify differentially expressed genes that are widely used
in disease and gene research. We used “limma” to test our
hub genes. If the P value of the gene is less than the selected
significance level (0.05 or 0.01), the selection of the gene is
considered statistically significant and it is considered to be
validated. Verification makes our selection of hub genes more
scientific and convincing.

CLINICAL RESEARCH

To further clarify how hub genes influence related clinical
characteristics of interesting modules, we used Enrichr (http://
amp.pharm.mssm.edu/Enrichr/) database to Gene Ontology (GO)
function module of the gene annotation and Kyoto Encyclopedia
of Genes and Genomes (KEGG) enrichment analysis [14].

Survival analysis

Survival analysis is used to determine the relationship between
the expression profile of one or more genomes and survival
time. Survival analysis of WGCNA is usually done by the non-
parametric Kaplan-Meier method [15]. The patients were di-
vided into 2 groups according to median expression value of
hub genes by the Kaplan-Meier method, and the results were
presented by drawing a survival curve. As a common way to
compare survival curves, the log-rank test can conclude that
there is no statistically significant difference between groups
by analyzing the significance of differences between actual
and theoretical values. To assess the relationship between
hub genes and breast cancer patients, the Kaplan-Meier sur-
vival analysis and log-rank test using the “survival” package
of R software were conducted.

Results

Weighted co-expression network construction

The 374 non-metastatic breast cancer samples without stage IV
in the independent data set GSE102484 from GEO were filtered
by RMA method normalization and nsFilter. Since there were
7 samples with Z.K value <-2.5 (GSM2738700, GSM2738857,
GSM2738923, GSM2738999, GSM2739109, GSM2739182, and
GSM2739239), these 7 samples were considered as outliers and
were excluded from subsequent analysis (Figure 1). Therefore,
the gene expression profile of 367 samples was used to con-
struct the gene co-expression network by using the WGCNA
package. First, we selected the soft threshold B=5 (scale-free
R2=0.90) according to Supplementary Figure 1 as the weighting
coefficient to ensure a scale-free network. Second, our study
used average linkage hierarchical clustering, the TOM-based
dissimilarity, dynamic tree clipping, and merging processing
to identify modules, and it obtained 18 modules marked with
different colors (Supplementary Figure 2).

Module preservation analysis

We used “modulePreservation” [13] to calculate the preser-
vation statistics of 2 independent modules and to determine
whether the modules were preserved according to Z sum-
mary score and medianRank. Figure 2 shows that the Z sum-
mary score of the brown, turquoise, and yellow modules were
all above 50, and the highest Z summary score of the brown
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Sample dendogram and trait heatmap
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Figure 1. Sample dendrogram and trait heatmap. Seven samples with a Z.K value <-2.5 are outliers. The color intensity was
proportional to older age as well as higher stage, Tstage, and Nstage.
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Figure 2. The medianRank and Zsummary statistics of the module preservation based on GSE20685. The medianRank of the modules

close to zero indicates the high degree of module preservation, and the Zsummary of the modules close to zero indicates the
low degree of module preservation.

module indicated that this module was the best preserved. prominent. Brown modules, whose Z summery score is more
To compensate for the weakness that Z summary score is de- than 60 were considered to be the best preserved modules
pendent on module size, we continued to analyze the rele- in this study.

vant medianRank. Among the 3 modules of brown, turquoise,

and yellow, the medianRank of the brown module was still
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Figure 3. Heatmap of the correlation between module eigengenes and clinical traits of breast cancer. Each module is based on the
pattern of their co-expression. Stage indicated bipolar disorder (breast cancer and non-breast cancer).

Identifying hub modules

The selection of hub modules was based on the correlation be-
tween modules and traits. Therefore, brown modules were se-
lected as the hub modules in this study according to the clos-
est correlation between modules and stages (r=0.22, P=3e-05,
Figure 3). At the same time, we also found that the brown mod-
ule was also the most correlated with Tstage (r=0.18, P=4e-04,
Figure 3), and the correlation between Nstage and the brown
module was also high (r=0.14, P=0.008, Figure 3). Furthermore,
the brown module showed high genetic significance and mod-
ule membership (cor=0.49, P=4.4e-67, Supplementary Figure 3),
which further confirmed the status of the brown module as
a hub module.

Hub genes identification, validation and functional
annotation

There were 1093 genes in the brown module and 49 that
meet our requirements (geneModuleMembership 0.8 and
geneTraitSignificance »0.2), and the special data are shown
in Table 1. The 2290 genes were shown to be associated
with breast cancer in previous studies through Junior Doc
(http://www.drwang.top/), and 21 of our 49 hub genes had
not been reported (e.g., TPX2, MCM10, NCAPG, and KIF4A).
The PPI network of brown modules showed significant con-
nectivity, and the overall effect of the network graph was good
(Supplementary Figure 4). In this network, the size and color
depth of nodes are proportional to their degree of connec-
tion, which facilitated our qualitative observation. The node
degree, betweenness, stress, closeness, and clustering coef-
ficient of 49 hub genes in the brown module were quantita-
tively compared (Table 2). AURKA gene has the largest node
and the darkest color, which was an important object for our
subsequent discussion and research. Independent GSE20685

was used by us for gene validation, and the condition for our
hub genes to pass the verification was P<0.05. Supplementary
Figure 5 intuitively shows our verification results, in which the
P values of 49 hub genes are less than 0.05, which indicates
that the selection of our 49 hub genes was statistically sig-
nificant, scientific, and convincing. Meanwhile, according to
|log2(fold change)| 20.5, 19 of the 49 hub genes were signifi-
cantly upregulated (Supplementary Figure 6).

To determine the mechanism of action of the 49 hub genes
in the brown module, the 49 hub genes were uploaded to
Enichr for GO function annotation and KEGG enrichment anal-
ysis. GO function annotation indicated that the brown module
was enriched to sister chromatid cohesion, spindle midzone,
and microtubule motor activity (Table 3). KEGG enrichment
analysis suggested the brown module was enriched in cell
cycle (Table 4). Tables 3, 4 show that the crude and adjusted
P value, Z score, the combined score of pathways, and genes
were included in the pathway.

Survival analysis

Breast cancer patients were divided into a high-expression
group and a low-expression group according to the median
expression value of each hub gene, and survival curves were
plotted accordingly. The P value of 37 of 49 hub genes was
less than 0.05, indicating that the 37 hub genes were statisti-
cally significant (Figure 4). The survival curve generally shows
a downward trend with the increase of time. On the graph line,
the slope is larger, which means lower survival rate. The image
of the high-expression group of 49 hub genes was steeper than
that of the low-expression group, indicating that the high ex-
pression of these hub genes was closely related to the poor
prognosis of patients.
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Table 1. The 49 hub genes most associated with breast cancer.

Probe ID Gene symbol  Entrez gene ID Gene module membership Gene trait significance
209642 _at BUB1 699 0.924293226 0.235607323
"""" 2004082t  KFC 11004 092218934 0241907024
"""" 20052sat  TPX2 22974 0914480792 0223144303
"""" 24753 at  CDCAS 113130 091205407 0250025302
"""" 220651 sat  MCMI0 55388 0910563071 0208487817
"""" 204822 T 7272 0907948229 o2leasyiin
"""" 204825 at  MELK 9833 0903514378 0231607588
"""" 218726 2t HWURP 55355 090328239 022698554
"""" 225687.at  FAMS3D 81610 0899sse6l9 0203016176
"""" 218663.at  NCAPG 64151 089054426 0205216007
"""" 2187552t KF0A 10112 0895166941 0226348808
"""" 202870sat  CdC20 991 oso407i6 02390137318
"""" 2215205 at  CDCAS 55143 089118746 0244566866
"""" 206364at  KF14 998 0890950252 026234143
"""" 209464 at  AURKB 9212 0890552966 022142283
"""" 203755.at  BUBIB 701 ogsse72se9 0213901874
"""" 2183552t KIFeA 24137 0887945991 0228378944
"""" 2029542t UBE2C 11065 0gs7sisles 0226938633
"""" 203554 xat  PTTGI 9232 08slsso19 0213686403
"""" 205046 at  CENPE 1062 0880069219 0220091
"""" 208079 sat  AURKA 679 087915202 0218061231
"""" 203358 sat B2 2146 os7574388 020793383
"""" 222608 'sat  ANIN 54443 0871339701 0234975449
"""" 2053392t STL 491 ose9lor26l 0210922715
"""" 205024sat  RADSL  ssss 0867508527 0213183274
"""" 2280692t MTR2 113115 0864955684 0211359463
"""" 228868 x st CDTL 81620  ose47s7ed 020992335
"""" 205733t  BIM 41 o08eo78s004 021703378
"""" 228323 at  CASCS 57082 0857092896 0200429723
"""" 201710 MyBL2 4605 o08sesors 0236329323
"""" 206102.at  GINS1 987 0853574 0208385671
"""" 222077s.at  RACGAPL 29127 0853841921 0256705857
"""" 20470952t KF23 9493 ogs1379193  oalser3st
"""" 29610t CKAPL 150468 o08s0llol6 0209596216
"""" 204033at  TRP13 9319 0849593284 0202381238
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Table 1 continued. The 49 hub genes most associated with breast cancer.

Probe ID Gene symbol  Entrez gene ID Gene module membership Gene trait significance
218009_s_at PRC1 9055 0.849581571 0.221410912
"""" 077462t PolQ 10721 ogagspolel 0247638427
"""" 2148042t CENPl 2491 os46773238 0207038989
"""" 217640 x at KA 220134 o0g3773e48 oo 40m
"""" 219650t ERCCBL  s4821 082821799 0202549981
"""" 22039 at  KIF188 146909 082593379 0203151907
"""" 207828 sat  CENPF 1063 osis7ieais 0230482778
"""" 282738t PRI Ss71 oIS ;e 0215057337
"""" 2040232t RFCA  s984 0815233799 0213293858
"""" 2130082  FANG 55215 0810580105 02165155
"""" 204817t ESLL 9700 ogoss4083  o2u4978
"""" 20210752t McM2 4171 0803926063 0207204313
"""" 2006805 at  KFCL 3833 0801065976 021350537
"""" 2019302t  McMé 4175 0g00871266 0214708557

Gene module membership represents the degree of linkage between hub genes and other genes, while gene trait significance
represents the relationship between genes and clinical features.

Table 2. The node degree, betweenness, stress, closeness, and clustering coefficient of 49 hub genes in brown module.

Gene Node degree Betweenness Stress Closeness Clustering coefficient
AURKA 50 0.01994251 556 1 0.77306122
"""" X2 49 000885408 464 098039216 080272109
"""" BUBL 49 000885408 464 098039216 080272109
"""" BUBIE 49 000885408 464 098039216 080272109
"""" cocAs 49 ooosss408 464 098039216 080272109
"""" WPC 49 ooiseos4  s08 098039216 078401361
"""" TK 49 0008848 464 098039216 080272100
"""" NCAPG 49 000835408 464 098039216 080272109
"""" WFP0A 48 ooo7e7l7 418 096153846 081471631
"""" MEK 48 o077 418 096153846 081471631
"""" cc20 47 00059724 352 094339623 083718779
"""" AURKB 47 000603083 352 09439623 083718779
"""" McMio 47 oolseress 408 094339623 081128585
"""" CENPF 47 000603083 352 094339623 083718779
"""" use2c 47 000730838 38 094339623  o082ldelel
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Table 2 continued. The node degree, betweenness, stress, closeness, and clustering coefficient of 49 hub genes in brown module.

Gene Node degree Betweenness Stress Closeness Clustering coefficient

KIF4A 47 0.00538752 336 0.94339623 0.84458834

MTFR2 15 0 0 0.58823529 1
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Table 3. GO function annotation of 49 hub genes.

Adjusted Combined

Series Name P value Z score Genes
P value score
GO Cellular Spindle midzone 7.05E-22 9.03E-20 -2.19 106.46 KIF14; BUB1B; CDCAS; TTK;
Component (GO: 0051233) KIF23; AURKB; AURKA; CDC20;
TPX2; CENPF; RACGAP1; PRC1;
KIF20A
GO Cellular Mitotic spindle 4.49E-18 2.37E-16 -2.3 91.68 CDC20; TPX2; CENPF; RACGAP1;
Component (GO: 0072686) ESPL1; CKAP2L; PRC1; TTK;
KIF23; KIF20A; AURKB; AURKA
GO Cellular Mitotic spindle 5.56E-18 2.37E-16 -2.06 81.88 TPX2; CENPE; RACGAP1; ESPL1;
Component midzone CKAP2L; KIF14; BUB1B; CDCAS;
(GO: 1990023) KIF23; AURKB; AURKA
GO Biological Sister chromatid 6.67E-18 1.35E-15 -2.76 109.02 CDC20; CENPE; CENPF; ERCC6L;
Process cohesion CENPI; CDCAS5; BUB1B; CDCAS;
(GO: 0007062) KIF2C; BUB1; AURKB; SKA1
GO Cellular Spindle microtubule 1.69E-17 5.42E-16 =2.32 89.73 KIF14; TTK; KIF23; AURKB; SKA1;
Component (GO: 0005876) AURKA; CDC20; TPX2; CENPE;
CENPF; PRC1; KIF4A; KIF20A
GO Cellular Spindle 2.60E-16 6.67E-15 -2.45 88.06 TTK; KIF23; AURKB; SKA1;
Component (GO: 0005819) AURKA; CDC20; TPX2; CENPE;
CENPF; PRC1; KIF2C; KIF20A;
MCM2
GO Cellular Mitotic spindle 1.87E-15 3.99E-14 -2.1 71.08 TPX2; RACGAP1; ESPL1; CKAP2L;
Component microtubule PRC1; KIF4A; KIF23; AURKB;
(GO: 1990498) SKA1; AURKA
GO Biological Mitotic cell cycle 9.03E-15 9.17E-13 -2.82 91.31 CDT1; TPX2; CENPE; CENPF;
Process (GO: 0000278) KIF18B; CDCA5; BUB1B; KIF2C;
SKA1; AURKA
GO Cellular Meiotic spindle 1.20E-14 2.20E-13 -1.98 63.49 CDC20; TPX2; CENPF; PRC1; TTK;
Component (GO: 0072687) KIF23; KIF20A; AURKB; AURKA
GO Biological Microtubule-based 2.69E-14 1.82E-12 -2.46 76.95 CENPE; KIF18B; RACGAP1; KIFC1;
Process movement KIF4A; KIF14; KIF2C; KIF23;
(GO: 0007018) KIF20A
GO Cellular Spindle pole 6.45E-14 1.03E-12 -2.19 66.53 CDC20; TPX2; CENPF; PRC1; TTK;
Component (GO: 0000922) KIF23; AUNIP; KIF20A; AURKB;
AURKA
GO Cellular Kinesin complex 9.68E-14 1.13E-12 -1.72 51.51 CENPE; KIF18B; KIFC1; KIF4A;
Component (GO: 0005871) KIF14; KIF2C; KIF23; KIF20A
GO Cellular Kinesin | complex 9.68E-14 1.13E-12 -1.68 50.33 CENPE; KIF18B; KIFC1; KIF4A;
Component (GO: 0016938) KIF14; KIF2C; KIF23; KIF20A
GO Molecular ATP-dependent 5.81E-13 1.22E-10 -191 53.71 CENPE; KIF18B; KIFC1; KIF4A;
Function microtubule motor KIF14; KIF2C; KIF23; KIF20A
activity (GO: 1990939)
GO Molecular Microtubule motor 2.84E-12 2.98E-10 -2.06 54.82 CENPE; KIF18B; KIFC1; KIF4A;
Function activity (GO: 0003777) KIF14; KIF2C; KIF23; KIF20A
GO Molecular ATP-dependent 7.36E-11 5.15E-09 -2.59 60.38 CENPE; BLM; KIF18B; KIFC1;

microtubule motor
activity, plus-end-
directed|

(GO: 0008574)

Function KIF4A; KIF14; KIF2C; KIF23;

KIF20A
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Table 3 continued. GO function annotation of 49 hub genes.

Adjusted Combined

Series Name P value Z score Genes
P value score
GO Biological Mitotic metaphase 4.10E-10 2.08E-08 -2.79 60.28 CENPE; KIFC1; CDCAS5; KIF14;
Process plate congression CDCAS; KIF2C
(GO: 0007080)
GO Molecular Protein-DNA unloading 1.11E-09 4.14E-08 -2.51 51.79 CENPE; BLM; KIF18B; KIFC1;
Function ATPase activity KIF14; KIF2C; KIF23; KIF20A
(GO: 0140083)
GO Molecular ATPase activity, 1.18E-09 4.14E-08 -2.56 52.69 CENPE; BLM; KIF18B; KIFC1;
Function uncoupled KIF14; KIF2C; KIF23; KIF20A
(GO: 0042624)
GO Molecular ATP-dependent 1.33E-09 4.14E-08 -2.54 51.86 CENPE; BLM; KIF18B; KIFC1;
Function microtubule motor KIF14; KIF2C; KIF23; KIF20A
activity, minus-end-
directed
(GO: 0008569)
GO Molecular ATPase activity, 1.49E-09 4.14E-08 -2.61 53.06 CENPE; BLM; KIF18B; KIFC1;
Function coupled KIF14; KIF2C; KIF23; KIF20A
(GO: 0042623)
GO Molecular ATPase activity 1.58E-09 4.14E-08 -2.53 51.31 CENPE; BLM; KIF18B; KIFC1;
Function (GO: 0016887) KIF14; KIF2C; KIF23; KIF20A
GO Molecular Intracellular ATPase- 5.56E-09 1.30E-07 -2.63 50.06 CENPE; BLM; KIF18B; KIFC1;
Function gated chloride channel KIF14; KIF2C; KIF23; KIF20A
activity (GO: 0005260)
GO Biological Mitotic spindle 6.60E-09 2.68E-07 -2.1 39.62 RACGAP1; KIF4A; KIF23; AURKB
Process midzone assembly
(GO: 0051256)
GO Biological Metaphase plate 1.04E-08 3.51E-07 —2.44 44,81 CENPE; CENPF; KIF2C; FAM83D
Process congression
(GO: 0051310)
GO Biological Anaphase-promoting 4.13E-08  0.000001197 -2.51 42.73 CDC20; PTTG1; UBE2C; BUB1B;
Process complex-dependent AURKB; AURKA
catabolic process
(GO: 0031145)
GO Biological Chromosome 1.13E-07  0.000002705 -2.33 37.27 CDT1; CENPE; CENPF; HJURP;
Process segregation SKA1
(GO: 0007059)
GO Biological Spindle organization 1.20E-07  0.000002705 -2.13 33.93 TTK; AUNIP; AURKB; AURKA
Process (GO: 0007051)
GO Biological Protein ubiquitination 5.14E-07 0.00001043  -2.89 41.83 CDC20; PTTG1; UBE2C; BUB1B;
Process involved in ubiquitin- AURKB; AURKA
dependent protein
catabolic process
(GO: 0042787)
GO Molecular Microtubule plus-end 7.81E-07 1.64E-05 -2.32 32.66 RACGAP1; KIF14; KIF2C; KIF23;
Function binding (GO: 0051010) FAMS83D; SKA1
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Table 4. KEGG enrichment analysis of 49 hub genes.

Adjusted P

CLINICAL RESEARCH

Name P value Z score Combined score Genes
value

Cell cycle 6.34E-10 1.01E-08 -5.14 108.9 CDC20; PTTG1; ESPL1; BUB1B; TTK;
MCM6; BUB1; MCM2

Oocyte meiosis 0.00001346 0.0001077 -27.81 311.96 CDC20; PTTG1; ESPL1; BUB1; AURKA

DNA replication 0.00009322 0.0004972 -49.47 459.08 RFC4; MCM6; MCM2

Fanconi anemia 0.0003139 0.001256 -42.68 344.27 FANCI; BLM; RAD51

pathway

Human T-cell leukemia 0.002015 0.006448 -19.4 120.41 CDC20; PTTG1; ESPL1; BUB1B

virus 1 infection

Homologous 0.004537 0.0121 —49.65 267.88 BLM; RAD51

recombination

Hub gene mutation analysis

The independent data set GSE29044 from the GEO database
was used for mutation analysis (Figure 5). All 49 hub genes
were shown to be upregulated in the mutation analysis, sug-
gesting that our hub genes are scientific and persuasive, and
Supplementary Figure 6 shows that 19 of 49 hub genes were
significantly upregulated.

Discussion

Breast cancer is an epithelial malignant tumor of ductal lobules
at the end of the mammary gland. It is the most common can-
cer among women and has a poor prognosis, causing a large
number of deaths worldwide every year. The research activity
on breast cancer is in direct proportion to its harm to human
beings, but quantity does not mean quality; the pathogene-
sis of breast cancer has not been fully elucidated, and the ge-
netic standard of breast cancer staging is not perfect. Although
some studies have used the WGCNA method to explore mo-
lecular markers related to the pathogenesis, diagnosis, treat-
ment, and prognosis of breast cancer, the present study may
contribute to the establishment of a more complete set of mo-
lecular markers for pathological staging of breast cancer. This
may lead to better treatment regimens for different patients
and better prognostic estimates.

In our study, we used 367 samples without stage IV to con-
struct the co-expression network. After dynamic tree shearing,
we identified 18 modules, among which the brown module
showed the strongest correlation with pathological staging.
The Z summery score and medianRank indicated that the brown
module has good stability. Therefore, the brown module as a
candidate module continues to identify candidate biomarkers.
Finally, we identified the 49 hub genes that are candidate

biomarkers for breast cancer pathological stage, and 21 hub
genes that were not inquired about in Junior Doc. The PPI chart
of 49 hub genes showed the ideal degree of connectivity, and
it could be intuitively seen that the hub genes were interacting
with each other. Both survival analysis and mutation analysis
yielded satisfactory results: high expression of 49 hub genes
was closely related to the poor prognosis of patients, and all
49 hub genes were shown to be upregulated in the mutation
analysis. Moreover, to better illustrate how hub genes works,
our study also carried out GO functional annotation and KEGG
enrichment analysis for 49 hub genes. GO functional annota-
tion of hub genes were suggested to focus on sister chromatid
cohesion, mitotic cell cycle, spindle midzone, and microtubule
motor activity. Similarly, hub genes identified by KEGG were
enriched in the cell cycle and DNA replication. These hub path-
ways are basically all involved in cell division. The sister chro-
matid cohesion pathway gene members are CDC20, CENPE,
CENPF, ERCC6L, CENPI, BUB1B, CDCAS8, KIF2C, BUB1, AURKB,
and SKA1. The sister chromatid cohesion pathway is a hub of
mitotic chromosomes separation; this process is mediated by
the cohesive element protein complexes. It has been reported
in colorectal cancer [16], bladder cancer [17], head and neck
squamous cell carcinoma [18], and other cancers. Previous
studies on breast cancer found that sister chromatid cohe-
sion can inhibit breast cancer cells and induce their apopto-
sis and autophagy [19], and the survival rate of breast cancer
patients with defective sister chromatid cohesion expression
is lower than those with higher sister chromatid cohesion ex-
pression [20]. In addition, studies have shown that cancer cells
that recognize mutations in sister chromatid cohesion may sug-
gest new therapeutic opportunities [21]. Cell cycle refers to the
time needed for one cell to divide one time, and its members
have CDC20, PTTG1, ESPL1, BUB1B, TTK, MCM6, BUB1, and
MCM2. Many studies have shown that the stagnation of the
cell cycle is a target for the treatment of breast cancer [22].

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

8883




FuY.etal.:

CLINICAL RESEARCH Hub genes for breast cancer

© Med Sci Monit, 2019; 25: 8873-8890

MYBL2 survival analysis BUB1B survival analysis CDC20 survival analysis UBE2C survival analysis RFC4 survival analysis

£ £ £
£ 00w logmp-om] £ 0o [mmrom] £ 00 Jmmpon]
0 2 6 8 10 2 0 2 4 6 8 10 2 0 2 4 6 8 10 2 0 2 4 6 8 10 2 2 4 6 8 0 12
Survival time inyears Survival timein years Survivaltime i years Surival timeinyears Survivaltime i years

TRIP13 survival analysis KIF23 survival analysis ESPLI survival analysis TTKsurvival analysis MELK survival analysis

Survival probabiltes
Survival probabiltes

00 JBenmke=ao]

0

[logrankp=001

2 02

000

o2

Jiogrankp=o00t

2 0

4 6 8 4 6 8
Sunivaltime n years Sunivaltime n years

CENPE survival analysis GINS1 survival analysis

04 04 047 04 .
I e N s I N e B 0 s B P s I
0 6 8 10 ? 0 2 4 6 8 10 2 0 2 4 6 8 10 12 [] 2 4 6 8 10 2 0 2 4 6 8 10 12
Survival time i years Suvivl time i years Sunvivaltime in years Sunvivl time i years Sunvival time in years

AURKA survival analysis KIF2C survival analysis AURKB survival analysis BUB1 survival analysis

0 2 6 8 10 ? [] 2 4 6 8 10 2 0 2 4 6 8 10 2 0 2 4 6 8 10 2 0 2 4 6 8 10 2
Survival time i years Survivaltime in years Survival time in years Survivaltime i years Survival time in years
TPX2 survival analysis CENPI survival analysis NCAPG survival analysis HIURP survival analysis KIF20A survival analysis
] ! S -
0 6 8 10 2 0 2 4 6 8 10 2 0 2 4 6 8 10 12 0 2 4 6 8 10 2 0 2 4 6 8 10 2
Survival time i years Survivaltime i years Survival time in years Survivaltime i years Survival time in years
ERCC6L survival analysis MCM10 survival analysis ((DCAB survival analysis KIF18B survival analysis RACGAP1 survival analysis

€ € o4 Y
; P e o] Jooow] ; oofmmpn) P = R
0 6 & 10 12 0 2 4 6 8 0 1 o 2 4 6 8 0 1 0 2 4 6 8 0 1 0o 2 4 6 8 0 1
Survivaltime inyears Survival time i years Survivaltime i years Survival time i years Survivaltime i years

FAMB83D survival analysis MTFR2 survival analysis PRR11 survival analysis CASCS survival analysis

€ o4 H
£ 0 Jmmmron) [gmmpon | 00 o] £ o Eamron] o e ]
0 2 4 6 8 0 1 02 6 8 10 1 0o 2 6 8 0 1 02 6 8 10 1 0o 2 4 6 8 0 1
Survivaltime inyears Survivaltime i years Survivaltime i years Survivaltime i years Survivaltime i years

COT1 survival analysis PRC1 survival analysis

Surival probabiltes

JTograkp=o0t
002 g Togrankp—0001

0 2 4 6 8 10 1 0 2 4 6 8 10 1
Survival time i years Survivaltime i years

Figure 4. Survival curves for patients in different groups. Red lines represent high expression of hub genes, while blue lines represent
low expression of hub genes.

In terms of individual hub genes, KIF4A, MCM10, and TPX2 were hub genes provided by the latest research on genetic markers
also listed as the hub genes associated with poor prognosis of ~ for breast cancer [26]. Most of the hub genes associated with

breast cancer in other studies that also used the WGCNA meth- breast cancer are well understood. AURKA and AURKB also are
od to identify the pathological process of breast cancer [23]. leading predictors of poor prognosis [27]. AURKA has the high-
In another study looking at biomarkers of prognosis in inva- est degree of connectivity in the PPl network. Our research on

sive breast cancer [24], only MELK in the 6 hub genes was the this gene is relatively mature, and it has been reported in many
same as our hub gene, suggesting that our study could be studies that this gene is closely related to breast cancer. AURKA
complementary. A study using grade 1, 2, and 3 differentially inhibitors have long been important drugs in the clinical treat-
expressed genes of cancer to construct a hierarchical specific ment of breast cancer. The latest research shows that AURKA
molecular interaction network indicated that KIF2C and UBE2C inhibitors combined with other inhibitors provide a new ap-
are potential biomarkers for breast cancer diagnosis and prog- proach for the treatment of breast cancer [28]. BUB1B causes
nosis [25]. The present study offers more new insights than the higher chromosomal instability in breast cancer cells [29], and
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Figure 5. Mutation analysis of 49 genes was based on independent data set GSE29044.

BUB1 is associated with cancer stem cells [30]. CDT1, CDC20
CENPE CENPF, and CENPI expression in breast cancer cells are
on the increase, and are significantly associated with shorter
survival [31,32]. KIF14, KIF20A, KIF2C, KIF4A, and KIFC1 belong-
ing to the kinesin family and have been proven to be poten-
tial biomarkers of breast cancer prognosis [33,34], but there
have been few studies on KIF18B and KIF23. HJURP is a his-
tone chaperone, a prognostic factor for disease-free survival
and overall survival in breast cancer patients, and a predic-
tive marker for radiotherapy sensitivity [35]. Among the hub
genes in the MCM series, MCM2 and MCM10 have been ex-
tensively studied in the pathological process of breast cancer,
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but MCM6 has received relatively little attention. However,
poor prognosis due to overexpression of MCM6 has been re-
ported in lung cancer [36]. Additionally, the abnormal expres-
sion of TPX2 has basically become a universal biomarker for
poor prognosis of cancer, which has been reported in gastric
cancer, non-small cell lung cancer, liver cancer, and other can-
cers [37,38]. CASC5, also known as KNL1, is an important gene
involved in chromosome separation and is expressed in various
cancer cells. Inhibition of this gene expression can induce cell
cycle arrest and inhibit cell proliferation and migration. KNL1
and BUB1 have similar effects and both function by activat-
ing the kinetochore-bound Mad1-Mad2 [39]. However, CASC5
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has not been adequately investigated in relation to breast can-
cer, nor has BUB1. The protein encoded by the CKAP2L gene
plays an important role in neuroprogenitor cell division, and
mutations in this gene are associated with spindle tissue de-
fects [40]. CKAP2L is reported to be the main cause of Filippi
syndrome [40]. There have been few studies on the relation-
ship between CKAP2L and cancer, and few studies have been
reported so far: the deletion of this gene is associated with
oral squamous cell carcinoma, and the latest study shows that
the upregulated expression of this gene in lung adenocarci-
noma may be closely correlated with the poor prognosis of pa-
tients. However, the exact role of CKAP2L in cancer progression,
metastasis, and drug resistance remains unclear. In particular,
research on the relationship between CKAP2L and breast can-
cer is scant. In addition, understanding of the molecular ba-
sis of CASC5, CKAP2L, FAM83D, KIF18B, KIF23, SKA1, GINS1,
CDCAS5, and MCM6 in breast cancer is poor, so in order to bet-
ter reveal the staging of breast cancer markers, it is necessary
to study the hub genes. Our understanding of certain genes is
still incomplete, and our co-expression networks might provide
new clues to the complex regulation of these different mole-
cules. However, compared with other tumor databases with
more tumor database samples, the data set samples that this

FuY.etal.:
Hub genes for breast cancer
© Med Sci Monit, 2019; 25: 8873-8890

related studies have been published. Furthermore, although it
found that some new genes may be related to the pathologi-
cal process of breast cancer, these new genes may not pro-
vide accurate information about the actual biological charac-
teristics of the tumor.

Conclusions

We established a co-expression network to identify the hub
genes related to the pathological staging of breast cancer, iden-
tifying 49 hub genes that were associated with the pathologic
stage of breast cancer, 19 of which were significantly upreg-
ulated in breast cancer. Our results may provide new insights
into biomarkers for breast cancer, but more research is need-
ed to validate these findings
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Supplementary Figure 1. Analysis of network topology for various soft-theholding powers. The left panel showed the scale-free fit
index, signed R? (y-axis) and the soft threshold power (x-axis).
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Supplementary Figure 2. Clustering dendrogram of genes and modules identfied by weighted gene co-expression network analysis
based on a dissimilarity measure (1-TOM).
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Supplementary Figure 3. Scatter diagram for module membership vs. gene significance of stage (breast cancer or non-breast cancer)
in brown module.
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Supplementary Figure 4. The protein-protein network of the hub genes in brown module. Within the network, node sizes and color
depth are proportional to their connectivity.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution- 8888
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




FuY.etal.:
Hub genes for breast cancer
© Med Sci Monit, 2019; 25: 8873-8890

CLINICAL RESEARCH

P value of 49 hub genes

—log2(P value)

Supplementary Figure 5. The P value of 49 hub genes for gene validation.
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Supplementary Figure 6. 19 hub genes were significantly up-egulated in breast cancer that indicates the high expression of those

genes is related to breast cancer.
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