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Integrated analysis of expression profiling data
identifies three genes in correlation with poor
prognosis of triple-negative breast cancer
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Abstract. Triple-negative breast cancer (TNBC) shows
more aggressive clinical behavior and poorer outcome than
non-triple-negative breast cancer (NTNBC), and cannot be
treated either via endocrine therapy or by Trastuzumab. For
TNBC, chemotherapy is currently the mainstay of systemic
medical treatment, the lack of more efficient options of treat-
ment has been a problem in breast cancer prevention. In this
study, we aimed to find genes related to prognosis in TNBC
by bioinformatic analysis and to provide therapeutic candi-
dates for TNBC treatment. We compared the differences in
gene expression levels between cancer patients and healthy
individuals across five breast cancer microarray databases to
generate a gene cohort specifically upregulated in the NTNBC
subtype, whose expression levels are =2-fold higher in TNBC
compared to NTNBC and healthy individuals. Another two
databases with clinical information were applied for following
Kaplan-Meier analysis, and high expression of BIRCS5, CENPA
and FAMG64A in this cohort were found to be related to poor
survival (OS, DMFS, DFS and RFS). This correlation was also
seen in patients at early stages and grades. On the other hand,
the outcome of patients with synchronous upregulation of
these three genes was the worst, while those with synchronous
low gene level was the best. In conclusion, BIRC5, CENPA
and FAMO64A are specifically upregulated in TNBC, and the
high expression of these three genes is associated with poor
breast cancer prognosis, suggesting their clinical implication
as therapeutic targets in TNBC.
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Introduction

Breast malignancy is the most prevalent type of cancer and the
leading cause of cancer death in females around the world (1).
According to the presence of ER, PR and HER2, breast cancer
can be classified into two molecular subtypes: the triple-
negative subtype (all three of ER, PR, HER?2 are absent, aka
TNBC) and non-triple-negative subtype (at least one receptor
remains, aka NTNBC) (2,3).

Traditional anticancer methods, surgery, radiotherapy and
chemotherapy are generally used for breast cancer, but they are
not so efficient within specific subtypes. For hormone receptor-
positive breast cancer, endocrine therapy is a better choice in
patients with chronic disease progression. In recent years,
with the development of targeted therapies, antibody-based
drugs aiming at cancer-specific molecules has been widely
applied and turned out to be effective, such as Trastuzumab
(Herceptin) against ERBB2 in HER2* subtypes (4). However,
no clear consensus has been reached for the treatment of
TNBC (5,6). Plenty of clinical reports showed that TN is the
subtype of higher malignancy and has a poorer expectation
of prognosis and overall survival in breast cancer (2,7,8). Due
to the absence of ER, PR and HER?2, endocrine treatment
and Trastuzumab were invalid for TNBC patients. Current
options such as chemotherapy (by platinum compounds or
doxorubicin), EGFR antagonists, PARP inhibitors and anti-
angiogenesis therapy do not act so well against TNBC, and
combinations of these agents require further investigation
(5,9). As a result, searching for new therapeutic targets for
TNBC is of great clinical value.

To investigate genes correlated with the poor prognosis of
TNBC and searching for potential TNBC-specific therapeutic
targets, we analyzed 5 breast cancer expressing profiling
datasets from TCGA and GEO databases (10) and generated a
primary set whose expression level was much higher in TNBC
patients than in normal controls. To ensure the specificity of
these genes in TNBC, corresponding NTNBC expression
data were then compared by independent sample T-test. The
expression level of 45 genes were found to be statistically
higher in TNBC than in NTNBC. Kaplan-Meier analysis
for the 45-gene TNBC specific cohort was performed with
further two clinical datasets, and within these cohort genes,
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BIRCS5, CENPA and FAM64A were found significantly asso-
ciated with poor breast cancer survival. This correlation was
also seen in patients of early cancer stages and grades, and
synchronous upregulation of three genes is correlated with
the worst prognosis. Analysis of pathway revealed that 3 hub
genes were largely co-expressed with many other molecules
related to survival, and potential interactions and the related
pathways are also discussed. These findings suggested that
the high expressions of BIRCS5, CENPA and FAM64A are
involved with the poor clinical outcome of TNBC, and they
are potential prognostic markers and therapeutic targets of
triple-negative breast cancer.

Materials and methods

Ethics statement. The databases searched in our study are
available online. We were free to use TCGA breast cancer
databases from The Cancer Genome Atlas (https:/tcga-data.
nci.nih.gov) by meeting its freedom-to-publish criteria. All
the Gene Expression Omnibus datasets are also accessible to
public from the GEO website (www.ncbi.nlm.nih.gov/geo) and
the ROCK breast cancer functional genomics (http:/www.
rock.icr.ac.uk), an integrated online breast cancer knowl-
edgebase which provides and updates detailed microarray
databases and information from reports on breast cancer (11).

Selection of databases. Five breast cancer microarray data-
bases from published studies were used to identify TNBC
specific genes. Normalized gene expression profiling data were
downloaded from TCGA and GEO websites, while the clinical
information was extracted from corresponding reports, TCGA
and ROCK websites. Samples were deposited into TNBC,
NTNBC and normal groups according to molecular subtyping
and immunohistochemical staining results, as presented in
Table I.

The two further online clinical datasets were chosen to
analyze the association of TNBC specific genes with breast
cancer prognosis. NKI data were extracted from a previous
study of van de Vijver et al (12), while 2006CC data from the
study of Chin et al (13). The median age of patients in NKI
and 2006CC data are 44 and 51, respectively, and each dataset
contains patients of different lymph status and molecular
subtypes. Except for microarray data, NKI dataset contains
overall survival (OS), distant metastasis-free survival
(DMES), disease-free survival (DFS) and Nottingham
Grading Score (NGS) information, while 2006CC dataset
contains OS, DMFS, relapse-free survival (RFS) and TNM
staging information.

Identification of TNBC specific genes. Triple-negative subtype
constitutes only a small fraction of all breast cancer cases, hence
to investigate as many breast cancer patients as possible while
avoiding cross-study batch effects, we separately carried out
statistical analysis in each of these 5 databases (14). Significant
analysis of microarray (SAM) method (p<0.05, q<0.25) and
independent sample t-test (p<0.05) were used to compare the
expression level of each gene between patients and healthy
persons. Since the platform and corresponding gene sums of
the five datasets were not in concert, to avoid batch effects
between experiments while excluding as many heterogenetic
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Table I. Statistics of the five microarray databases that gener-
ated the 48-gene primary set.

Dataset ID TNBC NTNBC N Total number
GSE1992 25 125 8 158
GSE2607 8 36 6 50
GSE3744 18 22 7 47
GSE47561 73 1457 40 1570
TCGA 71 398 61 530
Total number 195 2038 122 2355

genes as possible, statistical analysis was performed for each
dataset, and the overlapping part was output. Overlapping
genes upregulated >2-fold in patients while with statistical
significance (p<0.05) were deposited into the primary set.

To ensure that members of this gene set were specifically
overexpressed in TNBC, we compared corresponding TNBC
expression data of genes in the primary set with NTNBC
in each database via SAM method or independent sample
t-test with the judgment criteria of p<0.05. A cohort of genes
statistically upregulated in triple-negative breast cancer was
generated and then annotated by DAVID (http://david.abcc.
ncifcrf.gov/). The expression intensity of microarray data was
demonstrated as heatmap by Mev 4.0 software.

Association of TNBC-upregulated genes with patient prog-
nosis. In the five datasets applied to generate a 45-gene cohort,
four GEO datasets contain no clinical follow-ups, while a
large fraction of TCGA survival information were censored
or still upgrading. For further analysis, we chose NKI and
2006CC clinical sets to investigate the association between
TNBC cohort genes and breast cancer prognosis. The median
of TNBC-upregulated cohort gene levels across samples were
calculated to define the attribution of each sample. For each
gene, patients with an expression level higher than median was
classified as ‘high’, while those with a level lower than median
was classified as ‘low’. The relationship between the level of
each gene and patient survival [including disease-free survival
(DFS), distant metastasis-free survival (DMFS), relapse-free
survival (RFS) and overall survival (OS)] was described via
Kaplan-Meier analysis in both clinical sets. The survival
curves were drawn via GraphPad Prism 5, patients of ‘high’ or
‘low’ categories were displayed by curves of different colors,
while censored value were displayed as small bars. Genes
whose expression level statistically correlated with breast
cancer survival in both clinical sets were defined as hub genes.

Tumor grade/stage differentiated relationship of hub genes
with survival. To investigate the role of hub genes in survival
within different tumor periods, we divided the patients into
subgroups according to tumor grade and stage. In two clinical
sets applied in this study, NKI contains Nottingham grading
score (NGS) information, patients in this set were classified as
grade 1-3, while 2006CC contains TNM staging information,
patients in this set were classified as stage I-1I and stage ITII-IV.
Expression level of each hub gene in each sample were
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Figure 1. Heatmap for 48 primary set genes in TCGA data. Samples were grouped as normal, NTNBC and TNBC. The expression level of all 48 genes were

>2-fold higher in TNBC than in normal controls.

defined as ‘high’ or ‘low’ by using median as the threshold as
mentioned above. Kaplan-Meier analysis of hub gene-related
survival was then performed.

Grouped survival analysis of three hub genes. To find out
whether identified hub genes were indispensable factors influ-
encing patient survival, we classified samples of both clinical
sets into groups according to the level of hub genes. Samples
with all hub genes highly expressed were defined as ‘triple-
positive’, samples with all hub genes downregulated were
defined as ‘triple-negative’, while those in the middle were
further grouped. Kaplan-Meier analysis was made for each

group.

Cox proportional hazards regression analysis of the genes
of interest. To weigh the relative influence of the genes on
prognosis, Cox proportional hazards regression analysis was
performed in two clinical sets using OS and DMFS. Analysis
was performed by SPSS 19.0. All the genes of interest were
used as covariates, and the ‘Forward: LR’ method was used.

Pathway analysis of survival associated TNBC genes. In
order to further investigate the role of these survival-related
genes in breast cancer, we constructed an interaction network
using GNCpro online tools (15). Genes and pathways shown in
this network were analyzed in NCBI and KEGG, and related
reports were downloaded from PubMed.

Results
Generation of triple-negative breast cancer-specific gene

cohort. Definitely molecular subtyped TNBC class covers only
~12-17% of all breast cancer patients, exclusive of basal-like

and BRCA-related subtypes (5). To expand the sample pool
as much as possible, we browsed all available public databases,
and those with TNBC samples fewer than 5 were discarded.
Only 5 databases were chosen, and the total number of TNBC,
NTNBC and normal were 211, 2038 and 122, respectively
(16) (Table I). The expression level of triple-negative samples
versus normal in GSE3744 (17) and GSE47561 (11) data
were compared based on SAM methods (18) with p<0.05
and q<0.25, but for TCGA, GSE2607 (19) and GSE1992 (20)
data, independent sample t-test (p<0.05) was applied instead
of SAM because of the existence of numerous databases. A
primary set of 48 genes were found to be expressed =2-fold
higher in TNBC than in healthy controls across the five data-
bases. A heatmap for the 48-gene primary set from TCGA
database is shown as Fig. 1.

With a judgment criteria of p<0.05, in all 48 members, a
cohort of 45 genes was identified to be statistically upregulated
in TNBC compared to NTNBC, 2 genes were of similar levels
in TNBC and NTNBC, and 1 gene was downregulated in
NTNBC, not in TNBC. These 45 TNBC specific genes were
annotated to be related to important cellular mechanisms such
as cell cycle regulation, centrosome function, enzymatic canal-
ization and maintenance of chromosome integrity, all of which
were potential breach points of carcinogenesis (Table II).

Cohort genes correlated with poor prognosis. The poor
clinical outcome and short survival of TNBC might be related
to the overexpression of some TNBC specific genes (21). The
association between cohort genes and patient survival were
analyzed using NKI and 2006CC clinical sets according to
procedures mentioned in Materials and methods. We found
that among the 45 TNBC-upregulated genes, the overexpres-
sion of BIRCS5, CENPA and FAM64A showed a significant
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Table I1. Fold changes and annotations of 45 TNBC-upregulated genes from TCGA breast cancer data.

Fold change
Gene TNBC TNBC vs. The gene name
symbol vs. N NTNBC
ANP32E 3.12 2.78 Acidic (leucine-rich) nuclear phosphoprotein 32 family, member E
ATAD2 492 1.62 ATPase family, AAA domain containing 2
BIRCS 9.55 201 Baculoviral IAP repeat-containing 5 (survivin)
BUBI1 22.53 2.94 BUBI budding uninhibited by benzimidazoles 1 homolog (yeast)
CCNB1 5.09 145 Cyclin B1
CCNB2 8.32 2.23 Cyclin B2
CDC2 6.29 1.58 Cell division cycle 2, G1-S and G2-M
CDC20 7.83 2.69 CDC20 cell division cycle 20 homolog (S. cerevisiae)
CDKN3 7.35 1.56 Cyclin-dependent kinase inhibitor 3
CENPA 12.34 293 Centromere protein A
CENPF 15.12 2.35 Centromere protein F, 350/400 ka (mitosin)
CEP55 24.52 2.74 Centrosomal protein 55 kDa
CHEK1 9.64 2.88 CHK1 checkpoint homolog (S. pombe)
CKS2 7.3 1.59 CDC28 protein kinase regulatory subunit 2
CXCL10 3.19 1.28 Chemokine (C-X-C motif) ligand 10
E2F3 2.82 1.96 E2F transcription factor 3
EXO1 8.54 2.38 Exonuclease 1
FAM64A 997 2.59 Family with sequence similarity 64, member A
GPSM2 591 2.38 G-protein signalling modulator 2 (AGS3-like, C. elegans)
H2AFZ 2.36 141 H2A histone family, member Z
HMMR 5.23 1.49 Hyaluronan-mediated motility receptor (RHAMM)
HNI1 5.46 1.51 Hematological and neurological expressed 1
KIAAO0101 4.26 1.17 KIAAO0101
KIF20A 9.7 2 Kinesin family member 20A
LAMP3 8.54 4.62 Lysosomal-associated membrane protein 3
LMNBI1 6.98 1.69 Lamin B1
LRPS 6.87 343 Low density lipoprotein receptor-related protein 8, apolipoprotein E receptor
MAD2L1 5.15 1.76 MAD?2 mitotic arrest deficient-like 1 (yeast)
MCM4 5.76 1.94 MCM4 minichromosome maintenance deficient 4 (S. cerevisiae)
MLF1IP 5.59 144 MLF1 interacting protein
MMP1 28.61 346 Matrix metallopeptidase 1 (interstitial collagenase)
NEK?2 17 1.74 NIMA (never in mitosis gene a)-related kinase 2
NFE2L3 5.26 2.99 Nuclear factor (erythroid-derived 2)-like 3
OASL 4.15 1.29 2'-5'-oligoadenylate synthetase-like
PARPI 298 1.28 Poly(ADP-ribose) polymerase family, member 1
PBK 11.92 1.88 PDZ binding kinase
RACGAPI1 3.88 1.39 Rac GTPase activating protein 1
RECQLA4 4.37 1.48 RecQ protein-like 4
RRM2 9.81 1.81 Ribonucleotide reductase M2 polypeptide
TAP1 2.87 1.44 Transporter 1, ATP-binding cassette, sub-family B (MDR/TAP)
TMEM48 2.83 1.46 Transmembrane protein 48
TOP2A 8.8 1.58 Topoisomerase (DNA) Ila 170 kDa
TRIP13 7.06 208 Thyroid hormone receptor interactor 13
TTK 13.81 3.27 TTK protein kinase
TYMS 7.71 2.29 Thymidylate synthetase

The expression level of all 45 genes were statistically higher in TNBC than in NTNBC (p<0.05).
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Figure 2. Kaplan-Meier analysis of the hub genes BIRCS, CENPA and FAM64A from two clinical sets. (A) Hub gene related OS in NKI. (B) Hub gene related
DMEFS in NKI. (C) Hub gene related OS in 2006CC. (D) Hub gene related DMFS in 2006CC.

correlation with poor OS and DMFS (p<0.05) despite the
molecular subtypes of breast cancer (Fig. 2). High expression
of these genes were also related with poor DFS and RFS.
Therefore, these three genes were classified as hub genes.

Apart from BIRCS, CENPA and FAM64A, some other
genes in the cohort were found to be co-expressed with these
three hub members and were potentially involved in breast
cancer survival as well. In these candidates, the level of
BUBI and CCNB?2 genes were also negatively associated with
clinical survival, though their relationship with OS in 2006CC
data were not statistically supported by log-rank test as with
DFS, DMFS or RFS.

Three hub genes are related to survival in early tumor stage/
grade. According to available clinical information, patients
in 2006CC were divided as stage I-II and stage III-IV,

while patients in NKI clinical set were divided as grade 1-3.
Kaplan-Meier analysis showed that patients of stage III-IV
have poorer survival than stage I-II, while the rank of survival
with NGS was grade 3>2>1, these results agreed with clinical
observations. Furthermore, high level of BIRC5, CENPA and
FAMG64A were correlated with poor survival in stage I-II
patients (Fig. 3). Since the number of advanced tumor samples
was too few to perform convincible statistic analysis, we
are not sure whether this relationship exists in stage III-IV
patients. Similar correlation was also found in patients classi-
fied as grade 1-3 by Nottingham grading system.

Synchronous hub gene upregulation is correlated with the
worst prognosis. To find out whether these three hub genes were
indispensable factors influencing patient survival, we defined
patients with all hub genes highly expressed as ‘triple-positive’
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(TP), two genes highly expressed as ‘double-positive’ (DP), 3 genes of low level as ‘triple-negative’ (TN). Relationships
one gene highly expressed as ‘double-negative’ (DN), and all  of these 4 categories with survival were described by Kaplan-
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and its upregulation was also correlated with poor prognosis.

Meier analysis. We found that in NKI data, the TN group had
the best OS, DMFS and DFS, while TP was of the worst OS
but with similar level of DMFS/DFS as DP and DN groups.
In 2006CC data, due to the sample number in each group
being limited, survival of TP was similar with DP and NP,
but TN still had the best OS, DMFS and RFS (Fig. 4). These
results suggested that BIRC5, CENPA and FAM64A are all
important molecules influencing survival in breast cancer.
In other words, synchronous lower level of three hub genes
indicates the best prognosis in breast cancer patients, while
synchronous upregulation of three hub genes indicates the
worst. Since three hub genes has been previously validated to
be upregulated in TNBC subtypes, these findings suggested
that the overexpression of BIRCS5, CENPA and FAM64A
may be the reason for the poor clinical outcome of TNBC,
and they are potential therapeutic targets for triple-negative
breast cancer.

Cox analysis indicates BIRCS is an independent prognostic
factor in breast cancer. To evaluate the independence of five
TNBC-specific genes in inducing poor prognosis, Cox propor-
tional hazards regression analysis was performed in NKI and
2006CC clinical sets according to OS and DMFS. For NKI
data, BIRC5 and CCNB2 were considered to be independent
prognostic markers for OS and DMFS, while for 2006CC
data, BIRC5 and CENPA were considered as independent
prognostic markers for OS and DMFS (data not shown), giving

a hint that BIRCS is the more important of these genes in the
generation of TNBC high malignancy.

An interaction network of survival related cohort genes.
Pathway analysis indicated that BIRC5, CENPA and FAM64A
were co-expressed with BUBI and CCNB2 (Fig. 5). Among
the 5 genes, the function of BIRC5, CENPA, BUBI and
CCNB2 have been well studied and proved to be involved
with cancer development, while FAM64A is a relatively new
molecule with fewer details from NCBI and a limited number
of reports. FAM64A was reported to be highly expressed in
cancer cell lines and associated with cancer cell cycle regula-
tion and proliferation. In addition, the aurora kinase B gene
(aka AURKB, whose protein product regulates chromosome
segregation as a serine/threonine kinase) on the map has
been confirmed to link BIRCS5 and CENPA mechanistically,
indicating that AURKB plays an important role among our
TNBC-specific genes (Fig. 5).

Discussion

Although endocrine treatment and targeted drugs against
breast cancer have achieved remarkable therapeutic outcomes,
the non-triple-negative subtype remains more aggressive
and difficult to treat (22,23). The most distinctive difference
between TNBC and NTNBC is the status of ER, HER2 and
PR (2), which gives the impression that TNBC patient have a
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more similar gene expression signature with healthy people.
However, TNBC is indeed one of the most malignant breast
subtypes, there might be some unknown molecules and path-
ways not yet identified. Current therapeutic options of TNBC
treatment are chemotherapy and some auxiliary methods
(anti-angiogenesis or anti-EGFR) (9), only a small number of
previous studies have provided analytical routes and possible
gene candidates for targeted treatment of TNBC. In this study,
we aimed to find some genes related to prognosis of TNBC by
bioinformatic analysis, and provide instructive information
for the targeted therapy of TNBC.

After analyzing five online breast cancer microarray
datasets, we found a cohort of 45 genes overexpressed in
TNBC samples comparing with NTNBC, and in the controls.
We checked the relationship between gene level and patient
survival. Kaplan-Meier analysis was performed for each
gene in the TNBC cohort, and the overexpression of BIRCS,
CENPA and FAM64A were found to be associated with
poorer OS, DFS, DMFS and RFS. The relationship of the
hub genes with survival was also explored according to TNM
stage and NGS grade. Since the majority of samples in two
clinical sets were located in early or middle stage/grade, as
a result, with limited stage III-IV or grade 3 data, it is hard
to judge whether the hub genes were related to prognosis in
advanced breast cancer. However, this association was clearly
seen in patients of stage I-II or grade 1-2, proving that the
three hub genes were related to poor prognosis at least in early
cancer period. Furthermore, synchronous high expression of
these three hub genes indicates the worst clinical outcome
while synchronous low level indicates the best, emphasizing
their contributions to poor prognosis. On the other hand, two
other genes, BUB1 and CCNB2, were also found to be related
to DFS, DMFS and RFS. A tendency of correlation with OS
was also found, though the log-rank p-value was >0.05. Cox
model analysis revealed that BIRCS was more likely to be an
independent prognostic factor.

Since the expression of BIRC5, CENPA and FAM64A
are significantly upregulated in triple-negative breast cancer,
we consider that the overexpression of these genes may be a
reason to the high malignancy of TNBC, and they are poten-
tial prognostic markers and therapeutic targets in anti-TNBC
treatment. BUB1 and CCNB2 may also play some roles influ-
encing TNBC survival.

As the pathway network shows, our interested genes are
mainly involved with cell-cycle and mitosis. Among the hub
genes, BIRCS (survivin) has been reported to be related with
unfavorable prognostic state (24,25) in cancers of breast (25)
and neuroblastoma (26), but its role with survival has not
been linked to TNBC. CENPA is known to be a key factor in
centrosome functions, but the relationship with breast cancer
and prognosis is not well characterized yet. According to its
primary functions in mitosis (27), we speculate that CENPA
influences survival in cancer by promoting chromosomal
segregation, kinetochore association and genomic instability
(28). FAMO64A is a relatively new molecule, only a few reports
exist on its involvement with ovarian cancer cell cycle and
proliferation (29), therefore specific mechanisms and path-
ways on this molecule merit investigation. As for BUBI and
CCNB2, though the relationships with breast cancer has been
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reported (30,31), their role in TNBC still needs to be further
addressed.

According to the interaction map drawn by us, AURKB
gene seems to be located at the center of the prognosis-related
gene network. This gene encodes a member of the aurora
kinase subfamily of serine/threonine kinases, which partici-
pate in the regulation of segregation of chromosomes during
mitosis and meiosis through association with microtubules,
and cancer as well (32). Since AURKB has been reported to
be a risk factor in lung and breast malignancy (33,34), it is
quite possible that AURKB participates in the regulation of
TNBC prognosis. We performed Pearson bivariate correlation
analysis for AURKB and the five genes we identified (BIRCS,
CENPA, FAM64A, BUB1 and CCNB2). SPSS calculation
revealed that the Pearson correlation coefficients between
AURKB and each of the five genes were all of statistical
significance (data not shown). Exploration of the association
between AURKB and patient survival revealed that the level
of this gene was negatively correlated with survival similarly
to BIRC5, CENPA or FAM64A (data not shown). However,
since AURKB remains at a relatively even level among cancer
patients, it may play the role of a ‘passenger’ instead of a
‘driver’ in TNBC cases.

FAMG64A is the substrate of the kinase-interacting
stathmin (KIS or UHMKI1), a serine/threonine protein
kinase that promotes cell cycle progression through G1 by
phosphorylation of the cyclin-dependent kinase inhibitor
1B (p27%!) (29). Since AURKB and BUBI are also serine/
threonine kinases, we doubt whether FAMG64A is a substrate
of AURKB or BUBI. It has been proven that BIRC5 can
upregulate AURKB, while the latter chemically modifies
CENPA, so it is possible that BIRCS exerts the same influ-
ence on FAM64A via AURKB or BUBI. We hypothesize
that in TNBC patients, except causing poor prognosis, BIRC5
can also promote FAM64A function via AURKB or BUBI
mediated phosphorylation, thus bringing further impairment
to clinical outcome in TNBC.
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