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TPX2 as a Novel Prognostic Indicator and
Promising Therapeutic Target in Triple-negative
Breast Cancer

Yueqiang ]iang,1 Yan Liu,’ Xiaolong Tan,’ Shiyin Yu,? Jian Luo!

Abstract

The relationship between targeting protein for xenopus kinesin-like protein 2 (TPX2) expression and triple
negative breast cancer (TNBC) has not yet been studied. Herein, patients with confirmed TNBC are evaluated
by immunohistochemical staining of TPX2. Our study reveals that elevated TPX2 protein level is significantly
associated with worse outcomes, including progression-free and overall survival, in patients with TNBC. In
conclusion, we demonstrate that TPX2 could be a novel prognostic marker of progression-free and overall
survival in TNBC.

Introduction: Triple-negative breast cancer (TNBC), which lacks endocrine therapies and targeted therapies, has the
worst prognosis of all breast cancers which remain the most common malignancy in women worldwide. Targeting
protein for xenopus kinesin-like protein 2 (TPX2) is a microtubule-associated protein that is strongly correlated with
chromosomal instability, resulting in the development of different human tumors. Herein, we investigated the rela-
tionship between the clinical outcome of TNBC and the expression level of the TPX2 protein. Materials and Methods:
Patients initially treated at Tongji Hospital for confirmed TNBC were evaluated by immunohistochemical staining and
retrospectively recruited into our study. The immunohistochemical staining evaluation of TPX2 was based on the
staining intensity and extent. STATA was used to analyze all the data. Results: In total, 97 patients with TNBC were
recruited into our study. The TPX2 protein was overexpressed in almost all patients with TNBC. Our study demon-
strated that an elevated TPX2 protein level was significantly associated with worse outcomes in the patients with
TNBC, including worse progression-free survival (PFS) and overall survival (OS) (log-rank test, P < .001). Our model
also indicated that TPX2 expression was an independent predictor of OS (hazard ratio, 2.20; 95% confidence interval,
1.13-4.28; P = .020) but not of PFS (P = .639). Conclusion: In conclusion, we demonstrated that TPX2 could be a novel
prognostic marker of PFS and OS after the initial treatment of TNBC. We also revealed that TPX2 expression could serve
as an independent predictor of OS but not of PFS and a promising therapeutic target in patients with TNBC.
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Introduction

Triple-negative breast cancer (TNBC), which has only rare
expression of estrogen receptor, progesterone receptor, and human
epidermal growth factor receptor 2 (HER2), accounts for
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approximately 15% to 20% of all breast cancer cases which remain
the most common malignant tumor in women worldwide. In
China, it is estimated that the incidence rate of new cases was 2686
per 1 million people and that the mortality rate was 695 per 1
million deaths in 2015." The exact causes of breast cancer are still
unclear; however, it is believed that tumor development is related to
a high body mass index (BMI), hormone dysfunction, and genetic
changes such as BRCA1 or BRCA2 mutation. Patients with positive
expression of hormone receptors (including ER and/or PR) or
overexpression of Her2 usually have a better prognosis than patients
with TNBC, as well as having the potential to be treated with anti-
hormone endocrine therapy (eg, tamoxifen) or anti-HER2 targeted
therapy (eg, herceptin); however, patients with TNBC lack
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endocrine and targeted therapy options, which contributes to
TNBC having the worst prognosis of all breast cancers. Moreover,
through whole-genome expression profiling, different genes over-
expressed in TNBC have been identified, showing that TNBC is a
heterogenic disease with different subtypes, such as basal-like,
mesenchymal-like, and luminal androgen-positive type.z’S Howev-
er, the exact genetic predisposition for TNBC is still poorly un-
derstood. Only chemotherapy was thought to be effective and
recommended for advanced-stage TNBC before immune check-
point inhibitors were used in TNBC; fortunately, it was reported
recently that chemotherapy with a regimen of nab-paclitaxel plus
the immune checkpoint inhibitor atezolizumab could produce a
better prognosis than chemotherapy alone as a first-line treatment
for advanced-stage TNBC with a programmed cell death ligand-1
(PD-L1) expression rate over 1%.° However, most patients with
TNBC have a PD-L1 expression rate of less than 1% or even no
expression, which is not appropriate for immune checkpoint in-
hibitor therapy; therefore, new targets and approaches are still
required to be investigated to improve the clinical outcome of pa-
tients with TNBC.

Targeting protein for xenopus kinesin-like protein 2 (TPX2) is a
microtubule-associated protein that activates the cell cycle kinase
protein Aurora-A and then plays an essential role in the formation of
the mitotic spindle.” Cells with a deficiency in TPX2 fail to form the
TPX2-Aurora-A complex and thus develop short spindles, resulting
in mitotic failure and cell apoptosis.® However, when overexpressed,
TPX2 is strongly correlated with chromosomal instability, resulting
in the development of different human tumors.”” Although whole-
genome expression profiling shows that TNBC is a heterogenic
disease with different subtypes, TPX2 gene overexpression can be
identified in almost all subtypes of TNBC.”” Recently, it was re-
ported in renal clear cell carcinoma that elevated mRNA and protein
levels of TPX2 are associated with increased aggressiveness and poor
outcomes. ' Tt has also been reported in colon cancer that aberrant
expression of TPX2 is significantly associated with unfavorable
clinicopathological variables and that the overexpression of TPX2
plays a critical role in the progression and metastasis of colon can-
cer.'" However, few studies have examined the relationship between
the expression level of TPX2 and the outcome of TNBC.

Herein, we retrospectively investigated the protein expression
level of TPX2 in patients with TNBC recruited in our hospital and
demonstrated the relationship between the expression level of the
TPX2 protein and clinical outcomes and the associations between
the expression level and different clinical features.

Materials and Methods
Patients

Patients who underwent surgery or biopsy and had pathologically
confirmed breast cancer that was immunohistochemically proven to
be hormone receptor (both estrogen receptor and progesterone
receptor)-negative and HER2-negative, less than 10% HER2-
positive, or 10% to 30% HER2-positive but with a confirmed
lack of amplification by fluorescence in situ hybridization (FISH) in
Tongji Hospital between January 2008 and December 2015 were
retrospectively recruited into our study. Clinical and pathologic
variables, including tumor size (T stage), lymph node infiltration
(N stage), distant tissue or organ metastasis (M stage) and

differentiation grade, were evaluated by a pathologist and an
oncologist at Tongji Hospital according to the National Compre-
hensive Cancer Network and World Health Organization (WHO)
standards. Specifically, 5 nonconsecutive blocks with a thickness of
4 mm were collected for each patient. Written consent for the use of
all clinical data was provided by patients or their relatives if the
patient had passed away. This retrospective study was approved by
the ethics committee of Tongji Hospital affiliated with Tongji
Medical College of Huazhong University of Science and
Technology.

Immunobhistochemistry (IHC)

For each patient, hematoxylin-eosin staining was performed to
confirm the diagnosis of breast cancer. Three sections per patient were
stained with a mouse anti-TPX2 monoclonal antibody (1:200 dilu-
tion; Abcam, Shanghai) using a standardized procedure guided by
instruction. Briefly, the sections were deparaffinized in xylene and
rehydrated in a graded alcohol series. The slides were then incubated
with the anti-TPX2 antibody or phosphate-buffered saline as a nega-
tive control overnight and then exposed to a biotinylated secondary
antibody, followed by an incubation with DAB for 30 minutes. The
IHC-stained sections were read by 2 independent pathologists (Y.L.
and X.T.) in a blinded manner. Evaluation was based on the staining
intensity and extent. The staining intensity was graded as follows: 0, no
staining; 14, weak staining; 2+, moderate staining; and 3+, strong
staining. The staining area was scored using the following scale: 0, no
stained cells; 14, < 10% of the tissue stained positive; 2+, 10% to
30% stained positive; and 34, > 30% stained positive. The sum that
represented the staining score (intensity plus extent) index was desig-
nated as follows: 1 to 2, weak expression; 3 to 4, moderate expression;

. 10412
and 5 to 6, strong expression.

Statistical Analysis

In this study, STATA (version 12.0, Stata Corporation, College
Station, TX) was used to analyze all the data. Analysis of variance
was carried out when comparing different clinical features among
different groups based on a 2-way statistical analysis. Progression-
free survival (PFS) and overall survival (OS) were assessed using
Kaplan-Meier curves, and the differences in PFS and OS among
patients stratified by their TPX2 protein expression was evaluated
using the log-rank test. The Cox proportional hazards regression
model was used to calculate multivariate hazard ratios (HRs) for
variables and to identify factors that independently predicted PES
and OS. A P value < .05 was considered statistically significant.

Results
Basic Characteristics of Recruited Patients

To validate our findings, 97 patients in total with evaluable
pathologic specimens collected by surgery or biopsy and a diagnosis
of TNBC by hematoxylin-eosin and IHC staining between January
2008 and December 2015 were involved in our analysis. The basic
characteristics are summarized in Table 1. Specifically, the patients
were all female, and the median age was 48.5 years (range, 25.0-
76.0 years). The median follow-up time was 52.4 months (range,
5.1-120.0 months). Unlike in Western countries, there were few
patients (4/97) with a high BMI in our study. More than one-half
(52/97) of the patients recurred by the end of the follow-up time,
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TPX2 as prognostic indicator in TNBC

Table 1 Basal Characteristics of Patients

Clinical Information N (%)
Age, ¥
Mean 48.5
Range 25-76
BMI, kg/m?
<25 93 (96.0)
>25 4 (4.0
Stage
| 10 (10.3)
Il 37 (38.1)
I 29 (29.9
v 21 (21.6)
T stage
T 13 (13.4)
T2 36 (37.1)
T3 23 (23.7)
T4 24 (24.7)
N stage
NO 32 (33.0)
N1 16 (16.5)
N2 22 (22.6)
N3 27 (27.8)
M stage
MO 76 (78.4)
M1 21 (21.6)
Treatment received anthracene plus taxel
Anthracene only 64 (66.0)
Taxel only 7(7.2)
No or other regimen 16 (16.5)
Differentiation (WHQ) 10 (10.3)
| 11 (11.3)
Il 34 (35.1)
I 52 (53.6)
Disease recurrence
Yes 52 (53.6)
No 45 (46.4)

Abbreviations: BMI = body mass index; WHO = World Health Organization.

indicating the aggressive biological behavior and poor prognosis of
TNBC. Unlike patients with other types of breast cancer, most of
the patients with TNBC were in an advanced or late stage at the
time of diagnosis, specifically with high T and N stages. For
example, 48.4% of the patients were graded as T3 or T4 initially,
and more than one-half (50.4%) of the patients were graded as N2
or N3 at the time of diagnosis. Moreover, our study only included
11 (11.3%) of 97 patients with WHO grade I differentiation; most
patients had WHO grade aggressive disease, and more than one-half
(53.6%) were diagnosed with WHO III differentiation, indicating
the intrinsic characteristic of this poorly differentiated malignancy.
In terms of treatment, most (66.0%) patients received regimens of
both anthracene and paclitaxel, which are recommended for TNBC,

concurrently or sequentially.
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Association Between TPX2 Expression and TNBC Clinical
Prognosis

To determine whether TPX2 expression is associated with the
clinical prognosis of TNBC, TPX2 expression was detected by IHC
staining to calculate intensity and extent scores. We found that the
TPX2 protein was overexpressed in almost all patients with TNBC.
Representative staining images are shown in Figure 1A-C. In gen-
eral, the TPX2 protein was expressed in both the cytoplasm and
nucleus; according to the methods mentioned above, the TPX2
expression rate could be used to subdivide the patients into
3 groups: the weak, moderate, and strong expression groups, based
on the staining intensity plus extent score.

Then, Kaplan-Meier analyses were performed for both PES and OS.
The proportions of patients who developed progression or recurrence
after initial treatment were significantly different among the different
TPX2 expression groups (Figure 1D). Specifically, the strong TPX2
expression group was associated with the worst median PES, whereas
the weak expression group was associated with the best median PFS
(log-rank test, P < .001; TPX2 strong group, 35 (36.1%) of 97 pa-
tients, median PFS, 14.2 months [range, 1.7-60.4 months]; TPX2
moderate group, 41 (42.3%) of 97 patients, median PES, 32.4 months
[range, 3.4-78.9 months]; and TPX2 weak group, 21 (21.6%) of 97
patients, median PFS, 60.2 months [range, 8.1-113.0 months])
(Figure 1D). OS was also significantly different among the different
groups (Figure 1E). This finding indicated that the expression level of
TPX2 was substantially correlated with OS in the patients with TNBC
in our study. The patients with weak expression of TPX2 had signif-
icantly longer median OS than those with strong TPX2 expression
(log-rank test, P < .001; TPX2 strong group, median OS, 31.6
months [range, 5.6-89.4 months]; TPX2 moderate group, median
08, 57.6 months [range, 10.8-117.0 months]; and TPX2 weak group,
median OS, 76.8 months [range, 32.5-120.0 months]). In conclusion,
our analysis demonstrated that the TPX2 expression level could serve
as a novel prognostic marker for both OS and PFES after the initial
treatment of TNBC.

TPX2 expression was significantly associated with tumor stage
and served as an independent predictor of OS in patients with
TNBC.

To determine the associations between TPX2 expression and
multiple clinical features, Analyses of variance were carried out to
analyze our data (Table 2). In general, there were more patients
with weak TPX2 expression with stage I TNBC (8/10) than with
stage IV TNBC (0/21), whereas there were fewer patients with
strong TPX2 expression with stage I TNBC (1/10) than with stage
IV TNBC (18/21). The P value of the association between TPX2
expression and clinical stage was significant (P < .001). Specifically,
a quantitative analysis showed that TPX2 expression was also
associated with T, N, and M stages (P < .001 for all); in general,
the earlier the stage was, the lower the expression of the TPX2
protein. Interestingly, TPX2 expression was also correlated with
pathologic differentiation grade. There were more patients with
WHO grade I differentiation in the weak TPX2 expression patient
population (6/10) than in the moderate (9/34) or strong (6/52)
patient populations, and the P value was .009. Collectively, these
results revealed that TPX2 expression was significantly associated
with tumor phase and pathologic differentiation grade, based on
our data.
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Abbreviation: TPX2 = targeting protein for xenopus kinesin-like protein 2.

Furthermore, a multivariate analysis was performed to examine
whether TPX2 expression serves as an independent predictor of PFS
and OS (Table 3). Interestingly, after correcting for stage, T stage,
N stage, M stage, BMI, and pathologic differentiation grade, our
model indicated that TPX2 expression was an independent pre-
dictor of OS (HR, 2.20; 95% confidence interval, 1.13-4.28;
P = .020) but not of PFS (HR, 1.13; 95% confidence interval,
0.70-1.81; P = .639).

Discussion

TNBC is the subtype of malignant breast carcinoma with the
worst prognosis. Without targeted therapies or endocrine therapies,
chemotherapy is thought to be the recommended treatment in the
adjuvant therapy context after surgery and in the neoadjuvant
context; it is also recommended as the first-line treatment in patients
with advanced stage TNBC. However, most patients are diagnosed
at an advanced stage or will experience recurrence or progression
after initial chemotherapy, contributing to the poor prognosis of
TNBC. Thus, a new approach and strategy is required for the
treatment of TNBC.

In our study, TPX2 was found to be expressed in almost all
patients with TNBC, and the expression level was correlated with
the prognosis of TNBC, including both PES and OS. Specifically,
our data showed that increased protein expression of TPX2 was
associated with more aggressive biological behavior and worse out-
comes than low expression of TPX2. Furthermore, elevated
expression of the TPX2 protein was associated with worse T, N, and

M stages, a high pathologic differentiation grade, and worse PFS
and OS. Similar to our study, other studies have reported that
increased TPX2 protein expression is associated with a worse
prognosis in renal clear-cell carcinoma, gastric cancer, and colon
cancer, 101113

TPX2 is required and essential for microtubule formation and
spindle assembly during mitosis. Cells lacking TPX2 have difficulties
assembling their spindle, resulting in mitotic failure.® It has been re-
ported that an increased level of TPX2 protein expression is found in
several malignant tumors and that downregulation of TPX2 expres-
sion in colon cancer cells and glioma can suppress proliferation and
inhibit migratory and invasive abilities through the PI3K/AKT/
mTOR pathway in vivo and in vitro.'”'""'*"> Our study also found
that the TPX2 protein was overexpressed in almost all patients with
TNBC and that the extent of this elevation correlated with the
aggressiveness of the biological behavior of this malignancy. Thus, itis
reasonable to suggest that TPX2 expression is not only a novel marker
to identify disease severity but also a therapeutic target in TNBC and
other types of malignant carcinomas, such as colon cancer. Interest-
ingly, it has been reported that silencing TPX2 can substantially
promote paclitaxel sensitivity in pancreatic cancer cells, suggesting
that a TPX2 inhibitor combined with chemotherapy could be a po-
tential approach for TNBC treatment, especially in patients with a
PD-L1 expression rate of less than 1%."*

Overexpression of the TPX2 protein is strongly correlated with
chromosomal instability, which serves as a potential mechanism of
carly tumorigenesis,'® and this process was also recently reported to
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Table 2 Correlation Between TPX2 Expression and Clinical

Characteristics of TNBC

Clinical TPX2 Expression
Information Weak Moderate | Strong P Value
Stage <.001
| 8 1 1
Il 10 23 4
Il 3 14 12
1% 0 3 18
BMI, kg/m?
<25 20 39 34 .694
>25 1 2 1
T stage <.001
T 8 3 2
T2 8 17 11
T3 3 15 5
T4 2 5 17
N stage <.001
NO 16 14 2
N1 2 11 3
N2 1 10 1
N3 2 6 19
M stage <.001
MO 21 38 17
M1 0 4 17
Differentiation .009
(WHO)
| 6 4 1
Il 9 11 14
I 6 26 20

Abbreviations: BMI = body mass index; TNBC = triple-negative breast cancer; TPX2 = tar-
geting protein for xenopus kinesin-like protein 2; WHO = World Health Organization.

drive metastasis through a cytosolic DNA response by driving tu-
mor cells to imitate a myeloid-derived naive immune cell pheno-

type to escape type I

immunity.”"”'® Tt is reasonable to speculate that radiotherapy

interferon-dependent  antitumor
might not be helpful in patients with TPX2-overexpressing TNBC
because radiotherapy-induced cytosolic DNA release can activate
the cGAS-sting pathway but does not activate the downstream
classical NF-kB pathway instead of the nonclassical NF-kB
pathway.'” In our study, we revealed that high TPX2 protein
expression was strongly associated with more aggressive local lymph
node infiltration and distant organ metastasis in patients with
TNBC, suggesting that high expression of TPX2 might drive local
and distant metastasis because high TPX2 protein expression pro-
motes increased chromosomal instability, resulting in more tumor
cells easily migrating. Interestingly, it has been reported that tar-
geting TPX2 with specific peptides is a favorable approach to
improve the effects of cytotoxic T lymphocytes in T cell-mediated
immunotherapy in primary hepatic carcinoma.”” It is worth noting
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Table 3 Multivariate Analysis by Cox Proportional Hazards
Ratio to Evaluate TPX2 Expression in PFS and 0S

Variable HR 95% Cl P
PFS
TPX2 . 1.13 0.70-1.81 .639
expression
Stage 2.88 1.05-7.92 .040
T stage 1.60 0.97-2.63 .066
N stage 2.63 1.59-4.34 .001
Metastasis 6.15 1.26-30.05 .025
WHO 1.09 0.72-1.65 673
differentiation
BMI 1.55 0.46-5.21 479
0S
TPX2 ' 2.20 1.13-4.28 .020
expression
Stage 1.53 0.38-6.12 548
T stage 3.20 1.67-6.13 .001
N stage 2.30 1.23-4.30 .009
Metastasis 6.51 0.76-56.07 .088
WHO 1.12 0.60-2.09 714
differentiation
BMI 1.02 0.22-4.69 .983

Abbreviations: BMI = body mass index; Cl = confidence interval; HR = hazard ratio; 0S =
overall survival; PFS = progression-free survival; TPX2 = targeting protein for xenopus kinesin-
like protein 2; WHO = World Health Organization.

that targeting TPX2 could be a promising approach to restore type
I immune reactions and thus suppress local lymph node infiltration
and distant organ metastasis.

However, our work does not demonstrate associations between
the TPX2 expression level and the subtypes of TNBC, such as basal-
like, mesenchymal-like, and luminal androgen-positive type,
through genomic analysis. Although TPX2 was overexpressed in
almost all patients with TNBC in our study, the details of the
correlations between each subtype of TNBC and TPX2 expression
should be given further study. Additionally, as this was a retro-
spective study, we did not discuss the mechanism of TPX2 over-
expression associated with the outcome of TNBC. More work
should be performed to further investigate this association in a
prospective study.

Conclusion

In conclusion, we retrospectively analyzed 97 patients with
TNBC in our study. We demonstrated that TPX2 was overex-
pressed in almost all patients with TNBC and could be a novel
prognostic marker of PES and OS after the initial treatment of
TNBC. Moreover, we also revealed that TPX2 expression was
significantly associated with tumor phase and pathologic differen-
tiation grade and could serve as an independent predictor of OS but
not of PFS in the patients with TNBC in our analysis. TPX2 could
be a promising therapeutic target when combined with chemo-
therapy or radiotherapy, and targeting TPX2 could be a promising



approach to restore type I immune reactions, thus inhibiting
tumorigenesis and suppressing local lymph node infiltration and
distant organ metastasis.

Clinical Practice Points

o Overexpression of TPX2 has been reported in many types of
carcinoma; however, the relationship between TPX2 expression
and TNBC is still unknown.

e In our study, an elevated TPX2 protein level was found to be
significantly associated with worse outcome, including PFS and
OS, in TNBC.

o Forwardly, TPX2 could serve as a prognostic indicator of TNBC.
Thus, there is potential that TPX2 could be a new therapeutic
target for the treatment of TNBC.

Acknowledgments
This study is funded by national natural science foundation of

China, No. 81672394.

Disclosure

The authors have stated that they have no conflicts of interest.

References

1. Chen W, Zheng R, Baade PD, et al. Cancer statistics in China, 2015. CA Cancer |
Clin 2016; 66:115-32.

2. Purrington KS, Visscher DW, Wang C, et al. Genes associated with histopatho-
logic features of triple negative breast tumors predict molecular subtypes. Breast
Cancer Res Trear 20165 157:117-31.

20.

Yueqiang Jiang et al

. Lehmann BD, Bauer JA, Chen X, et al. Identification of human triple-negative

breast cancer subtypes and preclinical models for selection of targeted therapies.

J Clin Invest 2011; 121:2750-67.

. Abramson VG, Lehmann BD, Ballinger TJ, Pietenpol JA. Subtyping of triple-

negative breast cancer: implications for therapy. Cancer 2015; 121:8-16.

. Alluri P, Newman LA. Basal-like and triple-negative breast cancers: searching for

positives among many negatives. Surg Oncol Clin N Am 2014; 23:567-77.

. Schmid P, Adams S, Rugo HS, et al, IMpassion130 Trial Investigators. Atezoli-

zumab and nab-paclitaxel in advanced triple-negative breast cancer. NV Engl | Med
2018; 379:2108-21.

. Aguirre-Portoles C, Bird AW, Hyman A, Canamero M, Perez de Castro I,

Malumbres M. Tpx2 controls spindle integrity, genome stability, and tumor
development. Cancer Res 2012; 72:1518-28.

. Ozlii N, Srayko M, Kinoshita K, et al. An essential function of the C. elegans

ortholog of TPX2 is to localize activated aurora A kinase to mitotic spindles. Dev

Cell 2005; 9:237-48.

. Neumayer G, Belzil C, Gruss OJ, Nguyen MD. TPX2: of spindle assembly, DNA

damage response, and cancer. Cell Mol Life Sci 2014; 71:3027-47.

. Glaser ZA, Love HD, Guo S, et al. TPX2 as a prognostic indicator and potential

therapeutic target in clear cell renal cell carcinoma. Urol Oncol 2017; 35:286-93.

. Wei P, Zhang N, Xu Y, et al. TPX2 is a novel prognostic marker for the growth

and metastasis of colon cancer. J Transl Med 2013; 11:313.

. Liang B, Jia C, Huang Y, et al. TPX2 level correlates with hepatocellular carcinoma

cell proliferation, apoptosis, and EMT. Dig Dis Sci 2015; 60:2360-72.

. Liang B, Zheng W, Fang L, et al. Overexpressed targeting protein for Xklp2

(TPX2) serves as a promising prognostic marker and therapeutic target for gastric
cancer. Cancer Biol Ther 2016; 17:824-32.

. Warner SL, Stephens BJ, Nwokenkwo S, et al. Validation of TPX2 as a potential

therapeutic target in pancreatic cancer cells. Clin Cancer Res 2009; 15:6519-28.

. Gu]J]J, Zhang JH, Chen HJ, Wang SS. TPX2 promotes glioma cell proliferation and

invasion via activation of the AKT signaling pathway. Oncol Lett 2016; 12:5015-22.

. Sheltzer JM, Ko JH, Replogle JM, et al. Single-chromosome gains commonly

function as tumor suppressors. Cancer Cell 2017; 31:240-55.

. Bakhoum SF, Ngo B, Laughney AM, et al. Chromosomal instability drives

metastasis through a cytosolic DNA response. Nature 2018; 553:467-72.

. Perez de Castro I, Malumbres M. Mitotic stress and chromosomal instability in

cancer: the case for TPX2. Genes Cancer 2012; 3:721-30.

. Deng L, Liang H, Xu M, et al. STING-dependent cytosolic DNA sensing pro-

motes radiation-induced type I interferon-dependent antitumor immunity in
immunogenic tumors. Immunity 2014; 41:843-52.

Aref AM, Hoa NT, Ge L, et al. HCA519/TPX2: a potential T-cell tumor-
associated antigen for human hepatocellular carcinoma. Onco Targets Ther 2014;

7:1061-70.

Clinical Breast Cancer December 2019

455


http://refhub.elsevier.com/S1526-8209(18)30866-8/sref1
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref1
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref2
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref2
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref2
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref3
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref3
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref3
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref4
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref4
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref5
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref5
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref6
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref6
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref6
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref7
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref7
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref7
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref8
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref8
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref8
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref9
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref9
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref10
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref10
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref11
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref11
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref12
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref12
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref13
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref13
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref13
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref14
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref14
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref15
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref15
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref16
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref16
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref17
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref17
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref18
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref18
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref19
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref19
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref19
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref20
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref20
http://refhub.elsevier.com/S1526-8209(18)30866-8/sref20

	TPX2 as a Novel Prognostic Indicator and Promising Therapeutic Target in Triple-negative Breast Cancer
	Introduction
	Materials and Methods
	Patients
	Immunohistochemistry (IHC)
	Statistical Analysis

	Results
	Basic Characteristics of Recruited Patients
	Association Between TPX2 Expression and TNBC Clinical Prognosis

	Discussion
	Conclusion
	Clinical Practice Points

	Acknowledgments
	Disclosure
	References


