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Abstract

Purpose Because of its aggressive characteristics and
poor prognosis, triple-negative breast cancer (TNBC) has
become a hot topic in cancer research. Chemotherapy
is currently the only treatment for patients with TNBC.
The transcription factor FOXC1 has been associated with
TNBC prognosis, but little is known about its effect on che-
mosensitivity. The aim of this study was to investigate the
effects of FOXC1 on chemosensitivity.

Methods A case—control study was performed on 25
TNBC patients who experienced relapse and/or metastasis.
Another 25 patients without relapse or metastasis were ran-
domly selected as controls. Medical records were reviewed
for relevant information, and immunohistochemistry was
performed to measure FOXC1 levels. The Kaplan—Meier
method and Cox analysis were used to analyze differences
in disease-free survival (DFS) and overall survival (OS).
The correlation of FOXC1 expression with chemosensi-
tivity was analyzed. Data were analyzed using SPSS 21.0
software, and a P value <0.05 was considered to be statisti-
cally significant.
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Results In 15 of 22 case patients, FOXC1 was overex-
pressed, whereas only 8 control patients exhibited FOXCl1
overexpression (P < 0.05). FOXC1 expression had no cor-
relation with pathological indicators. An anthracycline-
based regimen was administered to 21 study patients and
23 control patients. FOXC1 expression was significantly
associated with a worse DFS (HR 2.62, 95% CI 1.05-6.50,
P = 0.038) but presented no correlation with OS (HR 2.53,
95% CI1 0.76-8.40, P = 0.131) among these 44 patients.
Conclusions This study shows that FOXC1 is correlated
with chemosensitivity to anthracycline and could be used
as an indicator of chemosensitivity in sporadic TNBC.
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Introduction

Triple-negative breast cancer (TNBC) is defined by the lack
of expression of estrogen receptor (ERa) and progester-
one receptor (PR) as well as the absence of overexpression
and/or gene amplification of HER2 [1-3]. This subtype of
breast cancer accounts for approximately 10-15% of all
breast cancers [4—6], and more studies have focused on this
subtype because of its aggressive clinical behavior and poor
prognosis [5, 7]. Although ERa- and HER2-targeted treat-
ments are used for luminal and HER2-positive breast can-
cers, respectively, chemotherapy remains the only modal-
ity of systemic therapy for TNBC [8]. Several studies have
shown that compared to other types of breast cancer, TNBC
in general is more sensitive to chemotherapy [9, 10]; how-
ever, only a minority of TNBC patients have an excellent
outcome after receiving standard chemotherapy. Despite
receiving standard cytotoxic chemotherapy, approximately
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30-40% of patients with early-stage TNBC develop meta-
static disease, eventually succumbing to their cancer [9-
11]. These observations suggest that patients with TNBC
comprise a heterogeneous group [12] and that it is thus
important to identify the subgroup of TNBC patients who
may benefit from adjuvant chemotherapy. Several previous
reports have shown that FOXCI1 is closely correlated with
prognosis [2] and has the potential to be a therapeutic target
in TNBC [13]. However, there are no reports on the role of
FOXCI in response to chemotherapy in clinical settings.

FOXC1 is a member of the forkhead box (FOX) tran-
scription factor superfamily, which plays important roles
in cell growth, survival, differentiation, migration, and lon-
gevity [14, 15]. Previously, it has been shown that ectopic
overexpression of FOXC1 in breast cancer cell lines
induces aggressive phenotypes [2, 16, 17]. Conversely,
shRNA knockdown of FOXCI in breast cancer cell lines
with high endogenous levels of FOXC1 led to opposing
effects with the loss of aggressive phenotypic features [13].
Another study indicated that FOXC1 demethylation, which
results in its overexpression, is closely correlated with
chemoresistance in locally advanced breast cancer patients
receiving neoadjuvant anthracycline treatment [18]. There-
fore, it is important to investigate the effects of FOXC1 on
chemosensitivity and to determine whether FOXC1 might
be a potential biomarker for regimen selection in TNBC
patients.

Jia and his colleagues have shown that FOXC1 may play
a role in the degree of malignancy and drug resistance of
relapsing invasive ductal carcinoma [19]. However, it is
unclear whether overexpression of FOXC1 in sporadic
TNBC impacts the patient response to chemotherapy. The
goal of this study was to investigate the prognostic signifi-
cance of FOXC1 expression in early-stage TNBC patients
treated with standard chemotherapy and the effect of
FOXC1 overexpression on the chemotherapeutic response
in triple-negative breast cancer patients.

Materials and methods

Ethics statement

This study was approved by the Institutional Review Board
(IRB) at the Peking Union Medical College Hospital, Bei-
jing, China. Fifty patients who were pathologically diag-
nosed with TNBC and signed informed consent upon surgi-
cal intervention at our center were enrolled in the study.

Patients and study design

A total of 3154 consecutive patients with operable primary
breast cancer were treated at Peking Union Medical College
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Hospital from December 2007 to April 2012. Of these
patients, 253 (approximately 8%) were TNBC accord-
ing to pathology (additional data are given in online Fig.
S1). Two hundred and forty-seven TNBC patients received
adjuvant chemotherapy, and with a median follow-up time
of 32 months (range 2-68 months), follow-up data were
available for 88.67% of patients (219/247). During follow-
up, 25 patients developed local recurrence and/or distant
metastasis, and 12 patients died of breast cancer. Of 194
TNBC patients without local recurrence or distant metasta-
sis, 25 were randomly selected as controls. Formalin-fixed
paraffin-embedded (FFPE) samples from these selected
patients were retrieved from the pathology archives. Each
tumor specimen was evaluated by two pathologists to con-
firm the presence of invasive disease, and only samples
with >50% invasive cancer were included in the analysis.
Archived tissue blocks of 47 patients with adequate inva-
sive cancer were available and comprised the study cohort.
None of the patients received neoadjuvant chemotherapy.
Demographic and clinical information regarding the patho-
logical stage, breast cancer treatment, outcome, etc., was
collected by reviewing the medical record.

Histopathological analysis: ER/PR/HER2/FOXC1

Triple-negative breast cancer was defined as a negative ER,
PR, and HER?2 status. Immunohistochemistry (IHC) stain-
ing was scored using criteria from published guidelines.
Immunohistochemical nuclear staining of less than or equal
to 1% was considered a negative result for ER and PR (in
accordance with the 2010 ASCO/CAP guidelines). HER2-
negative tumors were defined as O or 14+ on IHC staining
and/or the lack of gene amplification in fluorescence in situ
hybridization (FISH) tests (i.e., a ratio less than 2.0). IHC
slides from the selected study patients were reviewed by
two board-certified, specialty-trained breast pathologists
who remained blinded to the clinical data. The ER, PR, and
HER?2 status at the time of this study were in agreement
with the initial diagnosis after surgery.

We performed IHC analysis of FOXC1 on whole-tissue
sections from archived FFPE tissue blocks for all TNBC
patients in our study cohort (rabbit polyclonal IgG FOXCl1
antibody, catalog No. LS-B1800, Lifespan Bioscience) [2].
Tissue blocks were sectioned into serial 5-wm-thick tissue
sections and subjected to IHC analysis to detect FOXCI.
Semi-quantitative analysis was performed by pathologists
who scored the staining intensity (SI) and percentage of
positive cells (PP) according to the immunoreactive score
(IRS) criteria recommended by Remmele and Stegner [20,
21]. This method evaluates both the percentage of posi-
tive cells and the staining intensity of the nuclei, and has
been used in analyzing the IHC expression of many pro-
teins, such as FOXC1, CXCL12 [22, 23]. The details are
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as follows: The intensity of immunoreactivity was recorded
as 0 (no staining), 1 (weak staining), 2 (moderate staining),
or 3 (strong staining). The percentage of positive cells was
recorded on a scale of 0 (no positive cells), 1 (<10% posi-
tive cells), 2 (11-50% positive cells), 3 (51-75% positive
cells), or 4 (>75% positive cells). The arithmetic product of
the SI and PP was used to determine FOXC1 expression as
either negative (score 0-3) or positive (>4) (Fig. 1).

Statistical analysis

SPSS 21.0 and GraphPad Prism 5.0 were used for statisti-
cal analyses. Data were described as numbers (percentages)
or the means and standard deviation. Patient characteris-
tics were compared between groups (presence vs. absence
of local recurrence/distant metastasis) by a Chi-square test
or Mann—Whitney U test as appropriate. The Chi-square
test was used to determine the association between clini-
cal/histopathological parameters and FOXC1 expression.
The time to recurrence was defined as the date of diag-
nosis to either the date of local or systemic recurrence, or
the last follow-up. Overall survival (OS) was measured
from the date of diagnosis to the date of death or the last
follow-up. Survival outcomes were estimated according to
the Kaplan—-Meier method and compared between groups
by using the log-rank statistic. Cox regression analysis was
used to determine the association of FOXC1 with the risk
of recurrence and death after adjusting for other charac-
teristics. P values <0.05 were considered to be statistically
significant.

Results
Study population

This study enrolled 50 patients with stage I-stage IIl TNBC
who underwent definitive surgery at our institution between
October 2007 and April 2012. Their tumor specimens
were available and identified in our pathology archives. Of
these 50 subjects with TNBC, 47 had an adequate tumor
specimen available for analysis. Table 1 describes the
baseline demographics of the study population, and there
were no differences between the two groups except for
FOXCI1 expression. The median age was 47 years (range
29-82 years). The median primary tumor size according to
the pathology reports was 2.4 cm (range 0.7-11 cm), with
89% (42/47) of patients receiving modified radical mastec-
tomy, 6% (3/47) of patients receiving conservative surgery,
and the remaining patients undergoing either wide local
excision or simple mastectomy. Among 22 of the TNBC
patients with recurrence or metastasis, 1 patient had local
recurrence, 3 patients had local recurrence and distant

Fig. 1 Representative images of FOXCI1 staining in human breast
tumor. Magnification: a FOXC1 positive (x100); b FOXC1 positive
(x200); ¢ FOXC1 negative (x 100); d FOXC1 negative (x200)

metastasis, and 18 patients had distant metastasis; bone
metastasis was the most common metastatic event.

FOXC1 has no association with other clinical/
histopathological parameters

Semi-quantitative IHC scoring showed that 68% (15/22)
of the patients with recurrence or metastasis had FOXC1
overexpression, whereas only 32% (8/25) of the patients
without recurrence or metastasis were FOXCI1 positive
(P < 0.05). The clinical and histopathological parameters
were compared based on FOXC1 expression. There were
no statistically significant associations between FOXCl1
expression and age, menopausal status, tumor size, axil-
lary lymph node status, histological type, differentiation,
lymphovascular invasion, p53 status, Ki-67 index, or AJCC
clinical stages as shown in Table 2. Hence, FOXC1 is an
independent histopathological factor.

FOXC1 is an indicator of poor prognosis

Positive expression of FOXCI1 protein was a significant
predictor of DFS at a median follow-up of 32 months
(range 2—-68 months) (additional data are given in online
Table S1 and Fig. S2a) based on univariate analysis [haz-
ard ratio (HR) 2.60, 95% confidence interval (CI) 1.11-
6.09, P = 0.027], but was not a significant predictor of
OS (additional data are given in online Table S2 and Fig.
S2b). The median DFS was 19 months for the FOXC1-
positive triple-negative breast cancer, and 32 months
for the FOXCl-negative patients. Other standard clin-
icopathological factors such as age, menopausal sta-
tus, tumor size, nodal status, and tumor grade were not
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Table 1 Clinical and

pathological characteristics Characteristics Total Case Control P value

Total 47 22 25

Age (mean + SD) 47 49.36 £ 13.37 46.80 £ 8.32 0.38

Menopausal status 0.387
Premenopausal 25 10 15
Postmenopausal 22 12 10

Tumor size (cm) 0.421
<2 20 8 12
>2 27 14 13

Number of positive LNs 0.609
Negative 8 3 5
Positive 39 19 20

Histological type 1
IDC 45 21 24
Others 2 1 1

Histological grade 0.219
Well or moderate 10 3 7
Poor 37 19 18

LVI 0.819
Positive 10 5 5
Negative 37 17 20

p53 expression 0.391
Positive 29 15 14
Negative 18 7 11

Ki-67 (%) 0.849
<14 8 3 5
>14 39 19 20

Surgery 0.55
Modified radical mastectomy 42 19 23
Breast-conserving surgery 3 2 1
Wide local excision/simple mastectomy 2 1 1

AJCC clinical stage 0.804
I 5 1
II 18 10 8
111 24 11 13

Chemotherapy 0.629
Anthracycline based 44 21 23
Others 3 1 2

Radiotherapy 0.196
Yes 22 12 10
No 25 10 15

FOXCI expression 0.013*
Positive 23 15 8
Negative 24 7 17

significant predictors of either DFS or OS in our study.  multivariate analysis (HR 2.83, 95% CI 1.09-7.40,
The prognostic significance of FOXC1 protein expres- P = 0.034), but this analysis showed that FOXC1 expres-
sion as an independent predictor of DFS persisted after ~ sion was not an independent predictor of OS in our study.
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T?b.le 2 Association petween Characteristics Total FOXCI1 expression P value
clinical/histopathological
factors and FOXC1 expression Positive (N = 23) Negative (N = 24)
Age (mean £ SD) 47 50.57 £ 12.42 45.54 + 8.85 0.17
Menopausal status 0.564
Premenopausal 25 11 14
Postmenopausal 22 12 10
Tumor size (cm) 0.38
<2 20 8 12
>2 27 15 12
Number of positive LNs 0.245
Negative 8 2 6
Positive 39 21 18
Histological type 0.976
IDC 45 22 23
Others 2 1 1
Histological grade 1
Well and moderate 10 5 5
Poor 37 18 19
LVI 0.435
Positive 10 6 4
Negative 37 17 20
p53 expression 0.631
Positive 29 15 14
Negative 18 8 10
Ki-67 (%) 0.482
<14 8 3 5
>14 39 20 19
AJCC clinical stage 0.309
I 5 1
I 18 9 9
I 24 13 11

FOXC1 overexpression is an indicator
of chemoresistance to anthracycline-based
chemotherapy

FOXC1 expression was tested for its association with sur-
vival by a separate log-rank test in groups based on different
adjuvant chemotherapy regimens (additional data are given
in online Tables S3 and S4). In the anthracycline-based
patient group, breast cancer-specific DFES was significantly
improved in patients without FOXC1 protein overexpression
(P = 0.03, Fig. 2a). However, FOXC1 overexpression was
not significantly correlated with breast cancer-specific OS in
this patient group (P = 0.116, Fig. 2b). However, a trend
for improved survival was observed in other patient groups
without FOXC1 expression (additional data are given in
online Tables S3 and S4). These findings regarding FOXC1
expression indicate a treatment-specific effect on survival in
patients receiving anthracycline-based chemotherapy.

Survival analysis in the anthracycline-treated cohort
based on the log-rank test indicated that FOXC1 expres-
sion (P = 0.038) and tumor size (P = 0.006) could slightly
better differentiate between the two survival groups in
the analyzed sample collection, whereas differences in
groups classified by menopausal status, nodal status, and
tumor differentiation did not reach statistical significance
(Tables 3, 4).

To identify significant parameters contributing to the
observed difference in DFS, Cox regression analysis was
performed. The hazard ratio for each of the contributing
factors was either estimated separately (univariate analy-
sis) or modeled together (multivariate analysis). Univariate
analysis identified tumor size and FOXC1 overexpression
as significant predictors of DFS (Table 5). To investigate
whether tumor size and FOXC1 expression were inde-
pendent prognostic markers, we performed a multivariate
analysis which showed that the patients in this study with

@ Springer



1210

Cancer Chemother Pharmacol (2017) 79:1205-1213

a 100
P =0.03 by log-rank test

Survival (%)

204 — FOXC1 negative

— FOXC1 Positive
0 T T T T T 1
0 12 24 36 48 60 72

Disease-free survival (months)

Survival (%)
FOXC1-neg 100 61.91 42.86 30.61 30.61 30.61
FOXC1-pos 100 78.26 69.57 69.57 69.57 69.57

b 100 P =0.116 by log-rank test
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&\c/ 60 - TERTE bt J
©
2
S 40+
»
204 — FOXC1 negative
— FOXC1 Positive
0 ; ' ' ' '

0 12 24 36 48 60 72

Overall survival (months)
Survival (%)

FOXC1-neg 100 85.71 61.91 61.91 61.91 61.91
FOXC1-pos 100 91.30 86.74 82.17 82.17 82.17

Fig. 2 Kaplan—Meier plots of patient survival based on the FOXC1 expression status in patients receiving anthracycline-based adjuvant chemo-

therapy. a DFS. b OS. The log-rank test was used to calculate the P value

larger tumors (HR 1.50, 95% CI 1.12-1.99, P = 0.006)
and FOXCI1 overexpression (HR 2.58, 95% CI 1.04-6.42,
P = 0.041) had a higher risk of suffering from local recur-
rence and/or distant metastasis compared with patients
with smaller tumors and/or no to low FOXC1 expression.
However, both the univariate and multivariate analyses
showed that only tumor size was a significant predictor of
OS (additional data are given in online Table S5), but that
FOXC1 overexpression was not.

Discussion

It is well established that patients with TNBC have worse
outcomes than patients with other breast cancer subtypes.
Currently, chemotherapy is the only systemic treatment for
TNBC patients; however, some patients with a subclassifi-
cation of TNBC are not sensitive to chemotherapy. There-
fore, a predictive marker must be identified that can discern
the sensitivity of TNBC patients to chemotherapy and can
avoid overtreatment of the resistant subgroup. Our results
suggest that FOXC1 expression in sporadic TNBC predicts
poor prognosis in patients receiving anthracycline-based
chemotherapy.

Recently, the transcriptional factor FOXC1 has received
substantial attention, especially regarding its correla-
tion with chemosensitivity. Dejeux et al. [18] investigated
the methylation status of the promoter regions of FOXCl1
in doxorubicin-treated locally advanced primary breast
tumors. Although FOXC1 with methylated promoters was
almost exclusively not expressed, the expression and meth-
ylation status of FOXC1 were not significantly correlated,
as FOXCI1 was already silenced in most tumors independ-
ent of its methylation status. However, as basal-like breast
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tumors generally showed a lower degree of methylation
than the other subtypes, it is reasonable to expect that
FOXCI1 overexpression is more common in TNBC. A sig-
nificant difference in patient survival between methylated
and unmethylated samples was confirmed as patients with
an unmethylated promoter region had lower survival rates.
Our results are in accordance with this report and indicate
that FOXC1 expression has the potential to predict chemo-
sensitivity in anthracycline-based chemotherapy.

In the multivariate analysis by Cox regression, only
tumor size and FOXC1 were significant factors related to
DFS, whereas common pathological factors [such as age,
nodal status, differentiation, and lymphovascular inva-
sion (LVI)] were not. However, in most previous studies,
at least the nodal status, differentiation, and LVI were sig-
nificant factors related to survival. As FOXCI1 overexpres-
sion is a factor that precedes tumor invasiveness, changes
in FOXC1 expression might affect those aforementioned
insignificant factors. However, the mechanism of FOXC1’s
correlation with anthracycline resistance requires further
investigation. Some studies have focused on pathways,
including FOXCl1-related signaling. Cui et al. have shown
that FOXC1 is involved in pathways relevant to EGFR
[13], NF-kB [24], and Hedgehog [25] signaling. Whether
FOXCI1 affects chemosensitivity through these pathways
warrants further study.

Screening TNBC patients to identify those who might
be resistant to chemotherapy is a reasonable approach.
Currently, routine clinical and pathological variables
do not clearly identify TNBC patients who are likely to
develop recurrence following standard chemotherapy.
Many researchers have focused on this problem, with par-
ticular attention on in vitro chemosensitivity assays and
the identification/development of new biomarkers. As our
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Table 3 Relationship between DFS and clinicopathological features
in 44 patients treated with anthracyclines in adjuvant settings

Table 4 Relationship between OS and clinicopathological features in
44 patients treated with anthracyclines in adjuvant settings

Characteristics Total Recurrence or metastasis P value

Yes No

Characteristics Total Failure event P value

Yes No

Age (mean £ SD) 44 49.76 £ 13.75 46.09 £8.10 0.192

Menopausal status 0.251
Premenopausal 24 9 15
Postmenopausal 20 12 8

Tumor size (cm) 0.006*
<2 17 7 10
>2 27 14 13

Number of positive 0.648
LNs
Negative 8 3 5
Positive 36 18 18

Histological grade 0.092
Well and moderate 9 2 7
Poor 35 19 16

LVI 0.752
Positive 10 5 5
Negative 34 16 18

p53 expression 0.55
Positive 27 14 13
Negative 17 7 10

Ki-67 (%) 0.469
<14 7 3 4
>14 37 18 19

AJCC clinical stage 0.53
I 5 1
I 18 10 8
111 21 10 11

FOXCI1 expression 0.038%*
Positive 21 14 7
Negative 23 7 16

Age (mean = SD) 44 48.17 £13.57 47.72+£11.08 0.768

Menopausal status 0.799
Premenopausal 24 17 17
Postmenopausal 20 5 15

Tumor size (cm) 0.012%*
<2 17 4 13
>2 27 8 19

Number of positive 0.851
LNs
Negative 8 2 6
Positive 36 10 26

Histological grade 0.257
Well and moderate 9 1 8
Poor 35 11 24

LVI 0.259
Positive 10 4 6
Negative 34 8 26

P53 expression 0.507
Positive 27 7 20
Negative 17 5 12

Ki-67 (%) 0.381
<14 7 2 5
>14 37 10 27

AJCC clinical stage 0.184
I 5 1 4
II 18 3 25
I 21 8 3

FOXCI1 expression 0.131
Positive 21 8 13
Negative 23 4 19

study showed FOXC1 as a promising biomarker in predict-
ing poor sensitivity to anthracycline-based chemotherapy
and detecting FOXC1 expression status is easy via ITHC,
FOXC1 should be included in clinical routine pathology
tests. Determining FOXC1 expression levels by using IHC
is relatively inexpensive and can be performed on FFPE
tissue; therefore, the implementation of this test has the
potential for ease of application in clinical settings.
Although important, our study has several limitations.
Notably, the results are subject to bias due to the retrospec-
tive nature of the study and its small sample size. We also
believe that the small sample size and relatively short fol-
low-up time limited our ability to adequately evaluate the
correlation of FOXC1 with OS as well as with other chem-
otherapeutics; therefore, further study in a larger sample

size is warranted. However, our study adds the prognostic
impact of FOXC1 expression in patients with TNBC to
the existing literature, and this is the first study to evaluate
the prognostic impact of FOXC1 in the context of modern
chemotherapy. It is impossible to evaluate chemosensitiv-
ity and resistance in adjuvant settings as no target is avail-
able. Hence, the sensitivity and resistance are extrapolated
according to the patient’s survival status. Our study is
the first to use FOXC1 to predict the chemosensitivity of
TNBC subtypes to anthracycline in adjuvant settings. These
results shed light on understanding the value of FOXCI in
predicting the chemosensitivity of TNBC subtypes.

All in all, anthracycline is an important component of
chemotherapy regimens for breast cancer treatment and
appears to be effective, particularly among patients with
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Table 5 Univariate and multivariate analyses of parameters that pre-
dict DFS in TNBC patients treated with anthracyclines in adjuvant
settings by Cox regression analysis

Prognostic factor HR 95% CI P value

Univariate analysis
FOXCI1 expression 2.62 1.05-6.50  0.038*
Patient age 1.03 0.98-1.08  0.192
Menopausal status 1.16 0.37-3.66  0.251
Tumor size 1.53 1.13-2.06  0.006*
Tumor grade 4.11 0.95-17.7  0.092
LVI 1.18 0.43-3.21 0.752
Lymph node status 1.4 0.59-3.30 0.648
p53 0.68 0.22-2.11  0.55
Ki-67 1.39 0.57-3.35  0.469

Multivariate analysis
FOXC1 expression 2.58 1.04-6.42  0.041
Tumor size 1.5 1.12-1.99  0.006

early-stage TNBC. However, the relative efficacy of anthra-
cycline on TNBC may be impacted by the expression lev-
els of FOXCI. These data imply that anthracycline-based
chemotherapy may not be optimal for patients with tumors
that overexpress FOXCI.

Taken together, the present study showed that nearly half
of TNBC patients have tumors in which FOXCI is over-
expressed; this discrepancy has the potential to identify a
significant percentage of TNBC patients who might have
suboptimal outcomes with anthracycline-based standard
chemotherapy. Additional research regarding the mecha-
nism of how FOXCI1 affects chemotherapeutic efficacy and
FOXCI is warranted to supply further evidence in selecting
appropriate chemotherapeutics for breast cancer patients in
clinical settings.

Acknowledgements We thank Dr. Guangliang Shan (Department
of Epidemiology and Statistics, Chinese Academy of Medical Sci-
ences) for his generous advice on data analysis and the entire team at
the Laboratory of Immunohistochemistry (Department of Pathology,
Peking Union Medical College Hospital) for their excellent technical
assistance.

Compliance with ethical standards

Funding Dr. Xu received financial support from the Beijing Munici-
pal Natural Science Foundation (No. 7164292).

Conflict of interest The authors declare that they have no conflicts
of interest.

Ethical approval All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964
Declaration of Helsinki and its subsequent amendments or with com-

@ Springer

parable ethical standards. This article does not contain any animal-
based studies performed by any of the authors.

Informed consent All the patients in this study signed informed con-
sent upon surgical intervention at our center.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://crea-
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References

1. Dent R, Trudeau M, Pritchard KI, Hanna WM, Kahn HK,
Sawka CA, Lickley LA, Rawlinson E, Sun P, Narod SA
(2007) Triple-negative breast cancer: clinical features and pat-
terns of recurrence. Clin Cancer Res 13(15 Pt 1):4429-4434.
doi: 10.1158/1078-0432.CCR-06-3045

2. Ray PS, Bagaria SP, Wang J, Shamonki JM, Ye X, Sim MS,
Steen S, Qu Y, Cui X, Giuliano AE (2011) Basal-like breast
cancer defined by FOXCI1 expression offers superior prognos-
tic value: a retrospective immunohistochemical study. Ann Surg
Oncol 18(13):3839-3847. doi:10.1245/s10434-011-1657-8

3. Reis-Filho JS, Tutt AN (2008) Triple negative tumours:
a critical review. Histopathology 52(1):108-118.
doi:10.1111/.1365-2559.2007.02889.x

4. Carey L, Winer E, Viale G, Cameron D, Gianni L (2010) Triple-
negative breast cancer: disease entity or title of convenience? Nat
Rev Clin Oncol 7(12):683-692. doi:10.1038/nrclinonc.2010.154

5. Foulkes WD, Smith IE, Reis-Filho JS (2010) Triple-negative
breast cancer. N Engl J Med 363(20):1938-1948. doi:10.1056/
NEJMral001389

6. Oakman C, Viale G, Di Leo A (2010) Management of triple
negative breast cancer. Breast 19(5):312-321. doi:10.1016/j.
breast.2010.03.026

7. Carey LA, Perou CM, Livasy CA, Dressler LG, Cowan D, Con-
way K, Karaca G, Troester MA, Tse CK, Edmiston S, Deming
SL, Geradts J, Cheang MC, Nielsen TO, Moorman PG, Earp HS,
Millikan RC (2006) Race, breast cancer subtypes, and survival
in the Carolina Breast Cancer Study. JAMA 295(21):2492-2502.
doi:10.1001/jama.295.21.2492

8. Yadav BS, Sharma SC, Chanana P, Jhamb S (2014) Systemic
treatment strategies for triple-negative breast cancer. World J
Clin Oncol 5(2):125-133. doi:10.5306/wjco.v5.i2.125

9. Haffty BG, Yang Q, Reiss M, Kearney T, Higgins SA, Weidhaas
J, Harris L, Hait W, Toppmeyer D (2006) Locoregional relapse
and distant metastasis in conservatively managed triple nega-
tive early-stage breast cancer. J Clin Oncol 24(36):5652-5657.
doi: 10.1200/JC0O.2006.06.5664

10. Tan DS, Marchio C, Jones RL, Savage K, Smith IE, Dowsett M,
Reis-Filho JS (2008) Triple negative breast cancer: molecular
profiling and prognostic impact in adjuvant anthracycline-treated
patients. Breast Cancer Res Treat 111(1):27—44. doi:10.1007/
$10549-007-9756-8

11. Nielsen TO, Hsu FD, Jensen K, Cheang M, Karaca G, Hu
Z, Hernandez-Boussard T, Livasy C, Cowan D, Dressler L,
Akslen LA, Ragaz J, Gown AM, Gilks CB, van de Rijn M,
Perou CM (2004) Immunohistochemical and clinical character-
ization of the basal-like subtype of invasive breast carcinoma.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1158/1078-0432.CCR-06-3045
http://dx.doi.org/10.1245/s10434-011-1657-8
http://dx.doi.org/10.1111/j.1365-2559.2007.02889.x
http://dx.doi.org/10.1038/nrclinonc.2010.154
http://dx.doi.org/10.1056/NEJMra1001389
http://dx.doi.org/10.1056/NEJMra1001389
http://dx.doi.org/10.1016/j.breast.2010.03.026
http://dx.doi.org/10.1016/j.breast.2010.03.026
http://dx.doi.org/10.1001/jama.295.21.2492
http://dx.doi.org/10.5306/wjco.v5.i2.125
http://dx.doi.org/10.1200/JCO.2006.06.5664
http://dx.doi.org/10.1007/s10549-007-9756-8
http://dx.doi.org/10.1007/s10549-007-9756-8

Cancer Chemother Pharmacol (2017) 79:1205-1213

1213

12.

13.

14.

15.

16.

17.

18.

Clin Cancer Res 10(16):5367-5374. doi:10.1158/1078-0432.
CCR-04-0220

Humbert O, Riedinger JM, Charon-Barra C, Berriolo-Riedinger
A, Desmoulins I, Lorgis V, Kanoun S, Coutant C, Fumoleau P,
Cochet A, Brunotte F (2015) Identification of biomarkers includ-
ing '"SFDG-PET/CT for early prediction of response to neoadju-
vant chemotherapy in triple-negative breast cancer. Clin Cancer
Res 21(24):5460-5468. doi:10.1158/1078-0432.CCR-15-0384
Jin Y, Han B, Chen J, Wiedemeyer R, Orsulic S, Bose S, Zhang
X, Karlan BY, Giuliano AE, Cui Y, Cui X (2014) FOXCI is a
critical mediator of EGFR function in human basal-like breast
cancer. Ann Surg Oncol 21(Suppl 4):S758-S766. doi:10.1245/
$10434-014-3980-3

Nishimura DY, Swiderski RE, Alward WL, Searby CC, Patil
SR, Bennet SR, Kanis AB, Gastier JM, Stone EM, Sheffield VC
(1998) The forkhead transcription factor gene FKHL7 is respon-
sible for glaucoma phenotypes which map to 6p25. Nat Genet
19(2):140-147. doi:10.1038/493

Myatt SS, Lam EW (2007) The emerging roles of forkhead
box (Fox) proteins in cancer. Nat Rev Cancer 7(11):847-859.
doi:10.1038/nrc2223

Ray PS, Wang J, QuY, Sim MS, Shamonki J, Bagaria SP, Ye X,
Liu B, Elashoff D, Hoon DS, Walter MA, Martens JW, Richard-
son AL, Giuliano AE, Cui X (2010) FOXCI is a potential prog-
nostic biomarker with functional significance in basal-like breast
cancer. Cancer Res 70(10):3870-3876. doi:10.1158/0008-5472.
CAN-09-4120

Bloushtain-Qimron N, Yao J, Snyder EL, Shipitsin M, Camp-
bell LL, Mani SA, Hu M, Chen H, Ustyansky V, Antosiewicz
JE, Argani P, Halushka MK, Thomson JA, Pharoah P, Porga-
dor A, Sukumar S, Parsons R, Richardson AL, Stampfer MR,
Gelman RS, Nikolskaya T, Nikolsky Y, Polyak K (2008) Cell
type-specific DNA methylation patterns in the human breast.
Proc Natl Acad Sci USA 105(37):14076-14081. doi:10.1073/
pnas.0805206105

Dejeux E, Ronneberg JA, Solvang H, Bukholm I, Geisler S,
Aas T, Gut IG, Borresen-Dale AL, Lonning PE, Kristensen VN,

19.

20.

21.

22.

23.

24.

25.

Tost J (2010) DNA methylation profiling in doxorubicin treated
primary locally advanced breast tumours identifies novel genes
associated with survival and treatment response. Mol Cancer
9(1):68. doi:10.1186/1476-4598-9-68

Jia H, Zhao G (2011) FOXC1 expression in relapsing invasive
ductal carcinoma. J Chongqing Med Univ 11:28

Remmele W, Stegner HE (1987) Recommendation for uniform
definition of an immunoreactive score (IRS) for immunohisto-
chemical estrogen receptor detection (ER-ICA) in breast cancer
tissue. Pathologe 8(3):138-140

Remmele W, Schicketanz KH (1993) Immunohistochemical
determination of estrogen and progesterone receptor content in
human breast cancer. Computer-assisted image analysis (QIC
score) vs. subjective grading (IRS). Pathol Res Pract 189(8):862—
866. doi:10.1016/S0344-0338(11)81095-2

Jensen TW, Ray T, Wang J, Li X, Naritoku WY, Han B, Bel-
lafiore F, Bagaria SP, Qu A, Cui X, Taylor CR, Ray PS (2015)
Diagnosis of basal-like breast cancer using a FOXCl-based
assay. J Natl Cancer Inst 107(8):djv187. doi:10.1093/jnci/djv148
Fridrichova I, Smolkova B, Kajabova V, Zmetakova I, Krivulcik
T, Mego M, Cierna Z, Karaba M, Benca J, Pindak D, Bohac M,
Repiska V, Danihel L (2015) CXCL12 and ADAM23 hyper-
methylation are associated with advanced breast cancers. Transl
Res 165(6):717-730. doi:10.1016/j.trs1.2014.12.006

Wang J, Ray PS, Sim MS, Zhou XZ, Lu KP, Lee AV, Lin X,
Bagaria SP, Giuliano AE, Cui X (2012) FOXCI regulates
the functions of human basal-like breast cancer cells by acti-
vating NF-kappaB signaling. Oncogene 31(45):4798-4802.
doi:10.1038/onc.2011.635

Han B, QuY, JinY, Yu Y, Deng N, Wawrowsky K, Zhang X, Li
N, Bose S, Wang Q, Sakkiah S, Abrol R, Jensen TW, Berman BP,
Tanaka H, Johnson J, Gao B, Hao J, Liu Z, Buttyan R, Ray PS,
Hung MC, Giuliano AE, Cui X (2015) FOXC1 activates smooth-
ened-independent hedgehog signaling in basal-like breast cancer.
Cell Rep 13(5):1046-1058. doi:10.1016/j.celrep.2015.09.063

@ Springer


http://dx.doi.org/10.1158/1078-0432.CCR-04-0220
http://dx.doi.org/10.1158/1078-0432.CCR-04-0220
http://dx.doi.org/10.1158/1078-0432.CCR-15-0384
http://dx.doi.org/10.1245/s10434-014-3980-3
http://dx.doi.org/10.1245/s10434-014-3980-3
http://dx.doi.org/10.1038/493
http://dx.doi.org/10.1038/nrc2223
http://dx.doi.org/10.1158/0008-5472.CAN-09-4120
http://dx.doi.org/10.1158/0008-5472.CAN-09-4120
http://dx.doi.org/10.1073/pnas.0805206105
http://dx.doi.org/10.1073/pnas.0805206105
http://dx.doi.org/10.1186/1476-4598-9-68
http://dx.doi.org/10.1016/S0344-0338(11)81095-2
http://dx.doi.org/10.1093/jnci/djv148
http://dx.doi.org/10.1016/j.trsl.2014.12.006
http://dx.doi.org/10.1038/onc.2011.635
http://dx.doi.org/10.1016/j.celrep.2015.09.063

	FOXC1 overexpression is a marker of poor response to anthracycline-based adjuvant chemotherapy in sporadic triple-negative breast cancer
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Ethics statement
	Patients and study design
	Histopathological analysis: ERPRHER2FOXC1
	Statistical analysis

	Results
	Study population
	FOXC1 has no association with other clinicalhistopathological parameters
	FOXC1 is an indicator of poor prognosis
	FOXC1 overexpression is an indicator of chemoresistance to anthracycline-based chemotherapy

	Discussion
	Acknowledgements 
	References




