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Forkhead box (FOX) proteins are family of transcriptional factors and regulate cell growth
and differentiation as well as embryogenesis and longevity. Previous studies have demon-
strated that several FOX members regulate growth or metastasis of breast carcinoma, but
clinical significance of total FOX members remains unclear. We first examined associations
between expression of 40 FOX genes and TNM status of 19 breast carcinoma using
microarray data. Subsequently, we immunolocalized FOXI1 in 140 breast carcinomas and
evaluated its clinicopathological significance. In the microarray analysis, we newly identified
that gene expression of FOXI1 was most pronouncedly linked to metastasis of the breast
carcinoma among the FOX members examined. However, clinicopathological significance
of FOXI1 has not been examined in the breast carcinoma. FOXI1 immunoreactivity was
positive in 44 out of 140 (31%) of breast carcinomas, and it was significantly associated with
stage, lymph node metastasis and distant metastasis. The FOXI1 status was significantly
associated with worse prognosis of the breast cancer patients, and it turned out to be
an independent prognostic factor for both distant disease-free survival and breast cancer-
specific survival. These findings suggest that FOXI1 plays important roles in the metastasis
of breast carcinoma and immunohistochemical FOXI1 status is a potent prognostic factor.
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I. Introduction

Breast cancer is one of the most common malignan-
cies in women worldwide. Invasive breast cancer is gener-
ally regarded as a disease that metastasizes in an early
phase [10]. Approximately 5% of breast cancer presents
metastasis to distant organs, such as bone, lung and liver,
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at diagnosis [3], and, about 30% will develop metastasis
during the evolution of their disease [6]. Since metastasis
is the major cause of death of breast cancer patients, and
it is important to examine molecular mechanisms of metas-
tasis in breast carcinoma to improve clinical outcome of
the patients.

The Forkhead box (FOX) proteins are family of tran-
scriptional factors. FOX regulates cell growth and differ-
entiation as well as embryogenesis and longevity, and
they have a conserved FOX domain, which is involved
in DNA binding, and extra-FOX protein-protein interaction
domains [11]. Human FOX family consists of about 17
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subfamilies and at least 43 members based on sequence
similarity [8]. FOX factors are key regulators of various
signaling pathways, such as phosphatidylinositol 3-kinese/
protein kinase B (PI3K-AKT), transforming factor f (TGF-
B), Wnt/B-catenin, Sonic-Hedgehog and Jagged-Notch [13].
Emerging evidence suggests that several FOX members
play important roles in the breast carcinoma [2, 5, 14, 21],
but the significance of total FOX members remains unclear.

Therefore, in this study, we first studied the expression
profile of FOX genes associated with TNM classification
of breast carcinomas by microarray data and newly identi-
fied that FOXI1 was the most associated with the metasta-
sis. FOXI1 is required for morphogenesis of mammalian
inner ear [19] and plays an important role in early embryo-
genesis [24], but it has not been examined in the breast
carcinoma to the best of our knowledge. Therefore, we
subsequently performed immunohistochemistry for FOXI1
in breast carcinoma tissues to clarify its clinicopathologi-
cal significance.

II. Materials and Methods

Microarray analysis

The gene expression profile data of estrogen receptor
(ER)-positive breast carcinomas (n = 19) were used in
the present study, which had been mainly assembled in
our previous study [15]. Briefly, total RNA was extracted
from 19 snap-frozen specimens using a RNeasy Mini Kit
(QIAGEN, Hilden, Germany). A SurePrint G3 Human GE
8 x 60K v2 Microarray Kit (G4851A, ID 028004 (Agilent
Technologies, Waldbronn, Germany)) was used, and sam-
ple preparation and processing were performed according
to the manufacturer’s protocol.

Patients and tissues

The specimens of 140 cases of invasive ductal carci-
noma, not otherwise specified, of the breast were obtained
from Japanese female patients (age range; 27-87 years)
who underwent surgical treatment. All the specimens were
fixed in 10% formalin and embedded in paraffin wax.
Among these, stage IV cases (n = 27) were obtained from
2000 to 2015 from Tohoku University Hospital (Sendai,
Japan) and Osaki Citizen Hospital (Osaki, Japan). In con-
trast, the stage I-III patients (n = 113) were successively
treated in Tohoku University Hospital from 2007 to 2008.
Among these 113 patients, 56 patients received adjuvant
chemotherapy, and 91 patients received adjuvant endocrine
therapy after the surgery. The clinical outcome was evalu-
ated by distant metastasis-free survival, which was defined
as the time from primary surgery until the first event of
distant metastasis [20], and breast cancer-specific survival
of the stage I-III patients. The mean follow-up time was 61
months (range; 3-91 months) in this study. The research
protocol was approved by the Ethics Committee at the
Tohoku University School of Medicine and review board
of Osaki Citizen Hospital.

Immunohistochemistry

We purchased monoclonal antibody for FOXI1
(OTI2C1) from Origene technologies, Inc. (Rockville, MD,
USA) and mouse monoclonal antibody for Ki-67 (MIB1)
from DAKO (Carpinteria, CA, USA). Antigen retrieval was
performed by heating the slides in auto clave at 120°C
for 20 min in citric acid buffer (pH 6.0) for staining
with antibody as described above. Dilutions of primary
antibodies for FOXI1 and Ki-67 were 1/400 and 1/50,
respectively. We used a Catalysed Signal Amplification II
(CSAID) system from DAKO for FOXIl immunostaining
and a Histofine Kit (Nichirei Biosciences, Tokyo, Japan)
for Ki67 immunostaining. The antigen-antibody complex
was visualized with 3,3'-diaminobenzidine (DAB) solution
with hematoxylin. Human tissue of the kidney was used as
a positive control in this study [18], and as a negative con-
trol of the primary antibody, PBS was used instead of that.

Immunohistochemistry for ER (CONFIRM anti-ER
(SP1)) and progesterone receptor (PR: CONFIRM anti-
PR (1E2); Roche Diagnostics Japan, Tokyo, Japan) was
performed with Ventana Benchmark XT (Roche Diag-
nostics Japan), and that for HER2 was performed by
HercepTest (DAKO).

Scoring of immunohistochemistry

FOXI1 was immunolocalized in the nucleus of carci-
noma cells, and the cases that had more than 10% positive
carcinoma cells were considered positive [27]. ER, PR
and Ki-67 were immunolocalized in the nucleus, and the
percentage of immunoreactivity (labeling index; LI) was
determined. Cases with ER or PR LI of more than 1% were
considered ER-positive or PR-positive breast carcinoma
according to a previous report [9]. HER2 immunostain-
ing was scored according to the standardized HercepTest
scoring system (score 0-3) (DAKO), and the score 3
was considered positive. HER2 gene amplification was also
investigated by fluorescence in sifu hybridization (FISH) in
the score 2 cases, and the cases showed positive for FISH
were also considered positive for HER2 status. Ki-67 LI
was classified into two groups in the uni-and multi-variate
analyses using 20% as a cut-off value [17].

Intrinsic subtype of the breast carcinoma was defined
according to 2011 St Gallen surrogate definition [7] as
follow: luminal A (ER and/or PR positive, HER2 negative,
Ki-67 L1 < 14%), luminal B (ER and/or PR positive, HER2
negative, Ki-67 LI > 14% (HER2 negative), or ER and/or
PR positive, HER2 positive (HER2 positive)), HER2 posi-
tive (ER and PR negative, HER2 positive), and triple nega-
tive (ER, PR, HER2 negative).

Statical analysis

Association between immunohistochemical status of
FOXI1 and clinicopathological factors were evaluated
using Student’s t test or a cross-table using the y>-test.
Disease-free and breast cancer-specific survival curves
were generated according to the Kaplan-Meier method, and
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statistical significance was calculated using the log-rank
test. Univariate and multivariate analyses were evaluated
using a proportional hazard model (Cox).

P-value < 0.05 was considered significant. The statis-
tical analyses were performed using the StatView 5.0J soft-
ware (SAS Institute, Cary, NC, USA) in this study.

III. Results

Expression profiles of FOX genes associated with TNM
classification of breast carcinomas

We first examined associations between expression of
FOX genes and TNM status of 19 breast carcinoma using
microarray data. We detected 40 FOX genes correspond-
ing 49 probes from the microarray data (Supplementary
Table S1), and when the expression ratio of a gene was
> 1.50 or < 0.50, we tentatively determined that the expres-
sion was predominantly high or low in this study [23].
Among the 40 FOX genes examined, FOXB2 (1.94 fold)
and FOXII (1.52 fold) were predominantly expressed in
higher pT (pT3,4) group compared to the lower pT (pT1,2)
group (Fig. 1A). On the other hand, FOXI1 (1.58 fold) and
FOXB2 (1.53 fold) were predominantly expressed in cases
positive for lymph node metastasis (pN1-3), (Fig. 1B). As
shown in Figure 1C, expression level of FOXI1 (3.03 fold)
and FOXB2 (1.95 fold) were predominantly high in cases
positive for distant metastasis (M1), while that of FOXQ1
(0.47 fold) was predominantly low.

These data suggest that FOXI1 and FOXB2 were asso-
ciated with advanced TNM staging of breast carcinoma,
and especially, FOXI1 showed the highest increase in the
metastatic breast carcinoma. Therefore, we selected FOXI1
in this study, and we subsequently performed immunohisto-
chemistry for FOXI1 in the breast carcinoma tissues.

FOXII immunolocalization in human breast carcinoma

Immunoreactivity of FOXIl was detected in the
nucleus of breast carcinoma cells (Fig. 2A-D), while it was
negative in the non-neoplastic mammary glands or stroma
(Fig. 2E). In the positive control, FOXI1 was immuno-
localized in the distal tubules of the kidney (Fig. 2F) as
reported previously [18]. When we performed immunohis-
tochemistry for FOXI1 in 19 breast carcinomas used in the
microarray analysis, the median value of FOXI1 expression
level in the FOXI1 immuno-positive cases (n = 5) was 9.8-
fold higher than that in the FOXI1-negative cases (n = 14;
P = 0.0016 by Mann-Whitney U test). Therefore, FOXI1
immunoreactivity is suggested to reflect its expression level
in this study.

Associations between immunohistochemical FOXI1
status and various clinicopathological parameters in the
breast carcinoma was summarized in Table 1. The number
of FOXI1-positive cases was 44 out of 140 (31%). The
immunohistochemical FOXI1 status was positively associ-
ated with stage (P = 0.036), lymph node metastasis (P
= 0.017) and distant metastasis (P = 0.011), and it was
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Fig. 1. Scatter plot analysis of microarray data for 49 probes containing
40 FOX genes in 19 breast carcinoma tissues. A: comparison between
pT3,4 and pT1,2 cases, B: comparison between pN1-3 (cases positive
for lymph node metastasis) and pNO (cases negative for lymph node
metastasis), C: comparison between M1 (cases positive for distant
metastasis) and MO (cases negative for distant metastasis). FOX genes
with the relative expression ratio > 1.5 or < 0.5 were summarized
in each figure, and the gene showed the highest or lowest ratio was
described in bold.

marginally significant with pathological T factor (pT) (P
=0.059).

Association between FOXII and clinical outcome of breast
cancer patients

As demonstrated in Figure 3A, FOXII1 status was sig-
nificantly associated with an increased incidence of recur-
rence in stage I-III patients (n = 113) (P = 0.0007 using
the log-rank test). Association between FOXII status and
breast cancer-specific survival was summarized in Figure
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Fig. 2. Immunohistochemistry for FOXI! in invasive breast carcinoma. A: FOXI1 was immunolocalized in the nucleus of breast carcinoma cells. B: HE
staining of the same area as A. C: FOXI1-negative case. D: HE staining of the same area as C. E: FOXI1 immoreactivity was negative in the normal
breast tissue. F: As a positive control, FOXI1 immunoreactivity was detected in distal tubules of the kidney, but not in the glomerulus (*). Bar = 50

um, respectively.

3B, and a significant association was detected between
FOXI1 status and an adverse clinical outcome of patients
(P = 0.0013). Similar tendencies were detected in both
ER-positive cases (P = 0.016 for disease free survival (Fig.
2C) and P = 0.028 for breast cancer-specific survival) and
ER-negative cases (P = 0.014 for disease free survival (Fig.
2D) and P = 0.012 for breast cancer-specific survival).
Significant association between FOXI1 status and a worse
prognosis was also observed in cases positive for lymph
node metastasis (P = 0.0085 for disease free survival (Fig.
2E) and P = 0.013 for breast cancer-specific survival) or
cases received chemotherapy (P = 0.0024 for disease free
survival (Fig. 2E) and P value was not evaluated for breast

cancer-specific survival because no patient died in FOXI1-
negative group).

Results of univariate analysis of distant disease-free
survival using Cox (Table 2), pT, lymph node metastasis,
Ki-67 status, FOXI1 status, histological grade and ER sta-
tus were demonstrated to be significant prognostic factors.
Following multivariate analysis revealed that FOXI1 (P
= 0.0015) and Ki67 status (P = 0.036) were turned out
independent worse prognostic factors for disease-free sur-
vival. On the other hand, as shown in Table 3, univari-
ate analysis for breast cancer-specific survival revealed
FOXI1 status, lymph node metastasis, histological grade,
pT and ER status as significant prognostic variables, in
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Table 1. Association between immunohistochemical FOXII status and Table 2. Univariate and multivariate analyses of distant disease-free
clinicopathological factors in 140 breast carcinomas survival in 113 stage I-III breast cancer patients
FOXII status Univariate Multivariate
P value Variable
+(n=44) —(n=96) P value P value Relative risk (95% CI)
AgeT (years) 562+1.8 564+13 0.91 pT
Menopausal status (pT2-4/pT1) <0.001} 0.06 5.61(0.91-34.52)
Premenopausal 15 36 Lymph node metastasis
Postmenopausal 29 60 0.70 (positive/negative) <0.001} 0.27 2.43 (0.50-11.89)
Stage Ki-67 status
I 15 51 (=20%/< 20%) <0.01} 0.04 5.31(1.11-25.28)
-1V 29 45 <0.05 FOXII status
Pathological T factor (pT) (positive/negative) <0.01} <0.01 5.53(1.93-15.87)
pT1 20 60 Histological grade
pT2—4 24 36 0.06 (3/1,2) <0.01+ 0.32 2.04 (0.50-8.36)
Lymph node metastasis ER status
Positive 25 34 (positive/negative) 0.02} 0.29 0.53 (0.16-1.72)
Negative 19 62 <0.05 HER?2 status
Distant metastasis (positive/negative) 0.63
Positive 14 13
Negative 30 83 <0.01 Statistical analysis was evaluated by a proportional hazard model (Cox).
Histological grade P value < 0.05 and 0.05 < P value < 0.10 were considered significant and
1-2 34 75 borderline significant, and were listed in bold and italic, respectively.
3 10 21 0.91 +; Significant (P < 0.05) and borderline-significant (0.05 < P < 0.10)
ER status values were examined in the multivariate analyses in this study.
Positive 34 79 95% CI, 95% confidence interval.
Negative 10 17 0.48
PR status Table 3. Univariate and multivariate analyses of breast cancer-specific
Positive 29 65 survival in 113 stage I-11I breast cancer patients
Negative 15 31 0.83
HER?2 status Variabl Univariate Multivariate
i ariable
;‘;2;‘1’36 32 ;; 055 Pvalue  Pvalue Relative risk (95% CI)
Ki-67 LIt (%) 18.8+2.8 151+1.4 0.20 FOXI1 status
Intrinsic subtype (positive/negative) <0.01% <0.01 1034 (1.90-56.38)
Luminal A 23 50 Lymph node metastasis
Luminal B 12 30 (positive/negative) 0.01% 0.09  14.96 (0.64-350.26)
HER2 positive 3 7 Histological grade
Triple negative 6 9 0.88 (3/1,2) 0.02+ 0.94  1.10(0.12-10.25)
T; Data are presented as mean + SEM. All other values represent the pT(pT2_4/pT1) 0.02+ 0.90 117 (0.11-12.83)
number of cases. ER status
P-value. < 0..05. and 0.95 'S E-value < 0.10 were significant (in bold) and (positive/negative) <0.05+ 0.11 0.21 (0.11-20.23)
borderline significant (in italics). Ki-67 status
(>20%/<20%) 0.06% 0.75 1.52 (0.11-20.23)
HER?2 status
addition to Ki-67 status as a marginally significant variable. (positive/negative) 0.76

Subsequent multivariate analysis demonstrated that only
FOXI1 was an independent worse prognostic marker (P
=0.035).

IV. Discussion

Since FOX transcription factors regulate a variety
of cellular functions, several studies have been reported
regarding their biological roles or clinical significance in
the breast cancer. For instances, FOXC1 [21] and FOXK1
[5] were shown as the worse prognostic factors, and
FOXC2 [2] and FOXP4 [14] promoted invasion property
of the breast carcinoma cells. On the other hand, FOXM1
inhibited metastasis of breast carcinoma cells [12], and
FOXN2 decreased the proliferation and invasion [30].

Statistical analysis was evaluated by a proportional hazard model (Cox).

P value < 0.05 and 0.05 < P value < 0.10 were considered significant and
borderline significant, and were listed in bold and italic, respectively.

T; Significant (P < 0.05) and borderline-significant (0.05 < P < 0.10)
values were examined in the multivariate analyses in this study.

95% CI, 95% confidence interval.

FOXOs are generally known as tumor suppressors, but they
also promote metastasis of subsets of breast cancer [1].
Emerging evidence suggests importance of FOX family in
the breast carcinoma, but significance of total FOX mem-
bers remains unclear in the breast carcinoma.

In our present microarray analysis, gene expression
level of a great majority of FOX members did not markedly
change according to the TNM status of breast carcinoma.
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However, FOXI1 and FOXB2 predominantly expressed in
higher TNM status of the breast carcinomas, while FOXQ1
was predominantly expressed in the MO cases, suggesting
particular importance of these FOX members in the breast
carcinoma. Among these, Elian et al. (2021) very recently
reported that low expression of FOXQ1 mRNA was indica-
tive of poor prognosis in patients with breast cancer [4],
which is consistent with our present results. FOXB2 acti-
vated Wnt signaling and neuroendocrine differentiation of
prostate carcinoma cells [16], but it has not been reported
in the breast carcinoma. FOXI1 was most pronouncedly

linked to metastasis in the breast carcinoma in this study,
but its clinicopathological significance has not been exam-
ined in the breast carcinoma to the best of our knowledge.
This is the first study that immunolocalized FOXI1 in
the breast carcinoma. In this study, FOXI1 immunoreactiv-
ity was detected in 31% of breast carcinomas, whereas it
was negative in morphologically normal mammary glands.
FOXI1 plays a key role in differentiation and functional
maintenance for the renal intercalated cells, and FOXI1
immunoreactivity was detected in 91% of chromophobe
renal cell carcinoma and 72% of renal oncocytoma, but
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it was negative in renal neoplasms derived from non-
intercalated cells [28]. No information is currently available
about the FOXI1 expression in other carcinoma tissues.
Considering that FOXII1 is required for morphogenesis of
mammalian inner ear [19] and plays an important role in
early embryogenesis [24], FOXI1 may be a differentiation
regulator or a lineage selector factor, and aberrant expres-
sion of FOXI1 may cause dedifferentiation and high-grade
malignancy in the breast carcinoma.

Biological function of FOXIl remains largely
unknown in carcinoma. Only Sun et al. (2017) reported
that FOXI1 prohibited cell proliferation of gastric cancer
[25]. They also shown that FOXI1 regulated expression
of various protein-coding genes (118 genes upregulated
and 72 genes downregulated after FOXI1 overexpression)
and non-coding RNAs in the gastric cancer cells [26].
Among these FOXI1-regulated genes reported, for instance,
ATF3 enhanced breast cancer metastasis and had predictive
value for the clinical outcomes [29], while LINC00052 was
reported as a suppressor of breast cancer cell migration
[22]. Considering that FOX members regulate a variety of
biological process and play pleiotropic roles as described
in the Introduction section, it is suggested that FOXI1
directly or indirectly regulates various gene expression
in the breast carcinoma and aberrant activation of FOXI1-
associated-signaling cascades leads to metastasis of the
breast carcinoma. Further examinations are required to clar-
ify molecular functions and possible therapeutic potential
of FOXI1 in human breast carcinoma.

In summary, we examined gene expression profile of
FOX family according to the TNM status of breast car-
cinoma by microarray analysis and newly identified that
FOXI1 was most associated with the metastasis. A sub-
sequent immunohistochemical analysis demonstrated that
FOXII immunoreactivity was positive in 31% of breast
carcinomas, and it was significantly associated with stage,
lymph node metastasis and distant metastasis. Moreover,
multivariate analysis turned out that the FOXII1 status
was an independent worse prognostic factor in breast can-
cer patients. These findings suggest that FOXII plays
important roles in the metastasis of breast carcinoma and
immunohistochemical FOXI1 status is the potent prognos-
tic factor.

V. Conflicts of Interest

The authors have no conflict of interest to declare, in
this study.

VI. Acknowledgments

This work was partly supported by JSPS KAKENHI
Grant Number 19K09065 and 19K07410.

VIL

1.

10.

11.

12.

13.

14.

15.

16.

17.

References

Coomans de Brachéne, A. C. and Demoulin, J. B. (2016) FOXO
transcription factors in cancer development and therapy. Cell.
Mol. Life Sci. 73; 1159-1172.

Dai, J., Wang, J. Y., Yang, L. L., Xiao, Y., Qu, Z. L., Qin, S. H.,
et al. (2014) Correlation of Forkhead Box c¢2 with subtypes and
invasive ability of invasive breast cancer. J. Huazhong Univ. Sci.
Technolog. Med. Sci. 34; 896-901.

Davidson, A., Chia, S., Olson, R., Nichol, A., Speers, C.,
Coldman, A. J., et al. (2013) Stage, treatment and outcomes
for patients with breast cancer in British Columbia in 2002: a
population-based cohort study. CMAJ Open 1; E134-E141.
Elian, F. A., Are, U., Ghosh, S., Nuin, P., Footz, T., McMullen,
T.P. W, et al. (2021) FOXQI is Differentially Expressed Across
Breast Cancer Subtypes with Low Expression Associated with
Poor Overall Survival. Breast Cancer (Dove Med. Press) 13;
171-188.

Gao, F. and Tian, J. (2020) FOXK1, Regulated by miR-365-3p,
Promotes Cell Growth and EMT Indicates Unfavorable
Prognosis in Breast Cancer. Onco. Targets Ther. 13; 623—634.
Gerratana, L., Fanotto, V., Bonotto, M., Bolzonello, S., Minisini,
A. M., Fasola, G., et al. (2015) Pattern of metastasis and
outcome in patients with breast cancer. Clin. Exp. Metastasis 32;
125-133.

Goldhirsch, A., Wood, W. C., Coates, A. S., Gelber, R. D.,
Thurlimann, B. and Senn, H. J. (2011) Strategies for subtypes—
dealing with the diversity of breast cancer: highlights of the St.
Gallen International Expert Consensus on the Primary Therapy
of Early Breast Cancer 2011. Ann. Oncol. 22; 1736-1747.

Gong, Z., Yu, J., Yang, S., Lai, P. B. S. and Chen, G. G. (2020)
FOX transcription factor family in hepatocellular carcinoma.
Biochim. Biophys. Acta Rev. Cancer 1874; 188376.

Hammond, M. E., Hayes, D. F., Dowsett, M., Allred, D. C.,,
Hagerty, K. L., Badve, S., et al. (2010) American Society of
Clinical Oncology/College of American Pathologists guideline
recommendations for immunohistochemical testing of estrogen
and progesterone receptors in breast cancer (unabridged version).
Arch. Pathol. Lab. Med. 134; ¢48—72.

Hiisemann, Y., Geigl, J. B., Schubert, F., Musiani, P., Meyer, M.,
Burghart, E., ef al. (2008) Systemic spread is an early step in
breast cancer. Cancer Cell 13; 58-68.

Katoh, M., Igarashi, M., Fukuda, H., Nakagama, H. and Katoh,
M. (2013) Cancer genetics and genomics of human FOX family
genes. Cancer Lett. 328; 198-206.

Kwon, Y. S., Chun, S. Y., Kim, M. K., Nan, H. Y., Lee, C. and
Kim, S. (2021) Mistletoe Extract Targets the STAT3-FOXMI
Pathway to Induce Apoptosis and Inhibits Metastasis in Breast
Cancer Cells. Am. J. Chin. Med. 49; 487-504.

Laissue, P. (2019) The forkhead-box family of transcription
factors: key molecular players in colorectal cancer pathogenesis.
Mol. Cancer 18; 5.

Ma, T. and Zhang, J. (2019) Upregulation of FOXP4 in breast
cancer promotes migration and invasion through facilitating
EMT. Cancer Manag. Res. 11; 2783-2793.

Mayama, A., Takagi, K., Suzuki, H., Sato, A., Onodera, Y.,
Miki, Y., et al. (2018) OLFM4, LY6D and S100A7 as potent
markers for distant metastasis in estrogen receptor-positive breast
carcinoma. Cancer Sci. 109; 3350-3359.

Moparthi, L., Pizzolato, G. and Koch, S. (2019) Wnt activator
FOXB2 drives the neuroendocrine differentiation of prostate
cancer. Proc. Natl. Acad. Sci. U S A 116; 22189-22195.

Muftah, A. A., Aleskandarany, M. A., Al-Kaabi, M. M.,
Sonbul, S. N., Diez-Rodriguez, M., Nolan, C. C., et al. (2017)
Ki67 expression in invasive breast cancer: the use of tissue



130

19.

20.

21.

22.

23.

24.

25.

Onodera et al.

microarrays compared with whole tissue sections. Breast Cancer
Res. Treat. 164; 341-348.

Overdier, D. G., Ye, H., Peterson, R. S., Clevidence, D. E. and
Costa, R. H. (1997) The winged helix transcriptional activator
HFH-3 is expressed in the distal tubules of embryonic and adult
mouse kidney. J. Biol. Chem. 272; 13725-13730.

Pauley, S., Lai, E. and Fritzsch, B. (2006) Foxgl is required
for morphogenesis and histogenesis of the mammalian inner ear.
Dev. Dyn. 235; 2470-2482.

Rakha, E. A., Aleskandarany, M. A., Toss, M. S., Mongan,
N. P, ElSayed, M. E., Green, A. R., et al. (2018) Impact
of breast cancer grade discordance on prediction of outcome.
Histopathology 73; 904-915.

Sabapathi, N., Sabarimurugan, S., Madurantakam Royam, M.,
Kumarasamy, C., Xu, X., et al. (2019) Prognostic Significance
of FOXC1 in Various Cancers: A Systematic Review and Meta-
Analysis. Mol. Diagn. Ther. 23; 695-706.

Sanchez-Lopez, J. M., Mandujano-Tinoco, E. A., Garcia-Venzor,
A., Lozada-Rodriguez, L. F., Zampedri, C., Uribe-Carvajal, S., et
al. (2021) Integrative analysis of transcriptional profile reveals
LINCO00052 as a suppressor of breast cancer cell migration.
Cancer Biomark 33; 365-379.

Sato-Tadano, A., Suzuki, T., Amari, M., Takagi, K., Miki, Y.,
Tamaki, K., et al. (2013) Hexokinase II in breast carcinoma:
a potent prognostic factor associated with hypoxia-inducible
factor-1a and Ki-67. Cancer Sci. 104; 1380-1388.

Schlosser, G. (2014) Early embryonic specification of vertebrate
cranial placodes. Wiley Interdiscip. Rev. Dev. Biol. 3; 349-363.
Sun, R., Liu, Z., Tong, D., Yang, Y., Guo, B., Wang, X,

26.

217.

28.

29.

30.

et al. (2017) miR-491-5p, mediated by Foxil, functions as a
tumor suppressor by targeting Wnt3a/beta-catenin signaling in
the development of gastric cancer. Cell Death Dis. 8; €2714.

Sun, R., Li, W, Liu, Z., Yang, Y., Wang, X., Zhao, X., et
al. (2021) FOXII inhibits gastric cancer cell proliferation by
activating miR-590/ATF3 axis via integrating ChIP-seq and
RNA-seq data. Prog. Biophys. Mol. Biol. 163; 34-45.

Takagi, K., Moriguchi, T., Miki, Y., Nakamura, Y., Watanabe,
M., Ishida, T., et al. (2014) GATA4 immunolocalization in breast
carcinoma as a potent prognostic predictor. Cancer Sci. 105;
600-607.

Tong, K. and Hu, Z. (2021) FOXI1 expression in chromophobe
renal cell carcinoma and renal oncocytoma: a study of The
Cancer Genome Atlas transcriptome-based outlier mining and
immunohistochemistry. Virchows Arch. 478; 647-658.

Wolford, C. C., McConoughey, S. J., Jalgaonkar, S. P., Leon, M.,
Merchant, A. S., Dominick, J. L., et al. (2013) Transcription
factor ATF3 links host adaptive response to breast cancer
metastasis. J. Clin. Invest. 123; 2893-2906.

Ye, H. and Duan, M. (2019) FOXN2 is downregulated in
breast cancer and regulates migration, invasion, and epithelial-
mesenchymal transition through regulation of SLUG. Cancer
Manag. Res. 11; 525-535.

This is an open access article distributed under the Creative Commons License
(CC-BY-NC), which permits use, distribution and reproduction of the articles in
any medium provided that the original work is properly cited and is not used
for commercial purposes.




