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Abstract---The Forkhead box (FOX) protein family includes FOXA1, and
is a transcription factor (TF). It work as a pioneer factor, interacting with
compressed chromatin to allow ER to bind more easily later (Nagaraj and
Ma, 2021). It significantly contributed to the development and invasiveness
of endocrine-resistant cells by changing the ER dependent transcriptome
in numerous endocrine-resistant preclinical BC cell types (Chun et al.,
2017). The present study is done during the period September 2021
and May 2022 at the University of Kufa's, Faculty of Medicine, Middle
Euphrates Unit for Cancer Research. In this study, Seventy three
tissues samples embedded in wax block taken from BC patients, who
had surgery between 2014-2020 and thirty eight of normal breast
tissues samples. as a control group. These samples gathered from
archives of the two private laboratories and re-evaluted by two
pathologist. Positive nuclear IHC expression of FOXA1 is significantly
reduced in 43 BC cases (58.9%) compared to 38 control persons
(100%) while negative nuclear IHC expression of FOXA1l is
significantly reduced in BC patients, 30 cases (41.1%) compared to O
control persons (0.0%), Odd ratio 1.66, 95% CI (1.37-1.98), P=0.0001.
Moreover, FOXA1 positivity was elevated significantly in patients with
grade I and II (P=0.002) and absent of lymph node metastasis
(p=0.027). This study concluded, positive FOXA1l expression
correlated with grade II while negative FOXA1 expression correlated
with grade III, and negative correlation with lymph node metastasis.
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Introduction

The breast cancer (BC) is etiologically, multifactorial disease causes mortality and
forms The most prevalent cancer in females all over the world and in Arab
countries (Yahia, et al, 2014). Breast Carcinoma is abnormal growth and
uncontrolled division of the cells in the breast lining lobules or ducts in multistep
pattern mostly occurred in females (Fazilaty and Mehdipour,2014). Women's
tumors are most commonly caused by lung cancer, followed by BC. It accounts
for 14% of all cancer-related deaths, Each year, almost 2.1 million women are
diagnosed with BC, and 626,679 deaths. (Bray et al., 2018; Zafar et al., 2019). BC
was the most common type of cancer in Iraq. It makes up 19.5% of all cancer
cases (4,996 cases) and 34.3% of all cancers in women (4922 cases). In 2016, 897
women died from this disease. It was the leading cause of death from cancer
among Iraqi women (23.6%), and it was the second leading cause of death from
cancer overall (12.1%), after lung cancer (Alwan et al, 2019). FOXA1, initially
identified for its function in liver development as a transcriptional activator, also
was expressed in BC (Shou et al, 2016). FOXAl interacts to certain DNA
sequences within the nucleosome core and decondenses chromatin to allow the
interaction of other transcription factors to gene promoters. FOXA1 is required for
the expression of 50% of ER-related genes and thus plays an important role in BC
pathogenesis (Hurtado et al., 2011). (Shou et al., 2016). In BC, studies of global
gene expression revealed high expression of FoxAl mRNA in tumors expressing of
estrogen receptor (ER) (Yamaguchi et al., 2008). So, we carried out this research
to investigate the relationship between FOXA1l expression with the tumor size,
stage, grade and lymph node metastasis in BC Iraqi women.

Materials and Methods:

This research was carried out between September 2021 and May 2022 at the
University of Kufa's Faculty of Medicine, Middle Euphrates Unit for Cancer
Research.

Collection of Samples
Patients Group

This study is carried out on seventy three cases of BC their Paraffin blocks
gathered from surgical BC patients between 2018 and 2022. The archives of two
private laboratories were used to collect the data retroactively. Each pathologic
specimen was histologically reevaluated by two pathologists, Electronic medical
records of these laboratories are used to obtained the -clinicopathological
characteristics of BC patients which includes tumor size, stage, grade and lymph
node metastasis to investigation the correlation between FOXA1l and these
clinicopathological features.

Control group
Thirty eight blocks of normal non-tumoral breast tissue has been gathered

randomly from archives of three private laboratories during the collection of BC
tissue blocks, and also, re-evaluated by two pathologist to ensure their normality.
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IHC Procedure

One hundred eleven blocks of Paraffin were prepared for FOXA1 by Labeled
Streptavidin Biotin (LSAB) method, Five um thickness sections have been cut
from paraffin-embedded blocks and set on positively charged slides.

Control of IHC

In IHC study , two controls were used:

A: Positive control: Paraffin blocks of BC were prepared and dyed as positive
control for FOXA1 in every run.

B: Negative control: Untreated slides with primary antibody were regarded as
negative controls for each slides set.

Results of Staining

Only tumor cells that have nuclear positivity are included for assessment.
Evaluation takes into account both staining ratio (the percentage of stained cells)
and intensity. The staining ratio is recorded as 0 (0%), 1 (>0% to 25%), 2 (>25%
to 50%), 3 (>50% to 75%), and 4 (>75%), whereas the intensity was marked as O
(negative), 1 (weakly positive), 2 (moderately positive), or 3 (strongly positive). The
overall protein expression score = staining intensity score x staining extent score,
which was graded and divided into five scores according to this equation, 0
(0%), 1 (1-25%), 2 (26-50%), 3 (51-75%) and 4 (76-100%). (Yuan et al.,2020).

Statistical Analysis

The data were analyzed using SPSS version 21. Numeric variables were reported
as mean + SD and nominal variables as number and percent when variables were
regularly distributed, the Student t-test is used to compare means between two
groups, whereas the Mann Whitney U test was used to do so, when the
distribution of the variables was not normal. When the chi-square test cannot be
used because it is invalid, the corrected chi-square test was utilized. Odd ratios
with a 95% confidence interval (CI) and were used to estimate risk.

Results

Nuclear expression of FOXAl protein in BC patients and some
clinicopathological features.

Nuclear IHC positive expression of FOXA1 was considerably reduced in the 43
patients in the patient group (58.9%) in comparison with control group 38 persons
(100%) while the negative expression of FOXA1l was considerably reduced in
patients group 30 patients (41.1%) in comparison to the control group O
individuals (0.0%) (P=0.0001). On the other hand, Odd ratio for this protein was
1.66 95% CI (1.37-1.98) as shown in (Table 1) and (Figures 1 to 3). The majority
of patients were in stage II (41.1%) while the percentage of BC patients with Stage
I and stage III were equal (24.7%), while (9.6%) of BC patients was stage IIII. The
larger percentage of BC (61.6%) was lymph nodes metastasis while the rest of BC
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cases without lymph nodes involvement (38.4%). According to BC grades, the
distribution prevalence of cases in this study were 13 (17.8%), 38(52.1%) and
22(30.1%) as grade I, grade II and grade III of BC consequently. The percentage of
BC patients with tumor size equal or less than 5 centimeters (cm) was (64.4%)
which higher than BC patients with tumor size more than 5 cm (35.6%). All these
result shown in (Table 2).

Table 1: FOXA1 nuclear expression in two groups of the study.

Control Group Patients Group

Nuclear IHC of +

FOXA1 expression 0dd ratio (CI” %95)
No. % No. %

Positive 38 100.00 143 58.9

expression

xcsaion 0 0.0 30 41.1 1.66

P (1.37-1.98)
Total 38 100.00 |73 100.00

P=0.0001, CI*= Confidence interval, Pearson Chi-Square Test

Table 2: The clinicopathological characteristics of BC patients

Clinicopathological features No. %
TNM stage:

Stage I 18 24.7
Stage II 30 41.1
Stage III 18 24.7
Stage IIII 7 9.6
Lymph node metastasis:

Present 45 61.6
Absent 28 38.4
Grade:

Grade I 13 17.8
Grade II 38 52.1
Grade III 22 30.1
Tumor size: 47 64.4
s>cm 26 35.6
>5 cm )
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Figure (1): Normal tissue, positive nuclear stain for FOXAl by IHC technique
400X.
waq

Figure (2): Moderately differentiated IDC, positive nuclear stain for FOXA1 by IHC
technique 400X.

Figure (3): Poorly differentiated IDC with focus of in situ carcinoma, diffuse
positive nuclear stain for FOXA1 by IHC technique. 400X
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There was no significant association between FOXA1l protein expression and
different Stages of BC (P=0.096) as clarified in (Table 3).

Table 3: BC Stages and FOXA1 protein expression.

Total FOXA1 Protein
Stage Total
[Count |positive expression Negative expression
St I Count |11 7 18
age
& % 61.1% 38.9% 100.0%
- I Count |22 3 30
age
& % 73.3% 26.7% 100.0%
St m Count |7 11 18
age
& % 38.9% 61.1% 100.0%
ls¢ i Count |3 4 7
age
& % 42.9% 57.1% 100.0%
rotal Count |43 30 73
ota
% 58.9% 41.1% 100.0%

P=0.096, Pearson Chi-Square Test

Lymph Nodes and FOXA1 protein expression

Positive FOXA1 expression in BC patients increased significantly in BC patients
with absent lymph node metastasis 21 cases (75.0%) related with BC patients
with lymph node metastasis 22 cases (48.9%) (P=0.027) as illustrated in (Table 4).

Table 4: Lymph Nodes involvement and FOXA1 protein expression.

FOXA1 Protein
Lymph Nodes] . .
Involvement Total Count Positive Negative Total
expression expression
Count 22 23 45
Present
% 48.9% 51.1% 100.0%
Count 21 7 28
Absent
% 75.0% 25.0% 100.0%
4 7
Total Count 3 30 3
% 58.9% 41.1% 100.0%

P=0.027, Pearson Chi-Square Test
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Tumor Size and FOXA1 protein expression:

There was no significant correlation between FOXA1l protein expression and
tumor size of BC (P=0.514) as seen in (Table 5).

Table 5: BC Tumor Size and FOXA1 protein expression

FOXA1 Protein

Tumor Size [Total Count . ] . ] Total
Positive expressionNegative expression

5 cm Count 29 18 47
B % 61.7% 38.3% 100.0%
<5 em Count 14 12 26

% 53.8% 46.2% 100.0%
Total Count 43 30 73

% 58.9% 41.1% 100.0%

P=0.514, Pearson Chi-Square Test

BC grades and FOXA1 protein expression:

There was a significant relationship (P= 0.002) between FOXA1 positive expression
and grades I 6 cases (61.5%) and grade II 29 cases (76.3%) of BC in contrast to its
relation with grade III in which negative FOXA1 expression increased significantly

16 cases (72.7%) as shown in (Table 6).

Table 6: BC Grades and FOXA1 protein expression.

FOXA1 Protein
Grade Total Count otal
Positive expression [Negative expression
Grade I Count 8 5 13
% 61.5 % 38.5% 100.0%
Count 29 9 38
II
Grade % 76.3 % 03.7% 100.0%
Count 6 16 2.2
Grade III % 27.3 % 72.7% 100.0%
Total Count 43 30 73
% 58.9 % 41.1% 100.0%

P=0.002, Pearson Chi-Square Test
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Discussion

Positive FOXA1 expression decreased significantly in BC patients than control
with normal breast tissue. The findings of this study indicate that the majority of
BC cases was positive FOXA1 expression 58.9% while negative FOXA1 expression
41.1%. Other studies showed, positive nuclear FOXA1 expression was detected in
32 cases (45.7%) while 38 cases (54.3%) were negative for FOXA1 expression
(Abelzaher et al., 2022). Besides, positive FOXA1l expression was detected in
84.6% of cases while negative FOXA1 expression was 15.4% of cases (Rangel et
al., 2018). Other finding claimed, positive FOXA1l expression was 74% in BC
caces (Badve et al., 2007). Furthermore Habshy et al. (2008), Mehta et al. (2012),
Guiu et al. (2018) revealed that positive FOXA1 expression were (55%), (85%), and
(55%) respectively. As a result of overexpression, mutation, or amplification, the
expression and function of FOXA1 are not working as they should (Razavi et al.,
2018, Fu et al., 2019). In the current study, there was a substantial relationship
between positive FOXA1 and low grade (I and II) of BC while negative expression
increased in high grade (IIlI). This result was an agreement with several obvious
studies (Wolf et al.,, 2007; Albergaria et al., 2009; Mangia et al.,, 2019). Histone
deacetylase 7 (HDAC7) forms a ternary complex with FOXA1l and ER that is
required for estrogen-directed repression of the cell cycle suppressor (Malik et al.,
2010). Transducin-like enhancer protein 3 (TLE3), a different corepressor, via
binding to FOXA1, indirectly interacts with chromatin at ER-responsive genes
when estrogens were not present. Suppress gene expression by TLE3 recruits
HDAC2. TLE3 was associated with approximately 50% of ER-FOXA1 interaction
events in the luminal MCF7 cell line, indicating that TLE3 and FOXA1l work
cooperatively to suppress expression. In fact, TLE3 was brought in by FOXA1 to
the chromatin to suppress the transcription of the estrogen-responsive gene
(Jangal et al., 2014). As a result, FOXA1l is a crucial regulator of hormone
response in BC, serving as an actual pioneering factor to develop ER binding
patterns (Robinson et al.,, 2013; Carroll, 2016; Jozwik et al.,, 2016; Glont et al.,
2019). In this study, there was a negative correlation between positive FOXA1
expression and lymph nodes metastasis.This result also accords with these
observations, which showed that the same findings (Albergaria et al.,, 2009; Hu et
al., 2014; Abelzaher et al., 2022). By affecting the expression of the BRCA1-
associated cell cycle suppress p27 and encouraging the development of CDH]I, it
has been demonstrated that FOXA1 high expression can halt the course of
metastatic disease. The CDH1 was directly stimulated by FOXA1l, and the
resulting increasing the expression of CDH1 reduces the ability of BC cells to
migrate (Hu et al, 2014). Similarly, regulation CDH1 expression by FOXA1
involved in EMT. FOXA1l controls EMT in cancer cells by elevating CDH1
expression and reducing vimentin protein levels. (Abelzaher et al., 2022). In
contrast, some studies found there was no relationship between FOXA1
expression and nodal status (Habashy et al.,, 2008; Liu et al., 2010; Ijichi et al,
2012). This study concluded, positive FOXA1 expression correlated with grade II
while negative FOXA1l expression correlated with grade III, and negative
correlation with lymph node metastasis.



3576
References

Liu, N., Niu, Y., Wang, S., Yu, Q., Zhang, R. & Liu, T. 2010. Diagnostic and
prognostic significance of FOXA1 expression in molecular subtypes of breast
invasive ductal carcinomas. Zhonghua yi xue za zhi, 90, 1403-1407.

ljichi, N., Shigekawa, T., Ikeda, K., Horie-Inoue, K., Shimizu, C., Saji, S., Aogi, K.,
Tsuda, H., Osaki, A. & Saeki, T. 2012. Association of double-positive FOXA1
and FOXP1 immunoreactivities with favorable prognosis of tamoxifen-treated
breast cancer patients. Hormones Cancer 3, 147-159.

Mehta, R. J., Jain, R. K., Leung, S., Choo, J., Nielsen, T., Huntsman, D.,
Nakshatri, H. & Badve, S. 2012. FOXA1 is an independent prognostic marker
for ER-positive breast cancer. Breast cancer research treatment 131, 881-890.

Guiu, S., Mollevi, C., Charon-Barra, C., Boissiére, F., Crapez, E., Chartron, E.,
Lamy, P.-J., Gutowski, M., Bourgier, C. & Romieu, G. 2018. Prognostic value
of androgen receptor and FOXA1l co-expression in non-metastatic triple
negative breast cancer and correlation with other biomarkers. British journal
of cancer 119, 76-79.

Razavi, P., Chang, M. T., Xu, G., Bandlamudi, C., Ross, D. S., Vasan, N., Cai, Y.,
Bielski, C. M., Donoghue, M. T. & Jonsson, P. 2018. The genomic landscape
of endocrine-resistant advanced breast cancers. Cancer cell 34, 427-438. €6.

Wolf, 1., Bose, S., Williamson, E. A., Miller, C. W., Karlan, B. Y. & Koeffler, H. P.
2007. FOXA1: Growth inhibitor and a favorable prognostic factor in human
breast cancer. International journal of cancer 120, 1013-1022.

Albergaria, A., Paredes, J., Sousa, B., Milanezi, F., Carneiro, V., Bastos, J., Costa,
S., Vieira, D., Lopes, N. & Lam, E. W. 2009. Expression of FOXA1 and GATA-
3 in breast cancer: the prognostic significance in hormone receptor-negative
tumours. Breast cancer research 11, 1-15.

Glont, S.-E., Chernukhin, I. & Carroll, J. S. 2019. Comprehensive genomic
analysis reveals that the pioneering function of FOXA1l is independent of
hormonal signaling. Cell reports 26, 2558-2565. €3.

Hu, Q., Luo, Z., Xu, T., Zhang, J.-Y., Zhu, Y., Chen, W.-X., Zhong, S.-L., Zhao, J.-
H. & Tang, J.-H. 2014. FOXA1l: a promising prognostic marker in breast
cancer. Asian Pacific Journal of Cancer Prevention, 15, 11-16.

Jozwik, K. M., Chernukhin, I., Serandour, A. A., Nagarajan, S. & Carroll, J. S.
2016. FOXA1 directs H3K4 monomethylation at enhancers via recruitment of
the methyltransferase MLL3. Cell reports 17, 2715-2723.

Carroll, J. 2016. EJE PRIZE 2016: mechanisms of oestrogen receptor (ER) gene
regulation in breast cancer. European journal of endocrinology 175, R41-R49.

Robinson, J. L., Holmes, K. A. & Carroll, J. S. 2013. FOXA1l mutations in
hormone-dependent cancers. Frontiers in oncology 3, 20.

Jangal, M., Couture, J.-P., Bianco, S., Magnani, L., Mohammed, H. & Gévry, N.
2014. The transcriptional co-repressor TLE3 suppresses basal signaling on a
subset of estrogen receptor a target genes. Nucleic acids research 42, 11339-
11348.

Malik, S., Jiang, S., Garee, J. P., Verdin, E., Lee, A. V., O'malley, B. W., Zhang,
M., Belaguli, N. S. & Oesterreich, S. 2010. Histone deacetylase 7 and FoxAl
in estrogen-mediated repression of RPRM. Molecular cellular biology 30, 399-
412.

Mangia, A., Saponaro, C., Vagheggini, A., Opinto, G., Centonze, M., Vicenti, C.,
Popescu, O., Pastena, M., Giotta, F. & Silvestris, N. 2019. Should tumor



3577

infiltrating lymphocytes, androgen receptor, and FOXA1l expression predict
the clinical outcome in triple negative breast cancer patients? Cancers, 11,
1393.

Nagaraj, G. & Ma, C. X. 2021. Clinical challenges in the management of hormone
receptor-positive, human epidermal growth factor receptor 2-negative
metastatic breast cancer: a literature review. Advances in Therapy, 38, 109-
136.

Chun, K.-H., Park, J. H. & Fan, S. 2017. Predicting and overcoming
chemotherapeutic resistance in breast cancer. Translational Research in
Breast Cancer 59-104.

Yuan, Z., Ye, M., Qie, J., Ye, T. J. O. & Therapy 2020. FOXA1 promotes cell
proliferation and suppresses apoptosis in HCC by directly regulating miR-
212-3p/FOXA1/AGR?2 signaling pathway. 13, 5231.

Abelzaher, A. M., Abdelghany, M. E., Abdel Magsoud, N. M. R., Tawfiq, H. M. &
Aref, W. F. 2022. Immunohistochemical study of FoxAl in Invasive Duct
Carcinoma of the Breast and Corresponding Lymph Node Metastasis. Minia
Journal of Medical Research 268-281.

Rangel, N., Fortunati, N., Osella-Abate, S., Annaratone, L., Isella, C., Catalano, M.
G., Rinella, L., Metovic, J., Boldorini, R. & Balmativola, D. 2018. FOXA1 and
AR in invasive breast cancer: new findings on their co-expression and impact
on prognosis in ER-positive patients. BMC cancer 18, 1-9.

Habashy, H. O., Powe, D. G., Rakha, E. A., Ball, G., Paish, C., Gee, J., Nicholson,
R. I. & Ellis, I. O. 2008. Forkhead-box Al (FOXA1l) expression in breast
cancer and its prognostic significance. European journal of cancer 44, 1541-
1551.

Badve, S., Turbin, D., Thorat, M. A., Morimiya, A., Nielsen, T. O., Perou, C. M.,
Dunn, S., Huntsman, D. G. & Nakshatri, H. 2007. FOXA1 expression in
breast cancer—correlation with luminal subtype A and survival. Clinical
cancer research 13, 4415-4421.

Suryasa, I. W., Rodriguez-Gamez, M., & Koldoris, T. (2021). Get vaccinated when
it is your turn and follow the local guidelines. International Journal of Health
Sciences, 5(3), x-xv. https://doi.org/10.53730/ijhs.v5n3.2938

Yamaguchi, N., Ito, E., Azuma, S., Honma, R., Yanagisawa, Y., Nishikawa, A.,
Kawamura, M., Imai, J.-1., Tatsuta, K., Inoue, J.-I. J. B. & Communications,
B. R. 2008. FoxAl as a lineage-specific oncogene in luminal type breast
cancer. 365, 711-717.

Hurtado, A., Holmes, K. A., Ross-Innes, C. S., Schmidt, D. & Carroll, J. S. J. N. G.
2011. FOXA1l is a key determinant of estrogen receptor function and
endocrine response. 43, 27-33.

Shou, J., Lai, Y., Xu, J. & Huang, J. J. T. B. 2016. Prognostic value of FOXA1 in
breast cancer: a systematic review and meta-analysis. 27, 35-43.

Alwan, N. A., Tawfeeq, F. N. & Mallah, N. J. J. C. M. S. 2019. Demographic and
clinical profiles of female patients diagnosed with breast cancer in Iraq. 5, 14-
19.

Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A. & Jemal, A. J.
C. A. C. J. F. C. 2018. Global Cancer Statistics 2018: GLOBOCAN estimates
of incidence and mortality worldwide for 36 cancers in 185 countries. CA: a
cancer journal for clinicians 68, 394-424.

Zafar, F., Sarfraz, T., Tariq, H., Khan, S. A., Jaffar, S. R. & Saadia, A. J. P. 2019.
Nottingham Prognostic Index In Different Age Groups Of Newly Diagnosed



3578

Breast Carcinoma Patients And Its Association With Er, Pr And Her-2-Neu
Receptor Status. 69, 1164-68.

Yahia, Z.A.; Adam, A.A.; Elgizouli, M.; Hussein, A.; Masri, M.A. And Kamal, M.
(2014). Epstein-Barr virus: a prime candidate of breast cancer etiology in
Sudanese patients. Infect Agent Cancer. 9(1): 9.

Fazilaty, H. And Mehdipour, P. (2014). Genetics of breast cancer bone metastasis:
a sequential multistep pattern. Clin Exp Metastasis .,31, 595- 612.



