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SUMMARY: Aryl hydrocarbon receptor (AhR) is a ligand-activated transcription factor that is highly expressed in various types of
cancers including breast cancer. However, the role of AhR with its endogenous ligand 2-(1'H-indole-3’-carbonyl)-thiaz obeydecesiol
methyl ester (ITE) on the progression of breast cancer remains poorly understood. We aimed to investigate cell prolifenédgictiam
states in breast cancer after activating AhR with the endogenous ligand ITE. Breast cancer tissue was evaluated by cell lines,
immunohistochemistry, reverse transcription-polymerase chain reaction, cell proliferation, flow cytometry, migration assaegseand
blot techniques. We found that AhR was widely expressed in breast cancer tissues and metastasis lymph node tissuasproodinot in
tissues. The expression AhR was independent between the age, grades and TNM classifications for breast cancer tissoentITE trea
significantly induced the activation of AhR in a time-dependent manner in both MCF-7 and T47D breast cancer cell lineseMaanwhi
did not affect the cell migration but significantly suppressed the cell proliferation in estrogen receptor positive (ER-gMATE7D cells,
which probably attribute to the induction of cell cycle arrest in G1 phase and shortened S phase. Further mechanism stulgtshowe
ERK1/2 and AKT signaling were required for the activation of AhR in MCF-7 cells. These data suggest that AhR is a potéautigdtriew
treating patients with breast cancer. ITE may be more potentially used for therapeutic intervention for breast canckindit Efe(+).

KEY WORDS: ITE; Aryl hydrocarbon receptor; Breast cancer; Estrogen receptor.

INTRODUCTION

Aryl hydrocarbon receptor (AhR) plays an importantherapeutic method for breast cancer treatment (Narasimhan
role in regulation of gene expression in metaboliet al, 2018).
machinery and detoxification systems. Recently, the
relationship between AhR and tumorigenesis is gaining To date, several publishdd vitro studies have
more and more attention. As a transcription factor, AhRddressed the effect of AhR agonists on breast cancer, which
can be activated by either exogenous or endogenous Asilgjgested that 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD)
ligands, where the endogenous ligands is critical for normahd other AhR ligands could alleviate the proliferation,
physiologic responses such as cancer development, g@ellasion, motility, and colony formation of breast tumor cells
cycle regulation, and immune function (ldeal, 2017). (Romagnolet al, 2017; Yanget al, 2018). AhR activation
AhR ligands are also proved to have therapeutic effects bas been reported to suppress the growth of pancreatic and
treating diseases caused by abnormal immune function divér cancers (Safet al, 2017; Masoudet al, 2019).
certain cancers (Guarnieri, 2020). Moreover, another stu@ecently, a lot of endogenous AhR ligands have been
demonstrated that AhR agonists can cause regressiordidfcovered, for example, 2-(1'H-indole-3’-carbonyl)-
existing chemical-induced tumors and inhibit the growtthiazole-4-carboxylic acid methyl ester (Dolciasti al,
of human cancer cells (Zhabal, 2019). These promising 2018), which was first isolated from porcine lungs (Abron
evidence suggests that AhR modulation is useful it al, 2018). According to the activity of ITE on the dioxin
controlling primary tumor growth and may be an attractiveesponsive element, the biological potency of ITE was
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approximately 100-fold lower than that of TCDD (Piwarskimmunohistochemistry. Immunolocalization of AhR was
et al, 2020). Meanwhile, the estimated Kd value for ITE iperformed using the human breast cancer tissue microarray
mouse hepatoma cells was approximately 5 to 6 fold greafgmrchased from Chaoying, Shanxi, China (cat#BR1008) as
than that of TCDD (Nugergt al, 2013). Thus, given its described (Moorthet al, 2015; Dolciamét al., 2018). The
naturally producing feature and specific binding to AhR, ITEssue microarray contained 50 cases of breast carcinoma,
could potentially be used for interfering breast cancer growthQ) cases of metastatic lymph node from breast invasive
particularly due to the lack of toxicity (Dolciami al., 2018; ductal carcinoma, 10 breast tissues of benign diseases. Major
Abronet al, 2018; Biaret al, 2019). cancer histotypes include invasive ductal carcinoma (IDC;
n = 46), medullary carcinoma (MC; n = 3), neuroendocrine
In the current study, we tested the effect of ITEEarcinoma (NEC; n = 1), in which all were classified as
exposure on mammary tumor growth and metastasis by usinglecule markers and grade. The stage of tumors was
estrogen receptor-positive (ER+) MCF-7 and ER-negatiwassessed according to the 6th ed. of TNM Classification of
(ER-) MDA-MB-231 breast cancer cells, respectively. WiMalignant Tumors. Two microarrays were run in parallel:
investigated the cell proliferation and migration states iane was probed with AhR anti-body AhR (1: 500; Enzo Life
breast cancer after activating AhR by its endogenous ligaBdiences Inc., Farmingdale, NY, USA) and the other was
ITE. To explore new ideas for the clinical development girobed with IgG control. The brief processes were performed
anti-breast cancer drugs or endocrine therapy in breast caraefollowing immunohistochemistry (IHC) methods.
treatment, we also examined the expression of AhR in
different clinical phenotypes of breast cancer specimens. The sections were incubating in a 10 mM citrate
buffer solution (pH 6.0) in a microwave for 10 min for
antigen retrieval. Endogenous peroxidase activity was
MATERIAL AND METHOD quenched by immersing the tissue sections in 3 & k
methanol for 10 min. After blocking the non-specific binding
with 1 % horse serum albumin for 20 min, the tissue sections
Ethical permission. The study was approved by thewere probed with a rabbit anti-AhR antibody (1: 2000,
Scientific and Ethical Committee of the Shanghai Firs€hemicon International, Billerica, MA). Rabbit IgG was
Maternity and Infant Hospital affiliated with Tongji used as the negative control. The intensity of
University (No. KS20142) and informed consent was takeammunohistochemical reactions was estimated
from all the patients. independently by two pathologists. In doubtful cases a
reevaluation was performed using a double-headed
Cell lines. Four human breast adenocarcinoma cell linesicroscope and staining was discussed until a consensus
(MDA-MB-231, MDA-MB-468, MCF-7 and T47D) were was achieved. Thus, in order to evaluate the AhR expression,
obtained from ATCC (American Type Culture Collectionthe Remmele scale (IRS) were applied according to
Manassas, VA). All cells were cultured in RPMI 1640mmunoreactive Score by Remmele and Stegner (Table I).
(DMEM, SIGMA) medium containing 10 % FBS, and 1 %lIn IRS scale the intensity of color reaction and percentage
penicillin/streptomycin (P/S) (designed as the complewf positive cells were taken into account. The score
growth media). Each cell line was maintained in a humidifiedepresented a product of points given for the evaluated

atmosphere containing 5 % ¢at 37 °C. characters and it ranged from 0 to 12. Cases with expression
Table 1. Correlation of AhR expression with clinical characteristics of breast cancers.
AhR expression P value
Total  High (>36) Lowg£ 3.6)
(n =89 (n=41) (n=48)
Age <50 28 28 0.332
>50 13 20
Pathology breast carcinoma 22 28 0.685
metastatic lymph node 19 20
Grade 1 0 1 0.359
2 19 28
3 15 13
TNM Stage I 2 5 0579
l 15 22
I 3 2
\% 0 1
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of 0 to 3 in IRS scale and with score 0 to 1+ according tocubated for an additional 48 h at 37 °C. The cells were
Hofmannet al (2008) criteria were treated as cases withouhen collected, fixed in ice-cold ethanol (70 %), and stored
overexpression. at -20 °C for overnight. Next, the ice-cold ethanol was
removed by centrifugation, and the cells were incubated
Reverse transcription-polymerase chain reaction (RT- with 0.5 % Triton X-100 containing 108g/mL RNase A
PCR). Total RNA from cells before and after treated withat 37 °C for 30 min. Cells were then incubated for 15 min
ITE (0.1-10uM, Tocris Bioscience, San Diego, CA) waswith 25ug/mL propidium iodide in PBS in the dark at room
isolated with Trizol Reagent according to manufacturertemperature and immediately analyzed using a BD
protocol (Sigma-Aldrich). RNA was quantified by UV FACSCanto |l flow cytometer as indicated by the
absorption measure and was reverse transcribed to cDN#anufacturer (BD Biosciences). After 48 h of treatment,
The reverse transcription (RT) was carried out using Pringells were labeled with Pl and analyzed by flow cytometry.
Script RT reagent Kit (TaKaRa, Dalian, China) for 15 mifThe data indicate the percentage of cells in each phase of
at 37 °C, 5s at 85 °C in a 20 mL reaction volume. RT-PQRe cell cycle.
was performed using SYBR Premix Ex Taq (TaKaRa)
according to the manufacturer’s instruction. Primekigration assays.Cell migration was evaluated using a 24-
sequences were ordered from Sangon (Shanghai, ChiNa)itiwell BD Falcon FluoroBlok Insert System (8.0n
(Table I1). The real-time PCR cycling condition for pores; BD Biosciences,San Jose, CA, USA) as described.
GAPDH, CYP1A1l, CYP1B1, ERa is 30 s at 95 °C fofells were treated withjIM ITE or 0.1 % DMSO for 24 h.
incubation, 40 cycles of 15 s at 95 °C, and 20 s at 60 °CCell suspensions (810° cells per well) were added to the
top chamber of Transwells (BD Biosciences). The bottom
Cell proliferation. Cell proliferation assay was as describedhamber contained RPMI medium with 10 % FBS and 1
as follow: after 16 h of seeding in 96-well plates (500QM ITE or DMSO. Cells were incubated for 24 h at 37 °C,
cells/well, 6 wells/dose), cells were treated with differerdt which time cells remaining in the insert were removed
concentration of ITE or DMSO (0.1 % v/v) in the completevith a cotton swab. 24 h latter, the two cells that migrated to
growth media up to 2 days with daily change of meditie bottom of the inserts were stained with calcein AM (0.2
containing ITE or dimethyl sulfoxide (DMSO, the vehiclemg/mL, Invitrogen) for 30 min, examined, and recorded by
control). At the end of treatment, the number of cells pan inverted microscope mounted with a CCD camera. After
well was determined using a crystal violet method. Briefigerum starvation for 24 h, 30,000 cells were seeded in the
following removal of media, wells were rinsed (2X) withinsert (topside of membrane) and cultured in serum-free
PBS (5 mM phosphate, 145 mM NaCl, 5 mM KCI, pHnedia. Migrated cells on the bottom of the filters were fixed
7.5), fixed in methanol for 15 min, air-dried for 5 min andvith methanol and stained with crystal violet. The numbers
stained with 0.1 % (w/v) crystal violet for 5 min. Afterof cells in five adjacent fields of view were counted under
staining, wells were rinsed with distilled water, and air drietlO0 magnification. The cells were then trypsinized and
again. Once dry, cells were solubilized with 2 % (w/vjesuspended in fetal bovine serum (FBS)-free media
sodium deoxycholate solution for 30 min with gentleontaining 0.1 % bovine serum albumin andM ITE or
agitation. Absorbance was measured at 570 nm onD8MSO vehicle. The numbers of migrated cells were counted
microplate reader (BioRad). Wells containing known cellsing the MetaMorph image analysis software (Molecular
numbers (0, 2500, 5000, 10000 and 20000 cells/well; nBevices).
6/cell density) were treated in the similar fashion to establish
standard curves for each individual cell line. Western blot analysis.After serum starvation for 16 h,
cells were treated without or withyM of ITE for 0, 0.5,
Flow cytometry. Cells were seeded at a density of B 2, 8, 24, or 48 h. The protein was subjected to Western
cells per well on a 6-well plate and cultured overnight iblotting as described. For each set of samples, at least two
growth medium for cell cycle analysis. Baicalein (88 gels were run simultaneously. One membrane was blotted
mL final concentration) was then added, and the cells wanéth a phospho-ERK1/2 antibody, followed by reblotting

Table II. RT-PCR primers used in this study.

Target genes Sense (5’ to 3) Antisense (5’ to 3)
GAPDH(372bp) F: TCTTCTITIGCGTCGCCAG R: AGCCCCAGCCTICTCCA

AhR (368 bp) F: CATGCTTTGGTCTTTTATGC R: TTCCCTTTCTTTTTCTGTCC
CYP1A1 (596 F: TCTTTCTCTTCCTGGCTATC R: CTGTCTCTTCCCTTCACT
CYP1B1 (360 F: AACGTCATGAGTGCGTGTGT R: GGCCGGTACGTTCTCCAAATC
ERa (291 bp) F: AGCACCCAGTGAAGCTACT R: TGAGGCACACAAACTCCT
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with a total ERK1/2 antibody (both were at 1: 2,000). AIRESULTS
of the antibodies were purchased from Cell Signaling
Technology, Beverly, MA, USA. The membranes were also
reprobed with a mouse GAPDH (1: 10,000; HO000259Tmmunolocalization of AhR in human breast cancer
Abnova, Walnut, CA, USA). Proteins were visualized usingssues.|HC assay showed that AhR were localized
chemiluminescence reagents (Amersham, Piscataway, [Wdmarily in cytoplasm(Fig. 1A). The semi-quantitative
USA). Changes in total and phospho-ERK1/2 protein levedsmalysis revealed that, compared with normal tissues, the
were quantified by a densitometer. Data on phospho-ERKifiimunoreactivity of AhR was higher in cancer tissues and
2 were normalized to total ERK1/2. Data on total ERK1/Bhammary metastasis lymph node tissues, while no
were normalized to GAPDH. ITE-exposed cells atlZf  significant difference was found in the latter two (Fig. 1B).
cells were seeded into each well of 6-well plates ardoreover, there was no significant difference in AhR
cultured for 48 h. Cells were then pre-incubated with th&aining intensity between the age, grades, stages, and TNM
ERK inhibitor PD98059 (Cell Signaling Technology,classifications in each histotype of breast cancer (Table I).
Danvers, MA) at different concentrations for 2 h prior to
subjecting to Western blot assays. ITE initiated mRNA levels of CYP1A and CYP1B1
but not estrogen receptor alpha (Era). To assess whether
Statistics analysis.Data were analyzed using one-wayiTE has functional roles in the regulation of CYP1A1l,
ANOVA using the SigmasStat software (Jandel Co, Sa@YP1B1 and Era mRNA expression in breast cancer cell
Rafael, CA). When an F-test was significant, data welimes (MDA-MB-231, MDA-MB-468, MCF-7 and T47D),
compared with their respective control by the Bonferroni'fTE at a concentration of iIM was used and treated for O
multiple comparison test or Student t-test. P < 0.05 was 48 h. The RT-PCR analysis showed that AhR downstream
considered statistically significant. The value for ITEgenes of CYP1Al and CYP1B1 were initiated by ITE
inhibited proliferation of the two breast cancer cells waseatment in all the cells, while ERa expression was not
estimated using an origin data analysis and graphing softwateanged in MDA-MB-231 and MDA-MB-468 cells (Fig.
(Version 8.1) (OriginLab Corporatiaddorthampton, MA). 2) (Table II).

a
@
9 3 a b e
24 % h
D L :> :> ' )
A : -
5
£ * * Fig. 1. Immunohistochemical analysis of AhR in human
24 T 1 breast tissues. Reddish color indicates positive AhR
§ staining. (A) Representative images for cancer (a) and
3 3 normal (b) are shown. Bar, 10én. (B) Semi-quantitative
3 analysis for AhR staining intensities for normal (n = 10),
5 2 cancer (n = 50), metastis lymph node (n = 40). Semi-
;.fn guantitative data are expressed as mea®EM fold of
o 1 the OD value from normal. *Differ from normal £9.05).
< x There was significant difference in normal breast tissues
- Normal Casces; |Lymplhinoda and cancer or metastatic lymph node.
B (n=10) (n=50) (n=40)
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proliferation. Compared to the vehicle control,
ITE dose-and time-dependently inhibited cell
proliferation in MCF-7 and T47D breast cancer
cell lines on Day 2. The maximal inhibitory effect
of ITE on the proliferation of these two cells was
observed at doses fronuM to 10uM (Fig. 3).

AhR induced G1 phase arrest in ER(+) breast
cancer cell lines.To investigate the role of AhR
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in ITE-treated cells, the four breast cancer cells
were treated with ITE for 24 h and cell cycle
distribution was analyzed by flow cytometry. Cell-
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for MCF-7 and T47D; ER(-) for MDA-MB-231
and MDA-MB-468) showed that ITE treated
MCF-7 and T47D cells induced G1 phase arrest
with shorted S phase compared to the control
group (Fig. 4), while the tendency was not
significant in MDA-MB-231 and MDA-MB-468
(data not shown), indicating that AhR has a more
stronger effect on ER(+) breast cancer cell lines.
The phenomena was in agreement with the
inhibiting effect of proliferation occurred in ER(+)

Fig. 2. RT-PCR showed the effects of ITE on the mRNA expression of ARRCF-7 cells (Fig. 3).
CYP1A1, CYP1B1 and Era in human breast cancer cell lines. (A) MDA-MB-

231 and MDA-MB-468. (B) MCF-7 and T47D.
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= ITE exposurein vitro does not
alter migration of MCF-7
and T47D. Cell migration of
the two cells before and after
ITE treated were examined
(Fig. 5A). None of these
endpoints were affected by
exposure to UM ITE, neither
MCF-7, nor T47D (Fig. 5B).
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o ERK1/2 and AKT signaling

were required for the

activation of AhR in ER(+)

MCF-7 cells. Considering the
importance of AKT and ERK
signaling pathways in cell
proliferation regulation, we
examined the effects of ITE on

MDA-MB-468
2

h. It, however, was noted that
gradual increases of pERK1/2
was only observed in MCF-7
cells, with no change in MD-
SepsariBacy ™ MBA-231 cells. Meanwhile,
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] me B8 pAKT was decreased in MCF-
1 owoETT 18% 7 cells but not MD-MBA-231
et cells (Fig. 6A). The results

suggested that ERK1/2 and
AKT pathways probably
involved in AhR mediated ITE-
inhibited cell proliferation in
ER (+) MCF-7 cells (Fig. 6B).
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Fig. 4. Flow cytometry analysis of cell cycle distribution after treatment with 1 mM of ITE in breast
cancer cells. (A) Flow cytometry analysis of the four cells. (B) Changes in cell cycle distribution
were quantified.
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Fig. 5. Effects of ITE on breast cancer cell migration. (A) Cells were treated withaf ITE for up to 48 hours, and then migration of
cells were determined by Transwell assay. Representative images are shown. (B) Changes in cell migration were quantified.
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DISCUSSION

As breast cancer is still the most common cancer the roles of AhR in human breast cancer growth and
women worldwide, more strategies are needed for preventidavelopment. Herein, we examined the expression of AhR
and treatment of breast cancer. To date, little is known abaathuman normal and malignant (metastatic) breast tissues
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and examined its potential role in regulating the proliferatioBRK1/2 and AKT might participate in AhR mediated ITE-
and migration of human breast cancer cells. We demonstrabelibited cell proliferation in MCF-7 cells. However, it is
that AhR was highly expressed in a variety of histotypes ahclear whether ITE-inhibited breast cell proliferation is
breast cancers regardless of cancer grades, stages, and TheMdiated partially via interfering the ER signaling, although
grading, which are consistent with previous reports in humastrogen receptors are ligand-activated transcription factors
lung and ovarian cancers (i al, 2018; Deusteet al, and members of the nuclear receptor and bHLH-PAS super-
2019). Moreover, AhR expression was not associated witdimilies similar to AhR (Dunlapt al., 2017).
breast tumor invasion and lymph node metastasis (Fig. 1).
In addition to human breast cancer, increased expression of
AhR has also been found in human lung cancer, liver cancEQNCLUSION
and prostate cancer (Deustéal, 2019; Bakeet al, 2020).
Similar to other study, as the AhR staining is almost negative
inside the normal breast tissue; relatively high levels of AhR In summary, we show that activation of ITE/AhR
expression inside the breast cancer could be used as potentiald suppress breast cancer cell proliferation, suggesting
marker for breast cancers (Spetkal, 2015). Additionally, ITE can potentially be used as a therapeutic drug for treating
AhR gene polymorphisms was reported to be closely relatatileast a subset of human breast cancerirThigro data
to the increased risk of lung and breast cancers (Aétabiindicates that ITE possesses potent anti-breast cancer activity
al., 2016; Vacheet al, 2018), further study regarding thisdependent on AhR and ER. Moreover, further dissecting out
expression pattern of breast cancer is needed to confirm ignaling pathways which mediate ITE-induced different cell
observations. responses between different breast cancer cells might assist
us to design more optimal strategies for therapeutic
ITE, as an endogenous ligand of AhR, was firsintervention of human breast cancer. In addition, clarifying
isolated from porcine and exhibits high affinity to AhR andhe AhR-independent mechanism of ITE to breast cancer
TCDD both in vivo andn vitro (Dolciamiet al, 2018). In cells may provide us a novel strategy for breast cancer
this study, we observed that ITE significantly inhibited thehemotherapy.
ER(+), but not ER(-) breast cancer cell lines through
activation of AhR. However, we did not find any effects of
ITE on breast cancer cell migration. Importantly, ITEACKNOWLEDGEMENTS . This work was supported in
significantly prolonged G1 and shortened S phase in ER(part by the Shanghai Natural Science Foundation of China
breast cancer cell, which in turn suppressed cell proliferatiai1100429).
These observations indicate that the potential inhibition of
DNA synthesis by ITE is specific to human ER(+) breast
cancer cells. Recent animal and human data suggested that, - CHENG, X.: ZHUANG, Z. & WANG, K. Efecto
AhR is involved in various cell signaling pathways that argiferencial de ITE en la sefializacion del receptor de hidrocarburo
critical to cell cycle regulation. Dysregulation of thesele arilo en tejido de cancer de mama: Un estudio histopatoldgico.
pathways is contributed to events such as tumor initiatiotmf. J. Morphol., 41(5)1348-1356, 2023.
promotion, and progression (Vactetral,, 2018). Whereas _ _
treatment with exogenous ligands activates AhR induced cell ~ RESUMEN: El receptor de hidrocarburo de arilo (AhR)
cycle arrest (Bock, 2019). In cultured cells, ITE show§S U factor de transcripcion activado por ligando que se expresa
S . . en gran medida en varios tipos de cancer, incluido el cancer de
marked inhibitory effects on the proliferation of breast canc

T ) Hama. sin embargo, el papel de AhR con su ligando enddgeno 2-
cells and AGS cells via induction of growth arrest at the G%_’L'H-indol-3‘-carb0niI)-tiazol-4-a’1cido carboxilico metil éster (ITE)

S phase. en la progresion del cancer de mama sigue siendo poco conocido.
Nuestro objetivo fue investigar la proliferacion celular y los estados

Finally, we explore the molecular mechanisms ide migracion en el cancer de mama después de activar AhR con el
relation to AhR-inhibited proliferation of breast cancer celldigando enddégeno ITE. El tejido de cancer de mama se evalud

Extracellular signal-regulated kinase (ERK) pathway ha{gediante_ll’neas celulares, inmunohis_toquimica, re_accic')_rl en cadena
been proved to associate with cell proliferation (Morendj-_e la pqllmeraga con transcrlptgsa |_n,versz§, p_rohferauon celular_,

Marin et al, 2018). Here, our data showed that IT%\lfometrlade flujo, ensayos de migracion y técnicas de transferencia

L . . L estern. Descubrimos que AhR se expres6 ampliamente en tejidos
significantly activated ERK signaling in ER(+) MCF-7 CeII’de cancer de mama y en linfonodos con metastasis, pero no en

suggesting the positive correlation between AhR activatiqgjigos normales. La expresion AhR fue independiente entre la edad,
and ERK signaling pathway. Also, we observed ITE robustlyados y clasificaciones TNM para tejidos de cancer de mama. El
suppressed AKT activation in ER(+), but not in ER(-) breagtatamiento con ITE indujo significativamente la activacién de AhR
cancer cells. Taken together, our findings indicated thdé manera dependiente del tiempo en las lineas celulares de cancer
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