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Methylparaben Modulates the Relationship Between Autophagy and 
Apoptosis in Head and Neck Squamous Cell Carcinoma Lines
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 Abstract

In light of the increasing incidence of head and neck cancer and the widespread occurrence of methylparabens (MeP) in the human environment, which mimic the 
action of endogenous estrogens, we investigated the effect of this compound on head and neck squamous cell carcinoma (HNSCC) cells. We took into account 
autophagy and apoptosis, as well as the ability of HNSCC cell lines FaDu and Detroit 562 to proliferate, and the effect of flavonoids on the determined param-
eters. The obtained results revealed that MeP inhibits autophagy, indicated by downregulation of autophagy-related proteins such as beclin-1, LC3β, and APG5 
expression in both cancer cell lines. Moreover, MeP, by changing the expression of mitochondrial proteins Bcl-2 and Bax, may be responsible for the reduction of 
apoptosis and the increased proliferation of cancer cells associated with high expression of caspase-3. The applied flavonoids restored the values of the tested 
parameters to the level observed in cells not exposed to MeP. In conclusion, our studies have shown for the first time that MeP, in addition to well-documented 
exposure factors, may facilitate the development of HNSCCs. We suggest that the adverse effects of MeP can be reduced by the use of flavonoids, which may 
lead to the inhibition of HNSCC cells growth.

Keywords
Head and neck squamous cell carcinoma cell lines • Methylparaben • Autophagy-related proteins • Apoptosis • Proliferation • Flavonoids

Received: 30 June 2025 / Accepted: 2 October 2025 / 
© L. Hirszfeld Institute of Immunology and Experimental Therapy, Wrocław, Poland 2025 

Department of Immunology, Medical University of Bialystok, Bialystok, Poland

� ewa.jablonska@umb.edu.pl

1. Introduction

Head and neck squamous cell carcinoma (HNSCC) is ranked 
as the sixth most common cancer globally, and it accounts 
for about 3% of new cancer cases (Siegel et al. 2020). 
Despite enormous progress in screening, diagnosis, surgery, 
chemotherapy, radiotherapy, immunotherapy, and molecularly 
targeted drugs, the survival rate of patients has not improved 
significantly, with overall survival of <50%, indicating the need 
for research into the causes and mechanisms leading to the 
development of these cancers (Liu et al. 2023).
HNSCC arises from the mucosal epithelium of the oral cavity 
(lips, buccal mucosa, hard palate, anterior tongue, floor of mouth, 
and retromolar trigone), nasopharynx, oropharynx (palantine 
tonsils, lingual tonsils, base of tongue, soft palate, uvula, and 
posterior pharyngeal wall), hypopharynx (the bottom part of the 
throat, extending from the hyoid bone to the cricoid cartilage), 
and larynx (Johnson et al. 2020; Liu et al. 2023). Despite evi-
dence of histological progression from cellular atypia through 
various degrees of dysplasia, ultimately leading to invasive 
HNSCCs, most patients are diagnosed with this cancer at the 
late stage without clinically evident antecedent pre-malignant 
lesions (Johnson et al. 2020).

Many environmental factors are known to contribute to 
the process of transformation of non-malignant and pre-
malignant lesions into invasive cancer in the head and 
neck region. The risk factors for HNSCCs include mainly 
tobacco smoke, alcohol consumption, infection with 
human papillomavirus or the Epstein–Barr virus, as well 
as exposure to environmental pollutants (Johnson et al. 
2020; Kranjčević et al. 2024).
For many years, considerable attention has been given to 
the role of xenoestrogens in the development of cancer 
(Buoso et al. 2020). Xenoestrogens, known as endocrine-
disrupting chemicals, are an exogenous group of chemical 
compounds that are added to pharmaceuticals, cosmetics, 
food, or drinking water to prolong their shelf-life and inhibit 
the growth of pathogen microorganisms (Buoso et al. 2020; 
Hager et al. 2022; Pereira et al. 2023). Xenoestrogens 
mimic the action of endogenous estrogens by interacting 
with nuclear hormone receptors (NRs), increasing the risk 
of cancer. NRs include, among others, estrogen receptors 
(ER)-α (NR3A1) and ER-β (NR3A2) (Fuentes and Silveyra 
2019; Font-Díaz et al. 2021).
ER-mediated signals are known to contribute to the promo-
tion of hormone-related carcinomas, including breast, ovarian, 
prostate, as well as non-hormone-related such as lung and 
colon carcinomas (Shanle and Xu 2010; Hager et al. 2022). 
Studies have also demonstrated a significant role of ERs in the 
biology of HNSCCs, which is suggested by higher expression of 
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ER-β in cancer as compared with the normal epithelium (Grsic 
et al. 2016; Qin et al. 2022; Kranjčević et al. 2024).
Methylparaben (MeP) belonging to xenoestrogens is the 
most widely used preservative due to its antibacterial and 
antifungal properties. It should be noted that analysis of the 
contents of commercially available toothpastes showed that 
MeP was present in the highest concentration among the 
tested parabens (Croitoru et al. 2016; Ahn and Jeung 2023).
For many years, a lot of attention has been paid to the 
crosstalk between autophagy and apoptosis in cancer 
(Maiuri et al. 2007; Das et al. 2021). The dysregulation of 
pathways leading to either enhancement of one or both 
the processes or disturbances in their independent mecha-
nisms or relationship between the two may have a role in 
the development of cancer. While autophagy plays a dual 
and paradoxical role, being both a tumor suppressor and 
promoter, apoptosis has a tumor suppressive effect (Das 
et al. 2021; Debnath et al. 2023).
Autophagy is an intracellular process by which cells degrade 
and recycle proteins and organelles to maintain intracellular 
homeostasis that occurs under several stressful conditions, 
including organelles damage, abnormal proteins, and nutri-
ent deprivation (Feng et al. 2014; Yun and Lee 2018).
The process of autophagy is primarily controlled by the 
autophagy-related family proteins, including beclin-1, 
dynein light chain LC8-type 1 (LC8), microtubule-
associated protein 1 light chain 3 beta (MAP1A/MAP1B 
LC3B) (LC3β), APG5-like (APG5), or autophagy-related 
protein 7 (ATG7), among others (Hu et al. 2020; 
Peña-Oyarzún et al. 2020).
Beclin 1 regulates autophagy through the action of kinases, 
including among others, adenosine 5ʹ-monophosphate-
activated protein kinase (AMPK) and indirectly by the phos-
pho-protein kinase B/protein kinase akt-2/protein kinase 
akt-3 (PI3K/AKT) (Alexandra et al. 2020; Hu et al. 2020). 
Beclin-1 forms a complex with PI3K which catalyzes the for-
mation of an intracellular domain that recruits other ATG pro-
teins that elongate the autophagosome (Peña-Oyarzún et al. 
2020). When autophagy is induced, LC3B (ATG8) is cleaved 
by cysteine protease ATG4, forming LC3-I, and then conju-
gated by APG5-ATG7 complex with the lipid phosphatidyleth-
anolamine, forming LC3-II (Feng et al. 2014). By binding to 
autophagosome membrane, LC3-II promotes its elongation; 
finally, the autophagosome is fused with lysosome (Arani 
et al. 2022).
It has been proven that beclin-1 plays a special role in the 
interaction between autophagy and apoptosis, due to its abil-
ity to directly interact with mitochondrial proteins of the Bcl-2 
superfamily (Hu et al. 2020). Bcl-2 interacting mediator (Bim) 
interacts with beclin 1 and binds beclin-1 to LC8, which is 
a component of microtubules. Once Bim is phosphorylated, 
Bim and beclin-1 dissociate from LC8 to induce autophagy 
(Hu et al. 2020).

There are accumulating evidences that autophagy-mediated 
cell survival plays a role in the etiology and progression of 
HNSCCs (Johnson et al. 2020).
In light of the increasing number of cancers in the head 
and neck region and the common occurrence of MeP in the 
human environment, it seems reasonable to know a potential 
role of this xenoestrogen in HNSCCs development.
Considering the fact that the mechanisms of apoptosis and 
autophagy have common molecular components and can be 
regulated by the same factors, we examined a direct effect 
of MeP on autophagy and apoptosis and proliferation of 
experimental HNSCCs lines (Song et al. 2017). The issue 
of linking autophagy, apoptosis, and proliferation following 
exposure to the xenoestrogen MeP in HNSCC cells has not 
been addressed so far.
The study was based on the assessment of the expression 
of important autophagy-related proteins and the apoptosis in 
MeP-treated hypopharyngeal primary FaDu and pharyngeal 
metastatic Detroit 562 lines. In order to extend the analysis 
of the effect of MeP on cancer cells, the study also included 
the assessment of their proliferation. Additionally, we inves-
tigated the effect of flavonoids, with well-documented anti-
cancer properties, on examined cancer cell lines exposed 
to MeP. Flavonoids are known as inducers of apoptosis and 
autophagy in cancer cells by activating, among others, the 
PI3K/AKT pathway (Abotaleb et al. 2018; Zhang et al. 2018).
Understanding the mechanism of action of MeP on the relations 
between autophagy and apoptosis with respect to proliferation 
may contribute to knowing of the causes of the development of 
head and neck cancers. Furthermore, the use of flavonoids in 
research may indicate the possibility of preventing and inhibiting 
the induction as well as progression of HNSCCs.

2. Materials and Methods

2.1. �FaDu and Detroit 562 cell lines culture and 
exposure to MeP

The FaDu and Detroit 562 cells were provided by American 
Type Culture Collection Head and Neck Cancer Panel  
(cat. no. ATCC-TCP-1012, ATCC, Manassas, VA, USA). 
FaDu is a primary hypopharynx carcinoma; Detroit 562 is 
a metastasis pharynx carcinoma.
The FaDu and Detroit 562 cells collected from the culture were 
suspended in Eagle’s Minimum Essential Medium (EMEM) 
with L-glutamin (cat no. ATCCR 30-2003, ATCC, Manassas, 
VA, USA), 5% fetal bovine serum (cat. no. 30-2020, ATCC, 
Manassas, VA, USA), 1% Penicillin-Streptomycin (cat. no. 
151140-122, Gibco, CA, USA), and 250,000 cells were 
placed in an incubation well on a six-well cell culture plate 
(cat. no. 83.3920, Sarstedt, Germany). Both cell lines were 
incubated for 48 h in the presence of MeP (60 nM) (cat. no. 
47889, Sigma-Aldrich, Burlington, MA, USA), and flavonoids: 
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quercetin (Q) (40 µM) (cat.no. 7417.1, Roth, Germany) and 
luteolin (Lut) (10 µM) (cat. no. 4546.1). MeP, Q, and Lut were 
dissolved in DMSO (cat. no. 4-X, ATCC, Manassas, AV, USA) 
and then diluted in (phosphate buffered saline [PBS]) (cat. 
no. 10010-015, Gibco, CA, USA). The final DMSO concentra-
tion in the cell culture was up to 0.1%.

2.2. Proliferation of FaDu and Detroit cells

Prior to incubation with the tested compound, FaDu and 
Detroit 562 cells were washed twice with PBS pH 7.4 (cat. 
no. 10010-015, Gibco, CA,USA) and then labeled with BD 
Horizon CFSE (cat. no. 565082, BD Bioscience, Franklin 
Lakes, NJ, USA) for 10 min at 37°C. Next, the stained cells 
were rinsed and 300,000 cells were seeded onto a Petri dish 
(cat. no. 83.3902.300, Sarstedt, Germany), and suspended in 
a suitable culture medium – EMEM (cat. no. 30-2003, ATCC, 
Manassas, VA, USA). Cells were incubated for 48 h with or 
without test compounds and trypsinized; the percentage of 
proliferating cells was determined using a BD Accuri C6 Plus 
cytometer (BD Bioscience, Franklin Lakes, NJ, USA).

2.3. Detection of apoptosis

HNSCC lines incubated for 48 h with MeP were treated with 
2.5% Tripsin (cat. no. 15090046, Gibco, CA, USA), washed with 
PBS (cat. no. 10010-015, Gibco, CA, USA), and resuspended 
in Annexin-V binding buffer (cat.no. 556454, BD Bioscience, 
Franklin Lakes, NJ, USA). Cells were then incubated with 
Annexin-V conjugated to APC (cat. no. 550474, BD Bioscience, 
Franklin Lakes, NJ, USA) and nuclear dye 7-AAD (cat. no. 
559925, BD Bioscience, Franklin Lakes, NJ, USA) in the dark 
at room temperature for 15 min. The percentage of apoptotic 
cells was assessed using an Accuri C6 Plus cytometer (BD 
Bioscience, Franklin Lakes, NJ, USA). The outcomes were ana-
lyzed in the FloJo program (FlowJo™ Software for Windows, 
Version 10.8.1. Ashland), evaluating the cell morphology based 
on size/granularity (FSC from SSC). Then, taking into account 
the degree of staining of cells with Annexin-V and 7 AAD, the 
stage of apoptosis was analyzed, differentiating viable cells: 
Annexin-V(−) 7-AAD(−); in early apoptosis: Annexin-V(+) 
7-AAD(−); in late apoptosis Annexin-V(+) 7-AAD(+); and 
necrotic Annexin-V(−) 7-AAD(+).

2.4. Western blot analysis

FaDu and Detroit 562 cells were lysed directly in the presence 
of Protease Inhibitor Cocktail (cat. no. P2714, Sigma-Aldrich, 
Burlington, MA, USA) by sonication, using Vibra-Cell Ultrasonic 
Processor (Sonics & Materials Inc., Newtown, CT, USA). 
Protein concentration was determined with a QubitTM protein 
Assay KIT (cat. no. Q33211, Invitrogen, Waltham, MA, USA). 
Protein fractions were suspended in Laemli Sample Buffer (cat. 

no. 1610747, Bio-Rad Laboratories, Hercules, CA, USA) and 
electrophoresed on SDS-PAGE. The dissolved protein was 
transferred onto 0.45 µm-pore nitrocellulose Mini-PROTEAN® 
Tetra Cell (cat. no. 1620115, Bio-Rad Laboratories, Hercules, 
CA, USA). The nitrocellulose was incubated in Protein 
Detection System SNAP i.d.TM (Milipore, Burlington, MA, USA) 
with suitable primary monoclonal (mouse) antibodies (Santa 
Cruz Biotechnology, Dallas, TX, USA): anti- ER-β (1:1000) 
(cat. no. sc-373853), anti-beclin-1 (1:1000) (cat. no. sc-48341), 
anti-MAP1A/MAP1B LC3 B (1:1000) (cat. no. sc-271625), anti-
APG5-like (1:1000) (cat. no. sc-133158), anti-autophagy related 
protein 7 (1:1000) (cat. no. sc-376212), anti-Caspase-3 (1:1000) 
(cat. no. sc-65497), anti-apoptosis regulator Bcl-2 (1:1000) 
(cat. no. sc-509), anti-Baculoviral inhibitor of apoptosis protein 
(IAP) repeat-containing protein 5 (surviving) (1:1000) (cat. no. 
sc-374616); monoclonal (goat) antibodies: anti-apoptosis regu-
lator Bax (1:1000) (cat.no. sc-20067), anti-pPI3K (1:1000) (cat. 
no. sc-12929); monoclonal (rabbit) anti-phospho-Protein kinase 
B/Protein kinase Akt-2/Protein kinase Akt-3 antibody (1:1000) 
(cat. no. sc-271966).
After washing in 0.1% TBS-Tween (cat. no. 1706435, 
Bio-Rad Laboratories, Hercules, CA, USA), the nitrocelu-
loseMini Protean Tetra Cell membranes were incubated with 
appropriate secondary antibodies labeled with alkaline phos-
phatase (1:5000); rabbit anti-mouse IgG antibodies (cat. no. 
315-055-003, Jackson ImmunoResearch Laboratories Inc.,  
Baltimore, MD,  USA), mouse anti-goat IgG antibodies (cat. 
no. 205-055-108, Jackson ImmunoResearch Laboratories 
Inc.,  Baltimore, MD,  USA), mouse anti-rabbit IgG antibod-
ies (cat. no. AP-1000-1, VectorLab, Poland). Immunoreactive 
protein bands were visualized after the addition of BCIP/NBT 
Liquid Substrate System (cat. no. B1911, Sigma-Aldrich, 
Burlington, MA, USA). Band intensity was quantified using 
ImageJ software (Schneider et al. 2012). The results were 
expressed in arbitrary units (AU).
The anti-β-actin antibody (1:200) (cat. no. P60709, Cell Signaling 
Technology, Danvers, MA, USA), which detects the expression 
of beta-actin in cells lysates, was used as internal control. Cano 
Scan 9000F (Canon, Tokyo, Japan) was used for WB imaging.

2.5. Statistical analysis

STATISTICA (ver. 13.3) suite (StatSoft, Inc., Tulsa, OK, 
USA) was used for statistical analysis. All data are reported 
as the mean ±  standard deviation (SD). Normal distribu-
tion of data was tested by the Shapiro–Wilk test. Levene 
test was used to check the homogeneity of variance. 
Depending on meeting the assumptions of normality of 
distribution and homogeneity of variance, both parametric 
and nonparametric tests were used for comparative analy-
sis. Group comparisons were performed using ANOVA 
(for normally distributed data with equal variances) or the 
Kruskal–Wallis test (for non-normally distributed data). 
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When statistically significant differences were found, post 
hoc analyses were conducted: Tukey’s HSD test following 
ANOVA or Dunn’s test following Kruskal–Wallis. A signifi-
cance level of p < 0.05 was considered in all analyses.

3. Results

3.1. The presence of receptor ER-β in HNSCC cell lines

First, we investigated the presence of receptor ER-β in FaDu 
and Detroit 562 human cell lines (Figures 1a and b). Western 
blot analysis confirmed the expression of ER-β in both kinds 
of cells. In MeP-treated FaDu line the expression decreased 
as compared with untreated cells (p = 0.020). In contrast, in 
MeP-treated Detroit 562 line we did not find any significant 
changes in ER-β expression. The presence of flavonoids  
Q and Lut did not cause changes in ER-β expression in both 
groups of cells exposed to MeP.

3.2. �MeP downregulates autophagy-related protein 
expression in FaDu and Detroit 562 cells

To investigate the influence of MeP on the autophagy pro-
cess in MeP-treated FaDu and Detroit 562 cells, we inves-
tigated the expression of important autophagy-related 
proteins, such as beclin-1, LC3β, APG5, and ATG7, using 
Western blot analysis (Figures 2a and b).

3.2.1. Beclin-1 expression

Western blot analysis showed a decrease in beclin-1 rotein 
expression in MeP-treated FaDu and Detroit 562 cells 
(p = 0.030 and p = 0.021, respectively; Figures 2a and b). We 
also found changes in beclin-1 expression in MeP-treated 
FaDu cells in the presence of luteolin, which led to an 
increase in beclin-1 expression (p = 0.041).

3.2.2. LC3β expression

Similarly to beclin-1, we observed decreased expression of 
LC3β protein following treatment of FaDu and Detroit 562 
cells with MeP (p = 0.024 and p = 0.038; Figures 2a and b). 
MeP-treated both kinds of cancer cells cultured in the pres-
ence of Lut, causing an increase LC3β expression (p = 0.022 
and p = 0.022).

3.2.3. APG5 expression

We also observed a downregulation of the expression of the 
APG5 protein in FaDu and Detroit 562 cells incubated with MeP 
(p = 0.017 and p = 0.001; Figures 2a and b). We have also 
found changes in APG5-like expression in both kinds of cells 
exposed to MeP and flavonoids. The presence of Lut caused 
a significant increase in the expression of APG5-like protein in 
FaDu and Detroit 562 cells (p = 0.021 and p = 0.042).

Fig 1.  Expression of ERβ on FaDu and Detroit cells. Western blot analysis demonstrates the effect of MeP and MeP + Q and MeP + Lut 
on the expression of ER ERβ iν FaDu (A) and Detroit 562 (B) cells. Error bars represent the SD (±SD) of the mean values from two 
independent experiments per each line. *Difference with cells untreated with MeP (p < 0.05). ERs, estrogen receptors; MeP, Methyl-
paraben; SD, standard deviation.
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3.2.4. ATG 7 expression

In FaDu cell cultured with MeP, we demonstrated a significant 
reduction in ATG7 protein expression (p = 0.013; Figure 2a).
We also observed changes in the expression of this protein in the 
presence of Q and Lut; both flavonoids led to increased expres-
sion of ATG7 in MeP-treated FaDu (p = 0.003 and p = 0.008).
There were no significant changes in ATG7 in Detroit 562 
cells exposed to MeP (Figure 2b).

3.3. �MeP inhibits apoptosis in FaDu and Detroit 562  
cell lines

In the present study, using flow cytometry, we observed a 
significant reduction in the percentage of apoptotic cells in 
MeP-treated FaDu line (p  =  0.032; Figure 3) and in MeP-
treated Detroit 562 line (p = 0.001; Figure 4).
Assessing the effect of flavonoids on MeP-treated cells, we 
showed that Q increased the percentage of apoptotic cells 

Fig 2.  Expression of the autophagy-related proteins in FaDu and Detroit cells. Western blot analysis demonstrates the effect of MeP and 
MeP + Q and MeP + Lut on the expression of beclin-1, LC3β, APG5, ATG7 proteins in FaDu (A) and Detroit 562 (B) cells. Error bars 
represent the SD (±SD) of the mean values from two independent experiments per each line. *Difference with cells untreated with 
MeP; adifference from cells treated with MeP + Q (p < 0.05); bdifference from cells treated with MeP + Lut (p < 0.05). MeP, Methylpara-
ben; SD, standard deviation.
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in FaDu and Detroit 562 cells (p  <  0.001 and p  =  0.032). 
Furthermore, in the case of Detroit 562 cells, Lut also led to 
upregulation of apoptosis (p < 0.001; Figure 4).

3.3.1. �Bcl-2 family of mitochondrial pathway proteins expres-
sion in MeP-treated FaDu and Detroit 562 cells

In the FaDu cell lines, we did not find significant changes 
in the expression of anti-apoptotic Bcl-2 protein in response 
to MeP (Figure 5a). There were no alterations in this pro-
tein in cells incubated with Q and Lut in comparison to cells 
exposed to MeP only (Figure 5).
In contrast to FaDu line, the expression of Bcl-2 increased in 
MeP-treated Detroit 562 cells (p = 0.023; Figure 5b). Unlike 
in the case of FaDu, a reduction in Bcl-2 expression was 
observed in MeP-treated Detroit 562 cells in the presence of 
Q and Lut (p = 0.005 and p = 0.05; Figure 5b).
In FaDu and Detroit 562 cell lines, the expression of Bax 
protein decreased significantly in the presence of MeP 
(p = 0.007 and p = 0.01; Figures 5a and b). Moreover, the 

expression of this protein was upregulated in Detroit 562 
cells in the presence of Lut (p = 0.006).

3.3.2. Caspase-3 expression

Unexpectedly, the expression of caspase-3 in both MeP-
treated FaDu and Detroit 562 cells was higher than in 
untreated cells (p = 0.0052 and p = 0.0458; Figures 5a and b). 
The presence of Q decreased the expression of this protein 
in the Detroit 562 cells exposed to MeP (p = 0.021; Figure 5b). 
There were no changes in the FaDu cells.

3.4. �MeP increases the proliferation of FaDu and Detroit 
562 cells

In order to extend the assessment of the effects of MeP, 
we also assessed the influence of this xenoestrogen on 
the proliferation of the studied cancer cells by flow cytom-
etry. Exposure of the tested cells to MeP caused signifi-
cantly increased proliferation of FaDu and Detroit 562 cells 

Fig 3.  Apoptosis in FaDu cells. Representative flow cytometry (FACS) analysis via Annexin V-FITC/PI staining for 48 h is presented. The bar 
graphs present the percentage of apoptotic cells as a sum of Q1 (late apoptosis) and Q3 quadrants (early apoptosis); necrotic cells 
as Q2 quadrants and viable cells as Q4 quadrants. Mean values from three independent experiments ± SD are presented. The bar 
graphs present the percentage of apoptotic cells. *Difference with cells untreated with MeP; adifference with cells treated with MeP + Q 
(p < 0.05). MeP, Methylparaben; SD, standard deviation.
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(p < 0.001 and p = 0.045; Figures 6 and 7). In MeP-treated 
FaDu cells, we observed a reduction of proliferation, in the 
presence of Q as well as Lut (Figure 6). No such changes 
were detected in Detroit 562 cells.

3.5. pPI3K, pAKT1/2/3, survivin expression

In FaDu cells, we observed an increased expression of pPI3K 
and pAKT1/2/3 (p = 0.049 and p = 0.023; Figure 8a). In con-
trast, in MeP-treated Detroit 562 cells, a downregulation 
of the expression of pPI3K and pAKT1/2/3 were observed 
(p = 0.033 and p = 0.025; Figure 8b). Similar to FaDu cells, 
there were also no significant changes in survivin expression. 
The presence of Q and Lut did not alter the expression of 
those proteins in cells exposed to MeP. We did not find signif-
icant changes in survivin expression following the exposure 
to MeP and MeP and flavonoids.

4. Discussion

The results of the present study revealed, for the first time, 
a tumor-promoting effect of xenostrogen MeP on HNSCC 
cells of the FaDu and Detroit 562 lines. This is indicated 
by the impairment of apoptosis and autophagy, which were 

accompanied by an increased ability to proliferation in the 
tested cancer cells.
Impaired autophagy and apoptosis in MeP-treated cells is 
associated with changes in the expression of key proteins 
of the mitochondrial and autophagy pathways. Increased 
expression of antiapoptotic Bcl-2 protein in MeP-treated 
Detroit 562 cells may be responsible for downregulation 
of beclin-1 through directly inhibiting beclin-1-dependent 
autophagy or indirectly, by sequestering the beclin-1 
activating protein Ambra-1 from beclin-1 (Mukhopadhyay 
et al. 2014).
However, no significant changes in the expression of Bcl-2 pro-
tein in FaDu cells suggest a greater role of other mitochondrial 
proteins in the relations between intrinsic apoptosis and autoph-
agy, for example, Bcl-xl and Mcl-1 (Eskandari and Eaves 2022).
An important reason for impaired autophagy in cancer cells 
exposed to MeP may also be low expression of the pro-
apoptotic Bax, which is considered to be a factor supporting 
autophagy (Mukhopadhyay et al. 2014).
The results obtained also indicate caspase-3 as a potential 
cause of reduced beclin-1 levels. Surprisingly, despite the 
decrease in the percentage of apoptotic FaDu and Detroit 562 
cells, we observed an increase in the expression of caspase-
3—a key protein in the apoptosis process. There are data 

Fig 4.   Apoptosis in Detroit 562 cells. Representative flow cytometry (FACS) analysis via Annexin V-FITC/PI staining for 48 h is presented. 
The bar graphs present the percentage of apoptotic cells as a sum of Q1 (late apoptosis) and Q3 quadrants (early apoptosis); necrotic 
cells as Q2 quadrants and viable cells as Q4 quadrants. Mean values from three independent experiments ± SD are presented. The 
bar graphs present the percentage of apoptotic cells. *Difference with cells untreated with MeP (p < 0.05); adifference from cells treated 
with MeP + Q (p < 0.05); bdifference from cells treated with MeP + Lut (p < 0.05). MeP, Methylparaben; SD, standard deviation.
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Fig 5.  Expression of mitochondrial proteins in FaDu and Detroit 562 cells. Western blot analysis demonstrates the effect of MeP and MeP + Q 
and MeP + Lut on the expression of caspase 3, Bcl-2, and Bax proteins in FaDu (A) and Detroit 562 (B) cells. The representative 
bands of the analyzed proteins to β-actin are illustrated. Samples containing 30 µg of protein were submitted to electrophoresis and 
immunoblotting. Error bars represent the  (±SD) of the mean values from two independent experiments per line. *Difference with cells 
untreated with MeP; adifference with cells treated with MeP + Q (p < 0.05); bdifference with cells treated with MeP + Lut (p < 0.05). 
MeP, Methylparaben; Methylparaben; SD, standard deviation.

showing that caspase-3, in addition to Bcl-2 and Bax, may 
be a factor linking apoptosis and autophagy, due to its ability 
to degrade autophagy proteins such as Beclin-1 (Weng et al. 
2014). It has been shown that C-terminal fragments produced 
as a result of proteolysis of Beclin-1 pass into the mitochon-
dria and sensitize cells to pro-apoptotic signals by releasing 

cytochrome c and the serine protease HTRA2 (Wirawan et al. 
2010). It is possible that the anti-apoptotic signal induced by 
MeP in FaDu and Detroit 562 cells, as observed in our study, 
may inhibit the caspase-3-initiated release of these factors 
and ultimately lead to impairment of apoptosis in the ana-
lyzed cells. Furthermore, it was found that caspase-3 may 
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Fig 6.  Percentage of proliferating FaDu cells. Cytometric analysis of the percentage of proliferating FaDu cells after 48-h incubation with 
MeP and MeP + Q and MeP + Lut. Error bars represent the SD (±SD) of the mean values from two independent experiments per line. 
*Difference with cells untreated with MeP; adifference with cells treated with MeP + Q (p < 0.05); bdifference with cells treated with 
MeP + Lut (p < 0.05); cdifference between cells treated with MeP + Lut and cells treated with MeP + Q (p < 0.05). MeP, Methylparaben; 
SD, standard deviation.

Fig 7.  Percentage of proliferating Detroit 562 cells. Cytometric analysis of the percentage of proliferating Detroit 562 cells after 48-h incuba-
tion with MeP and MeP + Q and MeP + Lut. Error bars represent the SD (±SD) of the mean values from two independent experiments 
per each line. *Difference with cells untreated with MeP (p < 0.05). MeP, Methylparaben; SD, standard deviation.
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also play a role in the regulation of autophagy by degrad-
ing other autophagic proteins, involving APG5 and/or APG7, 
whose expression was reduced in cancer cells exposed to 
MeP (Weng et al. 2014).
It should be added that interactions between certain 
proteins may also play an important role in autophagy. It 
has been shown that the downregulation of beclin-1 may 

result in reduction of APG5 and LCβ (Kong et al. 2020). The 
results presented here indicate the similar relationships 
between beclin1, APG5, and LC3β proteins in MeP-treated 
cancer cells.
The simultaneous reduction of autophagy and apoptosis 
processes observed in the presented studies may lead to 
unfavorable consequences favoring cancer cell promotion. 

Fig 8.  Expression of signaling proteins in FaDu and Detroit 562 cells. Western blot analysis demonstrates the effect of MeP and MeP + Q 
and MeP + Lut on the expression of pPI3K, pAKT1/2/3, survivin proteins in FaDu (A) and Detroit 562 (B) cells. The representative 
bands of the analyzed proteins to β-actin are illustrated. Samples containing 30 µg of protein were submitted to electrophoresis and 
immunoblotting. Error bars represent the SD (±SD) of the mean values from two independent experiments per line. *Difference with 
cells untreated with MeP (p < 0.05). MeP, Methylparaben; SD, standard deviation.
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Much attention has been paid to the importance of beclin-1 
expression changes in the cancer. It has been reported that 
the absence of beclin-1 was associated with increased lymph 
node metastasis and poor prognoses of laryngeal carcino-
mas (Hu et al. 2020). Furthermore, the low levels of beclin 
1 protein were associated with lower overall survival rates 
in patients with hypopharyngeal squamous cell carcinoma 
(Wang et al. 2013).
Studies by other authors indicate the role of impaired expres-
sion of APG5 and ATG7 proteins in cancer promotion, too. 
For example, in mice with knockout of autophagic proteins, 
deletion of ATG5 and ATG7 generated liver cancers from 
being autophagy-deficient (Takamura et al. 2011).
An important effect of low beclin-1 expression may be associ-
ated with upregulation of MeP-treated FaDu and Detroit 562 
cells proliferation. Studies by Wang et al. (2013) showed that 
reduced beclin 1 levels promoted the proliferation, migration, 
and invasion of oral squamous carcinoma cells (OSCC) of 
the SCC-9 and SCC-15 lines.
Increased proliferation of FaDu and Detroit 562 cells in the 
presence of MeP may also be due to increased expression 
of caspase-3 in these cells. It has been reported that cas-
pase-3, apart from its key role in the apoptosis process, also 
has non-apoptotic properties related to, for example, prolif-
eration (Heshiki et al. 2015; Zhou et al. 2018). The role of 
caspase-3 in the growth and proliferation of cancer cells has 
been demonstrated in OSCC cells, in which the inhibition of 
caspase-3 led to significant reduction in the proliferation of 
these cells (Shu et al. 2016).
Considering the important role of the PI3K/Akt signaling path-
way in ER-mediated cell growth, proliferation, and survival, 
its involvement in response to the applied xenoestrogen was 
assessed (Carter et al. 2019; Yang et al. 2019). The study 
indicated that the mechanism of changes in autophagy, 
apoptosis, and proliferation in MeP-treated hypopharyngeal 
primary FaDu cells seems to be dependent on the regula-
tion of the PI3K/Akt pathway. In contrast, PI3K/Akt kinases 
appear to play a diverse role in pharyngeal metastatic Detroit 
562 cells exposed to MeP. Explaining these differences 
requires further detailed studies, also including other proteins 
of intracellular signaling pathways.
The lack of significant changes in survivin expression, typically 
found in HNSCCs, may be related to increased expression of 
caspase-3. Available data indicate that survivin belongs to the 
family of IAPs that inhibit apoptosis-related proteins, including 
caspases, and thereby can block cell death in HNSCC cells 
(Zhang et al. 2015; Abd El-Aziz et al. 2021).
Taking into account the potential consequences of impaired 
autophagy and apoptosis with simultaneous increased 
proliferation in the HNSCC cell lines exposed to MeP, we 
investigated the influence of anticancer flavonoids on these 
functions. It is worth paying attention to the differences in the 
effects of both substances used.

Luteolin has a beneficial effect on autophagic proteins, 
causing an increase in their expression in both cancer cells 
exposed to MeP. Additionally, Lut as well as Q restored apop-
tosis in MeP-treated FaDu and Detroit 562 cells. Moreover, 
the presence of Lut and Q had a beneficial effect, leading to 
a reduction in proliferation in MeP-treated FaDu cells, without 
a significant effect on Detroit 562 cells. The above observa-
tions indicate a greater sensitivity of FaDu line cells to the 
applied flavonoids than of Detroit 562 line.
Summing up, the data presented herein indicate a network of 
mutual cause-and-effect connections between the analyzed 
parameters, allowing us to partially understand the mecha-
nism of action of MeP on HNSCC cell lines. A reduced apop-
tosis and autophagy with concomitant enhanced proliferation 
in FaDu and Detroit 562 cells exposed to MeP suggest that 
this compound may play a significant role in the growth and 
progression of HNSCCs.
The obtained results indicating a special role of caspase-3 
appears in the regulation of autophagy and proliferation of 
HNSCC cell lines, confirming a non-apoptotic, growth-pro-
moting effect on cancer cells exposed to xenoestrogen MeP.
In conclusion, our studies have shown for the first time 
that xenoestrogen, in addition to well-documented expo-
sure factors, may facilitate the development of HNSCCs. 
We suggest that unfavorable consequences of MeP action 
can be eliminated by limiting exposure to this xenoestro-
gen and using flavonoids that may be helpful in blocking 
the activity of MeP, leading to the inhibition of the growth 
of HNSCC cells.
It is important to note that this study is the first experimental 
analysis of new aspects of the biological activity of xenoes-
trogen, which require continuation but may contribute to the 
development of effective prevention methods and therapy 
of potentially malignant or already developed cancers in the 
head and neck region. The scale of the problem is evidenced 
by, among others, the estimated number of new cases of 
oral cavity and pharynx cancer in the United States in 2025, 
which may reach 59,660 cases and 12,770 deaths related to 
these cancers (Siegel et al. 2025). Direct exposure to MeP, 
especially if caused by its potential accumulation, poses 
a significant risk for the development of HNSCC, which is 
demonstrated for the first time in this paper based on changes 
in the expression of autophagic proteins, impaired apoptosis, 
and increased proliferation.

Acknowledgments

The authors thank Małgorzata Walko-Lachowicz for her 
invaluable help in carrying out the research.

Funding

This work was supported by Grant no. SUB/1/DN/19/002/2206.



74, 5 (2026), DOI: 10.2478/aite-2026-0005
Archivum Immunologiae et Therapiae Experimentalis 

12

Author Contributions

Conception and design of the work – EJ; Investigation – AI, 
MG, and KHN; Validation – WR-W and MG; Writing origi-
nal draft – EJ; Editing and preparation for printing – EJ. All 
authors have read and agreed to the published version of the 
manuscript.

Conflicts of Interest

The authors declare no conflicts of interest.

Institutional Review Board Statement

Not applicable.

Informed Consent Statement

Not applicable.

Data Availability Statement

Not applicable.

References

Abd El-Aziz YS, Leck LYW, Jansson PJ et al. (2021) Emerging 
role of autophagy in the development and progression of oral 
squamous cell carcinoma. Cancers (Basel) 13:6152. https://doi.
org/10.3390/cancers13246152

Abotaleb M, Samuel SM, Varghese E et al. (2018) Flavonoids 
in cancer and apoptosis. Cancers (Basel) 11:28. https://doi.
org/10.3390/cancers11010028

Ahn C, Jeung EB (2023) Endocrine-disrupting chemicals and 
disease endpoints. Int J Mol Sci 24:5342. https://doi.org/10.3390/
ijms24065342

Alexandra T, Marina IM, Daniela M et al. (2020) Autophagy – a 
hidden but important actor on oral cancer scene. Int J Mol Sci 
21:9325. https://doi.org/10.3390/ijms21239325

Arani R, Mohammadpour H, Moosavi M et al. (2022) The role of 
autophagy-related proteins of Beclin-1/BECN1, LC3II, and p62/
SQSTM1 in melanoma tumors. Asian Pacific J Cancer Biol 
6:263–272. https://doi.org/10.31557/apjcb.2021.6.4.263-272

Buoso E, Masi M, Racchi M et al. (2020) Endocrine-disrupting chem-
icals’ (EDCs) effects on tumour microenvironment and cancer 
progression: emerging contribution of RACK1. Int J Mol Sci 
21:9229. https://doi.org/10.3390/ijms21239229

Carter RJ, Milani M, Butterworth M et al. (2019) Exploring the poten-
tial of BH3 mimetic therapy in squamous cell carcinoma of the 
head and neck. Cell Death Dis 10:912. https://doi.org/10.1038/
s41419-019-2150-8

Croitoru MD, Miklos A, Fogarasi E et al. (2016) Evaluation of the 
ingestion of parabens during the use of dental care products by 
healthy human volunteers. Farmacia 64:594–598.

Das S, Shukla N, Singh SS et al. (2021) Mechanism of interaction 
between autophagy and apoptosis in cancer. Apoptosis 26: 
512–533. https://doi.org/10.1007/s10495-021-01687-9

Debnath J, Gammoh N, Ryan KM (2023) Autophagy and autophagy-
related pathways in cancer. Nat Rev Mol Cell Biol 24:560–575. 
https://doi.org/10.1038/s41580-023-00585-z

Eskandari E, Eaves CJ (2022) Paradoxical roles of caspase-3 in 
regulating cell survival, proliferation, and tumorigenesis. J Cell 
Biol 221:e202201159. https://doi.org/10.1083/jcb.202201159

Feng Y, He D, Yao Z et al. (2014) The machinery of macroautophagy. 
Cell Res 24:24–41. https://doi.org/10.1038/cr.2013.168

Font-Díaz J, Jiménez-Panizo A, Caelles C et al. (2021) Nuclear 
receptors: lipid and hormone sensors with essential roles in the 
control of cancer development. Semin Cancer Biol 73:58–75. 
https://doi.org/10.1016/j.semcancer.2020.12.007

Fuentes N, Silveyra P (2019) Estrogen receptor signaling mecha-
nisms. Adv Protein Chem Struct Biol 116:135–170. https://doi.
org/10.1016/bs.apcsb.2019.01.001

Grsic K, Opacic IL, Sitic S et al. (2016) The prognostic signifi-
cance of estrogen receptor β in head and neck squamous cell 
carcinoma. Oncol Lett 12:3861–3865. https://doi.org/10.3892/
ol.2016.5142

Hager E, Chen J, Zhao L (2022) Minireview: parabens exposure and 
breast cancer. Int J Environ Res Public Health 19:1873. https://
doi.org/10.3390/ijerph19031873

Heshiki W, Tomihara K, Yamazaki M et al. (2015) Constitutive 
activation of caspase-3 in non-apoptotic oral squamous 
cell carcinoma cells. J Cancer Sci Ther 7:2. https://doi.
org/10.4172/1948-5956.1000328

Hu YJ, Zhong JT, Gong L et al. (2020) Autophagy-related Beclin 1 
and head and neck cancers. OncoTargets Ther 13:6213–6227. 
https://doi.org/10.2147/OTT.S256072

Johnson DE, Burtness B, Leemans CR et al. (2020) Head and neck 
squamous cell carcinoma. Nat Rev Dis Primers 6:92. https://doi.
org/10.1038/s41572-020-00224-3

Kong Q, Liang Y, He Q et al. (2020) Autophagy inhibits TLR4-mediated 
invasiveness of oral cancer cells via the NF-κB pathway. Oral Dis 
26:1165–1174. https://doi.org/10.1111/odi.13355

Kranjčević JK, Čonkaš J, Ozretić P (2024) The role of estrogen and 
estrogen receptors in head and neck tumors. Cancers (Basel) 
16:1575. https://doi.org/10.3390/cancers16081575

Liu D, Zhou LQ, Cheng Q et al. (2023) Developing a pyroptosis-
related gene signature to better predict the prognosis and 
immune status of patients with head and neck squamous cell 
carcinoma. Front Genet 13:988606. https://doi.org/10.3389/
fgene.2022.988606



74, 5 (2026), DOI: 10.2478/aite-2026-0005
Archivum Immunologiae et Therapiae Experimentalis 

13

Maiuri MC, Zalckvar E, Kimchi A et al. (2007) Self-eating and self-
killing: crosstalk between autophagy and apoptosis. Nat Rev Mol 
Cell Biol 8:741–752. https://doi.org/10.1038/nrm2239

Mukhopadhyay S, Panda PK, Sinha N et al. (2014) Autophagy and 
apoptosis: where do they meet? Apoptosis 19:555–566. https://
doi.org/10.1007/s10495-014-0967-2

Peña-Oyarzún D, Reyes M, Hernández-Cáceres MP et al. (2020) 
Role of autophagy in the microenvironment of oral squamous 
cell carcinoma. Front Oncol 10:602661. https://doi.org/10.3389/
fonc.2020.602661

Pereira AR, Simões M, Gomes IB (2023) Parabens as environmen-
tal contaminants of aquatic systems affecting water quality and 
microbial dynamics. Sci Total Environ 905:167332. https://doi.
org/10.1016/j.scitotenv.2023.167332

Qin C, Lu Y, Zhang H et al. (2022) Biological roles and clinical signifi-
cance of estrogen and androgen receptors in head and neck can-
cers. J Cancer 13:2189–2199. https://doi.org/10.7150/jca.66707

Schneider CA, Rasband WS, Eliceiri KW (2012) NIH image to 
ImageJ: 25 years of image analysis. Nat Methods 9:671–675. 
https://doi.org/10.1038/nmeth.2089

Shanle EK, Xu W (2010) Selectively targeting estrogen receptors for 
cancer treatment. Adv Drug Deliv Rev 62:1265–1276. https://doi.
org/10.1016/j.addr.2010.08.001

Shu CW, Chang HT, Wu CS et al. (2016) RelA-mediated BECN1 
expression is required for reactive oxygen species-induced 
autophagy in oral cancer cells exposed to low-power laser irra-
diation. PLoS One 11:e0160586. https://doi.org/10.1371/journal.
pone.0160586

Siegel RL, Kratzer TB, Giaquinto AN et al. (2025) Cancer statistics, 
2025. CA Cancer J Clin 75:10–45. https://doi.org/10.3322/
caac.21871

Siegel RL, Miller KD, Jemal A (2020) Cancer statistics, 2020. CA 
Cancer J Clin 70:7–30. https://doi.org/10.3322/caac.21590

Song S, Tan J, Miao Y et al. (2017) Crosstalk of autophagy and 
apoptosis: involvement of the dual role of autophagy under ER 

stress. J Cell Physiol 232:2977–2984. https://doi.org/10.1002/
jcp.25785

Takamura A, Komatsu M, Hara T et al. (2011) Autophagy-deficient 
mice develop multiple liver tumors. Genes Dev 25:795–800. 
https://doi.org/10.1101/gad.2016211

Wang Y, Wang C, Tang H et al. (2013) Decrease of autophagy activ-
ity promotes malignant progression of tongue squamous cell car-
cinoma. J Oral Pathol Med 42:557–564. https://doi.org/10.1111/
jop.12049

Weng J, Wang C, Wang Y et al. (2014) Beclin1 inhibits prolifera-
tion, migration and invasion in tongue squamous cell carcinoma 
cell lines. Oral Oncol 50:983–990. https://doi.org/10.1016/j.
oraloncology.2014.06.020

Wirawan E, Vande Walle L, Kersse K et al. (2010) Caspase-mediated 
cleavage of Beclin-1 inactivates Beclin-1-induced autophagy 
and enhances apoptosis by promoting the release of proapop-
totic factors from mitochondria. Cell Death Dis 1:e18. https://doi.
org/10.1038/cddis.2009.16

Yang J, Nie J, Ma X et al. (2019) Targeting PI3K in cancer: mecha-
nisms and advances in clinical trials. Mol Cancer 18:26. https://
doi.org/10.1186/s12943-019-0954-x

Yun CW, Lee SH (2018) The roles of autophagy in cancer. Int J Mol 
Sci 19:3466. https://doi.org/10.3390/ijms19113466

Zhang HW, Hu JJ, Fu RQ et al. (2018) Flavonoids inhibit cell prolifer-
ation and induce apoptosis and autophagy through downregula-
tion of PI3Kγ mediated PI3K/AKT/mTOR/p70S6K/ULK signaling 
pathway in human breast cancer cells. Sci Rep 8:11255. https://
doi.org/10.1038/s41598-018-29308-7

Zhang L, Zhang W, Wang YF et al. (2015) Dual induction of apop-
totic and autophagic cell death by targeting survivin in head neck 
squamous cell carcinoma. Cell Death Dis 6:e1771. https://doi.
org/10.1038/cddis.2015.139

Zhou M, Liu X, Li Z et al. (2018) Caspase-3 regulates the migra-
tion, invasion, and metastasis of colon cancer cells. Int J Cancer 
143:921–930. https://doi.org/10.1002/ijc.31374


	_GoBack
	REF_1
	Ref_Alpha_0001
	REF_2
	Ref_Alpha_0002
	REF_3
	Ref_Alpha_0003
	REF_4
	Ref_Alpha_0004
	REF_5
	Ref_Alpha_0005
	REF_6
	Ref_Alpha_0006
	REF_7
	Ref_Alpha_0007
	REF_8
	Ref_Alpha_0008
	LE_Fixed_1
	REF_9
	Ref_Alpha_0009
	REF_10
	Ref_Alpha_0010
	REF_11
	Ref_Alpha_0011
	REF_12
	Ref_Alpha_0012
	REF_13
	Ref_Alpha_0013
	REF_14
	Ref_Alpha_0014
	REF_15
	Ref_Alpha_0015
	REF_16
	Ref_Alpha_0016
	REF_17
	Ref_Alpha_0017
	REF_18
	Ref_Alpha_0018
	REF_19
	Ref_Alpha_0019
	REF_20
	Ref_Alpha_0020
	REF_21
	Ref_Alpha_0021
	REF_22
	Ref_Alpha_0022
	REF_23
	Ref_Alpha_0023
	REF_24
	Ref_Alpha_0024
	REF_25
	Ref_Alpha_0025
	REF_26
	Ref_Alpha_0026
	REF_27
	Ref_Alpha_0027
	REF_28
	Ref_Alpha_0028
	REF_29
	Ref_Alpha_0029
	REF_30
	Ref_Alpha_0030
	REF_31
	Ref_Alpha_0031
	REF_32
	Ref_Alpha_0032
	REF_33
	Ref_Alpha_0033
	REF_34
	Ref_Alpha_0034
	REF_35
	Ref_Alpha_0035
	REF_36
	Ref_Alpha_0036
	REF_37
	Ref_Alpha_0037
	REF_38
	Ref_Alpha_0038
	REF_39
	Ref_Alpha_0039
	REF_40
	Ref_Alpha_0040
	REF_41
	Ref_Alpha_0041
	REF_42
	Ref_Alpha_0042

