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Abstract:
Background/Aims: Factors influencing gene expression through chemical modifications of 
histones may play an important role in the regulation of the autophagy process in cancers. 
RING1A or RING1B are responsible for the catalytical activity of Polycomb repressive complex 
1 (PRC1) which monoubiquitylate histone H2A. The aim of the study was to determine the 
effect of the RING1A/B protein inhibition on the autophagy process in endometrial cancer cells 
and the anticancer effectiveness of RING1 inhibitor PRT4165 in combination with autophagy 
inhibitors. Methods: The expression of autophagy genes and proteins were analyzed in 
endometrial cancer cells HEC-1A and Ishikawa grown in different glucose concentrations and 
treated with PRT4165. To assess the effectiveness of PRT4165 used alone or in combination 
with HCQ or Lys05, IC50 and the combination index (CI) were calculated. Flow cytometry method 
was used to estimate apoptotic cells after treatment. Results: The results confirm the impact 
of RINGs on autophagy and apoptosis in endometrial cancer cells. PRT4165 inhibitor causes 
changes in the expression of ATG genes and autophagy markers and the effect depends on 
glucose concentration and cell types. However, the anticancer effectiveness of PRT4165 was 
lower when it was used in combination with autophagy inhibitors, suggesting that such a 
combination is not a promising anticancer strategy. Conclusion: The results indicate the 
importance of the RINGs in the process of autophagy and apoptosis. Further potentially more 
effective combinations of PRT4165 with autophagy modulators should be sought.

Introduction

Endometrial cancer is the sixth most common cancer in women. Although it is usually 
diagnosed during and after menopause, an increase in the number of younger women 
affected is observed [1, 2]. Due to the insufficient clinical effectiveness of the chemotherapies 
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used in the treatment of endometrial cancer, new therapeutic strategies aimed at cellular 
processes related to cell survival and resistance to therapy are sought [3]. One such process 
is autophagy, whose dysregulation can play an important role in cancer, although its function 
in the carcinogenesis process remains ambiguous. Autophagy, which contributes to the 
removal of redundant, damaged, and harmful cellular elements, is believed to prevent cancer 
formation. However, in advanced cancers exposed to nutrient deficiency, autophagy promotes 
their survival and growth [4, 5]. This two-faced role of autophagy is well-seen in the case of 
endometrial cancer [6]. Metformin which enhances autophagy via AMPK-mediated mTOR 
inactivation, has been reported to reduce the risk of endometrial cancer. Thus, autophagy 
inducers may be useful for chemoprevention of endometrial cancer. In contrast, autophagy 
appears to promote endometrial cancer once it is established [6]. Induction of autophagy 
depends on the availability of nutrients (glucose, amino acids) and the presence of insulin or 
growth factors [7]. Regulation of autophagy is related to ATG genes coding for proteins that 
are involved in particular stages of the process. During autophagy, the created phagophore 
engulfs cytosolic components including organelles, and closes, forming an autophagosome, 
which subsequently fuses with lysosome, leading to the proteolytic degradation of the 
cargo [8, 9]. Essential for the elongation of phagophore are two ubiquitin-like conjugation 
mechanisms involving Atg12-Atg5-Atg16L complex and cleavage of pro-LC3 by the protease 
Atg4 to create LC3-I (LC3A), which is transformed to LC3-II (LC3B) by conjugation to 
phosphatidylethanolamine on the growing phagophore membrane. The relative expression 
of LC3-I and LC3-II are considered to be autophagy markers [8-10]. The other marker of 
autophagy - p62, is a ubiquitin- and LC3-binding protein. As autophagy is activated, p62 
binds to the ubiquitinated cargoes and delivers them to the autophagosome for degradation 
where it is itself degraded along with the cargoes. Recent studies indicate that epigenetic 
factors influencing gene expression through chemical modifications of histones may play 
an important role in the regulation of the autophagy process [11]. Polycomb repressive 
complex 1 responsible for the monoubiquitinylation of histone H2A lysine 119 is one of 
the main regulators of gene expression [12]. BMI-1 is the best-studied component of the 
PRC1 complex and plays a vital role in many cellular processes, including cell proliferation, 
immortalization, and aging [13]. Recent studies suggest that the BMI-1 protein may be 
involved in the inhibition of autophagy in some types of cancer [14]. The importance of the 
other components of the PRC1 complex for tumor development and progression is under 
investigated. RING1A and RING1B proteins are constituents of PRC1 and are responsible 
for the enzymatic activity of the complex [12]. There is not much data concerning the role 
of RINGs in the autophagy process. RING1A/B activity has been linked with autophagy only 
via AMBRA1 protein. AMBRA1 is responsible for the promotion of autophagy by activation 
and stabilization of the Beclin 1-Vps34 complex [15]. It was shown that RING1B caused 
ubiquitination of AMBRA1 and as a result, reduction of autophagy [16].

Our study aimed to determine the effect of the RING1A and RING1B protein inhibition on 
the autophagy process in endometrial cancer cells and the anticancer effectiveness of RING1 
inhibitor PRT4165 in combination with autophagy inhibitors. The results of the studies 
indicate the importance of the RINGs proteins in the process of autophagy and apoptosis in 
endometrial cancer cells, but their influence depends on the type of cells.

Materials and Methods

Cell culture and treatment
Experiments were conducted on endometrial cancer cells HEC-1A (American Type Culture Collection, 

Manassas, VA) and Ishikawa (European Collection of Authenticated Cell Cultures, Wiltshire, UK). Both 
endometrial cancer cell lines were grown in DMEM: F12 media (BioWest, France) containing 10% (HEC-1A) 
or 5% (Ishikawa) (v/v) FBS under standard conditions (37°C, 5% CO2).

HEC-1A and Ishikawa cells were treated with PRT4165 (MedChemTronica, USA) at concentrations 
corresponding to IC25 or IC50 values in standard culture conditions or low glucose concentration (0, 5 mM). 
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The effect of treatment was checked after 48 hours. Knockdown experiments were performed using Silencer 
Select siRNA (ID: s12035, s12069 ) (Ambion®, Carlsbad, CA, USA). To knockdown RING1 and RNF2 siRNA 
targeting both genes were complexed to Lipofectamine RNAiMAX (InvitrogenTM, ThermoFisher Scientific, 
Grand Island, NY, USA) following the manufacturer’s specifications. The siRNAs were used at a concentration 
of 30 nM. All treatments were performed at least in triplicate and three independent experiments were 
carried out.

RNA isolation, cDNA synthesis and RT-PCR
Total RNA from cells was isolated using the Tissue Total RNA GPB Mini Kit (Genoplast Biochemicals, 

Poland) following the manufacturer’s protocol and quantified spectrophotometrically. After RNA isolation 
reverse transcription reaction was performed using a High Capacity cDNA Reverse Transcription Kit 
(Applied Biosystem, USA), according to the included protocol. PCR reactions were performed using the 
Mastercycler ep realplex (Eppendorf, Hamburg, Germany). Specific sequences of primers for RING1, RNF2, 
MAP1LC3, SQSTM1, BECN1, ATG3, ATG5, ATG7, ATG12 and HPRT1 are in Supplementary Table 1. The 
equation 1000*2-ΔCt was applied to calculate the expression of studied genes, where ΔCt = Ct of the target 
gene – Ct the reference gene (HPRT1). Results are expressed as a number of target gene mRNA copies per 
1000 copies of HPRT1 mRNA. The fold differences in genes expression in cells normalized to HPRT1 levels 
were calculated using the formula 2ΔΔCt.

Western Blotting
Endometrial cancer cells were lysed in a RIPA buffer (50 mM Tris HCl pH 8, 8; 150 mM NaCl, 1% Nonidet 

P-40, 0, 5% sodium deoxycholate, 0, 1% SDS, 1 mM EDTA, 1 mM PMSF). Concentrations of protein were 
determined using the Lowry method. Proteins of the cell lysates were resolved by 10%, 12, 5% and 15% 
SDS-PAGE and transferred to Immobilon P membranes. The blots were incubated overnight at 4°C with the 
following primary antibodies: anti-RING1A (#13069, Cell Signaling Technology, USA), anti-RING1B (#5694, 
CST, USA), anti-LC3 (#12741, CST, USA), anti-p62 (#5114, CST, USA), anti-H2AK119Ub (#8240, CST, USA), 
anti-phospho-RIP (#65746, CST, USA), anti-RIP (#3493, CST, USA), anti-MLKL (#14993, CST, USA), anti-β-
actin (sc-47778, Santa Cruz Biotechnology, Dallas, TX, USA). Goat anti-mouse and anti-rabbit secondary 
antibodies conjugated with horseradish peroxidase (CST, USA) were used as secondary antibodies. The 
bands visualized by immunodetection were analyzed by densitometry using a Gel-Pro Analyzer software 
version 3.0 (Media Cybernetics, Inc., Bethesda, MD, USA). The IOD (integrated optical density) obtained in 
the Gel Pro program was used to estimate relative protein expression. The relative protein level is presented 
as a ratio of the IOD of the bands corresponding to the analyzed protein in each sample and the IOD of 
B-actin in the same sample.

MTT assay
The MTT assay was used to determine the viability of cells treated with compounds. Cells were seeded 

in 96-well plates at a density of 10 x 103 cells per well (HEC-1A) or 8 x 103 per well (Ishikawa). After 24 hours, 
cells were treated with PRT4165, autophagy inhibitors – Lys05 and HCQ, combinations of compounds, and 
then incubated for 48 hours. 20 μl of tetrazole salt solution was added to each well and the plate was placed 
in an incubator for 4 hours. After incubation, the medium was removed and 50 μl of dimethyl sulfoxide was 
added to each well to dissolve the formed formazan crystals. The absorbance was measured at a wavelength 
of 570 nm. The reagent control absorbance was subtracted from the single result. The percentage of viable 
cells was calculated by comparing the absorbance values of the test samples with the absorbance values of 
the control samples (untreated cells). The control absorbance was taken as 1.

Combination Index
Using the Chou-Talalay method, the CI (Combination Index) was calculated, the value of which 

determines how the compounds interact in the combinations used. CI < 0.9 is assumed as a synergistic 
effect, CI = 0.9 – 1.1 as an additive effect, and CI > 1.1 as an antagonistic effect [17]. To determine the type of 
interactions between the compounds in the combinations used, CI calculations were performed using the 
obtained IC values.
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Flow cytometry
Cell survival in control and test samples was determined by flow cytometry using the Vybrant Apoptosis 

Assay Kit #4. The principle of the test is based on the cytometric evaluation of the penetration of the green 
dye (YO-PRO-1) into apoptotic cells and the second fluorescent dye, propidium iodide (PI), which penetrates 
mainly into dead cells and cells undergoing apoptosis later.

After incubation, cells were harvested and centrifuged at 300 rpm for 5 minutes at room temperature. 
The obtained pellet was resuspended in 0, 5 ml of PBS with the addition of both dyes (0, 5 μl of each dye). The 
samples thus obtained were incubated for 15 minutes in the dark, followed by a cytometric measurement.

Statistical analysis
The statistical analyses were performed using a GraphPad Prism 8.0 program (Graph-Pad Sotfware 

Inc., San Diego, CA, USA). The Student’s unpaired t-test was used to compare the differences between 
treated and control cells. Groups were analyzed using the nonparametric Kruskal-Wallis test with the post-
hoc Dunn test. A p-value < 0, 05 was considered to indicate a statistically significant difference. depends on 
the type of cells.

Results

Effect of RINGs on the expressions of genes involved in autophagy.
The RNA interference method was used to silence the expression of RING1 and RNF2 

(coding for RING1A and RING1B, respectively) in HEC-1A and Ishikawa cells. In cells treated 
with specific siRNAs, RING1 and RNF2 expressions were substantially reduced (Fig. 1). RING1 

Fig. 1. Effect of RING1/RNF2 downregulation on expression of genes involved in autophagy in HEC-1A (A) 
and Ishikawa (B) cells. Cells were treated with 30 nmol/L RING1/RNF2 siRNA or scrambled siRNA (control). 
Changes in RING1, RNF2, MAP1LC3, SQSTM1, BECN1, ATG3, ATG5, ATG7, and ATG12 mRNA levels were 
analyzed using the Real-Time PCR method. All experiments were performed in triplicate and the obtained 
results are shown as means ± SEM; *p values of < 0.05; **p values of 0.01; ***p values of 0.001.
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silencing caused decreased expression of MAP1LC3 and increased expression of SQSTM1 
in both cell lines. These genes encode for LC3 and p62 proteins, which are considered as 
autophagy markers. Expression of the other autophagy genes did not change in HEC-1A 
cells. In Ishikawa cells, the mRNA expression levels of BECN1, ATG3, ATG7, and ATG12 were 
lower in cells with RING1A depletion. Down-regulation of RNF2 caused increased expression 
of MAP1LC3 and LC3B in both cells. Moreover, in Ishikawa cells, the increased expression 
of BECN1, ATG3, and ATG12 was observed. Interestingly, in both cells, downregulation of 
RING1 caused increased expression of RNF2, but not vice versa.

In mammalian cells, the regulation of autophagy by amino acids, and also by the 
hormone insulin, has been extensively investigated, but knowledge about the effects of 
other autophagy regulators, including another nutrient, glucose, is more limited. Thus, we 
checked the effect of hypoglycemia on RINGs and autophagy gene expression. The expression 
of RING1A/B was dependent on glucose. In both cell types growing in medium with low 
glucose mRNA level of RING1 is higher compared to levels in cells growing in high glucose. In 
contrast, the protein level of RING1A protein is lower in low glucose in both cell types. Low 
glucose caused also an increased mRNA of RING1B and a decreased level of protein, but only 
in Ishikawa cells. This may suggest that increased mRNA level is for compensation of higher 
turnover of RINGs (Fig. 2). Low glucose caused also increased levels of LC3 and p62 proteins 
and that was correlated with their mRNA expression increase. Moreover, in cells growing 
in low glucose, the expression of BECN1 and ATG12 was higher than in cells growing in 25 
mM glucose (Supplementary Fig. 1). These results confirm that glucose deprivation activates 
autophagy in endometrial cancer cells.

Fig. 2. Impact of hypoglycemia on RING1A/B, LC3, and p62 expression. HEC-1A and Ishikawa cells were 
incubated in standard conditions (25 mM glucose) and hypoglycemia (0,5 mM glucose) for 48 h. Changes in 
RING1, RNF2, MAP1LC3, and SQSTM1 mRNA levels were analyzed using the Real-Time PCR method (A, B). 
RING1A/B pro-tein levels as well as autophagy markers LC3A/B and p62 were analyzed by Western blot (C, 
D). The intensity of bands corresponding to proteins after Western blot was analyzed by densitometry. The 
results are shown as the fold change of proteins levels of treated cells vs. control (untreated cells) in HEC-1A 
(E) and Ishikawa (F) cells. All experiments were performed in triplicate and the obtained results are shown 
as means ± SEM; *p values of < 0.05; **p values of 0.01; ***p values of 0.001.
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Next the PRT4165 (ang. 2-(3-pyridinylmethylene)-1H-indene-1, 3(2H)-dione) was used 
to inhibit the activity of RING1A/B in cells growing in low and high glucose. PRT4165 was 
used in a concentration of IC50, that was previously determined by MTT assay. The results 
show that PRT4165 treatment differently affects mRNA and protein levels dependent on 
glucose concentration, which is especially seen in Ishikawa cells (Fig. 3A, B). In cells treated 
with PRT4165 and grown in high glucose lower RNF2 expression was correlated with higher 
LC3B protein level and lower p62 protein level, which suggests the activation of autophagy 
(Fig. 3D, F). This effect is not seen in low glucose since the PRT4165 treatment caused an 
increase of RNF2 expression and the amount of LC3B did not increase (Fig. 3D, F). The level 
of p62 is lower but this was associated with a lower transcript amount. In HEC-1A cells 
PRT4165 treatment caused in both glucose concentrations a higher amount of p62, which 
may suggest the inhibition of autophagy (Fig. 3C, E). The PRT4165 treatment caused the 
decrease of histone H2A ubiquitination level on lysine 119 in both cell types in low glucose. 
In the case of cells growing in high glucose the reduced level was seen mostly in Ishikawa 
cells (Fig. 4).

Impact of PRT4165 and autophagy inhibitors HCQ and Lys05 on the viability of cells
The viability of cells treated with PRT4165 alone or in combination with autophagy 

inhibitors was estimated using the MTT test (Fig. 5). First, the IC50 and IC25 were estimated 
for each compound and then cells were treated with one concentration of one compound and 

Fig. 3. Impact of PRT4165 on RING1A/B, LC3 and p62 expression in different glucose concentrations. 
HEC-1A and Ishikawa cells were treated with PRT4165 (51,6 µM and 26,9 µM respectively) in standard 
conditions and hypoglycemia for 48 h. Changes in RING1, RNF2, MAP1LC3 and SQSTM1 mRNA levels in cells 
treated with PRT4165 were analyzed using the Real-Time PCR method (A, B). RING1A/B protein levels as 
well as autophagy markers LC3A/B and p62 were analyzed by Western blot (C, D). The intensity of bands 
corresponding to proteins after Western blot was analyzed by densitometry. The results are shown as the 
fold change of proteins levels of treated cells vs. control (untreated cells) in HEC-1A (E) and Ishikawa (F) 
cells. All experiments were performed in triplicate and the obtained results are shown as means ± SEM; *p 
values of < 0.05; **p values of 0.01; ***p values of 0.001. 
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different concentrations of the 
other compound. To determine 
the interaction between 
compounds the combination 
index (CI) was calculated. The 
IC50 and IC25 values are shown 
in Table 1. The results showed 
that Ishikawa cells were much 
more sensitive to PRT4165 
and autophagy inhibitors as 
evidenced by the much lower 
concentration of compounds 
necessary to obtain a 50% 
decrease in viability. Moreover, 
the Lys05 inhibitor was 
more effective than HCQ. The 
calculated combination index 
for each treatment is shown 
in Table 2. The results suggest 
the antagonistic effect of 
compounds.

Fig. 5. Impact of PRT4165 and 
autophagy inhibitors Lys05 (A) 
or HCQ (B) and combination of 
compounds on the viability of 
HEC-1A and Ishikawa cells after 
48 h treatment. The Fig. shows the 
means ± SEM for three experiments 
performed in triplicate; *p values 
of < 0.05; **p values of 0.01; ***p 

 

 

Fig. 4. Impact of inhibition of RING1/RNF2 activity on the ubiquitinylation of histone H2A lysine 119. 
HEC-1A and Ishikawa cells were treated with IC50 concentration of PRT4165 in standard conditions (A) 
and hypoglycemia (B) for 48 h. H2AK119Ub level was analyzed by Western blot. The intensity of bands 
corresponding to proteins after Western blot was analyzed by densitometry. The results are shown as the 
fold change of proteins levels of treated cells vs. control (untreated cells) in HEC-1A and Ishikawa cells.
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Effect of PRT4165 and Lys05 on apoptosis
The effect of PRT4165 and Lys05 on apoptosis was analyzed by flow cytometry using 

fluorescent dyes (Fig. 6). Cells treated with camptothecin were used as positive control 
and untreated or treated with DMSO cells were negative control. The results showed that 
PRT4165 and Lys05 used alone caused an increase in the percentage of cells in early and 
late apoptosis compared to control HEC-1A cells. However, the percentage of cells treated 
with a combination of compounds in apoptosis was lower compared to a positive control 
(camptothecin) and PRT4165 treatment. In the case of Ishikawa cells the effect of compounds 
was not pronounced.

Since the effect of PRT4165 on apoptosis was not profundal in Ishikawa cells the 
expression of proteins involved in necroptosis was checked. Fig. 7 shows the results of the 
immunodetection of RIP and the phosphorylated form of RIP after treatment of cells with 
PRT4165, Lys05, or a combination of both compounds. The results show that PRT4165 
increases of amount proteins involved in the necroptosis process, i.e. RIP and MLKL. A similar 
effect, but in less extent is observed after treatment with Lys05. However, after the treatment 
of cells with the combination of compounds the effect is reduced. An increased ratio of pRIP/
RIP is seen only in Ishikawa cells.

Table 1. IC50 and IC25 values were calculated for PRT4165, Lys05, and HCQ in HEC-1A and Ishikawa cell lines

85 μM 125 μM

Table 2. Interactions between PRT4165 and autophagy inhibitors in HEC-1A and Ishikawa cell lines
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Fig. 7. Expression 
of proteins involved 
in necroptosis after 
treatment with 
PRT4165 and Lys05 in 
HEC-1A and Ishikawa 
cells. Representative 
i m m u n o d e t e c t i o n 
analysis of phospho-
RIP, RIP and MLKL 48 
h after treatment with 
IC25 concentration 
of PRT4165 (40 µM 
for HEC-1A, 16 µM 
for Ishikawa), IC25 
concentration of Lys05 
(10,5 µM for HEC-1A, 
6,4 µM for Ishikawa) 
and combination of 
PRT4165 and Lys05 in 
IC25 concentration. The 
Fig. shows the results 
for two replicates. 
The intensity of bands 
corresponding to 
proteins after Western 
blot was analyzed by 
densitometry. The 
results are shown as the fold change of proteins levels of treated cells vs. control (untreated cells) in HEC-1A (C) and Ishikawa (D) 
cells. The phospho:RIP ratio was defined (E). The Fig. shows the means ± SEM for three experiments performed in triplicate; *p 
values of < 0.05; **p values of 0.01; ***p values of 0.001.

 

 

 

Fig. 6. Impact of PRT4165, Lys05 and its combination on apoptotic cell level. Sample histograms showing the content of live 
cells (Q3), necrotic cells (Q1), and in the early (Q4) and late (Q2) apoptosis after treatment with compounds for HEC-1A (A) 
and Ishikawa (B) cells. Percentage of cells in early and late apoptosis after 48 h treatment with PRT4165 and Lys05 and its 
combination. The Fig. shows the means ± SEM for three experiments performed in triplicate; *p values of < 0.05; **p values of 
0.01; ***p values of 0.001.
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Discussion

There is not much data concerning the role of RINGs in the autophagy process. RING1A/B 
activity has been linked with autophagy only via AMBRA1 protein [16]. The results of 
the present study indicate that PRT4165 affects the expression of several genes involved 
in the autophagy process in endometrial cancer cells. PRT4165 is a small compound that 
inhibits the two E3 ligase paralogues, RING1A and RING1B and it can be used to inhibit H2A 
ubiquitination in cells [18]. In the presence of PRT4165 the ubiquitination of H2A histone 
may be completely inhibited despite RING1 or RNF2 being responsible for modification. Our 
results showed that in Ishikawa cells PRT4165 caused an increased amount of LC3B form 
and a decreased amount of p62, which are recognized as autophagy markers. During cell 
autophagy, the free LC3-I in the cytoplasm is converted to the lipidated active form, LC3-II 
(LC3B) and the level of this marker can reflect the degree of autophagy in cells. The ubiquitin- 
and LC3-binding protein p62 regulates the formation of protein aggregates and is removed 
by autophagy. The intracellular level of p62 depends on transcriptional regulation and post-
transcriptional degradation in the autophagy process. During inhibition of autophagy, there 
is an accumulation of p62, and autophagy induction causes decreased level of p62 [19]. Thus, 
PRT4165 induces autophagy in Ishikawa cells but not in HEC1A cells. In mammalian cells, 
the main regulators of autophagy are hormones and nutritional factors. The impact of amino 
acids and insulin and their signaling pathways are well known but the effect of glucose 
deficiency as an autophagy inducer is less known. The results of these studies showed that in 
low glucose the expression of LC3A/B and p62 is increased both at mRNA and protein levels. 
Interestingly, in hypoglycemia, there is a lower amount of RING1A/RING1B proteins in cells, 
but the amount of mRNA level is higher, which may suggest increased degradation of protein 
or translation inhibition. In Ishikawa cells lower level of p62 is accompanied by an increased 
mRNA level, but there is not increase of LC3B, which is seen in cells growing in high glucose. 
Thus, PRT4165 in contrast to hyperglycemia has no effect on autophagy in hypoglycemia. In 
HEC-1A growing in hypoglycemia, treatment with PRT4165 does not increase the level of 
LC3B. This may suggest that PRT4165 depletion is less effective in low-glucose in autophagy 
induction. It may be associated with the fact that there is a general tendency of cancer cells 
to be less sensitive to therapeutic compounds for example cytostatic compounds [20, 21]

It is suggested that alterations of autophagy may play an important role in cancer, 
although the role of autophagy in the carcinogenesis process is ambiguous. It is believed that 
on the one hand, it prevents neoplastic transformation, but on the other, it promotes tumor 
growth. The extent autophagy may cause cell death. Autophagosomal structures may be used 
as specific scaffolding for apoptosis or necroptosis induction [22]. Thus, induction of early 
steps of autophagy with simultaneous inhibition of lysosomes may be a potential inducer of 
both processes. Although autophagy may be capable of ultimate cell killing when allowed 
to reach its limit, it is also thought to be a temporary survival mechanism under stress 
conditions, and inhibiting autophagy can either promote or inhibit cell death depending on 
the conditions and agents used [22].

A broad range of developed autophagy inhibitors have shown good preclinical results 
with no or low toxicity issues and with powerful anticancer activity. Clinical translations 
however so far been unsuccessful due to the rapid clearance, poor accumulation in the tumor 
sites, and side effects associated with high doses [23]. A broadly analyzed lysosome inhibitor 
HCQ reached phase 4 clinical trials but never obtained market approval for cancer indication. 
However, its extensive study helped to design and development of new potent autophagy 
inhibitors [23]. Targeting the autophagy process to fight cancer is still a promising strategy, 
especially in the framework of combination. Fukuda et al. showed that treatment of Ishikawa 
cells with resveratrol reduces viability and increases apoptosis of cells and usage of HCQ, 
potentates this effect [24]. Similarly, usage of HCQ increased the induction of apoptosis and 
autophagy caused by chrysin in HEC-1A and Ishikawa cells [25]. A combination of HCQ and 
tamoxifen against breast cancer cells with expression of estrogen receptors is more effective 
than each compound separately [26].
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In this study, we used PRT4165 
alone or in combination with 
lysosomes inhibitors HCQ and 
Lys05. Lys05 is a bivalent form of 
HCQ, having more potent antitumor 
activity both in vitro and in vivo than 
HCQ as a single agent in multiple 
human cancer cell lines and 
xenograft models [27]. It has been 
shown that the usage of anticancer 
drugs in combination with Lys also 
potentiates their efficacy [28]. The 
results of our study showed that 
PRT4165 reduces the viability 
of endometrial cancer cells, and 
Ishikawa cells are more sensitive to 
inhibitors. However, the combination 
of PRT with Lys05 or HCQ gives a mostly antagonistic effect. Thus, such a combination does 
not seem to be a good anticancer strategy. Evaluation of the effect of PRT4165 on apoptosis 
by flow cytometry showed an increase in the percentage of apoptotic cells mostly in the HEC-
1A cells. However, the usage of PRT4165 inhibitor with the concomitant use of autophagy 
inhibitor (Lys05) has been shown to reduce the efficacy of PRT4165. Interestingly, the effect 
of PRT4165 is different in both cell types. The model of possible differences in PRT4165 
action in HEC-1A and Ishikawa cells is shown in Fig. 8. The two endometrial carcinoma 
cell lines Ishikawa and HEC-1A differ with respect to the constitutive activity of the PI3-K 
pathway: Ishikawa cells are phospho-Akt-positive due to mutated PTEN status, whereas 
HEC-1A cells harbor a wild-type PTEN protein [29]. Akt is well known for its antiapoptotic 
activity when overexpressed or overactivated [30]. However, inhibiting components of the 
PI3K–Akt pathway often do not induce substantial apoptosis without additional proapoptotic 
insults. Thus, autophagy may be an important alternative mechanism of cell death.

Conclusion

The results of this study indicate the importance of the RINGs in the process of 
autophagy and apoptosis in endometrial cancer cells. PRT4165 inhibitor causes changes 
in the expression of ATG genes and has an anticancer efficacy by inducing autophagy or 
apoptosis but its influence depends on the type of cells. However, the anticancer activity of 
PRT4165 was lower when it was used in combination with autophagy inhibitors, suggesting 
that such a combination is not a promising anticancer strategy and further potentially more 
effective combinations of compounds should be sought.
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