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Purpose: The study of the cytotoxic effect of variously substituted indole- and benzimidazo[1,2-c]quinazolines may prove particularly 
valuable in the context of developing new, effective anticancer therapies based on MSCs. The unique ability of MSCs to migrate and inhabit the 
tumor microenvironment makes them an ideal tool for transferring chemotherapeutic agents. The aim of this study was to evaluate the cytotoxic 
activity of 4-(6-indolo[1,2-c]quinazoline)2-methyl-benzene-1,3-diol (compound A) and 4-(6-benzimidazolo[1,2-c]quinazoline)2-methyl- 
benzene-1,3-diol (compound B) relative to the adipose-derived mesenchymal stem cells line (ASC52-telo) and the fibroblast line (HDFa).
Materials and Methods: The test was performed on commercial cell lines: ASC52-telo and HDFa which were incubated with 
compounds A and B at four concentrations: 1 μg/mL, 2 μg/mL, 4 μg/mL, 8 μg/mL for 48 and 72 hours. The MTT test was performed 
to assess the cytotoxicity and determine the IC50 value of compounds A and B against both tested cell lines.
Results: The results of the research indicate that both tested compounds showed stronger cytotoxic activity towards ASC52-telo than 
HDFa cells. In addition, compound A is characterized by greater cytotoxicity towards both tested cell lines compared to compound B.
Conclusion: The indole- and benzimidazo[1,2-c]quinazolines used in the study could potentially be used in MSCs-based therapy. 
There is a need to further investigate the safety of using MSCs as drug carriers, and to examine the anticancer activity of the tested 
compounds, as well as to perform additional and valuable assays, such as enzymatic and toxicity tests.
Keywords: substituted quinazoline derivatives, stem cells therapy, MSC-based cell therapy, anticancerstrategy

Introduction
The biological and pharmacological properties of quinazoline analogues determine the increasing role of these substances in cancer 
treatment.1,2 Over the past two decades, The Food and Drug Administration (FDA) has approved more than 20 anticancer agents 
containing a quinazoline ring or quinazolinone system.3 This group of drugs includes several quinazolines, such as: afatinib, erlotinib, 
gefitinib, lapatinib and vandetanib which have significant therapeutic effectiveness in the treatment of solid tumors.1 However, 
therapeutic success is limited due to the method of drug administration, which makes it impossible to achieve effective drug 
concentration directly at the tumor site and poses a risk of systemic side effects. Therefore, new therapeutic solutions are being sought 
to overcome these barriers. Mesenchymal stem cells (MSCs) seem to be a promising tool to address these challenges.

Due to their unique properties (ability to repair tissues, immunomodulation,4,5 low immunogenicity),6 MSCs are used 
in the treatment of various diseases.7 The immunomodulatory effects of MSCs may regulate the immune response at sites 
of inflammation, injury, or cancer.8–10 Research conducted by Mian et al highlights the ability of these cells to escape the 
control of innate immune mechanisms. Therefore, these cells are able to migrate and inhabit tumor microenvironment. 
This effect is also related to the activity of chemokines - proteins released by cancer cells.11 Apart from that, MSCs are 
able to actively influence the fate of cancer cells by paracrine communication with other cells, as well as by modulating 
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the immune response.12 Studies have shown the ability of MSCs to migrate to the tumor sites in ovarian cancer,13 colon 
cancer,14 breast cancer,15 lung cancer,16 and gliomas.17

Numerous reports about the unique ability of MSCs to migrate and inhabit the tumor microenvironment have aroused 
interest in the possibility of using MSCs in anticancer therapy.13,14,18 Literature data show that MSCs can load nanoparticles 
containing anticancer drugs and then release them at the tumor site, causing a therapeutic effect.13,18 MSCs can release 
anticancer substances in a time-dependent manner, so that the drug can be distributed slowly and locally, which guarantees the 
achievement of a therapeutically effective concentration of the drug directly in the tumor site.19 It is worth noting, that the 
ability of MSCs to accept drugs is limited, and chemotherapeutics absorbed into the cytoplasm reduce the viability and 
migratory capacity of these cells.18 Due to the ambiguous nature of MSCs: the ability to inhibit tumor growth and progression, 
as well as the ability to support tumorigenesis,20 it seems important to eliminate MSCs from the patient’s body after achieving 
a therapeutic effect. Clinical studies related to MSCs infusions have proven that their use in treatment is generally safe and 
does not impair the function of healthy tissues.21 However, in order to maintain safety, genetic engineering techniques can be 
used to program MSCs so that after releasing the drug at the tumor site, they undergo inactivation or apoptosis.22

Quinazolines are one of the most active classes of nitrogen-containing heterocyclic compounds, whose inhibitory 
effect at various stages of carcinogenesis is widely described in the literature. Quinazolines may act as receptor tyrosine 
kinases (RTKs) inhibitors,1 phosphatidylinositol-3-kinase (PI3K) inhibitors,23 cassette transporter inhibitors adenosine- 
5′-triphosphate-binding cassette (ABC) inhibitors,24 heat shock protein 90 (Hsp90) inhibitors,25 and tubulin blockers.26 

Data on these compounds also indicate their anticancer activity at the molecular level, which includes the interaction of 
quinazoline derivatives with DNA, their intercalation properties, and their activity against topoisomerases I and II.27,28

The synthesis and study of the properties of compounds containing the quinazoline system and differently fused indole and 
benzimidazole rings seems to be particularly interesting due to the fact that the structure of the compounds is similar to the natural 
alkaloid hickdentine A, which has a strong anticancer effect.29,30 The synthesis of analogs of this alkaloid is a great challenge, 
because there are few possibilities to obtain indolo[1,2-c]quinazoline compounds and the related ring system. Moreover, there are 
no data in the literature on such compounds with a β-resorcyl ring in the structure.30 Therefore, the study of the cytotoxic effect of 
variously substituted indole- and benzimidazo[1,2-c]quinazolines and their analogs condensed in polycyclic systems, which are 
characterized by, among others, the ability to interact with cellular DNA, may prove particularly valuable in the context of 
developing new, effective anticancer therapies based on MSCs.31,32 There is little data on the full mechanism of anticancer action 
of compounds from the group of indole- and benzimidazo[1,2-c]quinazolines. Mainly, the intercalation effect and the influence 
on the activity of topoisomerase I and II as well as the influence on DNA replication and transcription are described.27,28,33,34

The aim of this research was to evaluate the cytotoxic activity of chemical compounds from the quinazoline group: 
4-(6-indolo[1,2-c]quinazoline)2-methyl-benzene-1,3-diol (compound A) and 4-(6-benzimidazolo[1,2-c]quinazoline) 
2-methyl-benzene-1,3-diol (compound B) against MSC line (ASC52-telo) and fibroblast cell line (HDFa). The study 
was conducted to determine the potential use of the tested compounds in MSC-based therapy. The cytotoxic activity of 
both substances against MSCs is intended to provide a preliminary assessment of the possibility of transferring these 
substances by MSCs. The analysis of the cytotoxic activity of both tested compounds against HDFa is intended to 
demonstrate the potential safety of using these compounds against healthy cells of the body.

Materials and Methods
Materials
Two commercial cell lines were used to conduct the research:

● ASC52-telo cell line (ATCC, SCRC-4000, hTERT immortalized adipose derived mesenchymal stem cells) - 
a normal, adherent line with a morphology similar to fibroblasts. This line was isolated in 2006. from the adipose 
tissue of a white woman.35

● Human skin fibroblast cell line (HDFa) (ATCC, PCS-201-012, Primary Dermal Fibroblast; Normal, Human, Adult) 
- a normal, adherent, skin cell line with research applications in responding to pathogens, skin aging, wound 
healing, gene delivery and skin diseases including scleroderma. It was a control line in the study.36
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In order to carry out the research, two isomole compounds from two constitutional groups were used. The compounds are 
described in Table 1. and their general formula is presented in Figure 1.

The tested compounds were obtained by reacting appropriately substituted aryl-amines with an original thioaryloylat-
ing reagent developed by the research team of the University of Life Sciences in Lublin. The structure of the compounds 
was confirmed by elemental semi-microanalysis, electron ionization mass spectrometry (EI-MS) and 1H-NMR and IR 
spectroscopy. The purity of the connections was determined using chromatographic methods. Research on the design, 
synthesis and assessment of the physicochemical and biological properties of the tested compounds (Ludwik Hirszfeld 
Institute of Immunology and Experimental Therapy, Polish Academy of Sciences in Wrocław) was financed by Druga 
Sowiniec Group Sp. z o. o. S. K. A. (formerly: Druga Świtalski&Synowie Sp. z o. o. S. K. A. (Poznań)).

Both compounds contain a quinazoline system and fused indole and benzimidazole rings, respectively. The confirmed 
mechanisms and directions of action of this group of connections allow to assume that both compounds used in the 
research should have intercalation properties and activity towards topoisomerase I and II. Due to the substitution - in both 
representative compounds - of tetracyclic systems with a β-resorcyl ring, the possibility of local interactions is also 
assumed, including: with Hsp90 and ATP tyrosine kinase proteins.37

Reagents and tests which were used: buffered saline solution (PBS) without the addition of Ca(II) and Mg(II) ions (ATCC, 
USA), Mesenchymal Stem Cell Basal Medium (ATCC, USA), Mesenchymal Stem Cell Growth Kit – Low Serum (ATCC, 

Table 1 Chemical Compounds Used in the Research

Compound A Compound B

C22H16N2O2 C21H14N3O2

R: Me Z: – CH = M=340,26 kDa R: Me Z: – N = M=340,26 kDa

4-(6-indolo[1,2-c]quinazoline)2-methyl-benzene-1,3-diol 4-(6-benzimidazolo[1,2-c]quinazoline)2-methyl-benzene-1,3-diol

Figure 1 The general formula of the tested compounds (R: Me; Z: – CH = or – N =).
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USA), trypsin/EDTA solution (0.05% trypsin, 0.02% EDTA in PBS without the addition of Ca(II) and Mg(II) ions) (ATCC, 
USA), 2% dimethyl sulfoxide (DMSO) (ATCC, USA), fetal bovine serum (FBS) (ATCC, USA), RPMI-1640 Medium 
(ATCC, USA), 1% penicillin – streptomycin – amphotericin B solution (ATCC, USA), 0.1% trypan blue solution (Invitrogen 
Thermo Fisher Scientific, USA), CyQUANT MTT Cell Viability Assay (Invitrogen Thermo Fisher Scientific, USA).

Laboratory equipment which was used: laminar chamber HS 9 (Kendro-Heraeus, USA), Zeiss Axiolab inverted micro-
scope (Carl Zeiss Microscopy GmbH, Germany), Victor IV spectrophotometer camera (PerkinElmer, USA), HeraCell 150 
CO2 incubator for cell culture (Kendro Heraeus, USA), Sigma 2–26KL centrifuge (Sigma Laborzentrifugen GmbH, 
Germany), DUB 15 water bath (Thermo Fisher Scientific, USA), and small laboratory equipment: bottles with a growth 
surface of 25 cm2, pipettes, filters, etc.; (Eppendorf, Millipore, Greiner, Falcon).

Methods
The study has been carried out on freshly thawed commercial cell lines with microbiological purity guaranteed and 
confirmed by the manufacturer. Cryogenic ampoules with cells, after being removed from liquid nitrogen vapor (−196°C) 
and after waiting for about 1 minute at room temperature (21°C), were placed in a water bath (37°C) and brought to 
a liquid state. HDFa and ASC52-telo cell lines were cultured according to the manufacturer’s protocol. After thawing, the 
cells were suspended in a medium dedicated for each line: RPMI-1640 with the addition of fetal bovine serum and 1% 
penicillin-streptomycin-amphotericin B solution for the HDFa and Mesenchymal Stem Cell Basal Medium lines 
combined with Mesenchymal Stem Cell Growth Kit - Low Serum for ASC52-telo cell line. Cultures were incubated 
in culture bottles with a growth area of 25 cm2, incubating them at a temperature of 37°C and an atmosphere of 5% CO2 

until monolayers were obtained.35,36

In order to assess the cytotoxicity and determine the IC50 value of compounds A and B against the tested cell lines: ASC52- 
telo and HDFa, the MTT test was performed in accordance with the manufacturer’s protocol.38 2% DMSO solution was used 
to dissolve the tested compounds. Before the actual test, a control test was carried out, which showed no influence of the 
solvent on the viability of cells of both lines. A 0.1% trypan blue solution was used to assess the viability of cells prepared for 
the experiment. Cell viability <95% was considered insufficient to conduct the study. The cell culture density used in the test 
was 104 cells/mL and was within the limits recommended by the manufacturer (103–106 cells/mL of suspension). HDFa and 
ASC52-telo cell lines treated with compound A and compound B were incubated at four concentrations: 1 μg/mL, 2 μg/mL, 
4 μg/mL, 8 μg/mL for 48 and 72 hours.

The studies were performed in triplicate for each cell line. The test was performed in a 24-well plate where 100 μL of MTT 
was added per 1 mL of cell suspension. A volume of MTT solution equal to 10% of the well volume was added to each well of 
a multi-well plate. Then everything was incubated for 4 hours in an incubator at 37°C, 5% CO2. After incubation, the formed 
formazan crystals were dissolved with acidic isopropanol. To accomplish this, a volume of isopropanol equal to the volume of 
the cell suspension was added to each multi-well plate. Gently pipetting dissolved the formazan crystals. Using 
a spectrophotometric reader, the absorbance of the solutions was measured at a wavelength of 540 nm. The obtained results 
were processed as follows: average absorbance values were calculated for each concentration of the tested compound and for 
the control, it was calculated what percentage of the value obtained for control cells (control cells are 100%) is the calculated 
average absorbance values (A) for individual concentrations of tested compounds A and B, and a graph was made of the 
relationship between cell viability (% of control) and the concentration of the tested compound. From the graph prepared in 
this way, the value of the IC50 parameter for compound A and IC50 for compound B was read.

Statistical Analysis
The values of the analyzed data were presented as: median, arithmetic mean ± standard deviation (SD), the lowest value 
of the statistical series (Min)., the highest value of the statistical series (Max). and the value of the lower and upper 
quartiles. The compliance of the distribution of individual variables with the normal distribution was checked using the 
Shapiro–Wilk test. Since the studied variables were not normally distributed, non-parametric tests were used in further 
analysis. For this purpose, the Wilcoxon test and the Mann–Whitney U-test were used. All p values lower than 0.05 were 
considered significant. Statistical analysis was performed using Statistica 7.1 PL software (StatSoft Inc, USA, RRID: 
SCR_014213).
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Results
IC50 values of compound A and compound B were determined for 48- and 72-hour culture of ASC52-telo and HDFa cell 
lines. The study was carried out in three repetitions: for both time intervals, three cell cultures of both cell lines were 
established, and the IC50 value of both tested compounds was determined for each sample. The obtained IC50 values of 
compounds A and B are presented in Table 2.

It was shown that the IC50 values of both tested compounds determined for ASC52-telo line cells are statistically 
significantly lower than the IC50 values of these compounds obtained for HDFa line cells (p≤0.05). In addition, 
a statistically significant difference was demonstrated by comparing the IC50 values of compound B determined for 
ASC52-telo and HDFa line cells in 72 hours cell culture (p≤0.05). For ASC52-telo and HDFa cell lines, statistically 
significant higher IC50 values of compound B were obtained in a 48-hour culture compared to a 72-hour culture (p≤0.05).

The research revealed statistically significant higher IC50 values of compound B compared to IC50 values of 
compound A in 48-hour cell cultures of both tested lines (p≤0.05). Assessment of the IC50 values of compound A and 
compound B for HDFa cell culture conducted for 72 hours showed similar statistically significant differences (p≤0.05), 
where the IC50 values of compound B were higher compared to the IC50 values of compound A. The assessment of the 
IC50 value of both tested compounds with respect to the culture time and the type of cell line tested is presented in 
Figures 2–4.

When assessing the IC50 value of compound A, a statistically significantly higher result was obtained for the HDFa 
cell line compared to the ASC52-telo cell line (p≤0.05). The difference between the IC50 values of compound A obtained 
for HDFa line cells in 48- and 72-hours cell culture turned out to be statistically significant. In this case, the IC50 values 
of compound A were higher in the 48-hour culture compared to the IC50 values of compound A in the 72-hour culture 
(p≤0.05). Analysis of the mean ± SD of the IC50 parameter of compound A obtained for cells of both tested cell lines in 
48- and 72-hour cultures is shown in Figure 5.

In 48- and 72-hour cultures, higher statistically significant IC50 values of compound B were obtained for HDFa line 
cells compared to ASC52-telo line cells (p≤0.05) (Figure 6).

Discussion
Reports of preclinical studies and ongoing clinical trials evaluating the efficacy of therapies based on MSCs loaded with 
therapeutic anticancer agents emphasize the importance of the topic discussed in this article.39 Studies indicate that the 
use of MSCs as a carrier of anticancer drugs results in a better therapeutic effect compared to the traditional method of 
administering chemotherapy, due to the possibility of achieving the therapeutic concentration of the drug (with 
prolongation of its release time and reduction of the administered amount) directly at the site of the tumor, and at the 

Table 2 IC50 Values of Compound A and Compound B Obtained for ASC52-Telo and HDFa Cells in 48- 
and 72-Hour Cell Cultures

Time IC50 [μg/mL] of Compound A IC50 [μg/mL] of Compound B 2%DMSO

Cell Line

ASC52-telo HDFa ASC52-telo HDFa ASC52-telo HDFa

48 hours 2,69 5,16 4,97 12,27 Inactive Inactive

2,49 5,22 4,46 7,89 Inactive Inactive

2,24 4,19 4,77 8,4 Inactive Inactive

72 hours* – 1,48 1,19 3,88 Inactive Inactive

– 1,64 1,38 3,41 Inactive Inactive

– 1,37 0,64 3,92 Inactive Inactive

Notes: *No viable cells were found in a 72-hour culture of ASC52-telo line cells incubated with compound A.
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same time limiting its toxic effect on healthy tissues. This is confirmed by studies that examined the possibility of MSCs 
carrying and then releasing into the tumor microenvironment drugs known and used in anticancer therapy, such as 
doxorubicin (DOX), paclitaxel (PTX), gemcitabine, sorafenib and others.22,40 Bonomi et al showed in an in vitro 
experiment on a human multiple myeloma cell line that PTX-loaded MSCs cause strong suppression of cancer cells 
compared to MSCs without the drug.41 Nicolay et al noticed in an in vivo study that MSCs used as a PTX carrier caused 
a strong inhibition of murine melanoma lung metastases.42 In a study on the effect of DOX-loaded MSCs on colorectal 
cancer cells, a significantly inhibitory effect of the drug was demonstrated compared to the use of free DOX.43 MSCs can 

Figure 3 Assessment of the IC50 values of compound A and compound B determined for HDFa line cells in 48-hour cell culture.

Figure 2 Evaluation of the IC50 values of compound A and compound B determined for ASC52-telo line cells in 48-hour cell culture.
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be a vehicle for delivering therapeutic chemicals as well as genes to target tumor sites. Furthermore, extracellular vesicles 
(EVs) released from MSCs, can be used as a potent cell-free tool for cancer therapy.40,44 For example Wu et al showed 
that human umbilical cord MSC-derived small extracellular vesicles (hucMSC-sEVs) can play a significant role as 
inhibitors of tumor progression in gastric cancer (GC). The researchers found that hucMSC-sEVs are captured by GC 
cells, and then inhibited their proliferation and induced apoptosis.45 In another study, Zhou et al demonstrated a negative 
effect of human placenta MSCs-derived EVs (hPMSC-EVs) on breast cancer growth by inhibiting tumor cell prolifera-
tion and migration via an indirect antiangiogenic mechanism.46

Figure 4 Assessment of the IC50 values of compound A and compound B determined for HDFa line cells in 72-hour cell culture.

Figure 5 Evaluation of the IC50 values of compound A determined for ASC52-telo cells and HDFa cells in 48- and 72-hour cell cultures.
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In order to use MSCs as a carrier of newly synthesized chemotherapeutics, it is important to assess the impact of these 
substances on the viability, proliferation, differentiation and self-renewal capacity of MSCs cells. The obtained results 
show that both tested compounds are characterized by statistically significantly higher cytotoxic activity towards ASC52- 
telo line cells compared to cytotoxic activity towards HDFa line cells, which represent the patient’s healthy tissue cells in 
this study. It allows to assume that the tested substances will not be the cause of severe side effects during therapy. 
Moreover, in the case of both tested cell lines, it was found that the cytotoxic effect of both compounds was statistically 
significantly stronger in a 72-hour culture compared to a 48-hour culture. The effect of compound A on ASC52-telo line 
cells in a 72-hour culture turned out to be so strong that the determination of the IC50 coefficient went beyond the test 
reference values.

As the literature indicates, a decisive factor in the development of MSC-based therapy, in addition to the type of 
chemotherapeutic agent, is the origin of the MSC.22 In the study we human adipose-derived MSCs (AD-MSCs) were 
used. There have been reports of assessing the sensitivity of AD-MSCs to known chemotherapeutic agents. Rimoldi et al 
showed that AD-MSCs are moderately resistant to cisplatin and the cationic platinum (II) complex. The authors also 
noted the ability of MSCs to uptake similar amounts of both drugs.47 Similar results regarding cisplatin were presented 
by the authors of another study.48 Liang et al demonstrated the resistance of AD-MSCs to vincristine and camptothecin, 
and also found that the tested MSCs retained their characteristics after in vitro exposure to all medicinal substances used 
by the authors.49 The authors of another study proved that the viability of AD-MSCs after a 3-day exposure to cisplatin 
and camptothecin was 70%, and PTX (at a concentration of up to 10,000 ng/mL) caused the death of only 20% of the 
cells.50 Studies also suggest that AD-MSCs are more resistant to genotoxic damage caused by anticancer drugs compared 
to bone marrow-derived MSCs.22 This information confirms the correctness of the selection of AD-MSCs for the study.

Compounds containing a quinazoline ring or quinazoline system are among the therapeutic agents currently used in 
the treatment of cancer.3,40 Due to the significant anticancer effectiveness of these chemotherapeutics, numerous attempts 
are being made to synthesize new analogues of quinazoline compounds, whose properties and activity against various 
cancer cell lines are being checked.27–30,33,34,51,52 The confirmed mechanisms and directions of action of this group of 
connections indicate that both tested compounds may exhibit, among others: intercalation properties, activity towards 
topoisomerases I and II, as well as the possibility of interaction with Hsp90 proteins and ATP tyrosine kinases.37 

However, this requires confirmation in further studies.

Figure 6 Evaluation of the IC50 values of compound B determined for ASC52-telo cells and HDFa cells in 48- and 72-hour cell cultures.
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The results of the conducted research indicate that 4-(6-indolo[1,2-c]quinazoline)2-methyl-benzene-1,3-diol (com-
pound A) is characterized by high cytotoxicity at relatively low concentrations towards tested cell lines compared to 
4-(6-benzimidazolo[1,2-c]quinazoline)2-methyl-benzene-1,3-diol (compound B). Moreover, both tested compounds 
showed stronger cytotoxic activity towards ASC52-telo cells than towards HDFa cells. This may be related to the nature 
of MSCs, which, like cancer cells, have the ability to unlimited number of cell divisions and are distinguished by their 
metabolic activity among other healthy cells in the human body.4,5,8–10,12 A deeper understanding of the effects of both 
tested compounds on healthy and cancer cells, as well as the discovery of the possibility of using these compounds in 
MSC-based therapy requires extensive research analysis, both in vitro and in vivo.

Conclusion
The indole- and benzimidazo[1,2-c]quinazolines used in the study could potentially be used in MSCs-based therapy. 
However, the study has its limitations and should be continued and expanded, including by performing additional tests, 
eg enzymatic analyses and toxicity studies. There is also a need to explore the anticancer activity of both tested 
compounds and, above all, to determine in which cancers they may be most effective in treatment. It is also necessary 
to conduct further research on the possibility of transporting the tested compounds by MSCs to the tumor microenviron-
ment and then the ability to release them in order to obtain the therapeutic concentration of the compounds directly in the 
area of tumor tissue. There is also a need to explore the nature of MSCs and the safety of using these cells as carriers of 
chemotherapy drugs.
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