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Abstract 
Background & Aims: Bacterial metabolites are extremely rich resources for discovering new compounds with different biological 

activities. Metabolites of actinomycetes have significant potential for the production of anticancer compounds. The purpose of this 

research is to investigate the effects of two secondary metabolites of soil actinomycetes, UTMC 676 and UTMC 919, on apoptosis 

induction and their related genes in the human non-small cell lung carcinoma cell line, A549. 

Materials & Methods: The crude extracts of UTMC 676 and UTMC 919 were prepared from the collection of biological compounds 

of Tehran University. After cell treatment with UTMC 676 and UTMC 919, cell cytotoxicity, apoptosis, and mRNA expression were 

measured using MTT, flow cytometry, and q-RT-PCR methods. Doxorubicin was utilized as a positive control.  

Results: The MTT results showed induction of cytotoxicity by UTMC 676, UTMC 919, and doxorubicin in A549 cells in a 

concentration-dependent manner. After 48 hours of treatment, both UTMC 676 and UTMC 919 induced apoptosis in the A549 cell 

line. However, the apoptotic effect of UTMC 676 was more than doxorubicin. The q-RT-PCR data exhibited that the expression of 

apoptosis-related genes was enhanced in the treated group compared to the untreated group.  

Conclusion: These results suggest that the crude extract of UTMC 676 was able to induce apoptosis in A549 cells and could be a very 

promising source having therapeutic potential against lung cancer cell lines. 

Keywords: Lung cancer, Apoptosis, Soil actinomycetes, Doxorubicin 

 

Address: Department of Microbial Biotechnology, University of Tehran, Tehran, Iran 

Tel: +989916310890 

Email: zahra.boroughani@yahoo.com  

 

 
Introduction  

Lung cancer is the most common type of cancer in 

both genders, and according to International Agency for 

Research on Cancer (IARC), it accounts for 18.4% of 

total cancer-related deaths in 2018; about 1.8 million 

deaths estimated in 2018 occurred due to lung cancer 

(1). In Iran, lung cancer is the second and third leading 
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cause of cancer deaths for men and women, respectively 

(2). There are several risk factors development of lung 

cancer, and cigarette smoking can be the most 

important. Histologically, non-small cell lung 

carcinoma (NSCLC) and small cell lung carcinoma 

(SCLC) are two common types of lung cancer, 

accounting for 85% and 15-20% (depending on the 
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region) of all lung cancers, respectively (3). According 

to the world health organization (WHO) classification, 

NSCLC is classified into three large subtypes: 

squamous cell carcinoma, adenocarcinoma, and large 

cell carcinoma (4). Depending on the severity of the 

disease, patients with lung cancer receive certain 

treatments from surgery to chemotherapy, radiotherapy, 

and targeted therapy. Surgery remains the first treatment 

for the early stages of NSCLCs. Because the onset of 

lung cancer is often asymptomatic and the patients are 

diagnosed in advanced stages, surgery is not useful (5-

7). Chemotherapy interventions and radiotherapy are 

promising methods to control the progression of lung 

cancer (8). The efficacy of chemotherapy has been 

confirmed in various stages of NSCLC due to the third 

generation introduction of cytotoxic drugs such as 

paclitaxel, docetaxel, and gemcitabine. These 

compounds often induce apoptosis and suppress 

metastasis, inhibiting cancer growth and development 

(9, 10). Many studies have suggested that 

chemotherapeutic drugs-caused cell death may involve 

mitochondrial pathway-derived apoptosis (11-13). 

Specifically, some anti-cancer agents or their 

metabolites led to increase the levels of pro-apoptotic 

genes such as Bax and decrease the expression of the 

anti-apoptotic Bcl2 gene. Bax causes the mitochondrial 

membrane permeability, resulting in the cytochrome c 

release from the mitochondria (14). For instance, the 

upregulation of Bax and mitochondrial release of 

cytochrome c has been observed in a variety of cancer 

cells treated with 5-fluorouracil and cisplatin (15-17). 

However, apoptosis plays a major role in cancer cell 

death and is therefore targeted in treating these diseases 

(18, 19). However, drug resistance and toxic effects of 

chemotherapy drugs on healthy cells have been reported 

in patients with lung cancer (20, 21). 

Therefore, it seems essential to find new treatment 

strategies to improve the treatment of lung cancer. 

Today, natural compounds and their derivatives play an 

important role in the clinical treatment of various types 

of cancers, making up about 63% of commercially 

available drugs (19, 22, 23). Some compounds such as 

vincristine, etoposide, and paclitaxel are examples of 

plant-derived anticancer drugs, and compounds such as 

actinomycin D, mitomycin C, bleomycin, doxorubicin, 

and L-asparaginase are compounds derived from 

microorganisms (23-25). About 23,000 secondary 

metabolites have been discovered from microorganisms, 

and approximately about 10,000 species (about 45%) 

have been extracted from actinomycetes (26, 27). 

Actinomycetes belong to the Actinoabateria category 

and are the most valuable prokaryotes responsible for 

antibiotics production and antitumor metabolites (28, 

29). With the great diversity of actinomycetes and their 

wide applications in various industries, especially 

pharmacy, researchers have discovered new functional 

metabolites (26, 30, 31). Due to the increasing use of 

actinomycetes in the production of various compounds, 

especially anticancer compounds, for the first time in 

this study, two secondary metabolites of actinomycetes, 

UTMC 676 and UTMC 919, were used to evaluate 

apoptosis in human lung cancer cell line. To achieve this 

goal, the toxicity of secondary metabolites on the A549 

cancer cell line is evaluated first. Then the effective dose 

of these extracts was used to induce apoptosis in this cell 

line and then quantify the expression of genes related to 

apoptosis. 

 

Materials & Methods 
The findings of the present study were obtained from 

a research project of the Department of Microbial 

Biotechnology University of Tehran through the 

following approved code: 1398/17.  

Human A549 cell culture: 

In this experimental study, the cell line, A549, was 

obtained from the Iranian Biological Resource Center. 
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The A549 cell line is a human pulmonary epithelial cell 

line, which morphologically as a single layer on the 

bottom of the culture flask. Briefly, A549 cells were 

cultured in a T-75 culture flask containing Dulbecco's 

modified Eagle's medium (DMEM; Gibco) 

supplemented with FBS (Gibco, USA) and 

penicillin/streptomycin (Gibco, USA), and then 

maintained at 37 °C in a humidified atmosphere.  

Preparation of microbial extract and treatment: 

The crude extract of UTMC 919 and UTMC 676 

strains was obtained from the biological compounds of 

Tehran University. The treatments of A549 cells were 

performed by exposing cells to different concentrations 

of UTMC 919 (6, 12, 24, and 48 ug/ml) and UTMC 676 

(6, 12, 24, and 48 ug/ml) as well as doxorubicin (Sigma, 

USA) (0.125, 0.25, 0.5, and 1 µM) in serum-free 

DMEM for 48 hours. After treatments, A549 cells were 

trypsinized and collected for subsequent analyses. 

 

Cell viability assessment:  

The MTT assay (Sigma, USA) is a colorimetric 

assay for evaluating cell metabolic activity as a cell 

viability indicator. 104 A549 cells per well were first 

seeded into a 96-well plate containing 100 μl of DMEM 

culture medium to perform this test. Subsequently, cells 

were treated with different concentrations of UTMC 

863, UTMC 676, and doxorubicin. In the next step, after 

48 hours of treatment,  10 μl of MTT solution was added 

to all wells to investigate the toxicity of the metabolites 

and then incubated in an incubator at 37 ° C for 4 hours. 

After incubation time, the culture medium was 

completely discarded, and dimethyl sulfoxide (DMSO) 

(Sigma, USA) was added to dissolve the formazan 

crystals. Then the adsorption of each well was 

determined at 560 nm by a microplate reader. 

 

Evaluation of the morphology of A549 cells: 

In brief, A549 cells (8 × 104 cells/well) were cultured 

into a 6-well plate and then exposed to UTMC 676, 

UTMC 919, and doxorubicin for 48 hours. 

Subsequently, the morphological changes of A549 cells 

were evaluated using light microscopy (× 10 

magnification) (Jenamel, Germany).  

 

Apoptosis assay: 

An apoptosis assay typically quantifies the 

percentage of dead cells related to membrane 

alterations, DNA fragmentation, and mitochondrial 

damage. Apoptosis detection of A549 was determined 

using Apoptosis Detection Kit (BD Biosciences, USA). 

A549 cells (8 × 104 cells/well) were plated into a 48-

well plate for 24 hours and then treated with UTMC 676, 

UTMC 919, and doxorubicin for 48 hours. After 

incubation time, A549 cells were harvested and stained 

with annexin V-fluorescein isothiocyanate (FITC) and 

propidium iodide (PI) for 15 minutes at room 

temperature in the dark. The apoptosis rate of each 

sample was determined using a flow cytometer.  

 

Quantitation of mRNA expression: 

The real-time quantification PCR (qRT-PCR) 

technique has become the main tool for quantification of 

the RNA. In the current project, the expression level of 

Bax, p21, caspase-7 (Casp7), p53, and retinoblastoma 

(Rb) genes was measured using qRT-PCR technique. 

After cell treatment, total RNA was isolated from treated 

cells using a total RNA isolation kit (CinnaGen, Iran) 

based on the manufacturer's protocol. According to the 

manufacturer's instruction, cDNA was synthesized from 

isolated RNA by First Strand cDNA Synthesis Kit 

(TAKARA, Japan). At the final step, qRT-PCR was 

performed on 7500 Fast Real-Time PCR Detection 

System (Applied Biosystem, USA) using SYBR Premix 

Ex Taq TM Master mix (TAKARA, Japan) and specific 

primers (Table 1). The amplification of each PCR 

reaction begins by an initial denaturation at 95°C for 2 

minutes, followed by 40 cycles containing 5 seconds of 

denaturation at 95°C and 30 seconds of 
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annealing/extension at 60 °C. Glyceraldehyde 3-

phosphate dehydrogenase (GAPDH) was employed as 

an internal control for the normalization of gene 

expression. The relative expression of the data was 

calculated by the 2-∆∆Ct method using REST software. 

Table 1. The specific sequences of primers used in this study 

Gene product Primer sequences Product size(bp) 

GAPDH Sense 5′- CCTCAAGATCATCAGCAATG-3′ 

Antisense 5′- CATCACGCCACAGTTTCC-3′ 90 

Bax Sense 5′-CAAACTGGTGCTCAAGGC-3′ 

Antisense 5′-CACAAAGATGGTCACGGTC-3′ 

178 

Caspase-7 Sense 5′-CACGGTTCCAGGCTATTAC-3′ 

Antisense 5′-GGCAACTCTGTCATTCACC-3′ 

139 

p21 Sense 5′-CCAGCATGACAGATTTCTACC -3′ 

Antisense 5′-AGACACACAAACTGAGACTAAGG-3′ 

150 

P53 Sense 5′-GGAGTATTTGGATGACAGAAAC-3′ 

Antisense 5′-GATTACCACTGGAGTCTTC-3′ 

181 

Rb Sense 5′-AATCATTCGGGACTTCTG-3′ 

Antisense 5′-ACTTCCATCTGCTTCATC-3′ 

154 

Statistical analysis: 

The results were expressed as mean ± SD (standard 

deviation), and all statistical analyses were performed 

using SPSS software version 19 (SPSS Inc., Chicago, 

IL, USA) and GraphPad Prism software version 8.0 

(GraphPad Software, San Diego, CA, USA). In this 

study, one-way analysis of variance (ANOVA) was used 

to analyze statistical differences between studied 

groups, and data with p<0.05 were considered as 

significant. 

Results 
The effect of actinomycetes secondary 

metabolites on cell viability: 

As shown in Figure 1, the findings of the MTT assay 

revealed that the crude extracts of UTMC 676, UTMC 

919, and doxorubicin could markedly alleviate the A549 

cell viability after 48 hours of treatment in a 

concentration-dependent manner. Both extracts with 

24µg/ml concentration could suppress approximately 
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50% of A549 cell viability (Figure 1). According to the 

results of the MTT test, the effective concentration of 

UTMC 676, UTMC 919, and doxorubicin was 48 µg/ml, 

48 µg/ml, and 1 µM for further analyses.  

 

 
 

 
Fig 1. The effect of secondary metabolites of A) UTMC 676, B) UTMC 919, and C) doxorubicin on the viability of 

the cells of A549. Doxorubicin is regarded as a positive control. The cell viability was monitored using MTT assay and 

the analyzed results were reported as mean ± SD (standard deviation).  *P<0.05 and **P<0.01 were considered statistically 

significant. 
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The effect of actinomycetes secondary metabolites on 

morphological changes of A549 cells: 

The photographs of light microscopy exhibited that 

treatment of A549 cells with UTMC 919, UTMC 676, 

and doxorubicin caused changes in the cell shape and 

morphology. As depicted in Figure 2, untreated cells 

revealed mainly normal morphologies, whereas the 

A549 cells treated with UTMC 919, UTMC 676, and 

doxorubicin, showed a morphological change and a 

marked increase in cell death.  

 

 
Fig 2. Morphological changes of A549 cells were exposed to A) DMSO (negative control), B) doxorubicin (positive 

control), C) the crude extract of UTMC 676, and D) the crude extract of UTMC 919. Treated A549 cells morphologically 

showed evidence of cell death compared with the negative control cells. Morphological changes of cells were visualized 

by light microscopy (× 10 magnification). 

 

The Effect of Actinomycetes Secondary Metabolites 

on Apoptosis Rate: 

Findings from the flow cytometry show that the 

crude extract of UTMC 919 and UTMC 676 have same 

effect of doxorubicin in inducing apoptosis in the A549 

cell line (Table 2, Figure 3). As shown in Table 2, the 

percentage of apoptotic cells and necrotic cells in the 

cells treated with UTMC 676 was 99.2% and 0.8%, 

respectively. Simultaneously, the apoptotic and necrotic 

cells resulting from doxorubicin treatment were about 

38.35% and 37.45%, respectively. Furthermore, the 

apoptotic rate in UTMC 676 group was notably higher 

than those exposed to doxorubicin. It should also be 

noted that the percentage of necrotic cells UTMC 919 

extract-treated cells was similar to doxorubicin-treated 

cells. However, the percentage of apoptotic cells in 

UTMC 919-treated cells (10.53%) was lower than that 

of cells treated with doxorubicin (38.35%) (Figure 3).  
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Fig 3. The effect of secondary metabolites of A) UTMC 676 (48 µg/ml), B) UTMC 919 (48 µg/ml), and C) 

doxorubicin on the apoptosis rate of A549 cells. The cells were exposed to UTMC 676, UTMC 919, and doxorubicin for 

48 hours and then the cell apoptosis rate was detected using flow cytometry technique. Doxorubicin (1 µM) is considered 

a positive control.  

 

Table 2. The effect of UTMC 676, UTMC 919, and doxorubicin on apoptosis of A549 cells 

 

Group 

Flow cytometry (%) 

Early apoptosis Late apoptosis Necrosis alive 

Control 0.1780.007 2.9050.417 21.53.111 75.42.687 

UTMC 676 0.000.00 77.30.141* 17.70.848 4.981.08* 

UTMC 919 0.293 ± 0.008 99.2 ± 0.141 0.727 ± 0.067 0.07 ± 0.1 

Doxorubicin 1.7550.2* 38.358.697* 37.458.838 22.450.07* 

All variables are reported at meanS.D. *P<0.05 was considered statistically significant.  
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The Effect of Actinomycetes Secondary Metabolites 

on apoptosis Gene Expression: 

The quantitative analysis of Bax, Rb, p21, p53, and 

Casp7 apoptotic genes in A549 cells treated with UTMC 

676, UTMC 919, and doxorubicin was shown in Figure 

4. The results of the q-RT-PCR analysis demonstrated 

that Bax, Rb, p21, p53, and Casp7 gene expression were 

up-regulated in the treated cells, compared with 

untreated cells. Figure 4 shows that the mRNA 

expression of Bax, Rb, p21, and Casp7 genes in A549 

cells treated with UTMC 676 was higher than it in the 

cells treated with doxorubicin; however, the expression 

of the p53 gene is almost similar (Figure 4).  

 

 
Fig 4. Relative mRNA expression of Bax, Rb, p21, p53, and Casp7 genes in A549 cells exposed to DMSO (control), 

the crude extract of UTMC 676, the crude extract of UTMC 919, and doxorubicin (positive control). The cells were 

exposed to UTMC 676, UTMC 919, and doxorubicin for 48 hours; then the transcript levels of Bax, Rb, p21, p53, and 

Casp7 genes were quantified using q-RT-PCR. The analyzed findings were presented as mean ± SD and *P<0.05, 
**P<0.01, and ***P<0.01 were considered statistically significant. 

 

Discussion  
Lung cancer incidence and its related death have 

been a serious concern to human societies (32, 33). 

Given the drug resistance and side effects of 

chemotherapy drugs, it is considered necessary to 

identify new anticancer compounds (34). Many 

antitumor compounds are natural products or their 

derivatives and are mainly produced by microorganisms 

(35, 36). Actinomycetes produce many natural 

compounds with diverse biological activities, such as 

anticancer properties (37, 38). Since 1950, many soil 

actinomycete metabolites have been studied for 

antibiotic, anticancer, and antitumor properties. Food 

and Drug Administration (FDA) approved some 

microbial metabolites, such as doxorubicin, mitomycin 

C, pentostatin, bleomycin, actinomycin, and 

anthracycline, which are used clinically (39-41). 

Actinomycin D is one of the first microbial metabolites 

used to treat cancer. The use of anthracyclines, 

doxorubicin, and mitomycin C has also been somewhat 
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successful in treating human lung cancer (42-45). Gao 

and its colleagues studied the BM-17 strain of marine 

actinomycetes. They reported that this strain had toxic 

effects against A549, HepG2, HCT-116, and COC1 

cells (46). Besides, anticancer properties have been 

reported in another group of marine actinomycetes 

isolated from deep-sea sediment. In this screening, 

several actinomycete strains have an inhibitory effect on 

cell growth in breast cancer cell lines MCF-7 and MDA-

MB-231 (47). In our research, we examined for the first 

time the antitumor activities of two secondary 

metabolites of soil actinomycetes, UTMC 676 and 

UTNC 919, on lung cancer cells. UTMC 676 strain had 

99.86% similarity to Streptomyces aureoverticillatus, 

and UTMC 919 strain was 99.29% similar to Kribbella 

sancticallisti, but according to several articles, there is 

no report on the production of anticancer compounds in 

these strains. Like many strains of actinomycetes, our 

MTT results also showed an inhibitory effect on the 

growth of A549 cells.  

One of the antitumor actions of actinomycetes 

usually occurred through induction of apoptosis in 

tumor cells. Our findings showed an increase in 

apoptosis and a decrease in the necrosis of the cells after 

treatment with UTMC 676 but not UTMC 919. Research 

by Rambabu et al. showed that the purified compound 

of Streptomyces. Sp namely Quinostatin induces 

apoptosis in the MCF-7 carcinoma cell line (48). In 

another study, the apoptotic activity of migrastatin 

compound extracted from Streptomyces platensis on 

HEPG2 cells was revealed (49).  

The alteration in the p53 expression has been 

reported in various cancers, including lung, colon, and 

breast cancers (50, 51). Balachandran and his colleagues 

examined antitumor effects of flavonoids extracted from 

Streptomyces sp. on A549 cells. Their data showed that 

the expression of p53 and caspase 3 genes was increased 

after treatment of A549 cells with the desired flavonoid, 

indicating apoptosis induction of cancer cells (52). 

Many observations confirmed that the p53 gene directly 

affects mitochondrial function during apoptotic 

processes. Some apoptotic stimuli have been exhibited 

to induce rapid transfer of p53 to the mitochondrial outer 

membrane. P53 induces pro-apoptotic genes such as 

Bax and reduces the expression of the anti-apoptotic 

Bcl2 gene. Bax leads to increase the permeability of the 

mitochondrial membrane, which causes to 

subsequentially release of cytochrome c from the 

mitochondria, and by acting on apoptotic protease 

activating factor 1 (Apaf-1) which leads to apoptosome 

formation and caspase cascade activity (53-55). Also, 

p53 as a tumor suppressor gene can induce the 

expression of the p21 gene as its downstream gene, 

which then suppresses RB by inhibiting cyclin E and 

CDK2. RB acts as a tumor suppressor and binds to E2F, 

causing blocking of the cell cycle progression from 

stage G1 to stage S, and therefore, cell cycle (56, 57). 

Zhang et al. found that marine Streptomyces sp. derived 

antimycin analogs alleviated E6/E7 levels and promoted 

apoptosis in HeLa cells by the reactivation of the p53 

and RB (58). In the present study, consistent with the 

results of other studies on different strains of 

actinomycetes, the study of the expression profile of 

apoptotic genes also shows an increase in gene 

expression and induction of apoptosis in A549 cells.  

Using crude extract was one of the limitations of this 

study. The effective component has not been identified 

yet, and further investigations are still in progress. Other 

genes involved in apoptosis, particularly the extrinsic 

pathway of apoptosis, were not studied due to financial 

issues. 

 

Conclusion  
The use of potential substances that lead to the 

induction of apoptosis is a very good idea to treat lung 

cancer. For the first time, the current study reported that 

a secondary metabolite of soil actinomycetes, crude 

extracts of UTMC 676, potentially induce apoptosis and 
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up-regulated apoptosis-related genes in the human lung 

cancer cells.   
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