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Abstract
Plants are major source for discovery and development of anticancer drugs. Several plant-based anticancer drugs are currently 
in clinical use. Fagonia indica is a plant of medicinal value in the South Asian countries. Using mass spectrometry and NMR 
spectroscopy, several compounds were purified from the F. indica extract. We have used one of the purified compounds 
quinovic acid (QA) and found that QA strongly suppressed the growth and viability of human breast and lung cancer cells. 
QA did not inhibit growth and viability of non-tumorigenic breast cells. QA mediated its anticancer effects by inducing cell 
death. QA-induced cell death was associated with biochemical features of apoptosis such as activation of caspases 3 and 8 
as well as PARP cleavage. QA also upregulated mRNA and protein levels of death receptor 5 (DR5). Further investigation 
revealed that QA did not alter DR5 gene promoter activity, but enhanced DR5 mRNA and protein stabilities. DR5 is one 
of the major components of the extrinsic pathway of apoptosis. Accordingly, Apo2L/TRAIL, the DR5 ligand, potentiated 
the anticancer effects of QA. Our results indicate that QA mediates its anticancer effects, at least in part, by engaging DR5-
depentent pathway to induce apoptosis. Based on our results, we propose that QA in combination with Apo2L/TRAIL can 
be further investigated as a novel therapeutic approach for breast and lung cancers.
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Introduction

Plants from land and aquatic sources have proven to be a 
rich source for the discovery and development of antican-
cer drugs. The agents isolated from these natural sources 
generally fall under a variety of groups including diterpe-
nes, diterpenoquinone, lactonic sesquiterpene, alkaloids, 

macrocyclic polyethers, proteins, purine-related compounds, 
peptides, cyclic depsipeptide and similar others [1]. Several 
important anticancer drugs currently in the clinic have their 
origins linked to plants. For example (1) vinca alkaloids, 
isolated from the plant Madagascar periwinkle, (2) pacli-
taxel, a taxane diterpenoid, isolated from the bark of pacific 
yew tree Taxus brevifolia Nutt, (3) camptothecin, isolated 
from the stem of Camptotheca acuminate [2–4]. Etoposide 
and teniposide, also extensively used anticancer drugs, are 
derivatives of podophyllotoxin that is present in the plant 
Podophyllum peltatum L., also known as mayapple or Amer-
ican mandrake [5].

The incidence of cancer has been increasing worldwide 
and thus, newer and more efficacious therapeutics are needed 
to better manage human malignancies. In this context, we 
have investigated the potential of plant Fagonia indica 
(Zygophyllaceae) as a source of newer cancer therapeutics. 
F. indica is utilized by the practitioners of traditional medi-
cine to treat various aliments in parts of Pakistan and India. 
F. indica has a rich source of secondary metabolites such 
as phenolics, flavanoids, alkaloids, triterpenoids, coumarins 
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and tannins [6, 7]. In Pakistan, parts of the plants are also 
used by local healers to treat malignancies. However, the 
scientific basis for the use of this plant in traditional medi-
cine has not been systematically investigated. There is some 
scientific evidence to implicate anticancer potential attribut-
able to this plant. For example, it has been reported that the 
aqueous extract of F. indica (reported as Fagonia cretica) 
induced growth arrest and apoptosis in human breast cancer 
cells in culture [8]. In another study, steroidal saponin gly-
coside was isolated from F. indica that was found to induce 
apoptosis or necrosis in MDA-MB-468, MCF-7 breast can-
cer cells and Caco-2 colon cancer cells [9].

Previously, bioactivity-guided isolation was performed on 
the crude extract of F. indica (reported as Fagonia cretica) 
to isolate ursane-type pentacyclic triterpenoid quinovic acid 
(QA) and its derivatives. Experimental evidence indicated 
that QA and its derivatives harbored anti-diabetic proper-
ties [10, 11]. For example, in one study, these agents were 
found to exhibit dipeptidyl peptidase-4 (DPP-4) inhibitory 
activities [11] and in another study, these agents activated 
Takeda G-protein-coupled receptor 5 (TGR5) and stimulated 
glucagon-like peptide (GLP-1) secretion [10].

In view of the medicinal value of QA, we sought to also 
investigate its potential as an anticancer therapeutic. Here, 
we report that QA strongly suppressed the growth and via-
bility of various human cancer cell lines including breast and 
lung cancer cells. QA did not inhibit growth and viability of 
non-tumorigenic cells. QA mediated its anticancer effects 
by inducing cell death coupled with upregulation of death 
receptor 5 (DR5). Apo2L/TRAIL, the DR5 ligand, also 
potentiated the anticancer effects of QA. Our results indi-
cate that QA mediates its anticancer effects, at least in part, 
by engaging DR5-depentent pathway to induce apoptosis. 
Thus, QA in combination with Apo2L/TRAIL can be further 
investigated to develop as a novel therapeutic approach for 
breast and lung cancer.

Materials and methods

Cell lines and cell culture

The cell lines used in this study include, A549 and H1299 
human lung cancer cells (from NIH), MCF-7 and MDA-
MB-231 human breast cancer cells (from NIH). Dulbecco’s 
modified Eagle’s medium (DMEM) supplemented with 10% 
fetal bovine serum (Gemini Bio-Products Inc., West Sacra-
mento, CA) was used for culture. Non-tumorigenic MCF-
10A human breast epithelial cells were grown in mammary 
epithelial cell growth medium with supplements provided 
in the SingleQuots kit (Lonza). MCF-10A were purchased 
from American Type Culture Collection (ATCC).

Reagents

The antibodies used in this study are anti-vinculin (Santa 
Cruz Biotechnology, Dallas, TX) as well as antibodies 
against cleaved PARP, procaspase 3, procaspase 8 and 
DR5 (Cell Signaling Technologies, Danvers, MA). The 
peroxidase-conjugated horse anti-mouse, goat anti-rat 
and goat anti-rabbit antibodies were obtained from Vector 
Laboratories (Burlingame, CA, USA). DMEM was pur-
chased from Mediatech Inc. (Manassas, VA, USA) and 
fetal bovine serum from Gemini Bio-Products Inc. (West 
Sacramento, CA). For transfections, PolyJet and LipoJet 
reagents were purchased from SignaGen Laboratories 
(Rockville, MD, USA). Plasmid preparation and RNA 
extraction kits were purchased from Qiagen (Hilden, Ger-
many). The quantitative PCR reagents were from Bio-Rad 
(Hercules, CA, USA). Most of the other chemicals and 
molecular and cell biology reagents were obtained from 
Sigma-Aldrich and Thermo Fisher Scientific.

Plant Fagonia indica material collection 
and identification

The fresh aerial parts of the plant were collected from 
Mianwali (a city in the Punjab Province of Pakistan). It 
is locally known as “Dhamasa/Suchi booti”. DNA was 
extracted from the plant material using previously reported 
method [12]. Plant identification was carried out by DNA 
barcoding approach that has been adopted as the stand-
ard barcoding method for land plants [13]. Chloroplast 
region ribulose-1,5-bisphosphate carboxylase/oxygenase 
large subunit (rbcL) gene was selected for DNA barcod-
ing. rbcL gene was amplified by PCR using forward primer 
5′-ATA​TTT​TGG​CAG​CAT​TCC​GA-3′ and reverse primer 
5′-TCA​CAT​GTA​CCT​GCA​GTA​GC-3′ respectively. Rapid 
PCR Purification System 9700 (Marligen Biosciences, 
Ijamsville, MD, USA) was employed to purify the PCR 
product, which was then sequenced via the dideoxy-chain 
termination method using an ABI Prism 310 Automated 
DNA Sequencer (PE, Applied Biosystems, Foster City, 
CA, USA). Sequences were aligned and identified via the 
BioEdit sequence alignment tool.

The DNA sequence obtained as a result of DNA bar-
coding on the plant material was analyzed by nucleotide 
BLAST analyses. The sequence was found to be 96% simi-
lar to that of plant F. indica, a member of family Zygophyl-
laceae. The DNA sequence is as follows:

5′-GTG​CAT​CGC​GTC​ACC​TGA​GGA​GCA​GGG​GCT​
GCA​GTA​GCT​GCT​GAA​TCT​TC

TAC​TGG​TAC​ATG​GAC​AGC​TGT​GTG​GAC​AGA​TGG​
TCT​TAC​CAG​TCT​TGA​TC
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GTT​ACA​AAG​GAC​GAT​GCT​ACA​ACC​TAG​AGG​CTG​
TTC​CTG​GAG​AAG​ACA​AT

CAA​TAC​ATT​GCT​TAT​GTA​GCT​TAC​CCT​TTG​GAC​
CTT​TTT​GAA​GAA​GGT​TC

TGT​TAC​TAA​CAT​GTT​GAC​TTC​CAT​TGT​GGG​TAA​
CGT​ATT​TGG​GTT​CAA​AG

CCC​TAC​GTG​CTC​TAC​GTT​TGG​AAG​ATT​TAC​GAA​
TCC​CTA​CTG​CGT​ATA​CT

AAA​ACT​TTC​CAA​GGG​CCT​CCT​CAC​GGT​ATC​CAA​
GTT​GAG​AGA​GAT​AAA​TT

AAA​TAA​GTA​TGG​TCG​TCC​ATT​ATT​GGG​CTG​TCC​
TAT​TAA​GCC​TAA​ATT​GG

GGC​TAT​CCA​CAA​AGA​ATT​ATG​GTA​GAG​CAG​TTT​
ATG​ATG​GTC​CTC​GAC​GT

GGA​GGT​GCT​ATT​ACC​ACC​GAA​TAT​GAG​AAA​GTC​
ACG​GGC​CAC​CTA​TAA​TC

TGT​ATA​GAG​AGA​CGT​TCT​CCT​TTG​TCA​TGG​CTG​
CGC​ATT​CTT​CGC​GCT​AC

TAG​CTC​AGG​GGG​GAG​ATC​TGG​GGG​GGG​TTA​AGT​
GGG​AGT​AGT​GGC​TGA​AA

AAA​AAG​TCT​CGG​TGT​GGA​GTT​TAT​TTT​CTA​TTG​
TGT​GTA​TTT​GTG​TGG​GT

TAT​TGG​TGT​TTT​TGT​TTT​AGT​TAG​TGG​TTG​GA-3′

Extraction and isolation of quinovic acid (QA) 
from Fagonia indica

The fresh aerial parts of F. indica yielded 22 kg (dry weight 
of plant material), which was macerated in methanol–chlo-
roform (1:1) solution to obtain the crude plant extract. It 
was later suspended in ethyl acetate to obtain an ethyl ace-
tate fraction. Quinovic acid (QA) was isolated from ethyl 
acetate fraction on a silica gel column through chromato-
graphic separation. Its isolation and identification have been 
described in detail [11]. Briefly, the identification of QA was 
achieved via a combination of mass spectrometry and NMR 
spectroscopy (Bruker AVANCE 400 MHz NMR). Chemical 
structures were confirmed by comparison of its chemical 
and spectroscopic properties. The compound was isolated 
yielding a white amorphous powder having molecular for-
mula as C30H46O5 (m/z 486). 1H and 13C NMR analysis of 
the compound was performed that revealed its triterpenoid 
nature with ursane-type characteristics and distinctive sig-
nals for the presence of 30 carbons: six methyl groups, nine 
methylenes, seven methines, eight quaternary carbons along 
with the presence of two carboxyl groups. Accordingly, the 
compound was named as (3β)-3-Hydroxyurs-12-ene-27,28-
dioic acid or quinovic acid.

Crystal violet staining and MTT assay

Crystal violet staining was performed to determine adher-
ent cell viability according to the protocol described by Dr 

Gjoerup [14]. Briefly, cells were washed with PBS, and then 
fixed with 4% paraformaldehyde. Fixed cells were subjected 
to 0.1% crystal violet staining solution. After the excessive 
stain was drained, the plates were water-washed and air-
dried. The plates were later scanned using a flat-bed scanner 
(Perfection V550, Epson, Japan) and images were captured 
as presented in the results section.

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide-based assays for cell growth were done as 
we have described previously [15]. Briefly, the cells seeded 
in 12-well plates were treated with vehicle or QA, then at 
the end of the treatment incubated with MTT 1 mg/ml for 
approximately 1–2 h. The formazan precipitate resulted after 
MTT incubation were dissolved into isopropanol containing 
0.1 N HCl and 10% triton X-100. The sample absorbance 
was read using a Bio-Rad Smart-Spec 3000 spectropho-
tometer at the wavelengths 570 and 690 nm. Quantitative 
values were obtained after subtracting the absorbance at 
690 nm wavelength for each sample, blank 570 nm and blank 
690 nm wavelengths from the original A570 value to elimi-
nate background readings respectively.

Western blot analyses

Western blot analyses were performed according to the 
procedures we have described previously [16, 17]. Proteins 
of interest (~ 60 μg/sample) were separated via 10% SDS-
PAGE and transferred to a nitrocellulose membrane. Mem-
branes were blocked using TBST and 5% milk for 1 h and 
then incubated with primary antibodies (at 4 °C) overnight 
on a shaker. Membranes were washed three times with TBST 
or TBST plus 5% milk and probed with secondary antibod-
ies. Signals were developed following peroxidase reactions 
using SuperSignal Pico and Femto West chemiluminescent 
substrate (Thermo Fisher Scientific) and detected by Bio-
Rad ChemiDoc XRS+ imaging system. Image Lab v4.1 
software (Bio-Rad, Hercules, CA, USA) or ImageJ (NIH) 
was used to measure the band intensities for quantitative 
analyses.

Luciferase assays

DR5 luciferase promoter construct pGL2-Full was a kind 
gift from Dr. WS El-Deiry; cloning of the vector has been 
described previously [18]. This vector contains ~ 3.6 kb DR5 
genomic sequence of which ~ 1.6 kb is upstream of ATG 
and remaining runs through intron 2 [18]. The promoter 
regulation analyses were performed using Luciferase Assay 
System (Promega, Madison, WI, USA) according to the 
manufacturer’s protocol and also as we have described pre-
viously [16]. Briefly, MCF-7 breast cancer cells and A549 
lung cancer cells were transiently transfected with the DR5 
gene promoter luciferase construct using LipoJet transfection 
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kit (SignaGen Laboratories, Rockville, MD, USA). After 
24 h, the media with transfection mix was removed, and 
fresh media containing either DMSO (control) or indicated 
doses of QA were added to the cells. After completion of 
the treatment, the cells were lysed with the lysis buffer and 
equal amount (~ 20 µg/sample) of protein lysates were mixed 
with 100 μl of Beetle luciferin substrate solution (Promega, 
Madison, WI, USA) followed by immediate measurement 
of luminescence using the luminometer (Lumat LB-9507, 
Berthold Technologies, Germany).

RNA extraction and quantitative RT‑PCR

RNA was extracted using RNeasy Plus Mini kit (Qiagen, 
Hilden, Germany) per the manufacturer’s instructions. Anal-
yses of mRNA expression were done via two-step quanti-
tative real-time PCR (qRT-PCR) assays using the iScript 
cDNA Synthesis Kit and iQ SYBR Green Supermix from 
Bio-Rad (Hercules, CA, USA) according to manufacturer’s 
protocol. Ct values for DR5 were normalized with respect to 
the Ct values for GAPDH mRNA within the same sample; 
fold changes in mRNA expression were ascertained via the 
ΔΔCt method as reported earlier [19]. The following primer 
sets were used:

DR5 –
forward: 5′-AAG​ACC​CTT​GTG​CTC​GTT​GT-3′;
reverse: 5′-AGG​TGG​ACA​CAA​TCC​CTC​TG-3′;
GAPDH –
forward: 5′-CAC​CAT​CTT​CCA​GGA​GCG​AG-3′;
reverse: 5′-GCA​GGA​GGC​ATT​GCT​GAT​-3′

Statistical analysis

For statistical analyses, Rcmdr 2.5-3 package based on R 
software (version 3.6.1) was used [20]. Mean values were 
compared using the two-tailed student’s t test or one-way 
ANOVA. The p < 0.05 values were considered statistically 
significant.

Results

QA, (3β)-3-hydroxy-urs-12-ene-27,28-dioic acid, is a 
ursane-type triterpene; its structure is shown in Fig. 1a. To 
investigate the anticancer potential of QA, its effect was 
tested on cancer cell lines representing human breast and 
lung cancers. QA effect on cell growth and viability was 
assessed by multiple approaches including phase contrast 
morphology, DAPI fluorescent (nuclear) staining, MTT 
assays and crystal violet staining. Our results indicated that 
QA inhibited proliferation and survival of these cell lines. 
Figure 1b shows representative results of crystal violet stain-
ing performed on A549, a human non-small cell lung cancer 

(NSCLC) cell line and MCF-7, a human breast cancer cell 
line. As is shown, QA inhibited cell viability of lung and 
breast cancer cells in a concentration-dependent manner. 
Figure 2a shows cellular morphology of A549 cells that 
were either vehicle-treated or treated with QA for 24 h, and 
Fig. 2b shows results of MTT assays performed on A549 
cells treated with increasing concentrations of QA for 24 h. 
Lower concentrations of QA also inhibited A549 cell growth 
when they were treated with QA for 48 h (Fig. 2c) or 72 h 
(Fig. 2d). QA also inhibited growth and viability of other 
cancer cell types including MDA-MB-231 human breast 
cancer cells (Fig. 2e) and H1299 human lung cancer cells 
(data not shown). QA effect on normal cells (non-tumor-
igenic cells) was also investigated, and to that end, MCF-
10A non-tumorigenic breast cells were used. As is shown 
(Fig. 2f), QA did not affect the viability of non-tumorigenic 
MCF-10A cells even at higher concentrations up to 40 µM. 
Thus, QA affected cell growth and viability of cancer cells, 

Fig. 1   a Structure of QA. b QA inhibits lung and breast cancer cell 
growth as a function of dose. b A549 human lung cancer cells and 
MCF-7 human breast cancer cells were vehicle (DMSO)-treated or 
treated with QA at the indicated concentrations in µM for 72 and 
48  h, respectively. Cells were fixed and stained with crystal violet. 
The reproducibility of the QA-mediated inhibitory effects on these 
cells was confirmed via by multiple approaches including crystal vio-
let staining, phase contrast microscopy and MTT assays
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Fig. 2   QA inhibits growth of cancer cells but not that of non-tumo-
rigenic cells. a Phase contrast photomicrographs show morphologic 
features of DMSO-treated (control) and QA-treated A549 human 
lung cancer cells. Cells were treated with the indicated dose of QA 
for 24  h. b Dose-dependent growth inhibition of A549 human lung 
cancer cells as determined by MTT assay. Cells were treated with 
the indicated doses of QA for 24  h. c MTT assay showing growth 
inhibition of A549 cells with the indicated doses of QA for 48 h. d 

MTT assay showing growth inhibition of A549 cells with the indi-
cated doses of QA for 72 h. e MTT assay showing growth inhibition 
of MDA-MB-231 human breast cancer cells with the indicated doses 
of QA for 24 h. f Growth of non-tumorigenic MCF10A human breast 
epithelial cells is not inhibited by QA. Non-tumorigenic MCF-10A 
human breast epithelial cells were treated with increasing concentra-
tions of QA for 24 h. Photomicrographs were captured using a phase 
contrast microscope
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but did not have such effects on non-tumorigenic (normal) 
cells.

Next, we performed biochemical analyses to confirm that 
QA indeed induced cell death in cancer cells. Representative 
results shown in Fig. 3 indicate that QA induced caspases 
8 and 3 activation (demonstrated by reduction in procas-
pase levels) and PARP cleavage (cleaved PARP, a marker 
of apoptosis) in MDA-MB-231 human breast cancer cells. 
Biochemical features of QA-induced cell death were also 
noted in A549 lung cancer cells and MCF-7 breast cancer 
cells (data not shown). Caspase 8 is an initiator caspase that 
is activated by death receptors. QA-induced caspase 8 acti-
vation suggested that QA appeared to have engaged extrinsic 
apoptotic pathway. Death receptors are important compo-
nents of the extrinsic pathway of apoptosis. Therefore, we 
investigated QA effect on death receptor 5 (DR5) and found 
that QA indeed, upregulated DR5 protein levels in multiple 
cancer cell lines including A549 and H1299 human lung 
cancer cells, and MCF-7 and MDA-231 human breast cancer 
cells. Representative results for A549 lung cancer cells and 
MDA-MB-231 breast cancer cells shown in Fig. 4 indicate 
that QA upregulated DR5 protein levels as a function of 
time. We also investigated whether QA upregulation of DR5 
protein levels was coupled with DR5 mRNA levels. Results 
for MCF-7 breast cancer cells (Fig. 5) indicate that QA also 
upregulated DR5 mRNA levels coupled with QA regulation 
of DR5 protein levels.

We also sought to investigate the mechanism by which 
QA upregulated DR5 mRNA and protein levels. First, we 
performed DR5 promoter reporter assays and for that pur-
pose, we used DR5 gene promoter fused to promoterless 
luciferase reporter (Supplementary Fig. 1A). A549 lung 
cancer cells were transiently transfected with DR5 gene pro-
moter luciferase construct, and treated with QA for 24 h; 
control cells were treated with DMSO-vehicle. Our results 
indicated that QA did not increase DR5 promoter activity in 
A549 cells (Supplementary Fig. 1B). We have previously 
shown that thapsigargin (TG) upregulates DR5 mRNA and 
DR5 protein levels and TG also upregulated DR5 gene pro-
moter activity [21]. Therefore, we used TG as a positive 
control in these experiments. As is shown (Supplementary 
Fig. 1B), TG upregulated DR5 gene promoter activity in 
A549 cells, a finding consistent with our previous report 
[21], however, induction of DR5 promoter activity was not 
noted in QA-treated cells. It was possible that QA could 
increase DR5 gene promoter activity in a different cell line 
and at an early timepoint. To investigate that possibility, 
we transiently transfected MCF-7 cells with DR5 promoter 
luciferase construct and treated them with QA for 4, 8 and 
24 h, then performed luciferase assays. Our results indi-
cated that QA also did not upregulate DR5 gene promoter in 
MCF-7 breast cancer cells. Representative results for 4- and 
8-h timepoints are shown in Supplementary Fig. 1C.

These results suggested that QA-mediated DR5 mRNA 
upregulation did not correlate with concomitant regulation 
of DR5 promotor activity. Therefore, we further investigated 
whether QA altered DR5 mRNA stability and thus, upregu-
lated DR5 mRNA via post-transcriptional mechanism(s). 
To that end, MCF7 cells were treated with QA for ~ 24 h to 
induce DR5 mRNA expression; the control cells were treated 
with DMSO-vehicle; cells were then treated with actinomy-
cin D to block gene transcription and harvested at different 
timepoints thereafter. Our results in Fig. 5c indicate that QA-
treated cells exhibited DR5 mRNA half-life of ~ 4 h, whereas 
vehicle-treated cells had DR5 mRNA half-life of ~ 2 h. These 
results indicate that QA upregulated DR5 levels, at least in 
part, by increasing DR5 mRNA stability.

Because QA also enhanced DR5 protein levels, we inves-
tigated QA effect on DR5 protein stability. To that end, 
MCF-7 and A549 cells were treated with QA for ~ 24 h; 
the control cells were treated with DMSO; cells were then 
treated with cycloheximide to stop protein synthesis and 
harvested at different timepoints. Representative results in 
Fig. 6 indicate that QA-treated cells exhibited increased DR5 
protein half-life compared to the vehicle-treated cells. These 
results indicate that QA upregulates DR5 protein levels also 
by increasing DR5 protein stability.

TRAIL is the natural ligand for DR5 [22]. Given that QA 
upregulated DR5, next we investigated the biological sig-
nificance of QA-mediated DR5 upregulation. We reasoned 

Fig. 3   Biochemical features of cell death in QA-treated MDA-
MB-231 human breast cancer cells. The cells were vehicle-treated or 
treated with the indicated doses of QA for 24 h. Western blot analy-
ses were performed to detect the indicated molecules. Same blot was 
probed with the antibodies against the indicated molecules. Presented 
are representative results for MDA-MB-231 cells; biochemical fea-
tures of QA-induced cell death were also noted in A549 and MCF-7 
human lung and breast cancer cells, respectively
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that because QA upregulates DR5 levels, QA-mediated cell 
death should be potentiated by concomitant treatment with 
TRAIL. Accordingly, we investigated the effects of QA in 
combination with TRAIL and for that purpose, MCF-7 and 
A549 cells were treated with QA and TRAIL either agent 
alone and in combination,control cells were treated with 
vehicle. Figure 7 shows morphological features of A549 
lung cancer cells and MCF-7 breast cancer cells, and as is 
shown, TRAIL potentiated the anticancer effects of QA in 
both the lung and breast cancer cells.

Discussion

Cancer remains a major cause of morbidity and mortality 
and thus, newer and better therapeutic approaches are highly 
desirable. Biomedical research in the past decades has led to 
the development of a number of FDA-approved anticancer 
drugs; molecular targets of which have also been identified. 
These targets include kinases, cell surface proteins such as 
growth factor receptors and cell adhesion molecules, growth 
factors such as vascular endothelial growth factor (VEGF), 

poly ADP ribose polymerase (PARP), proteasomes and com-
ponents of apoptotic machinery [23–25].

Plants are rich source of natural products of medicinal 
value. Many plants-derived anticancer drugs such as pacli-
taxel, camptothecin, etoposide, vinblastine and the like 
have proven effective in the clinic. Here, we have investi-
gated the potential of QA, isolated from plant F. indica, 
as an anticancer therapeutic. Our results indicate that QA 
strongly suppressed the growth and viability of breast and 
lung cancer cells. QA was specific towards cancer cells as 
it did not inhibit growth and viability of non-tumorigenic 
cells. QA-mediated anticancer effects were associated with 
activation of cell death associated with caspases 8 and 3 acti-
vation, cleavage of PARP and upregulation of death receptor 
5 (DR5). Apo2L/TRAIL, the DR5 ligand, also potentiated 
the anticancer effects of QA. From mechanistic standpoint, 
our results indicate that QA mediates its anticancer effects, 
partly, by engaging DR5-depentent pathway to induce cell 
death.

QA upregulated both mRNA and protein levels of DR5. 
Because QA also upregulated DR5 mRNA levels, its effect 
on DR5 gene promoter activity was investigated and the 

Fig. 4   QA upregulates death receptor 5 (DR5) levels. A549 human 
lung cancer cells and MD-MB-231 human breast cancer cells were 
treated with 25  µM QA for the indicated periods of time. Western 
blot analyses were performed to detect DR5 using anti-DR5 antibod-
ies. Same blot for each cell line was sequentially probed for DR5 and 
vinculin, the latter serving as a loading control. That QA reproducibly 
upregulated the steady state levels of DR5 was confirmed in multi-

ple separate experiments. Here the effect of QA regulation of DR5 
levels as a function of time is shown. The plotted values correspond 
to a representative experiment for each cell line, which indicate that 
QA had similar effect on DR5 levels in two different independently 
treated cell lines. The values are expressed as normalized DR5 band 
intensities, relative to their respective controls at 4 h. The 24-h values 
are plotted with respect to their corresponding controls at 24 h
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results indicated that QA did not induce DR5 gene pro-
moter activity when tested in breast and lung cancer cells. 
However, QA treatment was associated with increased DR5 
mRNA stability suggesting that QA-mediated increase in 
DR5 mRNA levels could occur, at least in part, via its effect 
on DR5 mRNA stability. We noted that QA effect on DR5 

Fig. 5   a, b QA upregulates DR5 protein and mRNA levels in MCF-7 
human breast cancer cells. Cells were treated with DMSO or QA 
(25 μM) and harvested at the indicated timepoints and DR5 protein 
and mRNA levels were determined by Western blotting and quanti-
tative real-time PCR (qRT-PCR), respectively. The plotted values 
(panel b) represent mean ± SEM of triplicate measurements from 
each time point. *** p < 0.001. c QA enhances DR5 mRNA stability. 
MCF-7 human breast cancer cells were pretreated with QA (25 μM) 
or DMSO as a control for 24 h, and then treated with actinomycin D 
(4 µg/ml) for up to 4 h without changing the media. The cells were 
harvested at the indicated timepoints and DR5 mRNA levels were 
determined by quantitative real-time PCR (qRT-PCR). The plotted 
values represent mean ± SEM values of triplicate measurements from 
two independent experiments

Fig. 6   QA enhances DR5 protein stability. MCF-7 human breast 
cancer cells were pretreated with DMSO or QA (25  μM) for 24  h. 
Then, the medium was replaced with the medium containing 25 µg/
ml cycloheximide (CHX). Cells were harvested at the indicated time-
points and the protein levels of DR5 and vinculin were analyzed by 
Western blotting. a Images of representative experiment are shown. 
Similar results were obtained in four independent experiments. b 
The plotted values of relative normalized DR5 band intensities as 
mean ± SEM from four independent experiments. c The values show-
ing QA enhances DR5 protein stability in A549 human lung cancer 
cells
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mRNA stability was evident until 4 h following actinomycin 
treatment; the effect after 4 h and until 6 h following actino-
mycin D treatment was not informative. Given that QA effect 
on steady state DR5 mRNA levels was more pronounced 
compared to the extent of its effect on DR5 mRNA stability, 
it is possible that QA may upregulate DR5 mRNA levels also 
via other mechanisms.

It is also possible that QA may increase DR5 mRNA pro-
duction via epigenetic modification of the DR5 gene. Epi-
genetic changes, such as DNA methylation, histone modi-
fication and microRNA (miRNA) expression, could affect 
DR5 gene expression following treatment with QA. It is 
also possible that, QA may enhance DR5 gene transcription 
via response elements residing further upstream of the DR5 
gene promoter region utilized in our study. Interestingly, QA 
also enhanced DR5 protein stability indicating that QA regu-
lates DR5 levels via multifaceted mechanisms.

Lung cancer is the most common cancer is the world. In 
2018, a total of 2,093,876 new cases of lung cancer were 
diagnosed for both men and women. With about 1.8 million 
deaths in 2018, lung cancer remains as one of the leading 
causes of deaths globally [26, 27]. In the US, 228,150 cases 
of lung cancer were expected to be diagnosed and 142,670 
deaths occurring due to lung cancer for both genders in 
2019. Thus, lung cancer was expected to account for 23–24% 
of cancer-related deaths in both men and women in 2019 
[28]. Clearly, lung cancer remains a major cause of morbid-
ity and mortality.

In the past decades, identification of driver mutations/
alterations has led to the use of targeting agents, but this 
therapeutic strategy is useful for relatively smaller subset 
of patients. A large number of patients without targetable 

abnormalities cannot benefit from the targeted therapies. 
In the recent years, immunotherapies such as monoclonal 
antibodies against PD-1 or PD-L1 have been approved for 
the treatment of NSCLC [29, 30]. Although a promising 
approach, immunotherapies involving checkpoint inhibitors 
as monotherapy yield about 25–30% 5-year overall survival 
rate [31]. There is also the problem of relapse after initial 
response [30, 31]. Clearly, discovery and development of 
newer agents that can be used alone or in combination with 
existing therapeutics are highly desirable to manage lung 
cancer.

Breast cancer in women is the most common cancer in 
the world. In 2018, a total of 2,088,849 new cases of breast 
cancer were diagnosed, a figure that reflects 24.2% of all 
cancers diagnosed in women worldwide [27]. Breast cancer 
is also one of the common causes of cancer-related deaths in 
women globally. In the US on the other hand, 268,600 cases 
of breast cancer were expected to be diagnosed in 2019, a 
figure that corresponds to 30% of all cancers diagnosed in 
women [28]. In the US, although mortality due to breast 
cancer has declined since 1989, management of metastatic 
breast cancer remains challenging [28]. Thus, there is an 
urgent need to also develop novel therapeutic approaches 
for this debilitating and deadly disease.

In context to morbidity and mortality associated with 
lung and breast cancers, our results that QA strongly sup-
pressed the growth and viability of breast and lung cancer 
cells are relevant and highlight its potential as a novel 
anticancer agent. QA is a ursane-type triterpene. Because 
of their hydrophobic nature, the water solubility of trit-
erpenes is expected to be low. However, triterpenes are 
dietary constituents present in fruits and vegetables, and 

Fig. 7   TRAIL potentiates 
QA-mediated effects on breast 
and lung cancer cells. MCF-7 
human breast cancer cells were 
treated with vehicle (DMSO), 
QA (15 µM), TRAIL (50 ng/ml) 
and the combination at these 
concentrations for 48 h. A549 
human lung cancer cells were 
treated with vehicle (DMSO), 
QA (20 µM), TRAIL (50 ng/ml) 
and the combination at these 
concentrations for 24 h. Pho-
tomicrographs were captured 
using a phase contrast micro-
scope. TRAIL potentiation of 
QA effects was also confirmed 
by MTT assays
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the health benefits of fruits and vegetables-derived triter-
pene are well-known. Given that oral delivery is generally 
desirable mode of drug administration, the oral absorp-
tion and bioavailability of QA can be investigated in the 
future and improved via various approaches involving 
nanocarriers. Furthermore, because QA upregulated DR5, 
Apo2L/TRAIL, the natural ligand for DR5, potentiated 
the effects of QA in breast and lung cancer cells. Apo2L/
TRAIL (named as dulanermin), an important anticancer 
agent with selective toxicity towards cancer cells, is cur-
rently in clinical trials [32]. Recently, a phase III study 
reported the effectiveness and safety of Apo2L/TRAIL in 
combination with vinorelbine and cisplatin in advanced 
NSCLC patients [33]. It was found that Apo2L/TRAIL 
when combined with chemotherapy significantly improved 
progression-free survival and overall response rate [33]. 
Clearly, Apo2L/TRAIL can also be regarded as a promis-
ing agent particularly for use in the combination therapy. 
Based on our results, which indicate that the combination 
of QA and Apo2L/TRAIL exhibits stronger cancer cell 
killing effect than either agent alone, we propose that QA 
in combination with Apo2L/TRAIL can be developed as 
a novel therapeutic approach for breast and lung cancer.
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