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Abstract
Colorectal cancer is the third most common malignancy in the world having a high mortality rate. Flavonoids possess many 
biological activities including anti-cancer activity. lawsonaringenin (LSG) is a flavonoid isolated from leaves of Lawsonia 
alba Lam. The objective of this study was to demonstrate the anti-cancer potential of LSG in colorectal cancer for the first 
time. The HT-29 cells were treated with LSG or 5-fluoruracil, as a positive control, to determine its effect on cell cytotoxic-
ity by a MTT cell proliferation assay, and cell cycle progression and apoptosis using flowcytometry. We also determined the 
mechanisms underlying LSG-mediated growth inhibition of HT-29 cells by by investigating the expression of key oncogenes 
and apoptosis genes using q-RT PCR and immunocytochemical analysis. The cell cytotoxicity data showed that the  IC50 
value of LSG was significantly less than the  IC50 value of 5-FU (50 µM). The anti-proliferative effect of LSG was mediated 
by arresting cells in the S phase of the cell cycle which then led to the induction of apoptosis the q-RT PCR and immunocyto-
chemical analysis showed that LSG reduced the expression of ß-catenin (non-phosphorylated) and its downstream signalling 
target c-Myc, whereas it increased the phosphorylation of ß-catenin. Furthermore, LSG also downregulated the expression 
of oncogene K-Ras and anti-apoptotic proteins, Bcl-2, and Bcl-xL. In conclusion, our data demonstrates that LSG exerted 
its anti-tumor activity by arresting the cell cycle in S phase, and by downregulating the expression of oncogenes including 
ß-catenin, c-Myc, K-Ras and anti-apoptosis proteins Bcl-2 and Bcl-xL. This study suggests a potential use of natural flavo-
noid, lawsonaringenin, to attenuate colorectal cancer growth; however, further pre-clinical/clinical studies are required to 
establish its role as a therapeutic agent.
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ß-Cat-NP  Beta catenin (non-phosphorylated)
ß-Cat-P  Beta catenin (phosphorylated)
5-FU  5-Fluorouracil
Bcl-2  B-cell lymphoma 2 protein
Bcl-Xl  B-cell lymphoma extra-large protein
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c-Myc  Avian myelocytomatosis virus oncogene 
cellular homolog

EGCG   Epigallocatechin-3gallate
EGFR  Epidermal growth factor receptor
G2/M phase  Gap2 mitosis phase
HT-29  Human colonic adenocarcinoma cell line
K-Ras  Kirsten rat sarcoma
PI3K  Phosphatidylinositol 3-kinase
S phase  Synthesis phase of the cell cycle
Wnt  Wingless-type MMTV integration site fam-

ily member

Introduction

Colorectal cancer is ranked as the third most common can-
cer and fourth leading cause of mortality around the world 
and its incidence is rapidly increasing in Asia [1, 2]. The 
chances for the colorectal cancer to be diagnosed during 
a lifetime is 5% in men and 4.7% in women, with 30–40% 
higher prevalence and mortality rates in men than in women 
[3, 4]. Epidemiological data indicates that environmental 
factors play an important role in the induction of tumour 
leading to malignancy. Among cancer-related deaths, 75% 
of cases are linked to type of dietary intake and sedentary 
lifestyle [5]. In addition, studies report that majority of the 
colorectal cases are also linked to both genetic and envi-
ronmental factors which interact with each other during the 
process of tumorigenesis of colorectal carcinoma [6]. During 
the malignant transformation from adenoma to carcinoma, 
Wnt/beta-catenin pathway plays its effector role by stimulat-
ing the transcriptional activity of the c-MYC oncogene [7]. 
β-Catenin gene is mutated in majority of the colon cancers 
[8]. Similarly, mutations in RAS and BRAF are found in 
50% and 20% of colorectal cancers, respectively, leading to 
hyperplasia and dysplasia [9, 10].

The deregulation in the process of programmed cell death 
known as apoptosis is linked to uncontrolled proliferation, 
and to the development of neoplasm [11]. The disturbance 
in the ratio of pro-apoptotic and survival proteins can be the 
determining factor in the process of tumorigenesis. Bcl-2 
and Bcl-xL are anti-apoptotic proteins and their constitu-
tive high expression contributes towards the malignancy and 
cause drug resistance against the cancer chemotherapy [8].

5-Fluorouracil (5-FU), a fluorine derivative of pyrimi-
dine, is used as the clinical treatment for colorectal cancer. 
Its mechanism of action involves the inhibition of enzyme 
thymidylate synthase, which is the key enzyme involved 
in the biosynthesis of pyrimidine nucleotides [12]. Treat-
ment of colorectal cancer with 5-fluorouracil has a survival 
and response rate from 10 to 15% only [13]. However, this 
response rate was improved from 40 to 50% when 5-FU is 
used in combination therapy with other drugs [14]. It is, 

therefore, important to find novel compounds that can poten-
tially perform better than 5-FU or can be used as an adjunct 
therapeutic agents in a combination therapy with 5-FU.

Extensive studies report that dietary use of flavonoids 
containing fruits, vegetables and other medicinal plants may 
have a preventive effect against colorectal cancer. Several 
studies suggest that flavonoids might act on the signalling 
pathways involved in the development and progression of 
colorectal cancer [15, 16]. The flavonoids manifest antican-
cer activity by different mechanisms including free-radical 
scavenging activities [17], arresting cell cycle by altering the 
expression of cyclins and cyclin dependent kinases [18], and 
inducing apoptosis by regulating the expression of apoptotic 
proteins including caspases 3, 8, 9, t-Bid, Bcl-2, Bcl-xL, 
Bax, and Bak [19, 20].

The current study for the first time investigated the effect 
of lawsonaringenin (LSG), a natural flavonoid isolated from 
the leaves of the plant Lawsonia alba Lam [21]. on colorec-
tal cancer and its possible molecular mechanism of action. 
We studied the effects of LSG on apoptosis, cell cycle pro-
gression, and expression of signalling proteins including 
ß-catenin, c-Myc, K-Ras, Bcl-2 and Bcl-xL using qRT-PCR 
and immunocytochemistry approaches. The cytotoxic effect 
of LSG was also studied on non-cancerous 3T3 mouse fibro-
blast cell line.

Materials and methods

Isolation of lawsonaringenin

Lawsonaringenin was isolated from the dichloromethane and 
ethanol extracts of the leaves of L. alba through solvent frac-
tionation and several chromatographic techniques, including 
vacuum liquid chromatography (VLC), column chromatog-
raphy (CC) and reversed phase column chromatography 
as described earlier [21]. The purity was checked by vari-
ous spectroscopic techniques such as NMR, HR-EIMS, 
FT-IR and UV–visible. Its molecular formula was deduced 
as  C20H20O5 on the basis of HR-EIMS, which showed the 
molecular ion at m/z 340.1298.

Cell culture

HT-29 cells (ATCC, USA) were cultured in Dulbecco’s 
Modified Eagle’s Medium (Complete-DMEM; Gibco, 
Thermo Fisher Scientific, USA) containing high glucose 
(500 mg/ml) and L-glutamine (584 mg/ml) with no added 
sodium pyruvate and supplemented with 10% FBS (foetal 
bovine serum), and antibiotics (penicillin 100 units/mL and 
streptomycin 100 mg/mL). Cells were grown in 75 cm2 
flasks under sterile conditions and incubated in a humidified 
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incubator with 5%  CO2 at 37 °C. Sub-culturing was done 
every third day based on the confluent state of the cells [22].

Treatment of cells with lawsonaringenin or 5‑FU

Lawsonaringenin was dissolved in DMSO as a stock solu-
tion at 20 mM and stored at − 20 °C. Cells were treated 
under sterile conditions with varying concertation of LSG 
by further diluting (0–50 µM) the stock solution into fresh 
medium. The final concentration of DMSO was adjusted 
to < 0.5%. 5-FU was dissolved in DMSO as a stock solu-
tion and also stored at − 20 °C. Cells with treated with 
either 50 or 100 µM concentration of 5-FU under condi-
tions as described above. The control cells were only treated 
(untreated-control) with an equal amounts of DMSO that 
was used in LSG-treated cells. The treated- and untreated- 
(control) cells were incubated in a humidified incubator with 
5%  CO2 at 37 °C for 24 or 48 h as indicated elsewhere.

MTT assay

Exponentially growing cells (3000 cell/well) were initially 
seeded in 96-well cell culture-treated plate in complete-
DMEM. After 24 h of incubation, media was removed and 
200 µL of fresh medium was added containing varying con-
centrations (0–50 µM) of LSG and cells were incubated in a 
humidified incubator with 5%  CO2 at 37 °C. Cells were also 
treated with 5-FU (CID 3385, Sigma Aldrich, USA) as a 
positive control. After 48 h of treatment, MTT dye (0.5 mg/
mL) was added to each well, and plates were incubated for 
3–4 h. Thereafter, DMSO was added to solubilize formazan 
crystals, and absorbance was measured at 570 nm using a 
microplate reader (Spectra Max plus, Molecular Devices, 
CA, USA). Percentage (%) inhibition and  IC50 values were 
calculated using Soft-Max Pro software (Molecular Devices, 
USA). as described [23]. After initial experiments, the cells 
were subsequently treated with  IC50 of 5-FU (50 µM) or  IC50 
of LSG (23.4 µM) or a high dose of LSG (50 µM) that was 
an equivalent to  IC50 of 5-FU.

Analysis of apoptotic profile

Nuclear condensation

Cells (20, 000 cells per well/48 well plate) were analyzed for 
nuclear fragmentation after the treatment with LSG. Staining 
of the cells was performed with the fluorescent binding dye 
DAPI (4, 6-diamidino-2-phenylindole). Cells were grown 
and treated with test compound for 48 h as described above. 
After incubation, cells were fixed with 4% paraformalde-
hyde, washed with PBS, and then stained with DAPI. Cells 
were then visualized under a fluorescent microscope (Nikon, 
Japan) [24]. Nuclear area factor which is circularity 4 pi 

(area/perimeter2) and roundness  (perimeter2)/(4*pi*area) 
was calculated after processing the images by ImageJ soft-
ware as described [25].

Annexin V/PI staining

After treatment cells (1 million cells per well/6 well plate) 
were trypsinized, and then washed with PBS. Both floating 
dead and adherent live cells were collected and finally sus-
pended in annexin binding buffer. Cells were labelled with 
annexin V-FITC (5 µL) and propidium iodide (1 µL, 0.1 mg/
mL), by incubating in the dark for 15 min. Samples were 
analyzed for apoptosis on flowcytometer (BD FACS Calibur, 
BD Biosciences, USA) within half an hour [25].

Cell cycle analysis

Cells (1 million cells per well/6 well plate) were washed 
with PBS twice after treatment with LSG for 48 h, and then 
were fixed overnight with chilled 70% ethanol. Before flow-
cytometric analysis, ethanol was removed and the cells were 
washed with PBS to remove the traces of ethanol. RNAse 
A (10 mg/mL) was added to the cell pellet, and kept for 
3–4 h at room temperature. Staining with propidium iodide 
prepared in 1.12% sodium citrate was done by incubating 
the samples for 30 min, and then cell cycle analysis was 
performed on flow cytometer (BD FACS Calibur™, BD 
Biosciences) [26].

Real time RT‑PCR for mRNA expression

Total RNA was isolated from the treated HT-29 cells 
(1 million cells per well/6 well plate) by the TRIzol reagent 
method, as per manufacturer’s instructions. The concentra-
tion and purity of RNA was analysed by using NanoDrop 
2000, Thermo Scientific USA. RNA (1 µg) was used for the 
cDNA synthesis by using Thermo Scientific RevertAid First 
Strand cDNA Synthesis Kit (Cat # K1622). Real time PCR 
of c-DNA samples was performed by using Thermo Sci-
entific Maxima Sybr Green/ROX qPCR Master Mix (2X), 
(Cat # K0222). GAP-DH was used as the normalizing con-
trol. Comparative CT method was used to calculate the fold 
change in gene expression [23].

Immunofluorescent microscopy for protein 
expression analysis

HT-29 cells (20,000 cells/well) were seeded in 48-well plate 
and were allowed to adhere overnight. Cells were treated 
for 48 h with LSG and then cells were washed with PBS 
and fixed in 4% paraformaldehyde for 30 min. Afterwards, 
subsequent washing with PBS was performed and cells were 
incubated with primary antibodies overnight at 4 °C. Next 



1342 Molecular Biology Reports (2018) 45:1339–1348

1 3

day, primary antibodies were removed, cells were washed 
and incubated with secondary antibody for 1 h at room tem-
perature in the dark. DAPI (4, 6-diamidino-2-phenylindole) 
staining was also performed to observe the nuclei of the 
cells. Images were taken using a fluorescent microscope 
(Nikon, Japan) and processed by Adobe Photoshop (Version 
7) [22]. The fluorescent intensity was measured by using 
ImageJ software (NIH, USA). Monoclonal antibodies used 
ß-catenin (phosphorylated and non-phosphorylated) were 
from Cell Signaling, USA, c-Myc, Bcl-2, and Bcl-xL from 
Sigma Aldrich, USA, K-Ras from Abcam, UK. Secondary 
antibodies: Alexa Fluor® 488 goat anti-mouse IgG and 
Alexa Fluor® 594 goat anti-rabbit IgG were from Merck 
Millipore, USA.

Statistical analysis

Statistical analysis was performed using SPSS 20.0 soft-
ware (IBM, USA). The data were presented as mean ± SEM 
The differences between groups were calculated by one 
way ANOVA test with least significant difference (LSD). 
Data with different symbols represent a statistical difference 
for at least at P < 0.05, whereas *P < 0.05, **P < 0.01, and 
***P < 0.001 are reported as statistically significant.

Results

Determination of LSG effect on HT‑29 colorectal 
carcinoma cells proliferation

The anti-proliferative activity of LSG against HT-29 cells 
was performed on varying dose range 0–50 µM and the  IC50 
values were calculated. Table 1 shows the comparison of % 
inhibition exhibited by 5-FU and LSG at their calculated 
 IC50 values and at a selected high dose. 5-FU inhibited cell 
proliferation by 50.96% at 50 µM, which was only slightly 
increased to 53.36% at 100 µM. The  IC50 value of LSG was 

found to be 23.4 µM which is two-fold (***P < 0.001) less 
than that of the  IC50 value of 5-FU (50 µM) (Table 1). LSG 
at 50 µM concentration inhibited the proliferation of HT-29 
cells by 79.71%. However, 5-FU showed 30% less inhibition 
at the similar concentration. The toxic effect of the LSG was 
also performed on 3T3 mouse fibroblast cell line, and the 
test compound was found to be non-toxic (data not shown).

Effect of lawsonaringenin on apoptosis

The effect of LSG was studied on apoptosis by performing 
DAPI staining. Reduced nuclear area factor is a morpho-
logical marker of apoptosis. After 48 h of treatment with 
LSG colorectal cancer cells underwent nuclear condensa-
tion, as shown in the Fig. 1. Nuclear area factor after 5-FU 
and LSG treatment was significantly decreased (**P < 0.01, 
***P < 0.001) by both concentrations.

Apoptotic analysis after 24 and 48 h of treatment with 
LSG in HT-29 cells by annexin V/PI assay exhibited that 
5-FU induced a significant (**P < 0.01, ***P < 0.001) 
apoptosis at 50 and 100 µM of concentrations. However, 
only 50 µM concentration of LSG induced apoptosis in the 
CRC cells significantly (**P < 0.01), after 24 h of treat-
ment. Whereas, significant induction of apoptosis was not 
observed by other concentrations of LSG after 24 and 48 h 
of treatment. Although dead cell population after LSG treat-
ment was increased significantly (***P < 0.001), and subse-
quent decrease (***P < 0.001) in live cells was observed as 
compared to the control cells (Fig. 2).

Table 1  Inhibition of HT-29 cells proliferation by 5-FU and law-
sonaringenin

The data represented are mean ± SEM of three independent experi-
ments. Percent (%) inhibition was evaluated by the MTT assay after 
48 h treatment of the standard 5-FU and compound LSG on HT-29 
colorectal cancer cells

Concentration (µM) % inhibition SEM

5-FU
 50 50.96 ± 0.71
 100 53.36 ± 1.06

Lawsonaringenin
 23.4 50.00 ± 0.30
 50 79.71 ± 0.89
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Fig. 1  Analysis of nuclear area factor after LSG induced apoptosis in 
DAPI stained HT-29 cells. The data are represented as mean ± SEM 
of three independent experiments. Cells were stained with DAPI 
and observed under fluorescence microscope at ×20 lens magnifica-
tion. Scale bar corresponded to 50 µm. Circularity 4 pi (area/perim-
eter2) and roundness  (perimeter2)/(4*pi*area) was calculated by using 
ImageJ software. Nuclear area factor was calculated as the product 
of object area (in pixels2)*roundness. Data indicated by dissimilar 
alphabets represent a significant difference as determined by One-way 
ANOVA with LSD
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Effect of lawsonaringenin on cell cycle progression

Since LSG significantly induced cytotoxic effects in HT-29 
cells, further investigation was carried out to determine the 
effect of LSG on cell cycle progression by performing flow 
cytometric analysis using PI staining method. G1 population 
was significantly (**P < 0.01, ***P < 0.001) decreased by 

both the concentrations of LSG (23.4 and 50 µM). However, 
cell population in the S-phase of the cell cycle was increased 
significantly (**P < 0.01) at 50 µM only. The G2/M phase 
of the cell cycle remained unaffected. These results (Fig. 3) 
depict that LSG arrests the cells in S phase of the cell cycle 
and thus inhibiting its progression.

Effect of lawsonaringenin on expression 
of ß‑catenin, c‑Myc, K‑Ras, Bcl‑2, and Bcl‑xL

The effect of LSG on expression of genes were deter-
mined using qRT-PCR analysis (Fig. 4), which showed 
that both doses (23.4 and 50 µM) of LSG significantly 

A

B

C

Fig. 2  Apoptotic profile of LSG, and 5-FU treated HT-29 cells. The 
data are represented as mean ± SEM of three independent experi-
ments. a Live cells. b Dead cells. c Apoptotic cells. The graph of 
apoptotic cell population (Fig.  2c) indicated by dissimilar alphabets 
represent a significant difference as determined by One-way ANOVA 
with LSD

Fig. 3  Cell cycle progression on treatment with LSG. The data show-
ing% cell distribution in G1, S and G2/M phases of the cell cycle are 
mean ± SEM of three independent experiments. Data indicated by 
dissimilar alphabets represent a significant difference as determined 
by One-way ANOVA with LSD. Data obtained in the form of .fcs 
files from FACS was analysed by the FlowJo software, version 7.0 
(Life Sciences, Ashland, Oregon)

Fig. 4  Changes in mRNA expression of ß-Catenin, c-Myc, K-Ras, 
Bcl-2, and Bcl-xL. GAPDH was used as a control gene. CT values 
were obtained, data was normalized against GAPDH and fold change 
was calculated by ∆CT method. The data are mean ± SEM of three 
independent experiments. Data indicated by dissimilar alphabets rep-
resent a significant difference as determined by One-way ANOVA 
with LSD
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(*P < 0.05, **P < 0.01, and ***P < 0.001) decreased 
the expression of ß-catenin, K-Ras, Bcl-2, and Bcl-xL, 
when compared to the control. However, c-Myc expres-
sion remained unaffected by the LSG treatment. Figure 4. 
shows a decrease in fold change of mRNA expression of 
the selected genes. 5-FU was used as the standard drug 
and it showed a significant (*P < 0.05, **P < 0.01, and 
***P < 0.001) reduction in expression of all the selected 
oncogenes, as compared to the control HT-29 cells. Fold 
change was calculated by the comparative CT method 
 (2−∆∆CT method).

Effect of lawsonaringenin on expression 
of ß‑catenin, c‑Myc, K‑Ras, Bcl‑2, and Bcl‑xL 
by immunocytochemistry

The effect of LSG on the expression of different genes, 
as shown in Fig. 4 was further validated by determining 
the expression of corresponding proteins using a immu-
nohistochemical approach. The expression of ß-actin, 
used as the control protein, remained the same in treated 
and untreated HT-29 cells. LSG and 5-FU significantly 
(*P < 0.05, and ***P < 0.001) decreased the levels of 
total ß-catenin (non-phosphorylated form) equally. Inter-
estingly only 23.32 µM concentration of LSG (P < 0.001) 
and 50 µM of 5-FU (*P < 0.05) significantly increased the 
levels of phosphorylated ß-catenin, as compared to the 
respective higher concentrations (50 of LSG and 100 µM 
of 5-FU). c-Myc and Bcl-2 expression was reduced sig-
nificantly (P < 0.001) by both LSG and 5-FU. LSG signif-
icantly decreased the level of K-Ras and Bcl-xL expres-
sion also in CRC cells, but no reduction in expression was 
observed by 5-FU treatment (Figs. 5, 6 and Supplemen-
tary Figs. 1, 2, 3, 4, 5, and 6).

Discussion

Flavonoids exhibit various biological and pharmacological 
properties and are mainly found in fruits, vegetables, and 
other medicinal plants [27]. Flavonoids are reported to have 
anticancer effects on various cell lines, such as on Caco-2 
and HT-29 of colorectal cancer (CRC). These natural flavo-
noids are also found to be non-toxic on normal cells [28, 29].

Lawsonaringenin is a flavonoid of natural origin and it 
was isolated from the leaves of the plant Lawsonia alba 
Lam (Henna) [21]. The anticancer activity of LSG against 
colorectal cancer cell line HT-29 was evaluated and LSG 
inhibited the proliferation of HT-29 cells with significantly 
more efficacy when compared to that of the standard drug 
5-Fluorouracil. As stated earlier, 5-FU is used as the main 
line of clinical treatment for colorectal cancer, therefore it 
was used as the standard drug [14].

Initially the  IC50 value of 5-FU was calculated which was 
50 µM. This concentration (50 µM) was selected as the high-
est dose for screening the % inhibition of the compound 
LSG. To calculate  IC50 value of LSG, % inhibition was 
measured at different concentrations through MTT assay. In 
the absence of normal human colon cells availability, LSG 
was tested also on mouse fibroblast cells (3T3 cells) and 
found to be nontoxic for the tested doses (data not shown). 
Normal fibroblasts are generally used as a choice for investi-
gating effects on normal cells [30]. These cells have a finite 
lifespan in culture, are non-transformed, and non-malignant.

Different studied flavonoids such as genistein, querce-
tin, silymarin are reported to have anti-proliferative effect 
against colon cancer cells by arresting the cells in G1/S or 
G2/M phases of cell division cycle [31, 32].

5-FU is reported to halt the cell cycle progression in S 
phase in various colorectal cancer cell lines [33]. 5-FU and 
paclitaxel were used as the standards for protocol optimi-
zation. 5-FU arrested the cells in S-phase, whereas G2/M 

Fig. 5  Mean fluorescent inten-
sity measured from the protein 
expression of ß-catenin, c-Myc, 
K-Ras, Bcl-2, and Bcl-xL, after 
the treatment with LSG. ß-Actin 
was used as a control protein. 
Equal number of cells were 
counted in different fields and 
fluorescent intensity was calcu-
lated by using Image J software. 
The data are mean ± SEM of 
three independent experiments, 
showing significance *P < 0.05, 
**P < 0.01, and ***P < 0.001, 
compared with the respective 
controls (One-way ANOVA 
with LSD)
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phase was arrested by the treatment with paclitaxel (data not 
shown).The effect of LSG on cell cycle profile was likewise 
analysed and it significantly decreased cell population in G1 
phase of the cell cycle, whereas subsequent S phase arrest 

led to increase in the S phase population resulting in slowing 
down or halting the cell cycle. This data further provides an 
evidence that antitumor activity for the effect of flavonoids 
are mediated through their effects on cell cycle progression.

Fig. 6  Immunocytochemistry of HT-29 cells demonstrating K-Ras 
expression. Images were taken at 20X magnification by using micro-
scope TE-2000, Nikon, Japan. K-Ras is shown in Texas-Red channel. 

The nuclei were stained with DAPI (blue) and images were merged 
by processing with Adobe Photoshop Version 7.0. Scale bar is 50 µm. 
(Color figure online)
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Apoptosis is an important physiological process and the 
balance between programmed cell death and cell growth is 
needed for the homeostasis. The deregulation in apoptosis 
lead to many diseases such as neurodegenerative and auto-
immune disorders or cancers [34, 35]. Many studies car-
ried out in the last few decades, have shown that flavonoids 
induce apoptosis in cancer cells by the modulation of signal 
transduction pathways associated with apoptosis, prolifera-
tion and differentiation [19, 34, 35].

Annexin V and PI staining was performed to determine 
the apoptotic induction by LSG. 5-FU is reported to have 
potent pro-apoptotic activity [36], which was shown by the 
increase in cell population in early and late apoptotic phases 
after 5-FU treatment (50 and 100 µM). Whereas, only 50 µM 
concentration of LSG significantly induced apoptosis after 
24 h. DAPI stained nuclei in LSG treated cells were con-
densed in size, which is the morphological marker of apop-
tosis induction.

Exogenous stress for example: radiation, chemotherapeu-
tic agent or endogenous stress like DNA mutation causes 
the cells to be arrested first in the G1 or S phase of the cell 
cycle, to repair the damage. Upon irreparable damage, the 
cells will commit suicide in order to prevent the passage of 
damaged DNA to the progeny. This type of death is defined 
as “stress-induced apoptosis-like cell death (SIaLCD)”. In 
apoptosis, the dying cells are engulfed by macrophages, 
whereas, in SIaLCD another type of scavenger cells may be 
involved. However, as per the available clearance capacity of 
the scavenger cells present, the dead cells get decomposed to 
debris through necrotic process, also known as ‘secondary 
necrosis’ [37]. Therefore, we can suggest that after 48 h, 
LSG treated cells showed stress induced necrosis-like cell 
death, as depicted in the increased population of dead cells 
(Fig. 2b).

Mutation or abnormalities in Wnt/β-catenin signalling is 
reported in more than 90% of colorectal cancer cases and is 
considered as an important molecular drug target for chemo-
therapy. Accumulation of nuclear β-catenin, Tcf/c-Myc sig-
nalling is constitutively active in cancer cells [38, 39]. c-Myc 
targeted genes are involved in cell cycle progression, cell 
survival, cellular metabolism and proliferation. These genes 
are deregulated in different cancers [40, 41].

So, by targeting the expression of β-catenin protein 
and c-Myc, signal transduction, the activated prolifera-
tive pathways can be inhibited. Quercetin has been shown 
to downregulate the expression on different oncogenes 
involved in signal transduction pathways including c-Myc 
in Caco-2 CRC cells [42]. 5-FU has also been shown to 
downregulate the expression of c-Myc in HT-29 cells, 
showing its effect on Wnt/ß-catenin pathway [43]. In 
the current study, the effect of LSG was evaluated on 
the expression of some key mediators in carcinogenesis 
at mRNA and protein level. As mentioned earlier, the 

proteins ß-catenin and c-Myc belong to the Wnt/β-catenin 
signaling pathway and their deregulation play a major role 
in signaling of growth and proliferation.

The data shows that the expression of c-Myc was sig-
nificantly decreased by 50 and 100 µM concentrations of 
5-FU. However, LSG did not show any change in expres-
sion at the gene level whereas a significantly decreased the 
expression of c-Myc proteins in the cell. Gene expression 
of β-Catenin was significantly decreased after treatment 
of LSG and 5-FU in a dose dependent manner. The levels 
of whole β-catenin were decreased significantly after LSG 
treatment. However, phosphorylated form of β-catenin was 
increased only by of LSG at  IC50, but at 50 µM concentra-
tion no significant increase was observed. Similar results 
were observed after 5-FU treatment in the phosphorylated 
ß-catenin levels. This suggests that LSG may be effecting the 
phosphorylation status of β-catenin protein, which leads to 
the degradation of whole β-catenin protein in the cytoplasm, 
inhibiting its translocation inside the nucleus, and through 
decreased expression of c-Myc, thus inhibiting the cell pro-
liferation. Consistent to our results genestein, a flavonoid 
has shown to target the upstream mediators of Wnt/ß-catenin 
signaling by inducing phosphorylated ß-catenin, leading to 
its ubiquitylation and subsequent degradation [44]. β-catenin 
is an oncogene. Its activation can result by a direct mutation 
or by activation of Wnt receptor [45].

Moreover, the effect of LSG was also examined on the 
levels of K-Ras, Bcl-2 and Bcl-xl. The K-Ras is a proto-
oncogene which plays a major role in EGFR stimulated 
RAS/RAF/MAPK signaling pathway. K-Ras mutation is 
found in over 40% of CRC patients. These mutations lead 
to the impairment in the intrinsic GTPase activity of K-Ras, 
resulting in the constitutive active form of GTP-bound 
K-Ras. This results in the continuous activation of down-
stream proliferative signaling pathways leading to tumori-
genesis [46]. In a study reported by Tseng et al. suggests that 
oncogenes involved in tumorigenesis, such as Ras, Bcl-2, 
Bcl-xL, Raf-1 and PI3K pathway is mostly involved in 5-FU 
induced apoptosis [35]. Similarly in our study, 5-FU down-
regulated the expression of K-Ras, Bcl-2, and Bcl-xL. LSG 
at both the 23.4 and 50 µM concentrations and significantly 
decreased the gene expression of K-Ras. However, signifi-
cant decrease in K-Ras protein expression was observed only 
at high concentration.

The observed difference in the results of c-Myc and K-Ras 
gene and protein expression shows that the correlation of gene 
and protein expression levels in biological studies is not per-
fect. This is due to the complex regulatory mechanisms pre-
sent inside the biological systems. The observed quantitative 
differences between gene and protein expression can be due 
to the post-transcriptional and post translational factors, such 
as secondary RNA structures, regulatory proteins, regulatory 
miRNAs, sRNAs and drug-gene, drug-protein interactions 
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[47]. This may also be due to the differences in the sensitivity 
of these analytical techniques.

The expression of antiapoptotic proteins of Bcl-2 family are 
found to be upregulated in different cancers including colo-
rectal cancer. High levels of Bcl-2, Bcl-xL, and Mc1-1 are 
observed in CRC and this is associated with the high meta-
static behaviour in different cancer cell lines and attributes 
towards the high grade tumor and poor prognosis in CRC 
patients [48].

EGCG, a natural flavonoid and the constituent of green tea 
has shown its anti-proliferative effect by inhibiting the expres-
sion antiapoptotic proteins Bcl-2 and Bcl-xL [49]. In this study 
qRT-PCR analysis and immunocytochemistry data shows that 
LSG also significantly reduced the expression of Bcl-2 and 
Bcl-xL in a concentration dependent manner, which is similar 
to the effect observed by the treatment of standard drug 5-FU.

Conclusion

In conclusion, present study demonstrated for the first time 
that LSG treatment of HT-29 cells caused S phase arrest of 
the cell cycle and induced apoptosis by decreasing the levels 
of survival proteins Bcl-2 and Bcl-xL. Furthermore, the results 
also provided evidence that LSG plays its anti-proliferative 
role against colorectal cancer cells by downregulating the tran-
scriptional activity of Wnt/β-catenin signalling pathway and 
decreasing the levels of K-Ras. These observations suggest a 
multi targeted anti-tumour effect of the lawsonaringenin. Fur-
thermore, the  IC50 value of LSG appears to be low, however 
pre-clinical studies are required to determine the effective 
dose and if this can be achieved by dietary vs pharmacologi-
cal approaches. Our data suggest that LSG has a potential to 
be a potent anti-cancer drug for colorectal cancer; however, 
pre-clinical and clinical studies are required for the develop-
ment of LSG as a chemotherapeutic agent.
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