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Abstract

Background: Promoting cancer cells apoptosis is one of the effective methods to treat cancer. Human hepatocel-
lular carcinoma (HepG2) and colorectal cancer (HCT-116) cell lines were used in the present study to evaluate the
cytotoxic and anticancer properties of Nepeta septemcrenata Polysaccharide (NSP).

Result: Treatment of the two examined cells with NSP displayed a significant cytotoxicity towards HepG2 in a dose-
dependent manner; meanwhile, its effect on HCT-116 was obtained under the influence of low doses. The quantita-
tive real- time PCR (QRT-PCR) investigation revealed that NSP significantly up-regulated the expression levels of p53,
p16, Fas, Fas-L, Bax, caspases-3, caspase-9, and TNF-a in association with down-regulation of cyclin D1, TERT, and

BCL2. These findings declare the apoptotic characteristic of NSPNSP, can also inhibit the development of cancer cells

through the down-regulation of TGF-f and VEGF.

Conclusions: Our results suggested that the polysaccharides isolated from N. septemcrenata possess anticancer
properties that could be explored for the development of novel anticancer agents.
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1 Background

Cancer is one of the most serious diseases attacking
human in the few preceding decades throughout the
world [1]. In 2017, about 9.6 million people died due
to various types of cancer which are nearly equal about
sixth of number of the dead i.e. cancer is the second
cause of death. Economically, Cancer is detrimental to
development and harms the economy [2]. Drugtherapy
efficiency suffers many problems like its high specificity
of cancer cell type and the induction of drug resistance
[3, 4]. Hepatocellular carcinoma (HCC) is recorded as
one of the most cancer-related mortalities in the world
[5]. Liver is the common organ subjected to metastasis
in patients of colorectal cancer (CRC). Colon cancer is
a destructive and fast-growing malignant massive tumor
arising from the inner wall of the large intestines. Hepatic
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metastases are about of 60% of the patients who died by
colorectal cancer, which is attributed to liver failure. Up
to 18% of CRC’ patients; under first investigation; showed
metastasis, while this percentage raised up to 35%, when
computed tomography (CT) was applied [6].

Chemotherapy and radiation are used before or after
surgery in treatment of certain types of cancer such as
colorectal treatment. However, with these treatments,
severe gastrointestinal toxicity, with diarrhea and muco-
sis, and hematological toxicity, with leucopenia and
immune suppression, appear to be dose-limiting factors.
Furthermore, the toxicity produced by chemotherapy
afflicts on system of cancer patients [7].

Many pharmacological studies were applied to discover
new inhibiting cancer cell agents such as polysaccharide
from many herbaceous plants [8]. Such polysaccharides
are natural products with acts as anti-cancer activity that
are widely present during a lot of plants. Many studies
recorded that these polysaccharides induce apoptosis
mechanism of cancer cells [9].
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Nepeta species are widely applied in folk medicine
for their antispasmodic, expectorant, diuretic, anti-
septic, antitussive, antiasthmatic, and febrifuge activi-
ties [10]. Nepeta septemcrenata (Family: Lamiaceae) is
employed in folk medicine as antipyretic, sedative, cardi-
otonic, and eye wash also as a gargle for pharyngitis [11].
Previously, we isolated polysaccharides from the aerial
parts of N. septemcrenata and we reported that the iso-
lated polysaccharides contain Arabinose 25.15%, Xylose
11.10%, Ribos2.7%, Rhamnose 8.3%, Mannitol 0.97%,
Sorbitol 1.34%, Galactose-mannose 18.48%, Glucose
22.74%, and Glucoronic acid 9.1% [12].

Regarding to this previous work; that demonstrated
the antioxidant potential of polysaccharide extracted
from the aerial parts of N. septemcrenata (NSP); the pre-
sent study was conducted to evaluate whether NSP dis-
plays growth inhibition activity and induces apoptosis in
human hepatocellular carcinoma HepG2 cells and human
colorectal cancer cell line HCT-116, and we provide evi-
dence that NSP can be used as a potent anti-cancer agent
to treat liver and colon cancer with the sensitivity of the
colon cancer to the low doses of NSP.

2 Methods
2.1 Preparation of plant extract and the extraction

of polysaccharides
Polysaccharide was extracted from the dry tissue of
Nepeta septemcrenata. Tissue was defatted by petroleum
ether [12]. Polysaccharide was extracted by 95% ethyl
alcohol [13] and then analyzed by HCI technique [14].

2.2 Celllines

Human liver and colon cancer cell lines; particularly
HepG2 and HCT-116, were obtained from the American
Tissue Culture Center (ATCC) and employed in the cur-
rent study.

2.3 Cell culture and cytotoxicity assay
To determine the inhibitory effect of NSP on HCT-116
and HepG2 cell proliferation, the two cell lines were
exposed to the isolated NSP in different concentrations
for 48 h.

The potential cytotoxicity of N. septemcrenata was
assayed by using Sulforhodamine B (SRB) [15] as the
following:

1. Human hepatocellular carcinoma (HepG2) and colo-
rectal carcinoma (HCT-116) cell lines were plated in
96-multiwell plates (10* cells/well) for 24 h. before
treatment with N. septemcrenata polysaccharides to
allow attachment of cells to the wall of the plate. Dif-
ferent concentrations of N. septemcrenata polysac-
charides (0, 20, 40, and 60 pg/ml) were added to the
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cell monolayer triplicate wells and were prepared for
each individual dose.

2. Monolayer cells were incubated with N. septem-
crenata polysaccharides for 48 h at 37 °C and in an
atmosphere of 5% CO,,.

3. After 48 h, cells were fixed with 50% trichloroacetic
acid (TCA), washed with water to remove residues of
TCA, and stained for 30 min with 0.4% Sulforhoda-
mine- B (SRB) stain (prepared in 1% acetic acid).

4. Excess stain was washed with 1% acetic acid and
attached stain was recovered by Tris—EDTA buffer
(trihydroxymethyl aminomethane-ethylene diamine
tetra acetic acid).

5. Color intensity was measured in an ELISA reader at
540 nm.

6. The relation between surviving fraction and N. sep-
temcrenata polysaccharides is plotted to get the sur-
vival curve of each tumor cell line.

2.4 DNA fragmentation

The protocol of agarose gel electrophoresis [16] was
applied to isolate DNA. In brief cell lines (treated and
untreated) lysed 10 mMTris (pH 8), 20 mM EDTA, 200
mMNaCl, 0.2% TritonX-100, and 100 pg ml~! Proteinase
K. 250 pg/ml of RNase impulsive DNA then electropho-
resis in 1.0% agarose gel divide DNA fragments (10 ug of
total DNA) and finally visualized using ethidium bromide
staining (0.5 mg/ml) and UV trans-illuminator.

2.5 RNA extraction

Cells of all studied groups were lysed and total RNA
was isolated with RNA easy Mini Kit (Qiagen) and fur-
ther analyzed for quantity and quality with Beckman
dual spectrophotometer (USA). The kit was provided by
Thermo Fisher Scientific Inc. Germany. (GeneJET, Kit,
#K0732) [17, 18].

2.6 RT-PCR for p53, p16, cyclinD1, hTERT, Fas, Fas-L, Bax,
BCL-2, caspase-9, caspase-3, TNF-a, TGF-B, and VEGF
10 ng of the total RNA from each sample was used for
cDNA synthesis by reverse transcription using High-
Capacity cDNA Reverse Transcriptase Kkit (Applied
Biosystem, USA). The quality of cDNA was assessed by
amplifying an internal reference gene, p-actin, by PCR
and 2% agarose gel electrophoresis were confirmed the
results. A computerized gel imaging system (Bio-Rad,
Hercules, CA, USA) used to examine the products.
Quantitative RT-PCR was conducted as follows: the
c¢DNA was subsequently amplified with the Syber Green I
PCR Master Kit (Fermentas) [16] in a 48-well plate using
the Step One instrument (Applied Biosystem, USA) as
follows: 10 min at 95 °C for enzyme activation followed
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Fig. 1 Cytotoxicity effect of N. septemcrenata on human cell line of human cell line of HepG2 and HCT-116
by 40 cycles of 15 s at 95 °C, 20 s at 55 °C, and 30 s at
v Y ’ ’ (Lane1) (Lane2) (Lane3) (Laned4) (Lane5)

72 °C for the amplification step. Changes in the expres-
sion of each target gene were normalized relative to the
mean critical threshold (CT) values of -actin as house-
keeping gene by application of the AACt method [19].
We used 1 uM of both primers specific for each target
gene. Primers sequence and annealing temperature spe-
cific for each gene are demonstrated in Table 1.

2.7 Statistical analysis

The results were expressed as mean values= standard
error (mean £ SE). Difference between the control group
and the treated one was assessed using independent
t-test. Data were statistically analyzed using the Statisti-
cal Package of Social Science (SPSS) version 23.

3 Results

3.1 N.septemcrenata polysaccharides (NSP) exert anti
proliferative effects on HCT-116 and HepG2 cells

NSP exhibited a marked growth-inhibitory effect on

HepG2 and HCT- 116 cells with ICy, 4.28 and 19.3 pg/

ml for HepG2 and HCT-116, respectively (Fig. 1; A and

B). The obtained data revealed that the inhibitory effect

of NSP on HepG?2 is displayed in a dose- dependent man-

ner; meanwhile, its effect on HCT-116 cells is efficiently

displayed with a low dose of NSP.

3.2 Apoptosis detection by DNA agarose gel
electrophoresis

The apoptotic process results in fragmentation of

genomic DNA in characteristic oligonucleosomal frag-

ments. DNA from treated and untreated HepG2 and

Fig. 2 DNA fragmentation in HepG2 and HCT-116 cells treated with
NSP for 48 h; lane 1: DNA laddering, lane 2: HepG2 untreated control
cells, lane 3: HepG2 treated cells, Lane 4: HCT-116 untreated cells

HCT-116 cells was isolated and subjected to agarose gel
electrophoresis (Fig. 2). Cells treated for 48 h with 19. 3
and 4.28 pg /ml of NSP showed a typical DNA ladder on
agarose gels compared to untreated control cell lines. The
observed DNA fragmentation is more apparent in treated
HepG2 cells than that in HCT-116.

3.3 N.septemcrenata polysaccharides activates
the expression of p53 and p16 as well
as down-regulates the expression levels of cyclin D1
and hTERT in HepG2 and HCT-116 cells
The QRT-PCR revealed that NSP significantly increased
the expression levels of p53 and p16 in HepG2 and HCT-
116 cells relative to untreated cells (Fig. 3A-D). On
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Fig. 3 PCR detected the expression of p53, p16, cyclinD1, and TERT in HepG2 and HCT-116 cells after treatment with NSP where the internal
control expressed by the B-actin gene. In each illustrative experiment data represent means =+ SE performed in triplicate. *represents significantly
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Fig. 4 PCR detected the expression of Fas-L and Fas in HepG2 and HCT-116 cells after treatment with NSP where the internal control expressed
by the -actin gene. In each illustrative experiment data represent means + SE performed in triplicate. *represents significantly dissimilar results
(P<0.05)

the other hand, Fig. 1IE-H show that NSP significantly
decreased the mRNA expression levels of cyclin-D1 and
hTERT in the two examined cell lines. The obtained data
also revealed that NSP treatment induced a more pro-
nounced effect in decreasing the expression levels of cyc-
lin D1 and hTERT in HepG2 cells than that induced in
HCT-116 cells.

3.4 NSP induces apoptosis via Fas/Fas-L dependent
apoptosis pathway in HCT-116 and HepG2 cells

The obtained results revealed that the isolated NSP

increased the mRNA expression levels of Fas and Fas-L

in the two examined cell lines as shown in Fig. 4A-D

when compared with the untreated cells.

3.5 NSP induces apoptosis through activation of intrinsic
mitochondrial signaling pathway

There was a significant increase in the mRNA expression
levels of Bax in HepG2 and HCT-116 cells treated with
NSP for 48 h, (Fig. 5A, B). Inversely, Bcl-2 mRNA expres-
sion levels in HepG2 and HCT-116 cells were signifi-
cantly reduced in response to NSP treatment (Fig. 6A, B).
My data also revealed a well-marked up-regulation in the
expression levels of caspase-9 and caspase-3 in the two
examined cell lines (Fig. 7A-D).

3.6 Effect of NSP on TNF-a, VEGF, and TGF-f8

The treatment of HepG2 and HCT-116 cell lines with
NSP for 48 h elicited that TNF-a Level of mRNA expres-
sion increase significantly in comparison with the
untreated cells. The obtained results revealed that the
content of the expressed TNF-a is approximately the
same in the two examined cell lines (Fig. 8A, B). Mean-
while, the two examined cells of TGF-p1 and VEGF their
expression levels decreased significantly in comparison
of the control untreated cells as seen in Fig. 9A, B and
Fig. 10A, B. NSP displayed a decreasing effect on TGF-f1
and VEGF expression levels in HepG2 cell lines less than
that induced in HCT-116 cells.

4 Discussion

The present work showed that, the polysaccharides iso-
lated from N. septemcrenata (NSP), inhibited, in vitro,
the growth of HepG2 and HCT-116 cell lines via anti
proliferative impact. Such mechanism was investigated
by different polysaccharides such as those of peony seed
[20], Scutellaria barbata grass [21] and Panax ginseng
root [22, 23]. The obtained results demonstrated that the
inhibitory effect of NSP on HepG2 is more pronounced
and displayed in a dose-dependent manner; meanwhile,
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HCT-116 growth inhibition is sensitive to the lower
doses of NSP.

NSP promoted the apoptosis of cancer cell and this
investigation is consistent with many other results [24—
27]. Such promotion is an effective method to treat can-
cer [24] and a main chemotherapy mechanism of which
cancer treatment [25—27]. DNA fragmentation may be an
indicator of apoptosis as well as it facilitates apoptosis by
terminating DNA replication and gene transcription [28].
Treatment of HepG2 and HCT-116 cell lines with 19.3
and 4.28 pg/ml of NSP for 48 h resulted in DNA frag-
mentation in the isolated DNA from the two examined
cells. The investigated DNA fragmentation was greater
in HepG2 than in HCT-116 cells. This finding agrees
the data of cell viability and confirming the induction of
apoptosis.

QRT-PCR was used in the present study to evaluate the
possible mechanism responsible for the growth inhibi-
tion and cell apoptosis that is observed by NSP treatment.
The obtained data revealed that, treatment of HepG2 and
HCT-116 with NSP displayed a well-marked elevation in
the expression levels of p53 and p16, with down-regula-
tion of cyclin D1 mRNA and hTERT. These data agrees

results (P <0.05)

with data demonstrated by Senturk and Manfredi [29].
Both of growth inhibition and induced apoptosis of the
cells due to treatment with NSP indicate the accuracy
of NSP for inducing cell cycle arrest inducing of tumor
suppressor genes p53 and pl6. These two genes regulate
the cell cycle through specific mechanisms. P53 adjusts
the cell cycle at G1 checkpoint which was stimulated by
DNA damage [29]. It has been noticed that, P16 acts as
a tumor suppressor gene via its genetic inactivation in
a variety of human cancers [30], for instance, for HCC
([31] and [32]). P16 is also can induce cell cycle arrest in
the G1 phase [33]. It has been reported that the down-
regulation of cyclin D1 pointed to the cell cycle arrest at
the G1/S transition, with subsequent p53-independent
apoptosis in human cancer cells [34].

It has been observed that telomerase is significantly
more active in cancer cells and practically undetectable
in normal cells so, it may be used as a selective target in
cancer therapy. Its inhibition would selectively suppress
tumor growth without considerable effects on normal
cells [35]. In the present work, in the two surveyed can-
cer cell lines, the mRNA expression level of hTERT was
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Fig. 7 PCR detected the expression of BCL2 in HepG2 and HCT-116 cells after treatment with NSP where the internal control expressed by the
B-actin gene. In each illustrative experiment data represent means & SE performed in triplicate. *represents significantly dissimilar results (P < 0.05)
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down-regulated, complemented with the up-regulation
of p53. Such suppression of telomerase activity may
directly lead to an up-regulation of apoptosis inducing
growth inhibiting genes (p53, Bcl-XS, and caspase-3)
and a down-regulation of apoptosis-inhibiting gene
(BCL2) [36].

Apoptosis is a well-known as a post-damage program
which may be induced by diverse of anticancer agents
through definite pathways [37]. In the current study, the
treatment of HepG2 and HCT-116 cells with NSP caused
an up-regulation of high levels of Fas and Fas-L mRNA
expression that pointed to the contribution of Fas/Fas-L
apoptotic pathway in the induction of this apoptosis,
through binding of Fas-L with the Fas-receptor, leading
to apoptosis in Fas-bearing cells [38]. Up-regulated Fas
receptor leading to cleaved caspase-3 was observed in
the current study as Fas-dependent apoptosis signaling
in HepG2 and HCT-16 cells treated with the isolated NS
polysaccharides.

It is well known that mitochondrial membrane asso-
ciated with BCL2 modulates the expression of some
apoptotic factors that are usually seized in the mitochon-
drial inter membrane space. Bax plays an essential role
in saving the sensitivity of apoptosis [39, 40]. If BCL2
failed to exert the anti-apoptosis role, Bax will form
a channel in the mitochondrial outer membrane that
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facilitates apoptosis through the initiation of mitochon-
dria-mediated (intrinsic) apoptotic pathway [41]. This
pathway is initiated by the up-regulation of caspase-9,
followed by apoptosis enforcement by caspase-3 which

Table 1 Primers sequence for RT-PCR

is activated by caspase-9. The obtained reduction of
Bcl-2 mRNA expression levels, with the elevation of Bax
and caspase-9 mRNA expression levels in HepG2 and
HCT- 116 indicates that the mitochondrial-dependent

Target gene

Primer sequence: 5'-3’

P53

P16
Cyclin -D1
TERT

Fas

Fas-L
BCL2

Bax
Caspase-9
Caspase-3
TNF-a
TGF-B
VEGF
BB-actin

F: GCAACGGAACACTCTCCATATTTT. R: CAGAGAAGAAACGGTAGCAGAAGA
F: CATTCGCTAAGTGCTCGGAGT. R: CTCCTCTTTCTTCCTCCGGTG

F: GGAAAGCTTCATTCTCCTTGTTG. R: TCTAGGTAAACCTCTGAGGTCC
F: TACGTCGTGGGAGCCAGAAC. R: CCTTCACCCTCGAGGTGAGA

F: TCTTTCACTTCGGAGGATTGCT. RACTTTCTGTTCTGCTGTGTCTT

F: GGTCCATGCCTCTGGAATGG. RICACATCTGCCCAGTAGTGCA

F: ATGGCGCACGCTGGGAGAAC. R: GCGGTAGCGGCGGGAGAAGT

F: TTCATCCAGGATCGAGCAGG. R: CTCTGCAGCTCCATGTTACT

F: TACAGCTGTTCAGACTCTAGTA. R: AAATATGTCCTGGGGTAT

F: TGACAGCCAGTGAGACTTGG. R: GACTCTAGACGGCATCCAGC

F: ATCCGGGACGTGGAGCTG. RAAAGTAGACCTGCCCAGAC

F: AACACATCAGAGCTCCGAGAA. R: GTCAATGTACAGCTGCCGCAC

F: CGGGAACCAGATCTCTCACC. R: AAAATGGCGAATCCAATTCC

F: GGC GGCACCACCATGTACCCT. R: AGG GGCCGGACTCGTCATACT

F:is a primer for forward. R: is a primer for reverse
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apoptosis pathway was activated in HepG2 and HCT-116
cells treated with NSP. Consistent with our findings, sev-
eral studies confirmed the role of plant polysaccharides
in initiating both extrinsic and intrinsic apoptosis path-
ways in liver and colorectal cancer cells [20, 42].

It has been reported that there is a group of stimulat-
ing stresses like growth factor withdrawal and heat shock
as well as oxidative damage, that have been investigated,
activated the apoptosis either intrinsic or mitochondrial
pathway [43—-45]. Cytokines has an essential role in the
initiation and development of tumors and their therapy
[46]. Tumor necrosis factor (ITNF-a) is a significant
cytokine of anti-tumor agent; it acts as a growth inhibi-
tor and direct cytotoxic attacking tumor+ cells. It can
directly suppress and destroy tumor cells, induce cell
apoptosis, facilitate the immune response, and inhibit the
tumor angiogenesis that may be explained collectively,
its anti-tumor function [47, 48]. In the present study,
the increased TNF-a mRNA expression may also be an
important molecular target for NSP-induced apoptosis in
liver and colorectal cancer.

TGF-B is a multifunctional cytokine which is elabo-
rated within the regulation of apoptosis of many cell types
and is concerned within the pathogenesis of human dis-
eases, like carcinogenesis. The VEGF family has a crucial
role in tumor angiogenesis and is contributed with solid
tumor growth and metastasis [9]. Many studies have been
observed that, the dark mushroom (Ganoderma lucidum)
polysaccharide (GLP) can inhibit angiogenesis and sup-
presses VEGF over expression and tumor angiogenesis,
in vitro, in metastatic mouse melanoma B16F10 cells [49].

Data of the present work investigated that the effect of
NSP on the mRNA expression levels of TGF-p and VEGF
may confirm their participation in the HCC and colorec-
tal cancer occurrence and development [50]. Application
of NSP, significantly, reduced TGF-f and VEGF mRNA
expression levels which may prove that, these two growth
factors may be negatively convoluted in the cancer cell
apoptosis. This demonstration is in agreement with many
studies that discussed the inhibiting influence of plant
polysaccharides on the expression levels of TGF-$ and
VEGF through the low expression of their receptors on
the cell surface [51].

The obtained results confirmed that NSP suppressed
angiogenesis directly via inhibition of cell prolifera-
tion, and induction of cell death in vascular endothelial
cells, and indirectly by retarding of VEGF production in
tumor cells.

5 Conclusions

In this study, we found that N. septemcrenata polysac-
charide (NSP) displays significant cytotoxicity towards
HepG2 cells in a dose-dependent manner; meanwhile, its
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effect on HCT-116 is obtained under the influence of low
dose of NSP. These findings demonstrate that the apop-
totic effect of NSP is mediated through both extrinsic
and intrinsic apoptotic pathways in HepG2 and HCT-116
cells. Therefore, we propose that NS polysaccharide pos-
sesses anti-cancer properties, whose potential should be
explored for the development of novel anticancer agents
under in vivo conditions by choosing suitable animal
models followed by clinical trials.
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