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A B S T R A C T

Ethnopharmacological relevance: Luffa cylindrica (L.) M.Roem. has been recognized as traditional medicine for the
treatment of various diseases like inflammatory diseases, diarrhea and viral infections. The usual parts used
include fruit, seeds and leaves.
Aim of the study: To evaluate the anticancer activity of the hot water extract of the whole plant of Luffa cylindrica
using circulating tumor cells and cancer stem cells isolated from the peripheral blood of hepatocellular carci-
noma patients in vitro.
Materials and methods: Seventy five adult patients who reported as stage II and III Hepatocellular carcinoma
were selected. Blood samples were withdrawn and the circulating tumor cells were isolated from the whole
blood. Tumor cells and cancer stem cells were detected and isolated by flow cytometric techniques. The isolated
cell types were cultured and propagated in the tissue culture facility, the extract was tested on the isolated cells.
Results: Luffa cylindrica hot water extract has shown cytotoxic activity against circulating tumor cells of hepa-
tocellular carcinoma especially the cells sub-population CD133+/CD44+ with little effect among CD133+/
CD44- sub-population.
Conclusion: Hot water extract of Luffa cylindrica whole plant could decrease the ratio of cancer stem cells in
blood of HCC patients and may be used to minimize recurrence and metastasis in hepatocellular carcinoma
patients.

1. Introduction

Luffa cylindrica plant is distributed all over the world. It is known in
Asia as ‘tori’ and has been used as herbal remedy in different countries
for the treatment of various types of diseases (Sangh et al., 2012). The
Luffa seeds called Si Gua Zi are normally used as a folk medicine in
China (Jun-Ping, 2017). Also known as Suakwa Seed (Chongyun et al.,
2005). The fruit called Si Gua Luo and have hepatoprotective effects
(Hempen and Fischer, 2009). Fruit may be used fresh, dried or old ripe
in treatment of fever, cough, dyspnea, rheumatic, arthralgia and sub-
cutaneous swelling (Xinrong et al., 2003). The fruit used as breast herb
that enters the lung, stomach, and liver. It decreases swellings in the
breast and has mild anticancer activity. The formula used for anticancer
activity Consist of chai hu (Bupleuri Radix; Bupleurum) 10 g, qing pi
(Citri reticulatae viride Pericarpium; Citrus reticulata green pericarp)
10 g, zhi zi (Gardeniae Fructus; Gardenia fruit) 10 g, mu dan pi (Moutan
Cortex; Paeonia suffruticosa root cortex) 10 gm gua lou shi (Tricho-
santhis Fructus; Trichosanthes fruit) 15 gm, si gua luo (Luffae Fructus

Retinervus; Luffa cylindrica; loofah) 15 g, maiya (Hordei Fructus ger-
minatus; Hordeum vulgare; barley sprouts; malt) 15 g, pu gong ying
(Taraxaci Herba; Taraxacum mongolicum) 15 g, chen pi (Citri reticulatae
Pericarpium; Citrus reticulata pericarp) 6 g. where the luffa fruit is used
in combination with other herbs as anticancer remedy (Lahans, 2007)

Hydrophilic antioxidant constituents in the fruits of Luffa cylindrica
make the consumption of the fruits good supply for antioxidant con-
stituents to human body (Du et al., 2006). The fruit can be eaten when
it is young and it contains group of natural phytochemical compounds
such as flavonoids, phenolics, oleanolic acid, α-tocopherol, carotenoids,
triterpenoids and ribosome-inactivating proteins RIPs, which make it
highly effective when used for medicinal purpose (Du et al., 2006). It
contains phytochemicals that have immunostimulant, anti-in-
flammatory effects and RIPs which inhibit protein synthesis suggesting
potentials for antitumor and antiviral activities (Musibau et al., 2013).
The sapogenins 1 and 2 triterpenoids were isolated from Luffa cylindrica
have shown immunomodulatory effects in experimental animals via
affecting lymphocyte proliferation and phagocytic activity (Khajuria
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et al., 2007).
Circulating tumor cells CTCs have a pivotal role in cancer progres-

sion like invasion and metastasis (Yang et al., 2015). The heterogeneity
of CTCs leads to different clinical outcomes (Luo et al., 2018).

Many studies have suggested that tumors are driven by sub-popu-
lations of cells that have stem cell-like properties. These sub-popula-
tions that are also found in the circulating tumor cells and possesses
stem cells like properties which include the expression of common
molecular markers between this sub-populations and stem cells
(Mansoori et al., 2017). The sub-populations of cells within tumor
having the capability to generate tumor are termed cancer stem cells or
CSCs (S. Liu et al., 2018).

Cancer stem cells (CSCs) have the ability to give new cells (self-
renewal), differentiation, and tumor production when transplanted in
vivo in an animal host (Yu et al., 2012) also they resist chemother-
apeutic agents and radiotherapy (Jenny, 2016).

CSCs play a pivotal rule in tumor recurrence as CSCs are not com-
pletely killed by common chemotherapy. Research on CSCs to define
their role in the recurrence of tumor and resistance to anticancer agents
depends on specific combinations of markers present in CSCs (Suresh
et al., 2016). Isolation of certain cell sub populations of cancer cells
depends mainly on the expression of specific markers or a combination
of cell markers, and the their ability to reproduce a tumor which has the
same heterogeneity as the primary tumor (Nassar and Blanpain, 2016).

One of the most common cancers is liver cancer which constitutes
the fifth reason for death in the world and one of the leading cause of
cancer-related deaths in men in less developed countries (Torre et al.,
2015). Heterogeneous properties of Liver cancers are attributed to the
presence of sub-populations of cells with CSCs characteristics (Ma et al.,
2007a). Cell markers like CD133, CD44, CD90, EpCAM and CD13 are
used to identify sub-populations of CSCs in liver tumors (Yagci et al.,
2017).

The sub-population of hepatic cancer stem cells that represents
CD133+ is resistant to conventional chemotherapy mainly via stimu-
lation of Bcl-2 and AKT/PKB (Ma et al., 2007b). Another study also
revealed that inducing cell apoptosis could sensitize hepatic CSCs to
chemotherapy. Neutralization of CD44+/CD90+ CSC using anti-
human CD44 antibody leads to induction of apoptosis in this sub-po-
pulation of cancer stem cells (Yang et al., 2008).

The main objective of this study is to determine the cytotoxic effect
of luffa cylindrica whole plant hot water extract on the blood circu-
lating tumor cells as well as their sub-populations of cancer stem cells in
hepatocellular carcinoma patients in vitro.

2. Materials and methods

2.1. Research design

Luffa cylindrica whole plant was collected and extracted by distilled
water then a sterile solution from the extract obtained by filtration
through syringe filter (0.22 µm pore size) was used for carrying out
subsequent tissue culture experiments using circulating tumor cells
isolated from the patient's peripheral blood. Circulating tumor cells
were sorted by flow cytometry and cultured in tissue culture laboratory.
The first step is the determination of half maximal inhibitory con-
centration (IC50) of the extract on the total circulating cancer cells and
the isolated sorted cancer stem cells followed by analysis of cell cycle of
the sorted cells (Fig. 1).

2.2. Extraction procedure

Luffa cylindrica was obtained from Orman garden, Giza, Cairo,
Egypt; it was authenticated by Prof. Dr Abdel Salam El Noyehy,
Professor of Taxonomy, Botany Department Faculty of Science, Ain
Shams University, Cairo - Egypt. Voucher specimens were deposited at
the herbarium of Pharmacognosy department, Faculty of Pharmacy, Ain

Shams University, Cairo – Egypt under code (PHG-P-LC-251).
Luffa cylindrica plant was collected and washed with tap water then

immersed in 1% acetic acid for 15min and washed again by distilled
water. The plant was dried down at 25 °C, powdered using electric
mixer and meshed then extracted successively by water 400ml/250 gm.
dried powder for 24 h at 4 °C. Aqueous plant material suspension was
filtered by mesh No.16 (0.0445mm), the resultant filtrate was filtered
by whatman filter paper (11 µm pore size) and syringe filter (0.22 µm
pore size) respectively. Final filtrate was dried at hot air oven at 45 °C
and the remaining solid material was collected and powdered weighed
and preserved in glass containers at −20 °C.

2.3. Patient criteria

Seventy five adult patients reported as Hepatocellular carcinoma
grade II and III were selected from hospital of Theodor Bilharz Institute.
Written informed consents, regarding the use of biological specimens
for investigational purposes were obtained from all patients and ap-
proved by the institutional review board of National Cancer Institute,
Cairo University. Informed consent follows the criteria of World
Medical Association Declaration of Helsinki.

Patients carrying out emergency operation, administered pre-
operative chemotherapy or radiotherapy, and refusing to participate in
the study were excluded from the study. The pathologic stages were
categorized based on the American Joint Committee on Cancer, 7th
edition.

2.4. Peripheral blood sampling

Five milliliters of blood were withdrawn under sterile conditions
from patient's veins using 5ml sterile syringe and collected on heparin
containing tubes.

2.5. Isolation of whole mononuclear cells from peripheral blood

Materials: Phosphate-buffered saline (PBS), Ficoll-Hypaque solution
(density 1.077 g/l), Hanks’ balanced salt solution (HBSS), fetal bovine
serum (FBS), with heat inactivation (1 h, 56 °C) and complete RPMI-
1640 medium.

Procedure: Fresh heparinized blood was placed into 15ml conical
centrifuge tubes. An equal volume of 1× PBS was added mixed well
using a sterile pipet. Leukocyte/RBC fraction was pelleted by centrifu-
ging the cells for 15min at 200×g, room temperature. The upper sus-
pension contains the platelet cell fraction. Using a sterile pipet the su-
pernatant suspension containing this platelet cell fraction was removed.

Fig. 1. Research design flowchart.
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Using a sterile pipet, leukocyte/RBC cell suspension was bought to a
final volume of 40ml with 1× PBS. Ficoll-Hypaque solution was
layered slowly underneath the leukocyte/RBC/PBS mixture by placing
the tip of the pipet containing the Ficoll-Hypaque at the bottom then
centrifuged for 30min in a GH-3.7 rotor at 2000 rpm (900×g), 18 °C,
with no brake. Using a sterile pipet, the upper layer that contains the
plasma and most of the remaining cell platelet fraction was removed.
Using another pipet, the mononuclear lymphocyte cell layer was
transferred to another centrifuge tube. A white, cloudy band between
the plasma and the Ficoll-Hypaque layers appeared. Cells were washed
by adding HBSS (∼3 times the volume of the mononuclear cell layer)
and centrifuged for 10min at 450. Mononuclear lymphocyte cells were
resuspended in complete RPMI-1640. Cells were counted and viability
was determined by trypan blue exclusion.

2.6. CSCs identification and sorting

2.6.1. Identification
Cell sub-populations were identified using the cluster of differ-

entiation CDs represented by each type of cells.CD133,CD90, CD44and
EpCAM cells were detected using PE-conjugated antihuman CD133/1
antibody (AC133, mouse IgG1, Miltenyi Biotec), PE-conjugated anti-
human CD90 antibody (mouse IgG1, Miltenyi Biotec), PE-conjugated
antihuman CD44 antibody (mouse IgG1, Miltenyi Biotec)/FITC-con-
jugated anti-human CD44 antibody (G44-26, mouse IgG2b, BD
Biosciences), PE-conjugated antihuman EpCAM antibody (mouse IgG1,
Miltenyi Biotec)/anti-EpCAM FITC (BD biosciences) respectively.

2.6.2. Sorting and isolation
2.6.2.1. Cells representing CD133. Procedure: CD133 cells were isolated
by 10 µL PE-conjugated antihuman CD133/1 antibody using (AC133,
mouse IgG1, Miltenyi Biotec). Ten microliters of the isotype IgG2b-PE
control antibody served as controls. Incubated at room temperature for
30min. Also incubated the unstained Isotype-matched mouse
antibodies.

2.6.2.2. Cells representing CD90. Procedure: CD90 cells were isolated
with 5 µL PE-conjugated antihuman CD90 antibody using (mouse IgG1,
Miltenyi Biotec). Isotype-matched mouse antibodies served as controls.

2.6.2.3. Cells representing CD44. CD44 Cells were isolated with10µL PE-
conjugated antihuman CD44 antibody using (mouse IgG1, Miltenyi
Biotec). Isotype-matched mouse antibodies served as controls.

2.6.2.4. Cells representing CD133/CD44. Samples were labeled with PE-
conjugated anti-human CD133/1 antibody (AC133, mouse IgG1,
Miltenyi Biotec) (1:11)and FITC-conjugated anti-human CD44
antibody (G44-26, mouse IgG2b, BD Biosciences) (1:25) for 30min at
room temperature. Labeled samples were analyzed using flow
cytometer.

2.6.2.5. Cells representing EpCAM. EpCAM were Cells isolated by 5 µL
PE-conjugated antihuman EpCAM antibody using (mouse IgG1,
Miltenyi Biotec). Isotype-matched mouse antibodies served as controls.

2.6.2.6. Cells representing CD133/EpCAM. To detect CD133 and EpCAM
double positive CSC, the isolated mononuclear cells were incubated
with FcR blocking reagents or fixed in 4% paraformaldehyde and
blocked with normal goat serum, and the mixture was stained using
5 µL anti-EpCAM FITC (BD biosciences) and 10 µL anti-CD133/
1(AC133) PE (Miltenyi Biotec) antibodies for 30min at 4 °C. The
expressions of CD133 and EpCAM were quantitatively measured by
FACS Caliber (BD biosciences) and analyzed by Cell Quest software (BD
biosciences).

2.7. MTT assay for detection of the effect of the extract on total cancer cells

Cells and test extract were Prepared in 96-well plates containing a
final volume of 100 µL/well.

Cells were incubated with the extract for 48 h. Ten microliters of
MTT solution were added per each well to achieve a final concentration
of 0.45mg/ml and Incubated for 4 h at 37 °C. 100 µL Solubilization
solution (DMSO) was added to each well to dissolve formazan crystals
and mixed well to ensure complete solubilization. Absorbance was
measured at 570 nm.

2.8. Cell-cycle analysis

106 cells were suspended in 0.5 ml. of PBS, and were vortexed
gently (approx. 5 s) to obtain a mono-dispersed cell suspension, with
minimal cell aggregation. Cells were fixed by transferring this suspen-
sion, with a Pasteur pipet, into centrifuge tubes containing 4.5ml. of
70% ethanol, on ice. Cells were kept in ethanol for at least 2 h at 4 °C.
The ethanol-suspended cells were centrifuged for 5min at 300g and
ethanol was decanted thoroughly. The cell pellet was suspended in 5ml
of PBS, and centrifuged after 30 s at 300g for 5min the cell pellet was
suspended in 1ml of PI staining solution, and was kept in the dark at
room temperature for 30min, or at 37 °C for 10min. Samples were
transferred to the flow cytometer to measure cell fluorescence.
Maximum excitation of PI bound to DNA is at 536 nm, and emission is
at 617 nm. Blue (488 nm) or green light lines of lasers are optimal for
excitation of PI fluorescence. Emission was measured using the long-
pass 600- or 610-nm filter.

2.9. CSCs determination by sphere formation assay

2.9.1. Total CSCs sphere formation
All of the freshly sorted cells obtained from FACS were maintained

as a monolayer, plated and counted 200 cells per well in triplicate in 6-
well plates and cultured medium consist of high glucose DMEM with
10% fetal bovine serum (FBS), 100 IU/ml penicillin G and 100 μg/ml
streptomycin at 37 °C in a humidified 5% CO2 incubator. Cells were
collected and washed to remove serum, then suspended in serum-free
DMEM/F12 supplemented with 100 IU/ml penicillin, 100 μg/ml
streptomycin, 20 ng/ml human recombinant epidermal growth factor
(hrEGF), 10 ng/ml human recombinant basic fibroblast growth factor
(hrbFGF), 2% B27 supplement without vitamin A, 1% N2 supplement
(Invitrogen). The cells were subsequently cultured in ultra-low attach-
ment 6-well plates at a density of no more than 5000 cells/well. After
7–14 days the spheres were collected by gentle centrifugation, then
dissociated with trypsin-EDTA and mechanically disrupted with a pip-
ette. The resulting spheres were then centrifuged to remove the enzyme
and re-suspended in serum-free medium allowed to re-form spheres.
The spheres should be reached a diameter of 100 µm. The dissociated
single sphere-forming cells were also diluted to a density of 500 cells/
ml. Then, the 2 µL/well diluted cell suspension was plated to ultra-low
attachment 96-well plate and 150 µL of serum-free medium was added.
The wells with only one cell ormore were marked and observed ev-
eryday by using inverted phase contrast microscope after 13 days of
whole culturing they washed twice with PBS, fixed in methanol for
15min,and dyed with crystal violet for 15min at room temperature to
visualize colonies for counting. Colony number and size were scored
using the Quantity One software package (BioRad).

2.9.2. CD133+/CD44+& CD133+/CD44- sphere formation assay
Spheres were enzymatically dissociated. Trypan blue staining was

used to determine cell viability, and more than 95% of cells with via-
bility were acceptable for the following experiments. The single cells
were seeded in DMEM with 10% FBS at a density of 100 cells/well of
sorted CD133+/CD44+& 2000–5000 cells/well of CD133+/CD44- on
6-well plates that were pre-coated with Matrigel (BD Biosciences). After
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7–14 days, the colony formation ability was assessed by counting the
number of colonies (> 70 cells) under a microscope after crystal violet
staining (Sigma-Aldrich). Representative views of spheres were quan-
titated by inverted phase contrast microscopy& were photographed.

2.10. Statistical analysis

Data represented as means ± standard deviations. The difference
between means is considered different at p- value< 0.05. Statistical
analyses was performed by Student’ s t-test for comparison between the
treated and untreated cells using the GraphPad Prism 6 software
(GraphPad Software, Inc., San Diego, California, USA)

3. Results

3.1. Identification of HCC circulating cancer stem cells in blood

Fig. 2 shows the percentage of cell subpopulations within the cir-
culating tumor cells isolated from the peripheral blood of HCC patients.
(A) The histogram showing the number of cells representing CD133. (B)
Number of cells representing CD44. (C) Number of cells representing
CD90. (D) Number of cells representing EpCAM. (E) The dot plot shows
the sub-populations CD133+/CD44+, CD133-/CD44+, CD133-/CD44-

and CD133+/CD44-. (F) The dot plot showing the sub-populations

Fig. 2. Representation of clusters of differentiation (CDs) in the circulating tumor cells in HCC blood sample.

Fig. 3. Total circulating tumor cells sphere formation.

Fig. 4. Dose response curves in HepG2 cell line.
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CD133+/EpCAM+, CD133-/EpCAM+, CD133-/EpCAM- and CD133-/
EpCAM+.

Results of flowcytometry revealed that the percentage of CD133+
representing cells was 60 ± 5.3% from total isolated circulating cancer
cells. The percentage of CD44+ representing cells was 30 ± 2.2%,
CD90+ representing cells was 90 ± 5.6%, CD133/CD44 representing
cells was 50 ± 7.1%.

3.2. Sphere formation derived from HCC total circulating tumor cells in
blood

Fig. 3 shows the formation of spheres derived from the isolated
circulating tumor cells. (A) Sphere formed after 2 days. (B) Four days.
(C) Six days. (D) Eight days. (E) Nine days. (F) Ten days.

The ability of the circulating tumor cells to initiate new tumors was
detected by sphere formation test. The test results showed an increase

Fig. 5. Dose response curves of different cells within tumor.

Fig. 6. Dose response in total CSCs.
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in the number of colonies formed from the second day to the ninth day
starting from the day of cells culture. The number of colonies formed in
each well was 6.3 ± 2.3, 35 ± 1, 66.3 ± 3.2, 71.3 ± 3.2 and
95 ± 5 colony (sphere) in the 2nd day, 4th day, 6th day, 8th day and
9th day respectively. The difference between the numbers of spheres in
the second day and their number in 4th day, 6th day, 8th day and 9th
day is significant p < 0.05.

3.3. Determination of IC50 among HCC cell line

Fig. 4 (A) Dose response curve plotted between the log (con-
centration of the extract) and the number of viable cells. (B) The shape
of living HepG2 is illustrated in the control cells under inverted phase
contrast microscope. (C) Treated cells show some cells that show
apoptosis which appear as rounded cells with condensed vesicular nu-
cleus. Living cells appear flattened with irregular cell membrane.

The maximal half inhibitory concentration of the extract in HepG2
cell line determined from the dose response curve is 329.2 ± 15.51 µg/

ml (Fig. 5).

3.4. Determination of IC50 among tumor cells sub-populations

Fig. 5 shows the dose response curves of the extract against different
subpopulations of the circulating tumor cells. (A) Dose response in total
isolated circulating tumor cells.(B) cells representing CD133+/44+. (C)
Cells representing CD133+/44-. (D) Cells representing CD44+. (E) Cells
representing CD90+. (F) The difference of the IC50between the cells
subpopulations.

The maximal half inhibitory concentrations of the extract in the
total isolated circulating tumor cells, cells representing CD133+/44+,
Cells representing CD133+/44-, Cells representing CD44+ and Cells
representing CD90+ are 372.1 ± 15.2, 227.2 ± 4.2, 697.7 ± 35.1,
517.1 ± 14.5, 2500 ± 500.5 µg/ml respectively.

Fig. 7. Decline of spheres diameter after addition of Luffa extract.

Fig. 8. Cell cycle of the isolated CSCs treated with 0.5 mg/ml, 1mg/ml and 2mg/ml of luffa extract compared to untreated control.

Fig. 9. Effect on the CD133+/CD44+ and CD133+/CD44-CSC.
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3.5. Effect of the extract on sphere formation in total circulating tumor cells

Fig. 6 shows the number of spheres formed at different doses of the
extract as well as the untreated cells. The doses start from 50, 250, 500
and 2000 µg/ml.

The number of sphere in the doses 0, 50, 250, 500 and 2000 µg/ml
is 111 ± 4, 98 ± 2.6, 51 ± 2.6, 31.6 ± 1.5, 6.3 ± 2.3 spheres/well
respectively. The number of spheres was significantly decreased com-
pared to the control p < 0.05 (Fig. 6).

Fig. 7 shows the effect of the extract on the diameter of the sphere
formed from the total circulating tumor cells. (A) The sphere formed
before the treatment with the extract. (B) Sphere formation after ad-
dition of the extract which shows decrease in sphere diameter.

3.6. Cell cycle analysis in circulating tumor cells

Fig. 8 shows the effects of the extract on cell cycle. G0/G1 is the cells
at resting phase, S is the synthesis phase where the DNA replication
starts, G2/M where the cells prepare to enter to the mitotic division.

Treatment of the isolated CSCs with 2mg/ml shows a significant
decrease in S phase and G2/M phase when compared to the control
Fig. 8. The percentage of cells in S phase in the treated cells is
11.83 ± 2.85 which is significantly lower than that of the untreated
control which is 31.33 ± 6.45 p < 0.05. G2/M is significantly de-
creased after treatment and the percentage of cells in this phase is
7.27 ± 3.7 and 3.84 ± 1.09 in the control and treated cells respec-
tively (Fig. 8).

3.7. Effect of the extract on sphere formation in circulating cancer stem cells

Fig. 9 shows the effect of the extract on the diameter of the sphere
formed from the sorted isolated CD133+/CD44+ and CD133+/CD44-

circulating tumor cells. (Control) The sphere formed before the treat-
ment with the extract. (Treated) Sphere formation after addition of the
extract which shows decrease in sphere diameter inCD133+/CD44+cell
sub-population (Fig. 9).

Fig. 10 Dot plot represents the percentage of CD133+/CD44+ cells
which shows significant decrease in the percentage of these cells after
treatment.

Flow cytometric analysis for cells representing CD133+/CD44+

before treatment and after treatment shows that there is a decrease in
the percentage of these cells from 1.69 ± 0.2% to 0.27 ± 0.01%
(Fig. 10).

4. Discussion

Circulating cancer stem cells number are linked to patients' outcome
and may also be used to monitor treatment response and disease relapse

(Grover et al., 2014). Liver cancer stem cells are a small subset of un-
differentiated liver tumor cells, responsible for cancer initiation, me-
tastasis, relapse and chemo resistance, enriched and isolated according
to immunophenotypic and functional properties: cell surface proteins
(CD133, CD90, CD44, EpCAM, OV-6, CD13, CD24, DLK1, alpha2delta1,
ICAM-1 and CD47); the functional markers corresponding to side po-
pulation, high aldehyde dehydrogenase (ALDH) activity and auto
fluorescence. The identification and definition of liver cancer stem cells
requires both immunophenotypic and functional properties (Castelli
et al., 2017). CD44iscancer stem cell (CSC) marker and critical reg-
ulator of cancer stemness, including self-renewal, tumor initiation, and
metastasis (L. Wang et al., 2018). Clinical studies have shown that high
expression of CD133 in tumors has been indicated as a prognostic
marker of disease progression (Glumac and LeBeau, 2018). CD133 is an
attractive therapeutic target for cancers, phase I clinical study in pa-
tients with advanced and CD133-positive tumors received CART-133
cell-infusion have shown good response to this therapy that target these
stem cell like cells (Y. Wang et al., 2018).

In the latest years many ingredients were tested for their effect on
cancer stem cells in various types of cancers. These ingredients may be
naturally occurring, synthetic or semisynthetic substances.

Diterpenoid ovatodiolide inhibits hepatic cancer stem cells via
suppression of the canonical Wnt signaling pathway (M. Liu et al.,
2018). Curcumin attenuated resistance to chemotherapeutic drugs
through induction of apoptosis of CSCs among colon cancer cells (Su
et al., 2018).3‐O‐methylfunicone (OMF)Inhibits CD24, CD29, CD44,
CD133 and CD338 cancer stem cells in breast cancer (Buommino et al.,
2007). Salinomycin Inhibits ALDH, SOX2, CXCR4; reduces CD133, vi-
mentin; induces E‐cadherin (Cord and Roman, 2012).

Luffa cylindrica fruits have shown potent biological activity (Hlel
et al., 2017).whole plant aquas-alcoholic (50:50) extract has decreased
the viability of HT-29 and HCT-15 cells (Sharma et al., 2015). Seeds
contain Luffin that possesses antitumor activity (Liu et al., 2010).
Aqueous-ethanol herbal extract of Luffa cylindrica leaves has shown
effective anticancer activity against MCF-7, BT-474, and MDA-MB-231
cell lines which represent three sub-types of breast cancer, luminal A,
luminal B, and triple negative respectively (Abdel-Salam et al., 2018).

The main purpose of this study is to determine the effect of hot
water extract of Luffa cylindrica whole plant on the circulating tumor
cells and their sub-populations of cancer stem cells that may be re-
sponsible for tumor metastasis in HCC patients.

The results of this study have shown cytotoxic activity against total
circulating tumor cells and the sub-population CD133+/CD44+ which
represents a type of cancer stem cells in hepatocellular carcinoma.
These results have been confirmed the effect of the extract on the for-
mation spheres derived from the total circulating cells or isolated sorted
cells.

These results may introduce a novel solution to the prevention of

Fig. 10. Effect of 2mg/ml of Luffa extract on the CD133+/CD44+ measured by FACS.
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HCC complications like metastasis by using the extract as a com-
plementary medicine or nutritional support beside the traditional che-
motherapy.
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