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Abstract
Background and aim: Colorectal cancer (CC) is aggressive cancer and the major cause of death
worldwide that need the development of novel and effective therapeutic methods. Recently suggested
that the human Wharton’s jelly stem cells (hWJSCs) have an anti-proliferation activity against of several
cancer cells through apoptosis induction. Therefore, this study aimed to investigate the effects of
conditioned medium and cell lysate of human umbilical cord hWJSCs against the HT-29 cancer cell line
and mechanisms of apoptosis induction.

Methods: In this study, the hWJSCs conditioned medium and cell lysate were prepared from 10 human
umbilical cord samples. The effects of hWJSCs conditioned medium and cell lysate were evaluated on
the viability, migration, invasion, and apoptosis of HT-29 CC cell line. The expression of apoptosis related
BAX, BCL2, SMAC, SURVIVIN, and Cas9 genes were evaluated in CC cells treated with hWJSCs
conditioned medium and cell lysate.

Results: We observed that conditioned medium and cell lysate of hWJSCs decrease CC cells viability,
proliferation, migration, and invasion in a concentration- and time-dependent manner. Moreover,
conditioned medium and cell lysate increased apoptosis rate of CC cells, which can be due to increase
BAX, SMAC, and Cas9 genes, as well as decrease BCL2 and SURVIVIN genes.

Conclusions: Our study suggest that conditioned medium and cell lysate of hWJSCs can inhibit CC cells
through induction of apoptosis. However, further studies on are required to more accurate results.

Introduction
Colorectal cancer (CC) is a common cancer and cause of death in worldwide [1]. The chemotherapy is
one of the most important method to treatment of patient with CC. However, resistance of cancer cells to
various chemotherapeutic agents cause to limited e�cacy of CC chemotherapy [2]. Therefore, use of
novel therapeutic methods is required in treatment of patients with CC [3]. Recently, many studies have
reported the appropriate effects of stem cells in suppress, management, and treatment of various cancers
in digestive system [3, 4].

The mesenchymal stem cells (MSCs) have shown an anticancer effect against several cancer cells.
Therefore, the MSCs considered as notable anticancer compound to inhibition of several human cancer
cells [5]. The human Wharton’s jelly stem cells (hWJSCs) are an important type of MSCs that have been
isolated from gelatinous Wharton's jelly of human umbilical cord [6, 7]. The evidences suggested that
hWJSCs have regenerative capacity more than other autologous MSCs of the adults [8, 9]. Recently,
several studies have suggested that hWJSCs presents a notable anti-proliferative effects against several
cancer cells, such as ovarian carcinoma, mammary adenocarcinoma, osteosarcoma, bladder carcinoma,
lymphoma, and cholangiocarcinoma [10, 11].
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Today, the underlying mechanisms of hWJSCs antitumor activity have not been identi�ed. Although
some studies suggested that hWJSCs inhibits the cancer cells proliferation through apoptosis induction
[9, 11]. Therefore, the present study aimed to investigate the inhibitory effects of secretome and
extraction of hWJSCs against CC cells, and underlying mechanisms of anticancer activity and apoptosis
induction in the HT-29 cancer cell line.

Materials And Methods
Isolation and culture of hWJSCs

In present study, 10 human umbilical cords were received from pregnant women referred to Shahryar
Hospital, Tabriz, Iran. The umbilical cords were transferred Biotechnology Research Center, Islamic Azad
University, Tabriz branch, in proximity of the ice. Initially, the Wharton’s jelly tissues were primary cultured
(explant culture) using complete Dulbecco’s modi�ed eagle medium (DMEM) contains 1% penicillin-
streptomycin antibiotic and 10% fetal bovine serum (FBS) at 37°C and 5% CO2 (9). It is noteworthy that
all selected women were signed a consent form according to the ethical standards of Helsinki
Declaration.

 

Preparation of conditioned medium and cell lysate of hWJSCs

The isolated hWJSCs were cultured using DMEM medium contains 1% penicillin-streptomycin (5000
units/mL-5000 mg/mL) antibiotics without FBS at 37°C and 5% CO2 for 72 hours. Next, supernatant
medium was collected as conditioned medium, and sterilized using a 0.22 μm �lter. Then, the cell lysis
buffer (150 mM NaCl, 1.0% Nonyl Phenoxypolyethoxylethanol-NP40, 50 mM Tris-Cl, 1.0% sodium
deoxycholate, 0.1% SDS) and protease inhibitor were added to the cultured cells. The obtained cell
suspension was centrifuged and cells pellet was collected as cell lysate.

 

Cancer cells culture

The HT-29 cancer cells were purchased from cell bank of Immunology Research Center (IRC), Tabriz
University of Medical Sciences. The obtained cancer cells were cultured using Roswell Park Memorial
Institute (RPMI) 1640 medium containing 10% FBS and 1% penicillin-streptomycin at standard condition.

 

Cancer cells viability assay

The CC cells (1×104/well) were seeded in 96-well plate containing culture medium supplemented by FBS.
After 24 hours, the cancer cells were treated with conditioned medium (38, 40, 42, 44, and 46%) and cell
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lysate (11, 12, 13, 14, and 15%), and incubated for 72 hours. The Tetrazolium Micro-culture (MTT) method
was performed according to the manufacturer’s instruction. For this purpose, the old culture medium was
replaced with RPMI medium containing MTT agent solution (50 µl) in phosphate-buffered saline (PBS),
and incubated for 4 hours. Next, the old culture medium replaced with 50 µL Dimethyl sulfoxide (DMSO)
and incubated for 30 minutes. The absorbance of wells was measured using enzyme-linked
immunosorbent assay (ELISA) reader at 540 nm. Finally, the treated cancer cells viability was measured
by following formula [(treated sample OD / untreated sample OD) × 100].

 

Transwell invasion assay

The CC cells were seeded in the upper chamber of transwell chamber in RPMI medium (serum-free), and
treated by conditioned medium (44%) and cell lysate (14%). Moreover, the complete medium was added
to the bottom chamber and incubated for 20 hours. Then the migrated cancer cells in bottom chamber
were �xed by paraformaldehyde (4%) and stained by crystal violet (0.1%). Finally, the migrated cancer
cells were evaluated by inverted phase contrast microscopy.

 

Wound‐healing migration assay

The CC cells (1×104/well) were seeded in 96-well plate containing culture medium supplemented by FBS.
The monolayer cancer cells were scratched by pipette tips and washed with PBS. Then, cancer cells were
treated with conditioned medium (44%) and cell lysate (14%), and incubated for 72 hours for 20 hours.
Finally, the migrated cancer cells were evaluated by inverted phase contrast microscopy.

 

Cancer cells apoptosis assay

The CC cells (1×104/well) were seeded in 96-well plate containing culture medium supplemented by FBS.
After 24 hours, the cancer cells were treated with conditioned medium (44%) and cell lysate (14%), and
incubated for 72 hours. The CC cells were washed, trypsinized, and resuspended in binding buffer with
propidium iodideand annexin V. Then, cancer cells suspension incubated at dark place and room
temperature with Annexin V-FITC (5 mL), PI (10 mL), and binding buffer (400 µL) for 15 minutes. Finally,
quantitative apoptosis was measured using �uorescein isothiocyanate (FITC)/PI by �owcytometry
instrument.

 

Quanti�cation of apoptosis-related genes expression
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The CC cells (1×104/well) were seeded in 96-well plate containing culture medium supplemented by FBS.
After 24 hours, the cancer cells were treated with conditioned medium (44%) and cell lysate (14%), and
incubated for 48 hours. Extraction of total RNA was performed by Trizol reagent, and cDNA synthesized
using reverse transcription. The mRNA expression of BAX, BCL2, SMAC, SURVIVIN, and Cas9 genes were
evaluated using quantitative Real Time PCR and speci�c primers (Table 1). The Real Time PCR analysis
was performed using SYBR green master mix and relative expression was evaluated using comparative
CT (2-ΔΔCT) method. The β-actin gene was considered as endogenous control.

 

Statistical analysis

The statistical analysis between treatment and control cells were performed by one-way ANOVA and
Tukey (post‐hoc) analysis. The results were presented as mean ± standard deviation (SD) from three
replicates, and p<0.05 was considered statistically signi�cant.

Results
Cancer cells viability

Our study showed that the CC cells viability decreased as time and concentration dependent manner after
treatment with conditioned medium (38, 40, 42, 44, and 46%) and cell lysate (11, 12, 13, 14, and 15%).
The viability of cancer cells signi�cantly decreased following treatment with high concentrations of
conditioned medium and cell lysate (Figure 1). We observed that the anti-proliferation activity of cell
lysate was signi�cantly more than conditioned medium. The half maximal inhibitory concentration (IC50)
of conditioned medium and cell lysate on CC cells after 48 hours were 44% and 14%, respectively.

 

Cancer cells migration and invasion

The effects of hWJSCs conditioned medium and cell lysate on invasion and migration of CC cells were
evaluated with wound healing assay and transwell migration assay. The results of wound healing assay
and transwell migration assay showed that the migration of CC cells signi�cantly decreased after
treatment with conditioned medium (44%) and cell lysate (14%) (Figure 2, Figure 3).

 

Cancer cells apoptosis

The quanti�cation of apoptosis assay showed that the early and late apoptosis rate signi�cantly
increased in CC cells following treatment with conditioned medium (44%) and cell lysate (14%). We
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observed that the apoptosis induction by cell lysate was signi�cantly more than conditioned medium
(Figure 4).

 

Expression of apoptosis related genes

The evaluation of apoptosis related genes expression showed that the conditioned medium (44%) and
cell lysate (14%) signi�cantly increased mRNA expression of BAX, SMAC and Cas9 genes (Figure 5), as
well as signi�cantly decreased mRNA expression of BCL2 and SURVIVIN genes (Figure 5). We observed
that regulation of apoptosis related genes expression in CC cells by cell lysate was signi�cantly more
than conditioned medium.

Discussion
Inhibition of apoptosis is an important pathological processes in patients with CC, which caused by
induction of anti-apoptotic genes as well as suppression of pre-apoptotic genes expression [12]. The
dysregulated proliferation of cancer cells and resistance to apoptosis are two important causes of cancer
progression [13]. Therefore, induction of apoptosis by various natural and chemical compounds is
considered as an anticancer strategy [14, 15]. In this regards, several studies reported that hWJSCs have
an appropriate anticancer activity through various mechanisms [5, 9]. This stem cells are easily derived
from umbilical cord and suggested as an anticancer agent [16, 17]. The hWJSCs presents several
advantages as compared to other stem cells, and are derived from human umbilical cord which are
discarded at birth. Moreover, the hWJSCs are highly proliferative and widely multipotent with long
telomeres [7].

In present study, we investigated viability and proliferation of HT-29 cancer cells, and underlying
mechanisms of apoptosis induction following treatment by hWJSCs conditioned medium and cell lysate.
We observed that conditioned medium and cell lysate signi�cantly decreased viability and proliferation of
CC cancer cells. In a recent study by Kalamegam et al. reported that cell lysate of hWJSCs inhibits cellular
growth and proliferation, as well as apoptosis in ovarian cancer cells [18]. Moreover, Han et al. reported
that MSCs derived from human cord inhibits cellular growth and proliferation of prostate cancer cells
[19].

The metastasis and invasion in patients with CC is the most cause of death [20]. Therefore, we evaluated
the effects of conditioned medium and cell lysate on inhibition of metastasis and invasion of CC cells
using transwell migration assays and wound healing assay. Our study showed that the invasion and
migration of CC cells were signi�cantly inhibited following treatment with conditioned medium and cell
lysate. In a most recent study by Hajazimian et al. (2020) reported that conditioned medium and cell
lysate inhibited endometriosis cells migration and invasion through several molecular pathways, as well
as inhibition of MMP-2 and MMP-9 genes expression [9]. Previous studies demonstrated that the MMP-2
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and MMP-9 genes play important role in metastasis and invasion of various cancer cells [21, 22]. Both
MMP-2 and MMP-9 genes are overexpressed in approximately all human cancer cells [23].

Induction of apoptosis is an important approach for cancer cell death. The evidence suggested that the
hWJSCs conditioned medium and cell lysate cause to induction of apoptosis in several cancer cells [5].
Therefore, the apoptosis rate of CC cells was investigated by Annexin V-FITC/PI method following
treatment by conditioned medium and cell lysate. Our study showed that the hWJSCs conditioned
medium and cell lysate signi�cantly increased CC cells apoptosis. The intrinsic and mitochondrial
apoptosis pathways are usually regulated through modi�cation of several genes family members [24].
The evidence suggested that upregulation of BAX, SMAC, and Cas9 genes, as well as downregulation of
BCL-2 and SURVIVIN genes causes to apoptosis onset [24, 25]. In this regards, we showed that
conditioned medium and cell lysate signi�cantly upregulated BAX, SMAC, and Cas9 genes expression, as
well as downregulated BCL-2 and SURVIVIN genes expression in CC cells. These results suggested the
effects of conditioned medium and cell lysate on induction of intrinsic apoptotic pathway in HT-29 CC
cells.

Conclusion
Generally, we suggested that the hWJSCs conditioned medium and cell lysate stimulates of immune
system, and also prevent the viability, proliferation, metastasis, and invasion of CC cells. We showed that
hWJSCs conditioned medium and cell lysate cause to induction of intrinsic apoptotic pathway in CC
cells. Therefore, the hWJSC can be used in the future to control and even treatment of patients with CC.
However, further studies are necessary to explain the exact effects of hWJSCs on physiopathology of CC.
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Tables
Table 1. The sequences and characteristics of primers used for detection of genes mRNA

expression.

Genes Primers sequences Tm Products size

BAX F-CCCGAGAGGTCTTTTTCCGAG
R-CCAGCCCATGATGGTTCTGAT

60°C 155 bp
60°C

BCL-2 F-GATGGGATCGTTGCCTTATG
R-GCGGAACACTTGATTCTGG

56°C 223 bp
56°C

Cas9 F-GCAGGCTCTGGATCTCGGC
R-GCTGCTTGCCTGTTAGTTCGC

62°C 152 bp
62°C

SMAC F-CAGAGGAGGAAGATGAAGTGTG
R-GCGGTTATAGAGGCCTGATCTG 

55°C 196 bp
56°C

SURVIVIN F-CCCTTTCTCAAGGACCACCG
R-GTTCCTCTATGGGGTCGTCA

52°C 172 bp
51°C

ACTIN F-AGAGCTACGAGCTGCCTGAC
R-AGCACTGTGTTGGCGTACAG

61°C 184 bp
60°C
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Figures

Figure 1

The inverted phase-contrast images from primary cultured hWJSCs, which shows the short �broblasts
characteristic (A) in early passages and long �broblasts characteristic (B) in later passages (A). The HT-
29 cancer cells viability treated conditioned medium (C) and cell lysate (D) at 24-72 h. The results of the
three experiments are presented as mean and SD values.
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Figure 2

The inverted phase-contrast images from the effects of conditioned medium and cell lysate on migration
of HT-29 cancer cells assessed using wound healing assay. The migration of cancer cells signi�cantly
decreased following treatment with conditioned medium and cell lysate. (hWJSC-CM: hWJSC conditioned
medium, and hWJSC-CL: hWJSC cell lysate).
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Figure 3

The inverted phase-contrast images from the effects of conditioned medium and cell lysate on invasion
of HT-29 cancer cells assessed using transwell migration assays. The invasion of cancer cells
signi�cantly decreased following treatment with conditioned medium and cell lysate. (hWJSC-CM:
hWJSC conditioned medium, and hWJSC-CL: hWJSC cell lysate).
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Figure 4

The effects of conditioned medium and cell lysate on apoptosis of HT-29 cancer cells. The apoptosis of
cancer cells signi�cantly increased following treatment with conditioned medium and cell lysate, as
compared with untreated controls. (hWJSC-CM: hWJSC conditioned medium, and hWJSC-CL: hWJSC cell
lysate).
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Figure 5

The mRNA expression analysis of apoptosis related BAX, SMAC, Cas9, SURVIVIN, and BCL-2 genes by
qRT-PCR following the treatment with conditioned medium and cell lysate. The mRNA expression of BAX,
SMAC, Cas9 in HT-29 cancer cells signi�cantly increased as well as mRNA expression of BCL-2, and
SURVIVIN signi�cantly decreased following treatment with conditioned medium and cell lysate, as
compared with untreated controls. (hWJSC-CM: hWJSC conditioned medium, and hWJSC-CL: hWJSC cell
lysate).


