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Background: Colorectal cancer is one of the most common cancers and the second leading

cause of cancer-related deaths worldwide. Targeting cancer stem cells (CSCs) may be a novel

strategy for the treatment of colorectal cancer. Previous studies have shown that bone marrow-

derivedMSCs (BM-MSCs) promote tumor growth and metastasis. However, the role of rat BM-

MSCs in the biological behaviors of colorectal CSCs remains unclear until now.

Materials and Methods: BM-MSCs were isolated from rats and characterized. CSCs were

enriched from HCT116 cells using the microsphere culture method, and the microspheres

incubated for at least 10 passages were termed HCT116-CSCs that were characterized. The

effects of rat BM-MSCs on migration and invasion of HCT116-CSCs were examined using

transwell migration and invasion assays and xenograft tumor growth assay.

Results: Rat BM-MSCs appeared typical stem cell morphology. Flow cytometry revealed

positive CD29 and CD44 expression in rat BM-MSCs at passage 3, and rat BM-MSCs were

found to differentiate into osteocytes following incubation in osteogenic induction medium.

Microscopy, flow cytometric detection of stem cell surface markers, colony-formation assay

and transwell migration and invasion assays characterized the successful preparation of

HCT116-CSCs, and subcutaneous injection of HCT116-CSCs produced xenograft tumors

in nude mice, while HE staining of the xenograft tumors displayed cancer specimen shapes.

Transwell migration and invasion assays showed that rat BM-MSCs promoted the migration

and invasion of HCT116-CSCs, and injection of rat BM-MSCs was found to promote the

growth of the mouse xenograft tumor derived from HCT116-CSCs.

Conclusion: Rat BM-MSCs promote the migration and invasion of colorectal CSCs, and

colorectal CSCs may be a potential target for the therapy against colorectal cancer.

Keywords: bone marrow-derived mesenchymal stem cells, colorectal cancer, cancer stem

cells, migration, invasion

Introduction
Colorectal cancer is the fourth most common cancer and the second leading cause of

cancer-related deaths worldwide.1 In 2018, there were approximately 1.1 million new

cases diagnosed with colorectal cancer and more than 551 thousand people died from

this malignancy across the world.2 Currently, the management of colorectal cancer

mainly depends on surgery, chemotherapy and radiotherapy.3 Despite great advances in

the therapy of colorectal cancer, the outcomes of patients with advanced colorectal

cancer remain poor and the 5-year survival rate is unsatisfactory due to tumor recur-

rence and metastasis and drug resistance.4,6 A search for novel treatments to improve

the prognosis of patients with colorectal cancer is therefore given a high priority.7,9
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Cancer stem cells (CSCs) are a small proportion of

cancer cells that possess self-renewal and pluripotent cap-

abilities and initiate and maintain tumor growth.10 CSCs

are thought to be the origin of tumor metastasis, and are

responsible for cancer recurrence and chemotherapy

resistance.11,13 CSCs were firstly identified in acute mye-

loid leukemia14 and subsequently in a wide range of solid

tumors, including colorectal cancer.15,17 In colorectal can-

cer, CSCs comprise approximately 1% of the total number

of cells within the cancer.18 Currently available evidence

shows that CSCs contribute to the development, metasta-

sis, recurrence, chemotherapy resistance, prediction of

pathological stages and survival in patients with colorectal

cancer.19,21 In addition, targeting CSCs was hypothesized

as a novel strategy for the treatment of colorectal cancer.22

Mesenchymal stem cells (MSCs) are a group of plastic-

adherent cell populations that are present in multiple tissues,

including umbilical cord, bone marrow and fat tissues.23 As

multipotent adult stem cells, MSCs can self-renew by dividing

and have the potential to differentiate into the osteogenic,

chondrogenic, adipogenic, tenogenic, myogenic, or stromal

lineages.23 MSC was firstly extracted and are primarily iso-

lated from bone marrow.23,24 In recent decades, bone marrow-

derived MSCs (BM-MSCs) have been paid much attention

because of their potential use in regenerative medicine and

tissue engineering to replace, repair or restore the function of

damaged tissues or organs.25,26 Previous studies have demon-

strated the success of BM-MSCs for the treatment of hemato-

poietic pathologies, musculoskeletal diseases, immune

disorder diseases, neurodegenerative diseases, cardiovascular

disorders, sporty injuries, and other diseases of the gastroin-

testinal and integumentary systems.27 Under long-term expan-

sion, BM-MSCs may undergo senescence and transformation

that contribute to tumor development and metastasis,28 and

a recent study reported that BM-MSCs promoted lung cancer

growth and metastasis.29 However, the role of rat BM-MSCs

in the biological behaviors of colorectal CSCs remains unclear

until now. The present study was therefore designed to exam-

ine the contribution of rat BM-MSCs to the migration and

invasion of colorectal CSCs.

Materials and Methods
Cell Line and Culture
Human colorectal cancer HCT116 cell line was purchased

from the Cell Bank of Chinese Academy of Sciences

(Shanghai, China), and incubated in McCoy’s 5A medium

(Invitrogen; Carlsbad, CA, USA) supplemented with 10%

fetal bovine serum (FBS; GIBCO, Rockville, MD, USA),

100 IU/mL penicillin (GIBCO; Rockville, MD, USA) and

100 μg/mL streptomycin (GIBCO; Rockville, MD, USA).

Animals
Four- to six-week-old rats of the SD strain, each weighing 80

to 100 g, were purchased from the Laboratory Animal Center

of Anhui Medical University (Hefei, China), and BALB/c

nude mice at ages of 4 to 6 weeks, each weighing 18 to 20 g,

were obtained from Changzhou Cavens Laboratory Animal

Co. Ltd. (Changzhou, China). All animals were housed in

a specific-pathogen-free (SPF) facility at the Laboratory

Animal Center of Bengbu Medical College (Bengbu,

China), and were given free access to food and water.

Preparation and Characterization of Rat

BM-MSCs
SD rats were sacrificed by CO2 inhalation, and the bilateral

femurs and tibias were collected. Following removal of

muscles, both ends of the femur and tibia were cut down,

and the marrow cavity was flushed with low-glucose

Dulbecco’s Modified Eagle’s Medium (L-DMEM; GIBCO,

Rockville, MD, USA) using a 5 mL syringe. The cell suspen-

sions collected from the marrow cavity were centrifuged at

4°C, 1000 r/min for 5 min. Then, the supernatant was dis-

carded, and the sediment was re-suspended in 100 mL

L-DMEM supplemented with 10% FBS. Cells were then

seeded onto T25 culture flasks (Corning; Lowell, MA,

USA) at a density of 1 × 106 to 1 × 108 cells/mL at

a saturated humidity atmosphere containing 5% CO2 at 37°

C. A half amount of the medium was changed 48 hours after

plating and once every 3 to 4 days thereafter. The cell

morphology and growth were observed under an Axiovert

200 inverted microscope (Carl Zeiss Meditec AG; Jena,

Germany), when cells were defined as passage 0.

Following culture for 10 to 12 days when cell confluence

reached 80% to 90%, each flask was added with 1 mL

pancreatin containing 0.25% EDTA (GIBCO; Rockville,

MD, USA) for incubation of 30 s, and then the pancreatin

was removed. Then, cells were digested with pancreatin

again at 37°C for 1 min, immediately added with 2 to 3 mL

L-DMEM supplemented with 10% FBS, and gently pipetted.

The digested cells were passaged at a ratio of 1:2 or 1:3

(numbering: 1.25 to 1.5 × 105 cells/mL), when cells were

defined as passage 1, and all non-digested cells were dis-

carded. Subsequently, cells were passaged once every 3 to 7

days, which were defined as passages 2, 3, etc., and cells at
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passages 5 to 8 were harvested for the subsequent

experiments.

Log-phase rat BM-MSCs at passage 3 were seeded

onto 6-well culture plates (Corning; Lowell, MA, USA)

at a density of 3 × 104 cells/well. After the cell confluence

reached 80% to 90%, the medium was changed to osteo-

genic induction medium (GIBCO; Rockville, MD, USA),

and the cell culture was then changed once every 3 to 4

days. Following 21-day induction, the plates were col-

lected, washed twice in PBS, fixed in 95% ethanol at 4°

C for 10 min, rinsed twice with distilled water, stained

with 0.1% Alizarin Red S in 1% Tris-HCl (pH 8.3) at 37°C

for 30 min, and rinsed twice in distilled water. Finally, the

differentiation of rat BM-MSCs was observed under

a microscope.

To detect the surfacemarkers of rat BM-MSCs, log-phase

BM-MSCs at passage 3 were digested with 2.5 g/L pancrea-

tin containing 0.25% EDTA. Then, cells were harvested,

centrifuged, and the supernatant was discarded. After the

density was adjusted to 5 × 105 cells/mL, cells were then

added with 300 μL fluorescence-activated cell sorting

(FACS) buffer, gently pipetted to prepare single-cell suspen-

sions, and transferred to 5 FACS tubes with 50 μL in each

tube. Then, cells were incubated with fluorescein isothiocya-

nate (FITC)-conjugated rat anti-mouse CD29 (CD29-FITC)

antibody (eBioscience, Inc.; San Diego, CA, USA), phycoer-

ythrin (PE)-conjugated rat anti-mouse CD44 (CD44-PE)

antibody (eBioscience, Inc.; San Diego, CA, USA), FITC-

conjugated rat anti-mouse CD34 (CD34-FITC) antibody

(eBioscience, Inc.; San Diego, CA, USA) and PE-

conjugated rat anti-mouse CD45 (CD45-PE) antibody

(eBioscience, Inc.; San Diego, CA, USA), while an isotype

control was assigned for each assay. Cells were incubated on

ice for 30min, washed with 1 mL PBS, centrifuged at 1500 r/

min for 5 min, washed twice in PBS, and added with the

fixation solution to a total volume of 250 μL in each tube.

Subsequently, single-cell suspensions were formulated and

analyzed on a DXPAthena flow cytometer (Cytek; Fremont,

CA, USA).

Preparation of CSCs Microsphere
CSCs were enriched from HCT116 cells using the micro-

sphere culture method.30 Briefly, HCT116 cells were

digested with pancreatin containing 0.25% EDTA, which

was terminated with serum-containing medium. Then, cells

were centrifuged, and the supernatant was discarded. The

sediment was rinsed twice in PBS, and re-suspended in

complete stem cell medium (DMEM/F12 medium

supplemented with 10 ng/mL B27, 20 ng/mL EGF, 10 ng/

mL bFGF and 10 ng/mL LIF), and the cell number was

counted. Then, cells were seeded onto ultra-low adhesive

petri dishes at a density of 1 × 104 cells/mL, and incubated

at a saturated humidity atmosphere containing 5% CO2 at

37°C. The microsphere formation was observed under an

inverted microscope. Semi-quantitative medium changes

were done once every 2 to 3 days, and cell passage was

completed once every 5 to 8 days. The microspheres were

incubated for at least 10 passages to enrich CSCs from

HCT116 cells, which were termed HCT116-CSCs.

Characterization of HCT116-CSCs
To detect the expression of HCT116-CSCs surface mar-

kers CD133 and CD44, log-phase HCT116 cells and

HCT116-CSCs were prepared into single-cell suspensions

and adjusted to a density of 5 × 106 cells/mL. Cells were

added with 300 μL FACS buffer, gently pipetted to prepare

single-cell suspensions, and transferred to 5 FACS tubes

with 50 μL in each tube. Then, cells were incubated with

FITC-conjugated rat anti-human CD44 (CD44-FITC) anti-

body (Invitrogen; Carlsbad, CA, USA) and PE-conjugated

mouse anti-human CD133 (CD133-PE) antibody

(Invitrogen; Carlsbad, CA, USA) on ice in darkness for

30 min, while an isotype control was assigned for each

assay. Then, cells were washed with 1 mL PBS, centri-

fuged at 1500 r/min for 5 min, washed twice in PBS, and

added with fixation solution to a total volume of 250 μL in

each tube. Subsequently, single-cell suspensions were for-

mulated and subjected to flow cytometric analysis.

To observe cell growth, a colony-formation assay was

performed. Briefly, log-phase HCT116 cells and HCT116-

CSCs were prepared into single-cell suspensions and seeded

onto 6-well plates at a density of 200 cells per well, with three

duplicate wells assigned for each type of cells. Cells were

incubated in McCoy’s 5A medium supplemented with 10%

FBS, and the medium was changed once every 3 to 4 days.

Following 2-week incubation, the 6-well plate was removed

and the medium was discarded. Cells were washed twice in

PBS, fixed in neutral methanol at room temperature for 20

min, stained with crystal violet for 20 min and washed twice

in PBS. Cell colony with more than 30 cells was visualized,

counted under a microscope, and the colony-formation rate

was calculated using the following formula: colony-

formation rate (%) = number of cell colonies/number of

cells seeded × 100%.

To observe cell migration and invasion, transwell

migration and invasion assays were performed. Briefly,
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log-phase HCT116 cells and HCT116-CSCs were prepared

into single-cell suspensions and transferred to Transwell

chambers at a density of 4 × 104 cells per chamber. Cells

were re-suspended in 200 μL serum-free McCoy’s 5A

medium, and 800 μL McCoy’s 5A medium supplemented

with 10% FBS was transferred to the lower chamber, with

three duplicate chambers assigned for each type of cells.

Cells were incubated at 37°C containing 5% CO2 for 12 to

24 hours. Then, the chamber was collected, and the med-

ium in the upper chamber was removed. Following

removal of non-migrated cells, the chamber was washed

twice or thrice in PBS, fixed in neutral methanol for 20

min, washed twice or thrice in PBS, stained with crystal

violet for 20 min and washed twice or thrice in PBS to

remove the residual crystal violet. Cell was observed and

counted under a microscope. For the transwell invasion

assay, the chamber bottom was coated with a mixture of

Matrigel and serum-free McCoy’s 5A medium at a ratio of

1:8, and other experimental procedures were the same with

the migration assay.

To observe the tumor xenograft growth, a tumor-

bearing mouse xenograft model was established. Briefly,

1 × 105 cells log-phase HCT116 cells (left groin) and

HCT116-CSCs (right groin) were subcutaneously injected

into the left and right groins of a nude mouse, and all 5

mice were sacrificed 4 weeks post-injection. The tumor

xenograft growth was observed and its histology was

visualized using HE staining.

Effect of Rat BM-MSCs on Migration and

Invasion of HCT116-CSCs
To assess the effect of rat BM-MSCs on the migration and

invasion of HCT116-CSCs, transwell migration and inva-

sion assays were performed. Four groups were assigned in

the lower chamber, including the control group (DMEM/

F12 medium), BM-MSCs group (rat BM-MSCs incubated

in DMEM/F12 medium), 10% FBS group (DMEM/F12

medium + 10% FBS) and rat BM-MSCs + 10% FBS

group (rat BM-MSCs incubated in DMEM/F12 medium

supplemented with 10% FBS), with three duplicate wells

in each group. Log-phase rat BM-MSCs at the 7th passage

were seeded onto 24-well plates at a density of 5 × 104

cells/well and plated for 24 hours. Then, cells were

washed twice in PBS and added with 800 μL DMEM/

F12 medium. Log-phase HCT116-CSCs were prepared

into single-cell suspensions, transferred to the lower cham-

ber (3 × 104 cells) in each group, and re-suspended in 200

μL serum-free DMEM/F12 medium. Cells were incubated

at 37°C containing 5% CO2 for 24 to 48 hours. Then, the

chamber was collected, and the medium in the upper

chamber was removed. Following removal of non-

migrated cells, the chamber was washed twice or thrice

in PBS, fixed in neutral methanol for 20 min, washed

twice or thrice in PBS, stained with crystal violet for 20

min and washed twice or thrice in PBS to remove the

residual crystal violet. Cell was observed and counted

under a microscope. For transwell invasion assay, the

chamber bottom was coated with Matrigel, and other

experimental procedures were the same with the migration

assay.

To observe the effect of rat BM-MSCs on tumor xeno-

graft growth, a tumor-bearing mouse xenograft model was

established. Briefly, rat BM-MSCs and HCT116-CSCs were

prepared into single-cell suspension by digestion with pan-

creatin containing 0.25% EDTA, washed twice in PBS and

counted. BALB/c nude mice were randomly assigned into 5

groups, of 5 mice in each group. Mice in the S + injection

group were subcutaneously injected with 1 × 105 HCT116-

CSCs, mice in the S + S co-injection group 1 were co-

injected with 1 × 105 HCT116-CSCs and 1 × 105 BM-

CSCs subcutaneously, mice in the S + S co-injection group

2 were co-injected with 1 × 105 HCT116-CSCs and 2 × 105

rat BM-CSCs subcutaneously, mice in the S + V co-injection

group 1 were subcutaneously injected with 1 × 105 HCT116-

CSCs and intravenously injected with 1 × 105 rat BM-CSCs

via the tail vein, and mice in the S + V co-injection group 2

were subcutaneously injected with 1 × 105 HCT116-CSCs

and intravenously injected with 2 × 105 rat BM-CSCs via the

tail vein (Figure 1A). Since the presence of the xenograft

tumor, the longest diameter and the shortest diameter of the

tumor were measured once every 3 days for successive 6

weeks. Then, all mice were sacrificed, and xenograft tumors

were collected. The tumor volume was measured and intra-

pulmonary metastasis was observed. The histological

changes of the xenograft tumors and intrapulmonary metas-

tasis were observed.

Ethical Statement
This study was approved by the Ethics Review Committee of

BengbuMedical College (permission number: BBMC-2016-

JC00201), and all efforts were made to minimize animal

suffering and to reduce the number of animals used in the

experiments. All experimental procedures were performed in

accordance with the international Guidelines for the Use and

Care of Laboratory Animals, Regulation of the People’s
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Figure 1 Xenograft tumor growth assay reveals the effect of BM-MSCs on the migration and invasion of HCT116-CSCs. (A) Mice are inoculated with BM-MSCs and

HCT116-CSCs; (B) Nude mice xenograft tumors; (C) Volumes of nude mice xenograft tumors at various time points; (D) Weight of nude mice xenograft tumors at various

time points; (E) Lungs of nude mice harboring xenograft tumors; (F) Intrapulmonary metastasis 6 weeks post-inoculation of BM-MSCs and HCT116-CSCs; (G) HE staining

of xenograft tumors (× 400); (H) HE staining of lung specimens of nude mice harboring xenograft tumors (× 400). *Indicates metastatic foci from tumors (× 100). Ho

indicates the amplification of the sites marked by * (× 400). **P < 0.01; ***P < 0.001.
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Republic of China on the Administration of Human Genetic

Resources, and the National Regulations for the

Management of Laboratory Animals in China.

Data Analysis
All data were entered into Microsoft Excel 2017

(Microsoft; Redmond, WA, USA), and all statistical ana-

lyses were done using the statistical software SPSS version

21.0 (SPSS, Inc.; Chicago, IL, USA). Multi-group com-

parisons were performed with one-way analysis of var-

iance (ANOVA), followed by the SNK test, and

differences of proportions were tested for statistical sig-

nificance with chi-square test. A P value of < 0.05 was

considered statistically significant.

Results
Characterization of Rat BM-MSCs
The rat BM-MSCs at day 7 of passage 0 (Figure 2A1) and at

passage 3 (Figure 2A2) presented a fibroblast-like and spin-

dle-shaped morphology. Flow cytometry detected positive

CD29 and CD44 expression and negative CD45 and CD34

expression in rat BM-MSCs at passage 3 (Figure 2B). In

addition, the rat BM-MSCs at passage 3 had the potential for

differentiation along the osteogenic lineages, as determined

by Alizarin Red S staining. Following incubation in osteo-

genic induction medium for 21 days, rat BM-MSCs were

found to differentiate into osteocytes (Figure 2C).

Biological Features of HCT116-CSCs
Following incubation complete stem cellmedium for 24 hours,

most HCT116 cells showed a single-cell suspension growth

pattern with small sizes and circular, transparent and bright

shapes; however, there are a small proportion of cells adherent

to the dishwall.On day 3 after incubation, cells formed clusters

and the cell sizewas enlarged, with cells appearing transparent,

bright and circular shapes. Then, the size of cell clusters

gradually increased. Typical microsphere morphology was

formed on day 5 after incubation, and the cell number

s increased, which appeared a suspension growth pattern

(Figure 3A1). With the microsphere passage, there was an

increase in the formation of microspheres, and less and less

cells were adherent to the wall. There was almost no cells

adherent to the wall until 6 passages (Figure 3A2). Flow

cytometry detected a higher percentage of CD133+CD44+

cells in parental HCT116 cells (79.5%) than in HCT116-

CSCs (94.2%, Figure 3B). Colony-formation assay revealed

more colonies of HCT116-CSCs than that of parental HCT116

cells (Figure 3C). Transwell migration and invasion assays

revealed a stronger migrating and invasive ability of HCT116-

CSCs than that of parental HCT116 cells (Figure 4A). In

addition, injection of parental HCT116 cells did not form

tumors, while subcutaneous injection of HCT116-CSCs pro-

duced xenograft tumors in nude mice, and HE staining of the

xenograft tumors showed cancer specimen shapes (Figure 4B).

Rat BM-MSCs Promote Migration and

Invasion of HCT116-CSCs
Transwell migration and invasion assays revealed BM-

MSCs promoted the migration and invasion of HCT116-

CSCs in the absence or presence of FBS in the lower

chamber, and more cells migrated and invaded through

the membrane in the rat BM-MSCs + 10% FBS group

than in the 10% FBS group (Figure 5A–C). Our data

demonstrate that rat BM-MSCs promote the migration

and invasion of HCT116-CSCs regardless of the medium.

Xenograft Tumor Growth Assay
Xenograft tumors were produced in the S + injection group,

S + S co-injection group 1 and S + S co-injection group 2;

however, the tumor volume and weight were significantly

greater in the S + S co-injection group 1 and S + S co-

injection group 2 than in the S + injection group (P < 0.05),

and the tumor volume and weight were significantly greater

in the S + S co-injection group 2 than in the S + S co-injection

group 1 (P < 0.05) (Figure 1B–D). No metastatic foci were

found in the lung of 5 nude mice in the S + injection group,

while there were 3 and 5 mice with intrapulmonary metas-

tases in the S + S co-injection group 1 and S + S co-injection

group 2, respectively (Figure 1E). The xenograft tumor

volume and weight was greater in the S + V co-injection

group 1 and S + V co-injection group 2 than in the S +

injection group (P < 0.05), and the tumor volume and weight

was greater in the S + V co-injection group 2 than in the S +

V co-injection group 1 (P > 0.05); however, the tumor

volume and weight was lower in the S + V co-injection

group 1 and S + V co-injection group 2 than in the S + S co-

injection group 1 and S + S co-injection group 2 (Figure 1C

and D). In addition, there were 2 and 5 mice with intrapul-

monary metastases in the S + V co-injection group 1 and S +

V co-injection group 2, respectively (Figure 1F–H).

Discussion
Although great advances have been recently achieved in the

management of colorectal cancer, the long-term outcomes of
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this common malignancy remain unsatisfactory,3 which is

mainly because of the tumor occurrence and chemotherapy

resistance.31,32 The success of MSC-based therapy for color-

ectal cancer has been documented in both experimental and

clinical models; however, there are still a number of ques-

tions that remain to be investigated.33,35 Our data showed, for

the first time, that rat BM-MSCs promoted the migration and

invasion of colorectal CSCs, which is of great value for

development of novel treatments for colorectal cancer.

Currently, the role of BM-MSCs in colorectal cancer

remains in dispute.28 Human BM-MSCs were found to sti-

mulate invasion, survival and tumorigenesis of colorectal

cancer through the release of soluble neuregulin 1 (NRG1),

activating the HER2/HER3-dependent PI3K/AKT signalling

Figure 2 Characterization of rat bone marrow-mesenchymal stem cells (BM-MSCs). (A) Microscopic observation shows that the isolated BM-MSCs have a fibroblast-like

and spindle-shaped morphology (× 100). 1, BM-MSCs on day 7 of passage 0; 2, BM-MSCs at the third passage; (B) Flow cytometry detects positive CD29 and CD44

expression and negative CD34 and CD45 expression in passage 3 BM-MSCs; (C) Following incubation in osteogenic induction medium for 21 days, BM-MSCs were stained

with Alizarin Red S. Osteocytes differentiation is evidenced by calcium deposits stained with Alizarin Red S (C2), while untreated BM-MSCs show no calcium deposits (C1)

(× 100).
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cascade in colorectal cancer cells, and high transmembrane

NRG1 expression was found to correlate with poor prognosis

in colorectal cancer,36 and in vitro and in vivo assays showed

that human BM-MSCs-secreted IL-8 promoted the angio-

genesis and growth of colorectal cancer.37 In addition, human

BM-MSCs were reported to promote colorectal cancer pro-

gression via CCR5, and serum levels of CCL3 and CCL4

could be predictive biomarkers for the prognosis of patients

with colorectal cancer.38 However, there are studies reporting

that BM-MSCs ameliorate the tumorigenesis of inflamma-

tory bowel disease in mice,39,40 and BM-MSCs-derived exo-

somes overexpressing miR-16-5p were found to suppress

proliferation, migration, and invasion and promote apoptosis

of colorectal cancer cells by downregulating ITGA2.41

However, the contribution of BM-MSCs to colorectal CSCs

remains unknown until now.

Although colorectal CSCs comprise a very small pro-

portion of total cells found in colorectal cancer, they have

shown a crucial role not only in the establishment of the

primary colorectal cancer but also in the metastasis of the

disease, owing to their self-renewal capacity,18,19 and

CSCs have been identified as a promising therapeutic

target for colorectal cancer.42 Hereby, we aimed to exam-

ine the effect of rat BM-MSCs on the progression of

colorectal CSCs, so as to provide insights into the identi-

fication of novel therapeutic targets for colorectal cancer.

In this study, we enriched colorectal CSCs from HCT116

cells using a microsphere culture system, and HCT116-CSCs

Figure 3 Characterization and growth of HCT116-CSCs. (A) HCT116-CSCs culture (× 200). 1, HCT116-CSCs on day 5 after incubation; A2, HCT116-CSCs on day 5 after

successive 6 passages of incubation; (B) Flow cytometry detects the percentages of CD133+CD44+ cells in parental HCT116 cells and HCT116-CSCs; (C) Colony-

formation assay measures the colony formation of parental HCT116 cells and HCT116-CSCs. *P < 0.05.
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were characterized by microscopy, flow cytometric detection

of stem cell surface markers, colony-formation assay and

transwell migration and invasion assays. In addition,

a mouse xenograft tumor growth assay revealed that subcu-

taneous injection of HCT116-CSCs produced xenograft

tumors in nude mice, and HE staining of the xenograft

tumors showed cancer specimen shapes. These findings indi-

cated the success of isolation of HCT116-CSCs. To observe

the effect of rat BM-MSCs on HCT116-CSCs progression,

we isolated BM-MSCs from rats, and the isolated cells

appeared typical stem cell morphology. Furthermore, flow

cytometry revealed positive CD29 and CD44 expression in

rat BM-MSCs at passage 3, and rat BM-MSCs were found to

differentiate into osteocytes following incubation in osteo-

genic induction medium. These data confirmed the success-

ful isolation of BM-MSCs from rats. Then, transwell

migration and invasion assays revealed that rat BM-MSCs

promoted the migration and invasion of HCT116-CSCs

regardless of the medium, and the mouse xenograft tumor

growth assay showed that injection of rat BM-MSCs pro-

moted the growth of the xenograft tumor derived from

HCT116-CSCs. Previous studies have demonstrated that

human BM-MSCs promote the progression of colorectal

cancer,36,38 which is in agreement with the findings from

the present study. Nevertheless, this is the first report to

demonstrate that rat-derived BM-MSCs promote the pro-

gression of colorectal CSCs. It is therefore hypothesized

that the inhibition of the interaction between rat BM-MSCs

and colorectal CSCs may provide the possibility of a novel

therapeutic strategy for colorectal cancer.

Conclusions
In summary, the results of the present study demonstrate that

rat BM-MSCs promote the migration and invasion of

Figure 4 In vitro and in vivo migration and invasion of HCT116 cells and HCT116-CSCs. (A) Transwell migration and invasion assays detects the migration and invasion of

HCT116 cells and HCT116-CSCs (× 200); (B) HCT116-CSCs-derived xenograft tumors (left) and HE staining of the tumors (right, × 400). *P < 0.05.
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colorectal CSCs. Our data further confirm colorectal CSCs as

a target for the therapy against colorectal cancer, and provide

new insights into the treatment of colorectal cancer. However,

further studies to investigate the contribution of human-

derived BM-MSCs to colorectal cancer progression and the

mechanisms underlying the mediation of rat BM-MSCs in the

migration and invasion of colorectal CSCs seem justified.
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