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ABSTRACT
Background/Aims: Previous studies have found that the injection of rat bone marrow mesenchymal stem cells (rBMSCs) in a mouse 
model of acute hepatic failure significantly relieves intestinal damage and endotoxemia. However, the mechanism of this process re-
mains unknown. This study demonstrated the differentiation of rBMSCs into enterocyte-like cells and possible molecular mechanisms 
for this with the aim of finding a new treatment for intestinal epithelial injury and endotoxemia during liver failure. 
Materials and Methods: rBMSCs were isolated from rat femurs and tibias. Differentiation was induced by co-culturing rBMSCs with rat 
intestinal epithelial cells (mIEC-6) using Transwell plates; after three, seven, and ten days of induction, expression of specific differen-
tiation molecules were quantified. To inhibit the activity of the Mitogen-activated protein kinase 1/2 (ERK1/2) signaling pathway, an 
inhibitor of Mitogen-activated protein kinase kinase 1/2 (MEK1/2) was added to the co-culture medium, and western blot analysis was 
performed after 36 or 72 h to evaluate the expression of ERK1/2 signaling pathway markers (p-MEK1/2 and p-ERK1/2). 
Results: The rBMSCs differentiated into enterocyte-like cells when co-cultured with mIEC-6 cells. Inhibition of ERK1/2 signaling ab-
rogated the activity of MEK1/2, but MEK increased after 72 h, and the epithelioid differentiation of rBMSCs was consistent with the 
change in MEK expression. 
Conclusion: rBMSCs differentiate into intestinal epithelium after co-culture with mIEC-6 by regulation of the ERK1/2 signaling path-
way. Further research is needed to elucidate the network of mechanisms.
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INTRODUCTION
Patients with terminal stage liver disease often suffer 
from intestinal barrier dysfunction. This leads to intes-
tinal bacterial translocation and endotoxemia, forming a 
main cause of progression and poor survival (1, 2). Effec-
tive treatment of intestinal epithelial damage in liver fail-
ure is therefore crucial. A previous study demonstrated 
that after the injection of rat bone marrow mesenchymal 
stem cells (rBMSCs) into a mouse model of acute hepatic 
failure, the level of inflammatory factors and endotox-
ins significantly reduced, the intestinal epithelial barrier 
was restored, and the mortality rate in rats declined (3, 
4). Thus, transplantation of bone marrow mesenchymal 
stem cells (BMSCs) may be effective in patients under-
going hepatic failure with intestinal epithelial injury. How-
ever, the mechanism by which this occurs is unclear.

BMSCs were first found in the bone marrow in the 1960s. 
Subsequent studies have shown that these cells can dif-
ferentiate into many different cell types such as bone 

cells, chondrocytes, and adipocytes. BMSCs are widely 
used in tissue transplantation, gene therapy, and oth-
er fields because of the following advantages: easy ex-
traction, self-renewal ability, and multi-differentiation 
potential (5-7). Thus, the possibility that BMSCs can 
differentiate into intestinal epithelial cells to repair intes-
tinal mucosal damage during liver failure merits further 
investigation.

The signaling pathways involved in regulating the resting, 
self-renewal, proliferation, and differentiation of BMSCs 
include Notch (8), Wnt (9), phosphatidylinositol-4-phos-
phate 3-kinase/AKT serine-threonine kinase (PI3K/AKT) 
(10), mitogen-activated protein kinase (ERK) (11), and 
bone morphogenetic protein (BMP)(12) signaling path-
ways. ERK1/2 is a classical subpathway of mitogen-acti-
vated protein kinases in mammals, which was first report-
ed by Sturgill in 1986 (13). The ERK1/2 signaling pathway 
is the key pathway to determine cell fate by promoting 
the proliferation and regulating the final differentiation 
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of cells when the cell is stimulated by external factors. 
Many reports suggest that BMSCs rely on this pathway 
for differentiation and proliferation (6). We therefore in-
vestigated whether BMSCs differentiate into intestinal 
epitheliod cells by the ERK1/2 signaling pathway.

To test our inferences, we examined the differentiation 
potential of BMSCs into intestinal epitheliod cells by 
co-culturing them with intestinal crypt epithelial cells 
(mIEC-6) via Transwell plates. Moreover, we investigated 
the role of the ERK1/2 signaling pathway in the differen-
tiation in an effort to find a new way to treat hepatic fail-
ure patients with intestinal epithelial injury.

MATERIALS AND METHODS

Animals and cells
Three-to-five-week-old male SD rats obtained from the 
Laboratory Animal Unit Of Kunming Medical University 
were used in the experiments. mIEC-6 were from Kun-
ming Cell Bank of Chinese Academy of Sciences (No: KC-
B200720YJ). All experimental procedures were conduct-
ed under the supervision of Animal Experimental Ethical 
Committee of Kunming Medical University (Approval 
number KMMU2018019) and complied with institutional 
guidelines. This experiment strictly adhered to the regula-
tions of feeding and euthanasia of experimental animals.

Isolation and expansion of rBMSCs
The rBMSCs were isolated and harvested in this exper-
iment. Briefly, male SD rats (weight, 80-100 g; age, 3-5 
weeks) were euthanized, and cells were obtained from the 
marrow of femurs and tibias and cultured in Dulbecco’s 
modified Eagle’s medium 12 (DMEM/12; HyClone Corp, 
Logan, Utah, USA) supplemented with 10% fetal bovine 
serum (FBS; HyClone Corp, Logan, Utah, USA) at 37°C 
and 5% CO2. Medium was replaced every 24 h, and the 
cells were observed by inverted phase-contrast micros-
copy every day. Then, adherent rBMSCs were harvested 
using 0.25% trypsin and sub-cultured when they reached 
80%-90% confluence. The third generation of rBMSCs 

was digested by 0.25% EDTA–trypsin and transferred to 
tubes supplemented with configured cell cryopreserva-
tion solution (FBS: DMSO, 9:1). Then, they were stored in 
liquid nitrogen for the following experiments. Rewarming, 
centrifuging, and adjusting cell density to 2×106 cells/mL 
were performed before the next experiment.

Expansion of mIEC-6
The culture bottle was placed in a room at 37°C for 2-3 
hours. mIEC-6s were harvested using 0.25% trypsin and 
sub-cultured when they reached 80%-90% confluence. 
The third generation of mIEC-6 was digested by 0.25% 
EDTA–trypsin and co-cultured with rBMSCs.

In vitro enterocyte-like differentiation and co-culture
Cells were divided into two groups. Briefly, in group A, 
rBMSCs of passage 3 were inoculated at 1×106 cells/cm2 
in six-well culture plates in the lower chamber of the 
Transwell (Costar, Corning, NY, USA). Then, the Transwell 
insert was placed in the hole, and mIEC-6s of passage 3 
were inoculated in the upper chamber. The co-culture 
system of rBMSCs and mIEC-6s was established by mix-
ing together the upper and lower chambers containing 
DMEM (HyClone Corp, Logan, Utah, USA). In group B, the 
control group, rBMSCs of passage 3 were inoculated both 
in upper and lower chambers in the same way. All groups 
were cultured at 37°C and 5% CO2 for 3, 7, or 10 days. 
They were placed under a fluorescence microscope cam-
era for immunofluorescence detection.

ERK1/2 inhibition
The experiment was divided into three groups: group I 
(rBMSCs and rBMSCs), group II (rBMSCs and mIEC-6s), 
and group III (rBMSCs, mIEC-6s, and inhibitor U0126). 
All groups were co-cultured using a Transwell assay. Af-
ter 36 and 72 h of co-culture, western blot analysis was 
used to evaluate the protein expression of markers, in-
cluding specific markers for the ERK1/2 signaling path-
way (p-MEK1/2 and p-ERK1/2). Morphological chang-
es of rBMSCs also were recorded using the inverted 
phase-contrast microscopy.

Protein isolation and western blot
After three washes with PBS (HyClone Corp, Logan, Utah, 
USA), considerable lysis solution (150–250 µL/well) was 
added for complete lysis of proteins, and then the supe-
rior solution was obtained after centrifugation. Protein 
concentrations were measured using a Bicinchoninic Acid 
(BCA) protein assay kit (Vazyme corp. Shanghai, China). 
The absorbance was measured by A562 nm at the wave-
length of the spectrophotometer (Bio-tek, Montpellier, 

MAIN POINTS
• There is the potential for BMSCs to differentiate into en-

terocyte-like cells by transwell in vitro.
• ERK1/2 cell- signalling pathway is involved in the differen-

tiation of BMSCs into enterocytes.
• Stem cell and tissue engineering show great hope for gut 

disease based on liver failure, further researches are need-
ed.
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Vermont, USA), and the protein concentration of the 
sample was calculated according to the standard curve.

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) 
was performed in 4% concentration gels (0.5 M pH 6.8) 
loading equal amounts of protein per lane. After electro-
phoresis, separated proteins were transferred to polyvi-
nylidene fluoride (PVDF) membranes (GE, Fairfield, Conn, 
USA) and blocked with 5% non-fat milk in Tris- buff-
ered saline tween20 (TBST) buffer for 2 h. Antibodies at 
1:1,000 dilutions were then added, and the membranes 
were incubated overnight at 4°C. Bands were visualized 
by ECL. Image J, a chemiluminescent imaging system 
(Bio-Rad, Sacramento, CA, USA), was used to quantify 
protein levels in each lane.

Flow cytometry analysis
Cell surface antigens were analyzed by flow cytometry. 
Briefly, cells treated with trypsin were harvested by cen-
trifugation, washed with phosphate buffer saline (PBS; 
HyClone Corp, Logan, Utah, USA) and divided into three 
tubes. Adding different antibodies to each tube, labeled 
tubes were washed with PBS and then analyzed by a flow 
cytometer (Partec, Hamburg, Germany).

Adipogenically induced differentiation
The third generation of rBMSCs was cultured at 37°C 
and 5% CO2. Cells were harvested using 0.25% tryp-
sin and inoculated at 2×106 cells/cm2 in six-well culture 
plates containing 2 mL culture fluid per well when they 
reached 90% confluence. The liquid was changed every 
three days until the fusion level reached 100%. Then, 
the liquid was sucked out, the rBMSCs were washed 
thrice with PBS (HyClone Corp, Logan, Utah, USA), and 
2 mL adipogenically induced differentiation liquid A 
(SAIYE, Guangzhou, China) was added into every well. 
After a three-day induction, liquid A was replaced with 
liquid B (SAIYE, Guangzhou, China) and then liquid B 
was replaced with liquid A after 24 h. After 3-5 cycles 
between liquids A and B (approximately 12-20 days), 
the lipid droplets in the cells became large and round 
enough. They were placed under a microscope camera 
for detection by oil red O staining.

Statistical Analysis
Experiments were performed at least in triplicate, and re-
sults were expressed as the mean±SD. Statistical analysis 
was performed using the Statistical Packages for the So-
cial Sciences (SPSS) version 17.0 (SPSS Inc., Chicago, IL, 
USA). Differences of p<0.05 were considered statistically 
significant.

RESULTS

Morphological characterization of rBMSCs
Morphological changes of rBMSCs were observed by 
electron microscopy. As shown in Figure 1, one day after 
the primary culture, spindle-shaped and polygonal cells 
adhered and formed colonies in the culture flask. With 
the increase in culture time, adherent cells became larger 
and began to proliferate. The proliferation rate was sig-
nificantly faster than that of the original cells. These cells 
could be sub-cultured within 3-5 days.

Identification of rBMSCs

To date, no specific antigenic markers for identifying 
BMSCs have been identified. The commonly accepted 
methods of identification are: (a) typical morphology; 
(b) the expression of surface antigens CD29, CD90, or 
CD105 but without expression of surface antigens CD34, 
CD45, or CD106; and (c) potential for multidirectional 
differentiation and self-renewal. Only when cells satisfy 
the above three conditions are they considered BMSCs 
(17).

Studies show that the surface marker CD29 is an import-
ant antigenic marker for BMSCs. Therefore, in this study, 
to identify rBMSCs, CD29 (positive) and CD34 (nega-

Figure 1. a-d. Morphology of rBMSCs. a) 1 day; b) 4day; c) 6day; d) 
9day. 40×)
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tive) were used as BMSC surface markers to recognize 
third-generation BMSCs. As shown in Figure 2, the cells 
were positive for CD29 and negative for CD34.
To confirm the multiple differentiation potential of the 
extracted cells, we carried out adipogenically induced dif-
ferentiation experiments.

Figure 3 demonstrates that through adipogenically in-
duced differentiation, the third generation of rBMSCs 
had the potential for multidirectional differentiation and 
self-renewal. Microscopically, a number of red fat drop-
lets in the induced group were observed, and oil red O 
staining was positive, whereas oil red O staining was neg-
ative in the control group.
In summary, these results demonstrated that the 
high-purity cells harvested herein are identified as rBM-
SCs.

Co-culture using Transwell
As shown in Figure 4, in this part, the differentiation was 
induced by co-culture (rBMSCs+mIEC-6) using Tran-
swell plates. Cells were divided into two groups: group A 
(rBMSCs and mIEC-6) and control group B (rBMSCs and 
rBMSCs).

After three, seven, or ten days of induction, morphology 
and specific expression molecules were examined under 
a fluorescence microscope by immunofluorescence de-
tection. CK and Villin are specific expression molecules 
of epithelioid cells and were used for the identification of 
epithelioid cells in this experiment.

Figures 5 and 6 show that CK and Villin were recognized 
three days after co-culture of the P3 generation (5a and 
6a). After seven days of co-culture (5c and 6c), some 
rBMSCs cells had epithelioid changes. After 10 days of 
co-culture (5e and 6e), two kinds of proteins were ex-
pressed continuously, and most of the cells became 

Figure 2. Flow cytometry of rBMSCs.

Figure 3. a-d. Adipogenic differentiation of rBMSCs. a) Pre-staining in 
induction group; b) After staining in induction group; c) Pre-staining in 

control group; d) After staining in control group. 100×. Figure 4. Co-culture sketch map using Transwell.
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round and oval. The isolated cells displayed typical epi-
thelial morphology. Control group B was always negative 
(5b, 5d, 5f and 6b, 6d, 6f).

Effects of ERK1/2 inhibition
The experiment was divided into three groups: group I 
(rBMSCs and rBMSCs), group II (rBMSCs and mIEC-6) 
and group III (rBMSCs, mIEC-6, and U0126). The cells 
were co-cultured for 36 or 72 h using Transwell plates. 
Then, the ERK1/2 signaling pathway molecules were 
measured by western blotting.

As seen in Figure 7, p-MEK1/2 and p-ERK1/2 were not ex-
pressed in group I. After 36 h, compared with the group 
II, p-MEK1/2 and p-ERK1/2 bands became weaker, and 
the expression of p-MEK1/2 and p-ERK1/2 proteins de-
creased in group III. However, after 72 h, the expression of 
p-MEK1/2 and p-ERK1/2 proteins of group III somewhat 
recovered.

Figure 5. a-f. Expression of CK. a) 3 days in rBMSCs+mIEC6; c) 
7days in rBMSCs+mIEC6; e) 10days in rBMSCs+mIEC6; b) 3 days 

in rBMSCs+rBMSCs; d) 7days in rBMSCs+rBMSCs; f) 10days in 
rBMSCs+rBMSCs. 40×.

Figure 6. a-f. Expression of villin. a) 3 days in rBMSCs+mIEC6; c) 
7days in rBMSCs+mIEC6; e) 10days in rBMSCs+mIEC6; b) 3 days 

in rBMSCs+rBMSCs; d) 7days in rBMSCs+rBMSCs; f) 10days in 
rBMSCs+rBMSCs. 40×.

Figure 7. Expression of p-MEK1/2 and p-ERK1/2 by western 
blotting.
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Moreover, fewer epithelioid morphological changes oc-
curred in group III after 36 h compared with group II (Fig-
ure 8). Interestingly, after another 36 h, cells showed ep-
ithelioid morphology, and some of the cells displayed an 
ovoid shape in group III as compared with the previous 
morphology.

DISCUSSION
BMSCs have attracted much attention in tissue repair, 
organ transplantation, and immunotherapy due to their 
multidirectional differentiation potential. Previous stud-
ies have indicated that BMSCs take advantage of this to 
repair degenerated or damaged tissues. For example, the 
differentiation of BMSCs into myofibroblast, cardioimyo-
cyte-like cells, and motor neurons has been confirmed 
(18-20). An intestinal mucosal lesion with loss of intesti-
nal epithelial cells is progressively invaded by pathogens 
and harmful factors to form endotoxemia; this results in 
liver dysfunction and eventual liver failure or even death. 
Stem cell transplantation was used as a useful treatment 
with endotoxemia in liver failure (1).

In this study, we have shown the potential and molecu-
lar modulation of BMSCs to differentiate into epithelioid 
cells. Specifically, we found rBMSC differentiation into 
epithelioid cells via co-culturing with IEC-6 cells, and 
that transiently inhibiting ERK1/2 in the co-cultured sys-

tem induces a decrease in differentiation into epithelioid 
cells. This strongly indicates that the ERK1/2 pathway is 
involved in this differentiation process.

rBMSCs and IEC-6 were co-cultured under the same ex-
ternal environment though a Transwell chamber. Western 
blot detection showed the expression of p-ERK1/2 and 
p-MEK1/2 were significantly reduced in the ERK1/2-in-
hibition group treated with U0126 (36 h). Also, with de-
creased amounts of p-ERK1/2 and p-MEK1/2, the epi-
thelioid cells also decreased lower than that of the normal 
co-cultured group, indicating that the differentiation of 
rBMSCs into epithelioid cells was impeded and closely 
related to the ERK1/2 pathway. Interestingly, the expres-
sion of p-ERK1/2 and p-MEK1/2 in the inhibitor group 
(72 h) were not suppressed and even showed high ex-
pression. Meanwhile, the rBMSCs gradually differentiated 
into epithelioid cells. We next investigated whether this 
phenomenon is caused by the lack of U0126 inhibition or 
the involvement of other unknown differentiation mech-
anisms.

U0126 has traditionally been regarded as an inhibitor of 
the ERK1/2 pathway. However, a recent study demon-
strated a novel function for U0126 in promoting osteo-
genic differentiation of rBMSCs (2). Whether inhibiting 
or promoting differentiation shows completely distinct 
groups or two ends of a line remains to be further stud-
ied, but this indicates that the ERK1/2 pathway directly or 
indirectly plays a key role in orchestrating the differenti-
ation of rBMSCs.

The picture of molecular modulation of BMSC differ-
entiation may be more complex, and further studies are 
needed to reveal the underlying mechanism of this phe-
nomenon. Also, as a common factor, MEK1/2 could be 
regulated to participate in many signaling pathways to 
influence the differentiation and proliferation of stem 
cells. Moreover, in addition to active proteins, non-coding 
RNA can also regulate the differentiation, proliferation, 
and apoptosis of stem cells (3, 4). Together these data 
indicate that complex modulation of BMSC differentia-
tion probably interweaves into a working network; specif-
ically, the ERK1/2 pathway is one of the most important 
components. Notably in this study, the ERK1/2 pathway 
is an important factor for the differentiation of rBMSCs 
into epithelioid cells.

In conclusion, herein we co-cultured rBMSCs and IEC-6 
through Transwell chambers and successfully induced 
the differentiation of BMSCs into intestinal epithelial 

Figure 8. a-d. Morphology of rBMSCs after U0126. a) group II 36h; 
b) group II 72h; c) group III 36h; d) group III 72h. 40×.

464

J iang et  a l .  Differentiat ion of  BMSCs into intestinal  cel ls  Turk J  Gastroenterol  2020;  31(6) :  459-65



cells, providing a reference for future studies of BMSCs 
and ERK signaling pathway. However, further investiga-
tion is still needed to uncover the complex network of 
differentiation regulation mechanisms of BMSCs.
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