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Mechanism and therapeutic effect 
of umbilical cord mesenchymal 
stem cells in inflammatory bowel 
disease
Xing-hua pan1,2,3, Qing-qing Li1,2,3, Xiang-qing Zhu1,2,3, Zi-an Li1,2,3, Xue-min cai1,2,3,  
Rong-qing pang1,2,3 & Guang-ping Ruan1,2,3*

Inflammatory bowel disease (IBD) is a persistent and chronic disease that is characterized by destructive 
gastrointestinal (GI) inflammation. Researchers are trying to identify and develop new and more 
effective treatments with no side effects. Acute and chronic mouse models of IBD were established 
using dextran sulfate sodium (DSS) solution. To evaluate the efficacy and mechanism, umbilical cord 
mesenchymal stem cells (UCMSCs) were obtained from Kunming (KM) mice and humans. In the chronic 
IBD study, the survival rates of the normal control, model, mouse UCMSC (mUCMSC) and human 
UCMSC (hUCMSC) groups were 100%, 40%, 86.7%, and 100%, respectively. The histopathological 
scores of the normal control, intraperitoneal injection, intravenous treatment, and model groups were 
0.5 ± 0.30, 5.9 ± 1.10, 8.7 ± 1.39, and 8.8 ± 1.33 (p = 0.021). UCMSCs promoted the expression of 
the intestinal tight junction protein occludin, downregulated the protein expression of the autophagy 
marker LC3A/B in colon tissue, and upregulated the expression of VEGF-A and VEGFR-1 at the injured 
site. This study provides an experimental model for elucidating the therapeutic effects of UCMSCs in 
IBD. We provide a theoretical basis and method for the clinical treatment of IBD using UCMSCs.

Inflammatory bowel disease (IBD) is a persistent and chronic disease that is characterized by destructive gas-
trointestinal (GI) inflammation1. The main disease types that are associated with IBD include ulcerative colitis 
(UC) and Crohn’s disease (CD). UC is more common in people who are 20 to 40 years old, and the age of CD 
is usually 15–30 years. There is no significant difference in the incidence of IBD between men and women, and 
these diseases can present at any age. Currently, IBD is generally considered to be caused by interactions among 
environmental, genetic, infectious and immune factors. Researchers are trying to identify and develop new and 
more effective treatments to avoid the side effects of long-term medicine use.

A large number of studies have shown that mesenchymal stem cells (MSCs) have immune regulation and 
tissue repair functions2–5. MSCs have achieved certain therapeutic effects in preclinical research and clinical tri-
als in IBD animal models. MSCs can colonize the intestinal mucosa, control inflammation and repair damaged 
tissues6,7. After intravenous (IV) injection, MSCs can home to the injury site on the intestinal wall and improve 
local microcirculation to accelerate tissue repair8. E Gonzalez-Rey et al. hypothesized that MSCs treat IBD by 
downregulating Th1-driven inflammatory responses, lowering the levels of various inflammatory molecules and 
chemokines. Moreover, MSCs upregulate the secretion of the inhibitory factor IL-10 by acting on macrophages 
while inhibiting Th1 cell activation, which promotes the production of IL-10-secreting T cells9. Studies have 
found that MSCs do not have to colonize target tissues to achieve therapeutic benefits; tumor necrosis factor–
induced protein 6 (TSG6) secreted by T- and B-lymphocytes and macrophages accumulated in the peritoneum is 
sufficient to relieve enteritis10. Fei Mao et al. concluded that umbilical cord MSCs (UCMSCs) attenuate dextran 
sulfate sodium (DSS)-induced IBD by regulating 15-lipoxygenase-1 (15-LOX-1) expression in macrophages11. 
MSCs play a therapeutic role by inducing the generation of a class of macrophages with powerful immunoreg-
ulatory functions12,13. Some people also believe that MSCs mainly participate in tissue repair through paracrine 
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functions, rather than through so-called lateral differentiation or cell fusion14. The published literature indicates 
that MSCs do not survive in vivo for a long time, with a lifetime generally ranging from a few days to tens of 
days15. The fate and metabolism of MSCs in the body and their long-term side effects are still unclear.

MSCs have also shown significant therapeutic effects in clinical trials. MSCs are safe and effective in the treat-
ment of CD in patients with an intractable intestinal fistula. Rachele Ciccocioppo et al. extracted the patient’s own 
bone marrow MSCs (BM-MSCs), expanded them to a certain number in vitro, and then locally injected these 
cells into the lesions of the same patient. Of the ten patients who underwent MSC treatment, 7 achieved complete 
closure of the fistula. Although the fistula was not completely closed in the other three patients, the CD activity 
index (CDAI) and perianal disease activity index (DAI) were significantly improved. No adverse reactions were 
observed during the follow-up period16. The number of regulatory T cells increased in the blood and mucous 
membrane samples from the treated patients. Other studies have confirmed that allogeneic MSCs expanded in 
vitro are safe and effective in the treatment of CD-complicated perianal fistula lesions17. In China, UCMSCs were 
intravenously injected into patients with CD, and the CDAI, Harvey-Bradshaw index (HBI) and corticosteroid 
doses were evaluated. After one year of follow-up, the curative effect was obvious, although the treatment caused 
mild side effects, such as fever18.

In many animal experiments, the main treatment routes of MSCs are IV and intraperitoneal (IP) injections, 
followed by local lesion injection. Several treatments have proven effective19–21. There are few reports on the treat-
ment of IBD with UCMSCs of heterogeneous origin. To further clarify the optimal UCMSC injection route and 
source, the following research was carried out.

This study aimed to prepare and identify human and murine UCMSCs (hUCMSCs and mUCMSCs, respec-
tively). Animal models were used to evaluate the efficacy of different hUCMSC injection routes in an acute IBD 
model and of UCMSCs from different species in a chronic IBD model and to explore the related mechanisms. 
This study found that UCMSCs promoted the expression of the intestinal tight junction protein occludin, down-
regulated the protein expression of the autophagy marker LC3A/B in colon tissue, and upregulated the expression 
of VEGF-A and VEGFR-1 at the injured site.

Materials and Methods
Preparation of UCMSCs. 

 (1) Kunming (KM) mUCMSCs: Three pregnant KM mice were sacrificed by cervical dislocation, a laparotomy 
was conducted, the umbilical cords were removed, and the capsules and blood were removed. The umbili-
cal cords were cut into pieces smaller than 1 mm3 and inoculated in the bottom of T25 culture flasks, which 
were placed in a 5% CO2 incubator. When the UCMSCs reached 80%-90% confluence, they were passaged 
at a 1:3 ratio. Experimental protocols were approved by the Experimental Animal Ethics Committee of the 
920th Hospital of the PLA Joint Logistics Support Force. All methods were carried out in accordance with 
relevant guidelines and regulations.

 (2) hUCMSCs: P2 cells supplied by the Stem Cells and Immune Cells Biomedical Techniques Integrated 
Engineering Laboratory of State and Regions were passaged at a 1:3 ratio. The rate of positive expression of 
UCMSC antigens on human and mouse P3 UCMSCs was analyzed by flow cytometry, and the osteogenic, 
adipogenic and chondrogenic differentiation abilities of UCMSCs were analyzed. P3 cells were diluted to 
3 × 106 cells/ml in cryopreservation solution and stored in liquid nitrogen for later use. For experiments, 
UCMSCs were diluted to 5 × 106 cells/ml and 1 × 107 cells/ml in physiological saline. All experiments were 
performed in accordance with relevant guidelines and regulations. The use of human umbilical cord mes-
enchymal stem cells was approved by the Experimental Animal Ethics Committee of the 920th Hospital of 
the PLA Joint Logistics Support Force.

Establishment of an IBD animal model. 

 (1) Acute model: Healthy male C57BL/6 mice (age: 7–8 w; body weight: 20–22 g) had free access to 3% DSS 
aqueous drinking water for seven days, and the mice were sacrificed.

 (2) Chronic model: The mice had free access to 3% DSS in drinking water for 5 days. After 10 days, the mice 
underwent 5 cycles of drinking DSS solution for 4 days, with a three-day interval between cycles. The mice 
were sacrificed, and relevant samples were collected. During the modeling period, body weight, fecal mor-
phology, blood in the stool and mortality were monitored daily. After the model was established, HE staining 
of colon tissue was performed to observe the histological changes and to obtain a histopathological score.

UCMSC transplantation for the treatment of mouse IBD. 

 (1) Different methods of injecting hUCMSCs into the acute IBD model: Thirty-six mice with acute IBD were 
established according to the above method. These mice were randomly divided into a model group, an IP 
UCMSC injection group, an IV UCMSC injection group, with 12 mice in each group; 9 additional mice 
formed the normal control group. The IV and IP UCMSC injection groups were injected with 100 µl of a 
UCMSC suspension (5 × 106 cells/ml) on the first, third and fifth days after initiating the model generation. 
The model group was injected with the same volume of normal saline. The mice were sacrificed on the 
seventh day after the start of the experiment.

 (2) UCMSC treatment of chronic IBD: Forty-five healthy male C57BL/6 mice were used to prepare chronic 
IBD models according to the above method. Then, the mice were randomly divided into a model group, 
a mUCMSC group, and a hUCMSC group, with 15 mice in each group; 9 additional mice were placed in 
the normal control group. The mice in the mUCMSC and hUCMSC treatment groups were injected with 

https://doi.org/10.1038/s41598-019-54194-y


3Scientific RepoRtS |         (2019) 9:17646  | https://doi.org/10.1038/s41598-019-54194-y

www.nature.com/scientificreportswww.nature.com/scientificreports/

Figure 1. Cultivation of human and murine UCMSCs. (A,B) are P0 and P1 mUCMSCs, respectively; (C,D) 
are P2 and P3 hUCMSCs, respectively. The cells were spindle-shaped, and hUCMSCs were slightly larger than 
mUCMSCs. Flow cytometry detection of hUCMSCs. The rates of hUCMSCs positive for CD73, CD90 and 
CD105 were as high as 97.5%, 98.2% and 97.5%, respectively, while those for HLA-DR, CD34 and CD45 were 
only 2.22%, 0.861% and 0.695%, respectively. (K,L) Isotype control. Flow cytometry detection of mUCMSCs. 
The rates of mUCMSCs positive for CD34, CD90 and CD105 were 0.239%, 100%, and 99.9%, respectively. 
(P,Q) Isotype control. Osteogenic, adipogenic and chondrogenic staining of hUCMSCs (100× magnification). 
hUCMSCs were induced to differentiate into bone-like cells, adipose-like cells and chondrocytes. Alizarin red S 
staining, fatty oil red staining, and cartilage Alcian blue 8GX staining were used. (U) Control (normal cultured 
hUCMSCs). Osteogenic, adipogenic, and chondrogenic staining of mUCMSCs (100× magnification). (V) 
Osteogenic staining results. (W) Adipogenic staining results. (X) Chondrogenic staining results.
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Figure 2. Pathological changes and analysis of colon tissue. (A) Normal control group; (B): model group (100× 
magnification); (C): ***P = 0.001; data are presented as the x  ± SD. In the model group, inflammatory cells 
infiltrated the muscularis and muscle layers of the mucosa and the glandular edema in the epithelium. DAI 
score. (D) During the modeling period, weight changes, fecal morphology, blood in the stool, and survival rate 
were measured every day, and the DAI was calculated. P = 0.012, the model group compared to the control 
group. Pathological changes in colon tissue. (E) Normal control group; (F): model group. In the model group, 
inflammatory cells infiltrated the whole layer of the intestinal wall, considerable cellulose exudation and cell 
proliferation in the intestinal wall caused swelling of the intestinal wall, and the intestinal lumen was narrow 
(100× magnification). In severe cases, the epithelial structure disappeared, and the organizational structure was 
unclear. Score. (G) Colon histopathology score. (H) Mouse DAI score. Changes in mouse body weight. (I) 
Changes in mouse body weight of the normal, model, IV, and IP groups. (J) Changes in mouse body weight in 
the normal, model, hUCMSC, and mUCMSC groups.
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Figure 3. Mouse DAI. (A) IP, intraperitoneal injection group; IV, intravenous injection group. After IP 
injection, the mice showed improvements in diarrhea and blood in the stool, but the effects in the IV group were 
not obvious. Mouse colon anatomy. (B): a1, IV group; a2, IP group; a3, model group; a4, normal control group. 
(C): b1, b2, b3 and b4 represent the mUCMSC group, hUCMSC group, model group and normal control group, 
respectively. Mouse survival curve. (D): M, IP, and IV represent the model group, hUCMSC IP group, and 
hUCMSC IV group, respectively. In the acute IBD study, the survival rates of M, IV, and IP were 83.3%, 91.7%, 
and 100%, respectively (n = 12). (E) In the chronic IBD study, the survival rates of the normal control group 
(n = 9), model group, mUCMSC group and hUCMSC group were 100%, 40%, 86.7%, and 100%, respectively 
(n = 15). Values represent the average of each group. Colon histopathological changes (HE staining) (100× 
magnification). (F) Normal control group; (G): Model group; (H): IV group; (I): IP group. In the IP and IV 
treatment groups, leukocyte infiltration was observed in the colon, but the intestinal wall edema was mild, and 
the degree of glandular damage was significantly lower than that in the model group. In the model group, the 
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mUCMSCs or hUCMSCs (1 × 107 cells/ml; 100 µl) into the abdominal cavity. The mice in the model group 
received an IP injection of the same volume of normal saline. Mice were sacrificed on the 50th day after the 
start of modeling.

 (3) Observation indicators: ① mouse colon tissue structure; ② serum IL-6 and TNF-α concentrations and 
inflammatory cell immunohistochemical staining; ③ colon tissue staining for goblet cells; ④ collagen 
staining in colon tissue; ⑤ daily mental state and body weight of the mice; ⑥ fecal morphology; ⑦ blood 
in the stool; and ⑧ relative claudin-1, occludin, and IL-6 gene expression and VEGF-A, VEGFR-1, and 
occludin protein expression in colon tissue.

Analysis of the mechanism of action of UCMSCs on IBD. The protein expression of the autophagy 
marker LC3A/B, the tight junction factor occludin, and the vascular endothelial growth factors VEGF-A 
and VEGFR-1 in colon tissue was detected by Western blotting. The expression of the tight junction proteins 
claudin-1 and occludin, inflammatory factors and IL-6 was analyzed by qPCR. Immunohistochemistry analysis 
of GFP-labeled UCMSCs was used to observe the distribution of UCMSCs in vivo.

Statistical analysis. All statistical data were analyzed using GraphPad Prism 5 and SPSS 22. Two independ-
ent sample means were compared by the t test, and the means of measurement data were analyzed by one-way 
ANOVA. P < 0.05 indicated statistical significance. Data are expressed as the mean ± standard deviation.

Ethics approval and consent to participate. Experimental protocols were approved by the Experimental 
Animal Ethics Committee of 920th Hospital of the PLA Joint Logistics Support Force.

Results
Identification of UCMSCs. Both hUCMSCs and KM mUCMSCs were fibrous and adherent (Fig. 1A–D). 
The expression rates of the hUCMSC markers CD73, CD90 and CD105 were 97.5%, 98.2% and 97.5%, respec-
tively, and the expression rates of CD34, HLA-DR and CD45 were 0.861%, 2.22% and 0.695%, respectively 
(Fig. 1E–L). The expression rates of CD105 and CD90 in KM mUCMSCs were 99.9% and 100%, respectively, 
while the CD34 expression rate was 0.239% (Fig. 1M–Q). Both types of UCMSCs could be induced to differenti-
ate into adipocytes, bone-like cells, and cartilage-like cells (Fig. 1R–X).

Model creation and evaluation. 

 (1) Acute IBD model: After 4 days of drinking 3% DSS solution, the mice developed blood in the stool. After 
5 days, their body weight began to decrease, more blood appeared in the stool, and the mice became weak, 
drowsy. Gross anatomy: The whole colon, or sections of the colon, showed congestion, edema and ulcera-
tion. Histopathology and staining showed intestinal epithelial structure destruction, glandular disorders, a 
decrease in goblet cells, and a large amount of collagen fiber deposition in the whole layer of the intestinal 
wall (Fig. 2A–C). During the modeling period, the body weight, fecal morphology, blood in the stool, and 
survival rate were ascertained daily, and the DAI was calculated (Fig. 2D). The DAI of the model group 
compared to the control group has statistical significance (P = 0.012) (Fig. 2D).

 (2) Chronic IBD model: The mice showed intermittent blood in the stool, and body weight remained low 
(approximately 85% of the initial weight). Inflammatory cells infiltrated the intestinal wall, the glandular 
structure almost disappeared, and the intestinal lumen was narrow (Fig. 2E,F) (P = 0.001). The mouse DAI 
was calculated during modeling (Fig. 2H). The change in body weight in each group was monitored daily 
from the first day of DSS administration. The average body weight changes in the acute and chronic IBD 
models are presented in Fig. 2I,J. During the observation period, the percentage weight loss in the IP, IV, 
and model groups was 11%, 14%, and 17%, respectively (Fig. 2I). The average body weight changes of each 
group in the acute IBD models has statistical significance (P = 0.035) (Fig. 2I). The average body weight 
changes of each group in the chronic IBD models has statistical significance (P = 0.025) (Fig. 2J). Further 
analysis of the mouse DAI showed that the IP injection improved diarrhea and blood in the stool, but these 
effects were not significant in the IV treatment group (Fig. 3A).

UCMSC efficacy. 

 (1) Efficacy of UCMSCs in the treatment of IBD: In the experiment on the use of hUCMSCs to treat acute IBD, 
the model group showed obvious ulceration of the colon, intestinal necrosis (Fig. 3B,a3). Congestion and 
edema were not appeared in the normal control group (Fig. 3B,a4). IP injection of UCMSCs caused mild 
hyperemia in the intestine (Fig. 3B,a2). In the IV group, intestinal edema and obvious intestinal congestion 
were observed (Fig. 3B,a1). In the experiment on chronic IBD, the large intestine shortened in the model 
group (Fig. 3C,b3), and the intestinal wall surface showed slight hyperemia in the cell treatment group 
(Fig. 3C,b1,b2).

intestinal epithelial structure was disordered, and edema, epithelial necrosis, cellulose exudation, inflammatory 
cell infiltration, and intestinal lumen stenosis were observed. (J) Normal control group; (K): model group; (L): 
hUCMSC group; (M): mUCMSC group. Observations of colon tissue in the model group in the chronic IBD 
study revealed missing gland-like structures, an unclear layer of the intestinal wall, exuded cellulose, and the 
dense distribution of inflammatory cells in various layers of the intestinal wall. (K) The colon tissue of mice 
treated with UCMSCs was clearly visible, and the extent and density of inflammatory cell infiltration were 
inferior to those in the model group (L,M).
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Figure 4. Statistical analysis of histopathological scores. (A) *P = 0.021 compared with the model group. Data 
are expressed as the x ± SD. IP and IV indicate the UCMSC IP and IV injection groups, respectively. (B) 
*P = 0.032 compared to the model group. Data are expressed as the x ± SD. Colon goblet cell staining (100× 
magnification). (C–F) Are the normal control group, model group, hUCMSC IV group and hUCMSC IP group, 
respectively. Glycogen granules in goblet cells are stained purple. After hUCMSC treatment of acute IBD model 
mice, PAS staining of the colon showed a diffuse reduction in or loss of goblet cells in the model group and more 
goblet cells in the UCMSC treatment group. Colon collagen deposition (100× magnification). In the acute IBD 
study, colon collagen staining showed that the collagen deposition area or range in the model group was 
significantly larger than that in the cell treatment group (H), indicating that the distal colonic hardening in mice 
in the model group is likely due to fibrosis. Collagen is stained dark blue. (G–J) are the normal control group, 
model group, hUCMSC IV group and hUCMSC IP group. UCMSC tracer. (K–M) Staining for UCMSCs in the 
mouse colon, spleen, and kidney. The brownish-yellow cell area is indicated by a red arrow (200× 
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 (2) Survival rates of each group: In the acute IBD study, the survival rates of the model, IV, and IP groups were 
83.3%, 91.7%, and 100%, respectively (P = 0.034) (Fig. 3D). In the chronic IBD study, the survival rates of 
the normal control, model, mUCMSC and hUCMSC groups were 100%, 40%, 86.7%, and 100%, respec-
tively (P = 0.038) (Fig. 3E).

 (3) Efficacy of human and KM mouse UCMSCs in the treatment of chronic IBD: Light microscopy images 
after colonic HE staining are shown in Fig. 3F–M. In the IP and IV UCMSC treatment groups, leukocyte 
infiltration was observed in the colon, but the intestinal wall edema was mild (Fig. 3H,I). The intestinal 
epithelial structure of the model group was disordered, and edema, epithelial necrosis, fiber exudation 
with inflammatory cell infiltration, and intestinal stenosis were all present (Fig. 3G). The histopathologi-
cal scores are shown in Fig. 4A,B. In the colonic tissue from the chronic IBD model group, the glandular 
structure was absent, the intestinal wall tissue was unclear, exuded cellulose was observed, and inflamma-
tory cells were densely distributed in various layers of the intestinal wall (Fig. 3J–M). The colonic tissue of 
mice treated with UCMSCs (i.e., hUCMSCs and mUCMSCs) was clearly visible, the extent and density of 
inflammatory cell infiltration were inferior to those in the model group (Fig. 3J–M), and the scores were 
also lower (Fig. 4A,B). The histopathological scores of the normal control, IP injection, IV treatment, and 
model groups were 0.5 ± 0.30, 5.9 ± 1.10, 8.7 ± 1.39, and 8.8 ± 1.33, respectively (p = 0.021) (Fig. 4A,B).

 (4) PAS staining of each group: In the acute IBD model, PAS staining showed a diffuse reduction in or loss 
of goblet cells in the model group and more goblet cells in the colon in the hUCMSC treatment group 
(Fig. 4C–F). The goblet cells in the colon of the hUCMSC and KM mUCMSC treatment groups were more 
evenly distributed at a higher density, and had less collagen fiber exudation than those in the model group 
(Fig. 4C–F).

 (5) Collagen staining of each group: After hUCMSC treatment of acute IBD, colon collagen staining showed 
a significantly larger area of collagen deposition in the model group than in the cell treatment group 
(Fig. 4G–J), indicating that the distal colonic sclerosis in the model group was probably due to fiber 
deposition.

 (6) UCMSC tracer: After UCMSCs were injected into the body, they distributed in the intestine, liver, spleen, 
lungs and kidneys, with the greatest distribution in the spleen (Figs. 4K–P and 5A,B).

 (7) UCMSC efficacy: The serum IL-6 concentrations in the IP UCMSC, IV UCMSC, and model groups were 
27.17 ± 1.48, 71.11 ± 9.19, and 104.90 ± 9.78 pg/ml, respectively (p = 0.015) (Fig. 5D). The serum TNF-α 
concentrations in the IP UCMSC, IV UCMSC, and model groups were 119.50 ± 12.33, 153.67 ± 1.50, 
and 174.92 ± 7.72 pg/ml, respectively (p = 0.033) (Fig. 5C). There was less infiltration of CD4 + T cells, 
macrophages, and neutrophils into the colon of the human and KM mouse UCMSC groups, similar to 
the normal control group, while the model group showed diffuse infiltration (Fig. 5E). The qPCR results 
showed that claudin-1 and occludin were upregulated in the IP UCMSC group compared with the other 
three groups (p = 0.045) (Fig. 6A–C). LC3A/B expression was lower in the human and KM mouse UCMSC 
groups than in the other two groups. VEGF-A, VEGFR-1 and occludin protein expression was increased 
in the hUCMSC treatment group, with higher expression levels than those in the model group and the KM 
mUCMSC treatment group and similar expression levels to those in the normal control group (Fig. 6D).

Discussion
In this study, the efficacy of IV and IP MSC injections was compared. UCMSCs can promote the mRNA expres-
sion of claudin-1 and occludin, and the IP injection of MSCs can reduce the serum concentration of inflamma-
tory factors such as IL-6 and TNF-α. Immunohistochemistry to localize MSCs revealed that MSC colonization 
was not limited to the injury site in the intestine upon IP or IV injection; these cells also localized to the spleen, 
lungs, kidneys and other organs. IP treatment was effective, and the efficacy of IV treatment was between that of 
IP treatment and model group. The DAI and pathological score were lower in the IP group than in the model and 
IV groups. Based on the above experimental results, we concluded that the IP injection of MSCs is not inferior to 
and even exceeds the traditional IV injection method. This study found that UCMSCs promoted the expression 
of the intestinal tight junction protein occludin, downregulated the protein expression of the autophagy marker 
LC3A/B in colon tissue, and upregulated VEGF-A and VEGFR-1 expression at the injured site.

There is no final conclusion as to which treatment route is safer or more effective. Some scholars believe that 
IV injections are superior to IP injections: the former approach can induce high levels of IFN-γ, thereby activating 
the immunosuppressive activity of MSCs and inducing T cell apoptosis at the injury site22. In contrast, Morgana 
et al. concluded that intraperitoneally injected MSCs home to the colonic lesion and reduce the inflammatory 
response, whereas intravenously injected MSCs are widely distributed in multiple organs outside of the colon21. 
A large number of experimental studies have fully confirmed the efficacy of IV or IP injections of MSCs9,10,19.

Regarding MSCs, we first think of their immunoregulatory function and tissue repair ability. In recent years, 
MSCs have emerged as candidates for the treatment of many diseases, for example, graft versus host disease 
(GVHD)23, CD24, type 1 diabetes25, allergic skin inflammation26, experimental autoimmune encephalomyelitis27, 
contusive spinal cord injury28, and acute pancreatitis29.

Accumulating data prove that MSCs must be stimulated to exert immunomodulatory activity. The most 
important stimulators are IFN-γ, TNF-α and IL-β30–32. In addition, signaling pathways mediated by Toll-like 

magnification). Trace staining of hUCMSCs. (N–P) Trace staining of hUCMSCs in spleen, liver and lung 
tissues. The brownish-yellow area (black arrow) indicates the presence of hUCMSCs (200× magnification). The 
staining of the spleen tissue was darker and more widely distributed, indicating the greater distribution of 
UCMSCs.
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Figure 5. Distribution of GFP-labeled UCMSCs in various layers of the colon intestinal wall. (A,B) GFP-
labeled MSCs were found in various layers of the intestinal wall. TNF-α and IL-6 concentrations in mouse 
serum. (C,D) Normal, model, IV, and IP indicate the normal control group, model group, hUCMSC IV group, 
and hUCMSC IP group. Compared with the model group, the IP and IV groups had significantly reduced 
TNF-α and IL-6 levels. Infiltration of CD4+ T cells, macrophages, and neutrophils in colon tissue (100× and 
400× magnification). (E) CD4, F4/80, and MPO are markers of CD4+ T cells, macrophages, and neutrophils, 
respectively. The infiltration of CD4+ T cells, macrophages and neutrophils into colon tissue was lower in the 
hUCMSC and KM mUCMSC groups, with infiltration levels close to those in the normal control group, than in 
the model group, which showed diffuse infiltration.
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receptors (TLRs) can activate the immunosuppressive properties of MSCs33. Interestingly, MSCs can also act on 
host immune cells by inhibiting the proliferation of T cells and the maturation and function of dendritic cells 
(DCs); inducing the production of M2 macrophages, regulatory T cells and regulatory B cells; and regulating the 
biological behavior of NK cells.

In the cell-treated group, VEGF-A and VEGFR-1 protein expression levels were upregulated, indicating that 
MSCs contribute to capillary formation. Angiogenesis is a critical step in the tissue healing process34. Blood 
vessels transport nutrients to surrounding tissues and cells, and these nutrients facilitate cell proliferation and 
differentiation and other basic life activities.

There are many reports on the mechanism of MSCs in the treatment of diseases, including the following 
studies.

Figure 6. The relative gene expression of claudin-1, occludin and IL-6 in the mouse colon. (A–C) The claudin-1 
expression level in the colon was significantly lower in the model group than in the cell treatment group 
(*P = 0.045). The occludin expression level was higher in the IP group than in the IV group (*P = 0.032). IL-6 
expression in the colon was significantly increased in the IV group (*P = 0.023). Occludin, VEGF-A, LC3A/B, 
and VEGFR-1 protein expression in mouse colon tissue. (D) After the treatment period, the expression of 
occludin, VEGF-A and VEGFR-1 in colon tissue was higher in the hUCMSC group than in the model group 
and the KM mUCMSC group and close to that in the normal control group. LC3A/B expression was lower in 
the hUCMSC and KM mUCMSC groups than in the other two groups.
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Li et al.35 reported oxidative stress–induced mitochondrial dysfunction can contribute to inflammation and 
remodeling in patients with chronic obstructive pulmonary disease (COPD). They found mesenchymal stem cells 
protect against lung damage in animal models of COPD.

Zhang et al.36 reported paracrine effect is the major mechanism that underlies mesenchymal stem cells 
(MSC)-based therapy. They found selective inhibition of Rap1 in BM-MSCs may be a novel strategy to enhance 
MSC-based therapeutic efficacy in myocardial infarction.

Liao et al.37 reported that transplantation of human induced pluripotent stem cell-derived mesenchymal stem 
cells (hiPSC-MSCs) is safe for the improvement of cardiac function in heart failure (HF). They found this is due to 
their immunomodulation that improves in vivo survival and enhanced angiogenesis via paracrine effects.

Chin et al.38 reported mesenchymal stromal cells (MSC) may improve cardiac function following myocardial 
infarction. We speculated MSC can differentiate into cardiomyocytes and endothelial cells while exerting addi-
tional paracrine effects.

Sun et al.39 demonstrate that, compared to adult MSCs, human iPSC-MSCs are insensitive to proinflammatory 
IFN-γ-induced HLA-II expression and iPSC-MSCs have a stronger immune privilege after transplantation. So we 
speculated it may attribute to a better therapeutic efficacy in allogeneic transplantation.

Zhang et al.40 reported at 4 weeks after cell transplantation, the nuclear casein kinase and cyclin-dependent 
kinase substrate 1 (NUCKS) (−/−)-BM-MSCs or wide type-BM-MSCs (WT-BM-MSCs) group significantly 
improved heart function and vessels density and reduced infarction size and apoptosis of cardiomyocytes. They 
demonstrated that depletion of NUCKS enhances the therapeutic efficacy of BM-MSCs for MI via regulating the 
secretion.

Yao et al.41 found that iPSC-MSC transplantation significantly reduced T helper 2 cytokines, and alleviated 
asthma inflammation in mice. They provided a therapeutic strategy for targeting asthma inflammation.

These articles all mention the mechanism by which MSCs treat disease, suggesting their broad application 
potential.

Based on the results of this study, we can infer the possible mechanism of UCMSC in the treatment of IBD: 
1. UCMSCs promote the expression of the intestinal tight junction proteins occludin and claudin-1, reduce the 
permeability of the intestinal epithelium, and prevent intestinal endotoxins and other allergens from spreading 
to the blood and other organs, thus limiting the spread of inflammation. 2. UCMSCs downregulate the protein 
expression of the autophagy marker LC3A/B in the colon, thereby delaying the autophagic death of intestinal 
epithelial cells and helping maintain the mechanical barrier of the intestinal wall. 3. The UCMSC-induced upreg-
ulation of VEGF-A and VEGFR-1 expression in the damaged area contributes to microvascular regeneration, 
thereby improving local microcirculation in the intestinal wall and providing nutrients for the proliferation and 
renewal of intestinal wall cells.

conclusion

 1. KM mUCMSCs were successfully obtained by tissue culture. mUCMSCs expressed high levels of CD90 
and CD105 and low levels of CD34. hUCMSCs expressed high levels of CD73, CD90, and CD105 and low 
levels of CD34, CD45, and HLA-DR. Both KM mUCMSCs and hUCMSCs showed the potential to differ-
entiate into bone, cartilage, and adipose cells.

 2. The acute and chronic IBD mouse models were successfully established by continuous or intermittent 
administration of 3% DSS solution in drinking water.

 3. IP and IV injections of UCMSCs for the treatment of acute IBD were effective, but the effect of IP injec-
tions was superior to that of IV injections.

 4. Both hUCMSCs and KM mUCMSCs reduced enteritis and the mortality of the model IBD mice, suggest-
ing that both sources of UCMSCs have therapeutic effects.

 5. UCMSCs promoted the expression of the intestinal tight junction protein occludin, downregulated the 
protein expression of the autophagy marker LC3A/B in the colon, and upregulated the expression of 
VEGF-A and VEGFR-1 at the injured site.

 6. After UCMSCs were injected into the body, they distributed into the intestines, liver, spleen, lungs and 
kidneys, with the greatest distribution in the spleen.

Data availability
All data generated or analyzed during this study are included in this published article.

Received: 28 June 2019; Accepted: 11 November 2019;
Published: xx xx xxxx

References
 1. Algeri, M. et al. Mesenchymal stromal cells and chronic inflammatory bowel disease. Immunol Lett. 168, 191–200 (2015).
 2. Zhuang, Y. et al. Comparison of biological properties of umbilical cord-derived mesenchymal stem cells from early and late passages: 

immunomodulatory ability is enhanced in aged cells. Mol Med Rep. 11, 166–174 (2015).
 3. Weiss, M. L. et al. Human umbilical cord matrix stem cells: preliminary characterization and effect of transplantation in a rodent 

model of Parkinson’s disease. Stem Cells. 24, 781–792 (2006).
 4. Qiu, Y. et al. TLR3 preconditioning enhances the therapeutic efficacy of umbilical cord mesenchymal stem cells in TNBS-induced 

colitis via the TLR3-Jagged-1-Notch-1 pathway. Mucosal Immunol. 10, 727–742 (2017).
 5. Liang, L. et al. Human umbilical cord mesenchymal stem cells ameliorate mice trinitrobenzene sulfonic acid (TNBS)-induced colitis. 

Cell Transplant. 20, 1395–1408 (2011).
 6. Andoh, A. et al. Colonic subepithelial myofibroblasts in mucosal inflammation and repair: contribution of bone marrow-derived 

stem cells to the gut regenerative response. J Gastroenterol. 40, 1089–1099 (2005).

https://doi.org/10.1038/s41598-019-54194-y


1 2Scientific RepoRtS |         (2019) 9:17646  | https://doi.org/10.1038/s41598-019-54194-y

www.nature.com/scientificreportswww.nature.com/scientificreports/

 7. Bamba, S. et al. Bone marrow transplantation ameliorates pathology in interleukin-10 knockout colitic mice. J Pathol. 209, 265–273 
(2006).

 8. Khalil, P. N. et al. Nonmyeloablative stem cell therapy enhances microcirculation and tissue regeneration in murine inflammatory 
bowel disease. Gastroenterology. 132, 944–954 (2007).

 9. Gonzalez-Rey, E. et al. Human adult stem cells derived from adipose tissue protect against experimental colitis and sepsis. Gut. 58, 
929–939 (2009).

 10. Sala, E. et al. Mesenchymal Stem Cells Reduce Colitis in Mice via Release of TSG6, Independently of Their Localization to the 
Intestine. Gastroenterology. 149, 163–176 e120 (2015).

 11. Mao, F. et al. Human umbilical cord mesenchymal stem cells alleviate inflammatory bowel disease through the regulation of 15-
LOX-1 in macrophages. Biotechnol Lett. 39, 929–938 (2017).

 12. Anderson, P. et al. Adipose-derived mesenchymal stromal cells induce immunomodulatory macrophages which protect from 
experimental colitis and sepsis. Gut. 62, 1131–1141 (2013).

 13. Song, J. Y. et al. Umbilical cord-derived mesenchymal stem cell extracts reduce colitis in mice by re-polarizing intestinal 
macrophages. Sci Rep. 7, 9412 (2017).

 14. Banerjee, A. et al. Umbilical cord mesenchymal stem cells modulate dextran sulfate sodium induced acute colitis in immunodeficient 
mice. Stem Cell Res Ther. 6, 79 (2015).

 15. Ankrum, J. A., Ong, J. F. & Karp, J. M. Mesenchymal stem cells: immune evasive, not immune privileged. Nat Biotechnol. 32, 
252–260 (2014).

 16. Ciccocioppo, R. et al. Autologous bone marrow-derived mesenchymal stromal cells in the treatment of fistulising Crohn’s disease. 
Gut. 60, 788–798 (2011).

 17. Panes, J. et al. Expanded allogeneic adipose-derived mesenchymal stem cells (Cx601) for complex perianal fistulas in Crohn’s 
disease: a phase 3 randomised, double-blind controlled trial. Lancet. 388, 1281–1290 (2016).

 18. Zhang, J. et al. Umbilical Cord Mesenchymal Stem Cell Treatment for Crohn’s Disease: A Randomized Controlled Clinical Trial. Gut 
Liver. 12, 73–78 (2018).

 19. Gonzalez, M. A. et al. Adipose-derived mesenchymal stem cells alleviate experimental colitis by inhibiting inflammatory and 
autoimmune responses. Gastroenterology. 136, 978–989 (2009).

 20. Wang, M. et al. Intraperitoneal injection (IP), Intravenous injection (IV) or anal injection (AI)? Best way for mesenchymal stem cells 
transplantation for colitis. Sci Rep. 6, 30696 (2016).

 21. Castelo-Branco, M. T. et al. Intraperitoneal but not intravenous cryopreserved mesenchymal stromal cells home to the inflamed 
colon and ameliorate experimental colitis. PLoS One. 7, e33360 (2012).

 22. Goncalves Fda, C. et al. Intravenous vs intraperitoneal mesenchymal stem cells administration: what is the best route for treating 
experimental colitis? World J Gastroenterol. 20, 18228–18239 (2014).

 23. Yin, F. et al. Bone marrow mesenchymal stromal cells to treat tissue damage in allogeneic stem cell transplant recipients: correlation 
of biological markers with clinical responses. Stem Cells. 32, 1278–1288 (2014).

 24. Duijvestein, M. et al. Autologous bone marrow-derived mesenchymal stromal cell treatment for refractory luminal Crohn’s disease: 
results of a phase I study. Gut. 59, 1662–1669 (2010).

 25. Katuchova, J. et al. Mesenchymal stem cells in the treatment of type 1 diabetes mellitus. Endocr Pathol. 26, 95–103 (2015).
 26. Na, K. et al. Bone marrow-derived clonal mesenchymal stem cells inhibit ovalbumin-induced atopic dermatitis. Cell Death Dis. 5, 

e1345 (2014).
 27. Glenn, J. D., Smith, M. D., Calabresi, P. A. & Whartenby, K. A. Mesenchymal stem cells differentially modulate effector CD8+ T cell 

subsets and exacerbate experimental autoimmune encephalomyelitis. Stem Cells. 32, 2744–2755 (2014).
 28. Muheremu, A., Peng, J. & Ao, Q. Stem cell based therapies for spinal cord injury. Tissue Cell. 48, 328–333 (2016).
 29. Jung, K. H. et al. Human bone marrow-derived clonal mesenchymal stem cells inhibit inflammation and reduce acute pancreatitis 

in rats. Gastroenterology. 140, 998–1008 (2011).
 30. Krampera, M. Mesenchymal stromal cell ‘licensing’: a multistep process. Leukemia. 25, 1408–1414 (2011).
 31. Mougiakakos, D. et al. The impact of inflammatory licensing on heme oxygenase-1-mediated induction of regulatory T cells by 

human mesenchymal stem cells. Blood. 117, 4826–4835 (2011).
 32. English, K., Barry, F. P., Field-Corbett, C. P. & Mahon, B. P. IFN-gamma and TNF-alpha differentially regulate immunomodulation 

by murine mesenchymal stem cells. Immunol Lett. 110, 91–100 (2007).
 33. Hwang, S. H. et al. Toll like receptor 3 & 4 responses of human turbinate derived mesenchymal stem cells: stimulation by double 

stranded RNA and lipopolysaccharide. PLoS One. 9, e101558 (2014).
 34. Arnold, F. & West, D. C. Angiogenesis in wound healing. Pharmacol Ther. 52, 407–422 (1991).
 35. Li, X. et al. Mesenchymal stem cells alleviate oxidative stress-induced mitochondrial dysfunction in the airways. J Allergy Clin 

Immunol. 141, 1634–1645 e1635 (2018).
 36. Zhang, Y. et al. Rap1-mediated nuclear factor-kappaB (NF-kappaB) activity regulates the paracrine capacity of mesenchymal stem 

cells in heart repair following infarction. Cell Death Discov. 1, 15007 (2015).
 37. Liao, S. et al. Potent immunomodulation and angiogenic effects of mesenchymal stem cells versus cardiomyocytes derived from 

pluripotent stem cells for treatment of heart failure. Stem Cell Res Ther. 10, 78 (2019).
 38. Chin, S. P. et al. Intramyocardial and intracoronary autologous bone marrow-derived mesenchymal stromal cell treatment in 

chronic severe dilated cardiomyopathy. Cytotherapy. 13, 814–821 (2011).
 39. Sun, Y. Q. et al. Insensitivity of Human iPS Cells-Derived Mesenchymal Stem Cells to Interferon-gamma-induced HLA Expression 

Potentiates Repair Efficiency of Hind Limb Ischemia in Immune Humanized NOD Scid Gamma Mice. Stem Cells. 33, 3452–3467 
(2015).

 40. Zhang, Y. et al. Absence of NUCKS augments paracrine effects of mesenchymal stem cells-mediated cardiac protection. Exp Cell Res. 
356, 74–84 (2017).

 41. Yao, Y. et al. Connexin 43-Mediated Mitochondrial Transfer of iPSC-MSCs Alleviates Asthma Inflammation. Stem Cell Reports. 11, 
1120–1135 (2018).

Acknowledgements
This work was supported by grants from the Yunnan Science and Technology Plan Project Major Science 
and Technology Project (2018ZF007), the Yunnan Province Applied Basic Research Program Key Project 
(2018FA041, 2017FA040) and the Applied Basic Research of Yunnan Province (2017FB042). We thank American 
Journal Experts for assisting with the preparation of this manuscript.

Author contributions
Q.Q.L., X.Q.Z., G.P.R. and Z.A.L. made substantial contributions to study conception and design, data acquisition, 
or data analysis and interpretation. X.H.P. and X.M.C. agree to be accountable for all aspects of the work and 
ensure that questions related to the accuracy or integrity of any part of the work will be appropriately investigated 
and resolved. X.H.P. and G.P.R. have given final approval of this version of the manuscript for publication. 

https://doi.org/10.1038/s41598-019-54194-y


13Scientific RepoRtS |         (2019) 9:17646  | https://doi.org/10.1038/s41598-019-54194-y

www.nature.com/scientificreportswww.nature.com/scientificreports/

G.P.R., X.H.P., Q.Q.L., Z.A.L. and R.Q.P. have been involved in drafting the manuscript or revising it critically for 
important intellectual content. All authors read and approved the final manuscript.

competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to G.-p.R.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-54194-y
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Mechanism and therapeutic effect of umbilical cord mesenchymal stem cells in inflammatory bowel disease
	Materials and Methods
	Preparation of UCMSCs. 
	Establishment of an IBD animal model. 
	UCMSC transplantation for the treatment of mouse IBD. 
	Analysis of the mechanism of action of UCMSCs on IBD. 
	Statistical analysis. 
	Ethics approval and consent to participate. 

	Results
	Identification of UCMSCs. 
	Model creation and evaluation. 
	UCMSC efficacy. 

	Discussion
	Conclusion
	Acknowledgements
	Figure 1 Cultivation of human and murine UCMSCs.
	Figure 2 Pathological changes and analysis of colon tissue.
	Figure 3 Mouse DAI.
	Figure 4 Statistical analysis of histopathological scores.
	Figure 5 Distribution of GFP-labeled UCMSCs in various layers of the colon intestinal wall.
	Figure 6 The relative gene expression of claudin-1, occludin and IL-6 in the mouse colon.




