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Background. Traditional interventions can play a certain role in attenuating ulcerative colitis (UC), known as one type of
inflammatory bowel diseases, but sometimes are not effective. Endometrial regenerative cells (ERCs) have been shown to exert
immunosuppressive effects in different models of inflammation, and stem cell-derived conditioned media (CM) have
advantages over cell therapy in terms of easy access and direct action. However, whether ERC-CM could alleviate colitis
remains unclear and will be explored in this study. Methods. Menstrual blood was collected from healthy female volunteers to
obtain ERCs and ERC-CM. Acute colitis was induced by 3% dextran sodium sulfate (DSS), and ERC-CM was injected on days
4, 6, and 8, respectively, after induction. The disease activity index was calculated through the record of weight change,
bleeding, and fecal viscosity during the treatment process. Histological features, macrophage and CD4" T cell in the spleen and
colon, and cytokine profiles in the sera and colon were measured. In addition, an in vitro lymphocyte proliferation assay was
measured by using a CCK-8 kit in this study. Results. ERC-CM treatment significantly improved the symptoms and
histological changes in colitis mice. ERC-CM increased the percentage of Tregs in the spleen and colon but decreased the
percentages of M1 macrophages and Thl and Th17 cells in the spleen and decreased the population of Th17 cells in the colon.
In addition, ERC-CM treatment decreased the local expression of TNF-a, IL-6, and iNOS in the colon. Furthermore, ERC-CM
increased the levels of anti-inflammatory cytokines IL-10 and IL-27 but decreased proinflammatory cytokines IL-6 and IL-17
in the sera. In addition, ERC-CM significantly inhibited ConA-induced mouse lymphocyte proliferation in vitro. Conclusion.
The results suggest that ERC-CM can exert similar therapeutic effects as ERCs and could be explored for future application of
cell-free therapy in the treatment of colitis.

Although there are many therapeutic strategies available
for UC, such as traditional drugs (mesalamine, glucocorti-
coids, and thiopurines) [6], biological therapy [7, 8], and diet

Since ulcerative colitis (UC), one type of the inflammatory
bowel disease (IBD, another type is Crohn’s disease) with
unknown pathogenesis, was formally established in 1875,
medical research on UC has gradually intensified [1]. The
pathogenesis of UC is very complex involving genetic factors
[2], intestinal microbial factors [3], and intestinal epithelial
barrier dysfunction [4]. Innate and adaptive immunity is
thought to play a major role in the pathogenesis of UC [5].

therapy [9, 10], however, long-term use of immunosuppres-
sive and anti-inflammatory drugs increases the risk of infec-
tion and certain malignancies [11]. Unfortunately, many
patients with moderate to severe ulcerative colitis inevitably
end up needing surgery. In recent years, the treatment of
IBD has switched from simply controlling symptoms to nor-
malization of blood markers, complete mucosal healing, and
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disappearance of symptoms [12]. However, many existing
treatment methods cannot meet the needs of all patients.
Thus, a novel treatment for UC is urgently needed.

Endometrial regenerative cells (ERCs) from menstrual
blood played as a new source of adult stem cells and not only
have the potential of self-renewal [13], mesenchymal stem
cell- (MSC-) like phenotype [14], and immune modulation
[15] but also have the unique advantages of noninvasiveness,
relatively unlimited source, strong proliferation ability, and
avoiding ethical problems [16, 17]. Our and others’ previous
studies have demonstrated that ERCs could modulate
immune homeostasis in acute hepatitis and other models,
such as heterotopic heart transplantation and kidney ische-
mia reperfusion injury in mice via different pathways
[18-22]. In ulcerative colitis, ERCs can not only regulate
colitis but also be modified for better therapeutic effects
(21, 23].

Despite the growing interest in MSCs, some limitations
of an MSC-based strategy still remain; for example, most
injected cells are arrested by the complex lung network
which leads to weak efficiency [24]. More serious is the pos-
sibility of thrombosis with cellular administration and other
risks such as arrhythmias, ossification, and calcification [25,
26]. In addition, some cryopreservation protocols may make
stem cells less functional and viable [27]. All these effects
and concerns can be avoided by cell-free preparations. A
growing number of studies demonstrated that the therapeu-
tic effects of MSCs are not only due to the cell-to-cell direct
contact but also to their secreted cytokines, chemokines,
growth factors, extracellular vesicles, and so on. Therefore,
due to the characteristics of MSCs and the existence of var-
ious limitations, the cell-free treatment strategy is on the rise
and has several advantages over cell therapy, as they can be
obtained more easily and more economically and can be
manufactured, packaged, and transported straightforwardly
[28], and the most important thing is that they would not
be rejected. All of secreted proteins, EVs and free mitochon-
dria from MSCs, can be found in the conditioned medium
(CM) which may exert similar therapeutic function as cell-
based treatment. Furthermore, CM-based therapy has been
identified to be functional in treating many inflammatory
disorders such as hepatic failure and acute lung injury [29,
30]. However, whether ERC-CM could exert the therapeutic
effects on experimental colitis remains unclear. Thus, in the
present study, the effects of ERC-CM on alleviating colitis
were systematically explored in mice.

2. Materials and Methods

2.1. Isolation and Identification of ERCs. Menstrual blood
was collected from healthy female volunteers of childbearing
age. All operations towards human being were approved by
the Ethics Committee of Tianjin Medical University General
Hospital (IRB2021-WZ-116). The protocol for extracting the
ERCs was conducted as described previously [19]. Briefly,
the menstrual cups were inserted into the vagina for about
4 hours and then removed, and the collected menstrual
blood was used for cloudy layer cell collection by the stan-
dard Ficoll method and then suspended in Dulbecco’s mod-
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ified Eagle’s medium with 10% fetal bovine serum
(HyClone) and 1% penicillin/streptomycin and cultured in
Petri dishes in an incubator with 37°C and 5% CO, condi-
tion. When ERCs grow to the passage 3 (P3), morphology
and surface markers (CD90, CD105, CD45, CD79a, and
HLA-DR) of ERCs were identified by microscopy and flow
cytometry, respectively [22, 23, 31].

2.2. Preparation of ERC-CM. ERCs in regular shape and
good status of P4-P5 were selected, and the serum-free
medium (Yokon, NC0103, China) was replaced until 80%
confluency and then collected after 48 h. Next, the cell cul-
ture medium, which had been purged of impurities such as
cell debris via centrifugation (3000 r/min, 20 min), was con-
centrated 20-fold using an ultrafiltration centrifuge filter
unit (Millipore, Billerica, MA, USA) with a molecular weight
cut-off value of 3kDa and then sterilized by filtration
through a 0.22um centrifugal filter (Millipore, Billerica,
MA, USA). The concentrated CM was stored at -80°C for
further treatment in vivo.

2.3. Animals and Experimental Groups. Male mice weighing
22-25g in this experiment were purchased from National
Institutes for Food and Drug Control of China and were
placed in standard breeding environment provided with
standard diet and water in Animal Care Facility of Tianjin
General Surgery Institute. All animal experimental opera-
tions were approved by the Institute of Animal Care and
Use Committee at Tianjin Medical University General Hos-
pital and performed in accordance with the Guide for the
Care and Use of Laboratory Animals (IRB2021-WZ-116).

Acute colitis was induced in BALB/C mice (Figure 1(a))
that received 3% dextran sulfate sodium (DSS, YEASEN,
China) in drinking water for 7 days and then consumed nor-
mal water for 3 days. Twenty-four mice were randomly
divided into four groups (n=6): (I) naive mice drinking
normal distilled water for 10 days (normal group), (II)
DSS-induced colitis in mice without any treatment
(untreated group), (III) DSS-induced colitis mice injected
intraperitoneally with 300 ul of normal serum-free medium
(days 4, 6, and 8) as the vehicle control (vehicle group),
and (IV) DSS-induced colitis mice injected intraperitoneally
with 300 ul of ERC-CM (days 4, 6, and 8) (ERC-CM group).
Mice were monitored and recorded daily for weight change,
stool consistency, and blood in stool for the disease activity
index (DAI) calculation based on standard criteria [32].
The mice were sacrificed, and samples (spleen, colon, and
sera) were collected at day 10 from the beginning for further
analysis.

2.4. Pathological Examination. Colon tissue was fixed in 10%
formalin for 48 hours and then dehydrated and paraffin-
embedded and cut into 5um sections for hematoxylin and
eosin (H&E) staining. Histopathology scores were evaluated
and calculated as in previous studies [33] documented based
on the following criteria: (a) inflammation severity: 0 (none),
1 (slight), 2 (moderate), and 3 (severe); (b) depth of injury: 0
(none), 1 (mucosal), 2 (mucosal and submucosal), and 3
(transmural); (c) crypt damage: 0 (none), 1 (basal 1/3
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FiGurk 1: ERC-CM attenuated symptoms in DSS-induced experimental colitis. (a) Study design for the whole process of DSS-induced colitis
and interventions. (b) Representative pictures showing bloody stool were taken on the 10th day after DSS induction. The mice in the ERC-
CM group were in the best condition than those in other groups. Body weight changes (c) and DAI score (d) of each group of mice were
recorded daily. In the ERC-CM group, the weight loss and DAI score were shown lesser than those in other groups. The length of the
colon (e, f) in each group was measured and analyzed on day 10 (n=6). Data shown were representative, and the p value was
determined by one-way ANOVA. *p <0.05, **p <0.01, ***p < 0.001, and ****p < 0.0001.
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F1gure 2: Characterization of ERCs. (a) Cell morphology of ERCs at P3 and P4. (b) Flow cytometry analysis of ERCs. Surface markers

CD90, CD105, CD45, CD79a, and HLA-DR were detected.

damage), 2 (basal 2/3 damage), 3 (crypt lost, only surface
epithelium intact), and 4 (entire crypt and epithelium lost);
and (d) percent involvement: 1 (1-25%), 2 (26-50%), 3
(51-75%), and 4 (76-100%).

2.5. Immunohistochemistry Staining. Inmunohistochemistry
staining was used to analyze the expression of TNF-a, IL-6,
and iNOS in the inflammatory intestine. Firstly, after the
slices were hydrated and washed, the slices were submerged
in an appropriate EDTA solution and immersed in a 100°C
water bath for 15min to realize antigen retrieval. Secondly,
after endogenous peroxidase was eliminated with 3% hydro-
gen peroxide for 30 min, the nonspecific antibody adsorp-
tion was blocked with 10% goat serum for another 30 min,
and then, cells were incubated with primary antibodies
against TNF-« (1:400, Abcam, ab92486, UK), IL-6 (1:800,
Abcam, ab6672, UK), and iNOS (1:1000, Abcam,
ab283655, UK), respectively, at 4°C overnight. Next, the sec-
tions were washed three times with PBS, and a reaction
enhancer was added dropwise and incubated for 20 min at
room temperature and then incubated with an anti-rabbit
IgG antibody (Zhongshan Jingiao, PV-9000, China) for
another 20 min at room temperature. Finally, the sections
were incubated with freshly prepared DAB solution (Zhong-
shan Jingiao, ZLI-9018, China) after washing, and hematox-
ylin was added dropwise for nuclear staining and then
scanned for image analysis. Image] software was used to
analyze the image.

2.6. Preparation of Lamina Propria Mononuclear Cells and
Splenocyte Suspension. Isolation of murine lamina propria
mononuclear cells from colonic tissue was conducted under
the guideline as described [34, 35]. Briefly, mucus and epi-
thelial cells were removed from fresh colon specimens in
successive steps with dithiothreitol (DTT, Solarbio, D8220,
China) and ethylene diamine tetraacetic acid (EDTA, Solar-
bio, E8040, China), followed by digestion with collagenase

IV (400 U/ml, Solarbio, C8160, China) and deoxyribonucle-
ase I (0.15mg/ml, Solarbio, D8071, China) for 90 min at
37°C. The cell precipitate was resuspended with 4ml 40%
Percoll (Cytiva, US), and then, 2.5mL 80% Percoll was
slowly added to the bottom of the centrifuge tube. LPMCs
were obtained by centrifugation at 1000 g density gradient
for 20 min and then washed with PBS.

Mouse spleens were ground separately, and splenocyte
suspension was obtained after lysis of red blood cells. After
washing twice, the cell concentration was adjusted to 1 x
107/ml with PBS solution.

2.7. Flow Cytometry Analysis. Different immune cells are
identified using flow cytometry. All flow cytometry mono-
clonal antibodies and reagents used in this experiment were
purchased from either BioLegend or eBioscience company,
mainly including Zombie NIR™ Dye (Dead/Live reagent),
anti-mouse CD4 (FITC-labelled), IFN-y (PE-labelled), IL-
17 (Percp-labelled), CD25 (PE-labelled), Foxp3 (APC-
labelled), CD11b (FITC-labelled), F4/80 (APC-labelled),
and CD86 (Percp-labelled) to detect Thl cells (CD4"IFN-
y™), Th17 cells (CD4"IL-17a"), Tregs (CD4*CD25 Foxp3™),
and M1 macrophages (CD11b*"F4/80"CD86%) in the spleen
and/or intestine. Extra- and intracellular staining protocols
were carried out as previously described [21]. Furthermore,
to accurately identify Th1 and Th17, splenocytes and colonic
LPMCs were firstly coincubated with stimulators for 6
hours, respectively, followed by fluorescent antibody
staining.

2.8. Enzyme-Linked Immunosorbent Assay (ELISA). After
the mice were sacrificed on day 10 after DSS induction, the
blood was collected to obtain the sera. The levels of IL-10,
IL-27, IL-17, and IL-6 in the sera were used to assess the
inflammatory status and were measured using correspond-
ing ELISA kits (DAKEWE, Beijing, China), and details were
performed according to the manufacturer’s instructions.
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FiGure 3: ERC-CM significantly alleviated colon damage in colitis. (a) Representative photomicrographs (100x, hematoxylin and eosin
staining) of histological sections of the colon from each group. (b) Histopathology scores were evaluated and calculated as in previous
studies [33]. The p value was determined by one-way ANOVA. *p <0.05, **p <0.01, ***p < 0.001, and ****p < 0.0001.

2.9. In Vitro Proliferation Assay. The proliferation of lym-
phocytes in response to ConA was measured by using the
CCK-8 kit. Briefly, BALB/c splenocyte suspension (3 x 10°
cells/well) was cultured with ConA (20 ug/ml) in the pres-
ence of ERC-CM at indicated concentrations. The cultures
were incubated for 72h, 10 ul of CCK-8 was then added to
each well before the end of culture, and OD,q,,,, Was
recorded.

2.10. Statistics. Data shown in this study were expressed as
mean * SD, and the differences among multiple groups were
analyzed using one-way analysis of variance (ANOVA);
GraphPad Prism 8 software was applied. Throughout the
text, figures, and legends, the following terminologies are
used to denote statistical significance: *p < 0.05, **p < 0.01,
***p <0.001, and ****p < 0.001.

3. Results

3.1. Characterization of ERCs. At P3, ERCs exhibited spin-
dle-shaped, fibroblast-like morphology and colony-forming
abilities (Figure 2(a)). ERCs measured by flow cytometry
showed high expression of CD90 and CDI105 and low
expression of CD45, CD79a, and HLA-DR, which are con-
sistent with MSCs’ phenotype (Figure 2(b)).

3.2. ERC-CM Attenuated Symptoms in DSS-Induced
Experimental Colitis. BALB/C mice suffered from severe
colitis induced by DSS (Figure 1(a)) characterized by weight
loss, bloody diarrhea, and increased general DAI by drinking
distilled water containing 3% DSS (Figures 1(b)-1(d)). The
colons collected from different groups exhibited different
lengths, and the colon in the ERC-CM group seems much

longer than that in untreated and/or vehicle groups (ERC-
CM group vs. untreated group, p <0.001; ERC-CM group
vs. vehicle group, p <0.001). This result implied that ERC-
CM could significantly attenuate the colon’s shortening

(Figures 1(e)-1(f)).

3.3. ERC-CM Significantly Alleviated Colon Damage in
Colitis. Histopathological changes were assessed by hema-
toxylin/eosin staining of colonic sections. Mucosal structural
disorders, inflammatory cell infiltration, epithelial cells, and
structural disruption of the crypt were very intense in the
untreated group and vehicle group, whereas these changes
were significantly attenuated in the ERC-CM treated group.
Histopathological scores were used to assess the damage,
and scores in the ERC-CM group were significantly lower
than those in the untreated and/or vehicle group (ERC-CM
group vs. untreated group, p <0.0001; ERC-CM group vs.
vehicle group, p <0.0001) (Figures 3(a) and 3(b)).

3.4. ERC-CM Decreased the Percentages of Thl Cells, Th17
Cells, and M1 Macrophages but Increased the Percentage of
Tregs in the Spleen of DSS-Induced Colitis in Mice. To deter-
mine the immunomodulatory effects of ERC-CM, spleno-
cytes were prepared and stained for analysis. As shown in
Figures 4(a) and 4(c), percentages of M1 macrophages,
Thl cells, and Th17 cells were increased in the untreated
group and significantly decreased after ERC-CM treatment
(Figure 4(d), M1: ERC-CM group vs. untreated group, p <
0.05; ERC-CM group wvs. vehicle group, p<0.05;
Figure 4(g), Thl: ERC-CM group vs. group, p <0.001;
ERC-CM vs. vehicle, p < 0.001; Figure 4(f), Th17: ERC-CM
vs. untreated, p <0.001; ERC-CM vs. vehicle, p<0.001).
Furthermore, Treg populations showed a decreasing trend



Stem Cells International

Normal Untreated Vehicle ERC-CM
2 100 80 80
5 5.03% 8017 16.2% 60 18.5% 60 11.8%
60
104 40 40
401
504 204 20 20
|
0. 0 0- 0
-10° 0o 100 10' 10° -10° 0 100 10" 10° -10° 0o 100 10" 10° -10° 0 100 10" 10°
CD86
(a)
Gated on CD4
107 10° 4 10° 4 10° 4
9.01% 4.38% 4.79% 16.0%
10* 10" 4 10" 4
o
&1 104 10° 4 10° 4
5]
= 04 04 03
-10’ -10° 4 -10° 3
-10° 10° -10° 0 10’ 10" 10° -10° 0o 100 10" 10°
CD25
(b)
Gated on CD4
10° 4 10° 4 10° 4 10° 4
2.47% 9.44% 10.30% 5.65%
10" 4 10" 4 10" 4 10" 4
o~
I
= | 10° 4 10° 4 10° 5 10°
049 [E 04 013
-10° 4 -10° -10° 4 -10° 4
-10° 0 100 10' 10 -10° 0o 100 10" 10° -10° 0 100 10" 10° -10° 0o 100 10" 10°
10° 4 10° 10° | 10° ]
10* 10* ] 6.16% 10° | 5.51% 10° | 2.60%
i
Z | 10° 4 10° 10° 4 10° 4
=
E 04 04 04
~10° 1 -10° 4 -10° 4 -10° 4
-10° 0o 100 10" 10° -10° 0 10° 10* 10° -10° 0o 10° 10' 10° -10° 0 10° 10' 10°
CD4
(0
=
* S 204 sk
2
ns 3
20+ [ e 15 -
S oy
S = ns
= © 10
2 15+ = ,_l
(5] (Lo}
© N
1) A 54
% 104 |®)
[a) +
O <
+ A 0
2 54 &)
3 » ¥ S
< b 2O O
= & &
0- <~ Y
> '@b’ \b@ Qé\
< & o
o & N
S $
) )
(d) (e)

FiGure 4: Continued.
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FiGUure 4: ERC-CM decreased the percentages of Thl cells, Th17 cells, and M1 macrophages but increased the percentage of Tregs in the
spleen of colitis mice. Splenocytes were collected on day 10 after DSS induction. To accurately identify the subpopulation of Thl and
Th17 cells, splenocytes were firstly incubated with a cell stimulation cocktail for 6 hours before being stained with fluorescent antibodies.
Percentages of F4/80"CD86" M1 macrophages (a), representative dot plots of CD4"CD25"Foxp3™ Tregs (b), CD4"IL-17"Th17 cells (c),
and CD4'TFN-y" Th1 cells (d) were shown. Data shown were representative, and the p value was determined by one-way ANOVA. *p <

0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.

in the untreated and/or vehicle groups but an obvious
increase after ERC-CM treatment (ERC-CM group vs.
untreated group, p <0.0001; ERC-CM group vs. vehicle
group, p <0.0001) (Figures 4(b) and 4(e)). This indicated
that ERC-CM successfully performs an immunomodulatory
function.

3.5. ERC-CM Decreased the Percentage of Th17 but Increased
the Percentage of Tregs in the Colon. UC has been shown to
be mediated by excessive activation of Th17 cells and defi-
ciency of Tregs [32]. To this end, the expressions of Th17
and Tregs in CD4"T cells were analyzed by flow cytometry.
As expected, the accumulation of Th17 cells in the lamina
propria was significant in the untreated group of mice com-
pared to the normal group of mice and relatively less in the
treated group (ERC-CM group vs. untreated group, p < 0.01;
ERC-CM group vs. vehicle group, p <0.01) (Figures 5(b)
and 5(d)). In contrast, the number of Tregs in the lamina
propria was abnormally downregulated in the untreated
group compared to the normal group of mice and signifi-
cantly increased in the treated group (ERC-CM group vs.
untreated group, p < 0.001; ERC-CM group vs. vehicle, p <
0.001) (Figures 5(a) and 5(c)). Based on this observation,
the regulation of Th17 cells and Tregs in the lamina propria
by ERC-CM may be associated with the improvement of
colitis.

3.6. ERC-CM Decreased Proinflammatory Cytokine Levels
and Macrophage Infiltration in the Colon. To detect the reg-
ulatory effect of ERC-CM on proinflammatory cytokines
and inflammatory cells in the colon, we detected the expres-
sion of TNF-a, IL-6, and M1 macrophages by immunohisto-
chemistry. As shown in Figures 6(a) and 6(b), TNF-a and
IL-6 were significantly increased in the untreated group
but were decreased after ERC-CM treatment (Figure 6(d),
TNF-a: ERC-CM group vs. untreated group, p < 0.0001;
ERC-CM group vs. vehicle group, p < 0.0001; Figure 6(e),
IL-6: ERC-CM group vs. untreated group, p < 0.0001; ERC-
CM group vs. vehicle group, p < 0.0001). Similarly, as shown

in Figures 6(c) and 6(f), M1 macrophages (iNOS™ cells)
showed a significant infiltration in the untreated group and
were decreased after ERC-CM treatment (ERC-CM group
vs. untreated group, p < 0.0001; ERC-CM group vs. vehicle
group, p < 0.0001).

3.7. ERC-CM Modulated Cytokine Level in the Sera. To fur-
ther assess the cytokine profile in mice, we performed sepa-
rate assays from sera. Notably, the proinflammatory
cytokines IL-6 and IL-17 were increased, and the anti-
inflammatory cytokines IL-10 and IL-27 were decreased in
the untreated group in the serum (Figures 7(a)-7(d)). After
ERC-CM treatment, the above situation was reversed (IL-6:
ERC-CM group vs. untreated group, p <0.05; ERC-CM
group vs. vehicle group, p < 0.05; IL-17: ERC-CM group vs.
untreated group, p <0.0001; ERC-CM group vs. vehicle
group, p<0.0001; IL-10: ERC-CM group vs. untreated
group, p <0.0001; ERC-CM group vs. vehicle group, p <
0.0001; and IL-27: ERC-CM group vs. untreated group, p
<0.0001; ERC-CM group vs. vehicle group, p <0.0001).
This suggests that therapeutic improvement of ERC-CM is
associated with changes in cytokine levels in inflammatory
mice.

3.8. ERC-CM Inhibited the Proliferation of Lymphocytes In
Vitro. To assess the immunosuppressive effects of ERC-
CM in vitro, the splenocyte proliferation assay was per-
formed. As shown in Figure 8, ERC-CM can inhibit the lym-
phocyte proliferation in vitro compared with the vehicle
control (ERC-CM group vs. vehicle group, p <0.01). ERC-
CM significantly inhibits ConA-induced murine splenocyte
proliferation.

4. Discussion

UC is a chronic inflammatory disease that plagues the world,
and currently effective therapeutic strategies remain to be
explored. In this study, acute colitis was successfully induced
by drinking 3% DSS in BALB/c mice and identified with
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F1GURE 5: ERC-CM decreased the percentage of Th17 cells but increased the percentage of Tregs in the colon. Representative dot plots of
CD4"CD25"Foxp3™ Tregs (a), CD4"IL-17" Th17 cells (b) in the lamina propria. Percentage of CD4"CD25"Foxp3™ Tregs (c) and CD4"IL-
17* Th17 cells (d). Data shown were representative, and the p value was determined by one-way ANOVA. *p < 0.05, **p < 0.01, ***p < 0.001

,and ****p < 0.0001.

clinical symptoms. After receiving different treatments,
some changes differentially exhibited in different groups;
symptoms of colitis were significantly attenuated in the
ERC-CM group. In addition, pathological changes, local
inflammatory cell infiltration, and proinflammatory protein
expression in the colon, as well as proinflammatory cytokine
levels in sera, were significantly ameliorated in the ERC-CM-
treated group when compared with those of vehicle and/or
untreated groups, which indicated that ERC-CM can effec-
tively exert therapeutic effects in the treatment of colitis. In
addition, in vitro assays showed that ERC-CM effectively
inhibited lymphocyte proliferation.

A growing number of studies suggest that MSCs exert
their therapeutic effects depending not only on the way in
which they come into contact with cells but also on their para-
crine activity, mitochondrial transfer, etc. Paracrine function,
on the other hand, is inevitably associated with the secretion
of microvesicles and cytokines by MSCs [36, 37]. Various

cytokines secreted by MSCs, such as insulin-like growth
factor-1 (IGF-1), vascular endothelial growth factor (VEGE),
IL-10, and TGF-p, are involved in tissue repair and the regu-
lation of immune cells [38-40]. These extracellular vesicles
and cytokines are contained in the CM in vitro. Compared
with cell therapy, the use of CM can control the dose more
accurately, and cell lines can be used for mass production
without invasive extraction procedures for patients, which
saves time and cost [41]. The CM acts in a more direct man-
ner, unlike cells that may be captured by various host defense
mechanisms. In addition, cytokines alone are expensive and
may exaggerate the inflammatory response. Therefore, a com-
bination of many different factors is the best way to treat [42].
Conditioned media can meet just such conditions. Innate and
adaptive immunity is thought to play a major role in the path-
ogenesis of UC. Among them, T cells and macrophages are the
main players [5], and it has been well documented that cells
such as Thl cells, Th17 cells, and M1 macrophages and the
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F1GURE 6: ERC-CM decreased the level of proinflammatory cytokines and macrophage infiltration in the colon. Inflammatory factor levels
and macrophage infiltration in the colon were assessed by immunohistochemical staining. Specifically, TNF-a, IL-6, and M1 macrophage
infiltration were detected by iNOS staining. Images of IHC staining (200x) for the mouse colon (a-c) and quantitative data of cell counts
for each group (d-f) are shown. The p value was determined by one-way ANOVA. *p<0.05, **p<0.01, ***p <0.001, and ****p <

0.0001.

cytokines they secrete, such as IFN-a, IL-6, IL-17, and TNF-a,
are involved in the pathogenesis of UC [43, 44]. It is well
known that CD4" T cells (Thl cells, Th17 cells, and Tregs)
are required for UC and their balance is essential for maintain-
ing intestinal homeostasis. In the inflammatory environment,
ThoO cells are converted to inflammatory Thl and Th17 cells,
contributing to driving the initial stage of colitis. The proin-
flammatory cytokines they release not only recruit neutrophils
to the damaged areas but also promote more proinflammatory
cytokine production through a negative feedback regulation
mechanism. Tregs work as key effective suppressors in auto-
immune diseases, not only suppressing the proliferation of
Tho cells in vitro and in vivo [45] but also exerting their func-
tion by producing the immunomodulatory cytokines, such as
IL-10 and TGF-f [46]. In addition, previous evidence showed
that purified Tregs prevented naive CD4" T cell transfer-
induced colitis in SCID mice [47]. As mentioned above, dis-
ruption of the dynamic balance between CD4'T cells is
involved in the pathogenesis of colitis, and it is noteworthy
that in patients with UC, Th17 cells are enriched and Tregs

are scarce, and it has been well documented that the balance
between Th17 cells and Tregs can be a potential regulatory tar-
get for improvement in colitis models [48, 49]. Macrophages
make up a large proportion of intestinal immune cells, and
they can initiate and coordinate the immune response against
foreign bodies that have breached the epithelial barrier [50]. In
inflammatory conditions, blood-derived monocytes/macro-
phages transform into a proinflammatory phenotype and pro-
duce large amounts of inflammatory cytokines such as IL-6
and IL-12, which are often described as classically activated
macrophages (e.g., M1 macrophage) [51].

In the present study, percentages of Th1 cells, Th17 cells,
and M1 macrophages are significantly increased in both the
spleen and the colon in DSS-induced colitis when compared
with normal mice, which are consistent with the results that
Th1 cells, Th17 cells, and M1 macrophages may be involved
in the pathogenesis of UC. In addition, percentages of Tregs
in the spleen and the colon are increased in the ERC-CM-
treated group when compared with untreated and/or vehicle
groups, which implied the therapeutic effects of ERC-CM. In
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F1Gure 7: ERC-CM modulated the cytokine level in sera. Measurement of serum levels of IL-10, IL-27, IL-17, and IL-6 using the appropriate
ELISA Kkits. IL-6 (a), IL-17 (b), IL-27 (c), and IL-10 (d) were shown, respectively. The p value was determined by one-way ANOVA. *p < 0.05

, **p <0.01, ***p < 0.001, and ****p < 0.0001.

vitro experiments have also demonstrated that ERC-CM
exerts a therapeutic effect by affecting lymphocyte popula-
tions. The mesenteric lymph nodes are an important tissue
in response to local inflammation in the intestine and will
be further analyzed in our future studies. The various path-
ogenic pathways of inflammatory bowel disease can interact
with each other, and cytokines can be associated with any of
them [52]. For example, IL-6 induces activation of the
STATS3 signaling pathway, which regulates various genes
involved in cell survival, cell migration, and apoptosis [53].

To determine whether ERC-CM ameliorates colitis by regu-
lating cytokine levels, several cytokine levels were assayed.
Our study showed that the proinflammatory cytokines IL-
6, TNF-a, and IL-17 were decreased and the anti-
inflammatory cytokines IL-27 and IL-10 were increased after
ERC-CM treatment. It is worth noting that IL-27 was ini-
tially thought to be a proinflammatory cytokine, but the
anti-inflammatory effects of IL-27 signaling have since been
illustrated in many recent studies [54, 55]. It has been shown
that IL-27 has a wide range of effects on Th1, Th2, and Th17
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Ficure 8: ERC-CM inhibits the proliferation of splenocytes
in vitro. The proliferation of splenocytes in response to ConA was
measured by using the CCK-8 kit. The p value was determined by
one-way ANOVA. *p<0.05, **p<0.01, ***p<0.001, and ****p
<0.0001.

cells as well as Tregs [56]. This is also verified by the change
in the ratio of various cells mentioned above. We therefore
infer that the various changes occurring in colitis mice are
associated with various cytokines.

We and others have previously demonstrated that ERCs
play a therapeutic role in various diseases, including UC [18,
23]; however, whether ERC-CM as a cell-free therapy has a
potent effect in attenuation of colitis remains unknown. Based
on the previous work and to our knowledge, we are the first to
explore the therapeutic effects of ERC-CM in colitis. The
results showed very promising therapeutic prospects for
ERC-CM. However, there are still some issues including the
potential therapeutic mechanisms, and the strategy to improve
the therapeutic effects of CM needs further investigation.

5. Conclusion

The results in this study have demonstrated that ERC-CM
significantly attenuated colitis in mice, suggesting that
ERC-CM could be used as a novel cell-free strategy for
potential application in the treatment of inflammatory bowel
diseases.
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