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Mesenchymal stem cell (MSC) is a potential therapeutic material that has self-

renewal, multilineage differentiation, and immunomodulation properties.

However, the biological function of MSCs may decline due to the influence

of donor differences and the in vitro expansion environment, which hinders the

advancement of MSC-based clinical therapy. Here, we investigated a method

for improving the immunomodulatory function of MSCs with the help of small-

molecule compounds, A-83-01, CHIR99021, and Y27632 (ACY). The results

showed that small-molecule induced MSCs (SM-MSCs) could enhance their

immunosuppressive effects on T cells and macrophages. In vivo studies

showed that, in contrast to control MSCs (Ctrl-MSCs), SM-MSCs could inhibit

the inflammatory response in mouse models of delayed hypersensitivity and

acute peritonitis more effectively. In addition, SM-MSCs showed the stronger

ability to inhibit the infiltration of pro-inflammatory T cells and macrophages.

Thus, small-molecule compounds ACY could better promote the

immunomodulatory effect of MSCs, indicating it could be a potential

improving method in MSC culture.

KEYWORDS

mesenchymal stem cells, small-molecule compounds, immunomodulation, cell
therapy, inflammatory cytokines
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Introduction

Since mesenchymal stem cells (MSCs) can secrete a variety

of chemokines and immune regulators to affect the physiological

microenvironment, they have broad application prospects in the

treatment of immune diseases (1–3). Multiple studies have

confirmed that MSCs infusion can improve the physiological

symptoms of liver ischemia-reperfusion injury, acute-on-

chronic liver failure, osteoarthritis, and Crohn’s disease (4–7).

MSCs have excellent self-renewal properties. After being isolated

from a specific tissue, the number of MSCs required for

treatment can be obtained by expanding and culturing MSCs

in vitro for a certain period of time (8).

The in vitro expansion environment of MSCs has always

been concerned by scholars in the field. Studies have shown that

during the MSC expansion process, various environmental

factors such as temperature, radiation, compounds and

nutrients can affect the phenotype and biological function of

MSCs (8, 9). The immunomodulatory properties of MSCs are

their important biological functions. However, MSC-related

properties, such as proliferation rate, differentiation potential,

and immunomodulatory functions, are prone to significantly

decline during cell extraction and culture (10, 11). Therefore,

how to maintain the stability of the biological function of MSCs

is a big challenge in preclinical research on MSCs.

Several potential approaches have been reported to improve

the functional stabilization of MSCs during expansion (8, 12,

13). Through gene editing, the expression or self-renewal

capacity of MSC-related functional molecules can be

improved. By using embryonic stem cells or induced

pluripotent stem cells to expand in vitro, they are then

induced to differentiate into homogeneous MSCs to ensure the

maintenance of their phenotype and function (14–16). However,

the method of gene editing is still limited by the stability and

safety of the technology, and the method of inducing pluripotent

stem cell differentiation is also limited by the current cell culture

cost and differentiation efficiency (17–19).

Specific combinations of small molecule compounds were

reported contribute to the maintenance of the pluripotency of

stem cells and allow for the stable culturing of various types of

stem cells (20–22). One of our previous studies indicated that

stimulation of MSCs for a certain period of time with the

compound cocktail ACY could effectively promote the viability

of MSCs and maintain their differentiation potential (23), which

demonstrated that ACY is a potential MSC modification

material. In this study, we conducted a comprehensive analysis

of immunomodulatory biological functions of MSCs against

ACY. We evaluated the regulatory effect of ACY-induced

MSCs on immune cells represented by T cells and

macrophages, and further compared the therapeutic effects of

MSCs in mouse models of delayed hypersensitivity and

acute peritonitis.
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Materials and methods

Isolation and culture of MSCs

Following the Clinical Research Ethics Committee of the

Third Affiliated Hospital of Sun Yat-sen University and written

informed patient consent for tissue collection, MSCs were

isolated following the protocol described in the previous study

(23). In brief, fat tissues were isolated via liposuction from

healthy patients defined as no history of malignancy or

autoimmune deficiency. The fat tissues were shredded and

digested with 0.1% collagenase type I (Sigma-Aldrich) for 30

minutes at 37°C with gentle agitation. The cells were collected

and cultured with MSC medium containing low glucose DMEM

(Gibco) supplemented with FBS (10%, Gibco), fibroblast growth

factor-basic (bFGF, 1 ng/ml, PeproTech) and penicillin/

streptomycin (1%, Gibco).

When MSCs were approximately 90% confluent, they would

be passaged with a split ratio of 1:3. MSCs of passage 2 were

suspended in MSC medium with or without combinations of the

f o l l ow ing th r e e sma l l mo l e cu l e s , 2mM A-83 - 01

(MedChemExpress), 3mM CHIR99021 (Selleck), and 2mM Y-

27632 (Selleck), and seeded on plates. The medium was changed

every 2 days. From passage 5 to passage 7, the MSCs were

cultured in MSC medium and used in subsequent analysis.
Mice

C57BL/6 wi ld- type mice were purchased from

Gempharmatech Co., Ltd. BALB/c wild-type mice were

purchased from the SPF (Beijing) Biotechnology Co., Ltd. All

animals used for in vivo studies were 8-10-week-old male mice

that were randomly allocated to each group. All animal protocols

were reviewed and approved by the Animal Care and Use

Committee of the Third Affiliated Hospital of Sun Yat-

sen University.
Contact hypersensitivity model

Contact hypersensitivity reactions were induced in BALB/c

mice as previously described with minor adjustment by 2,4-

dinitrofluorobenzene (DNFB) (24). Brief, the reactive solution

for pre-sensitization contained 0.5% DNFB (Sigma) in acetone/

olive oil (4:1), which was applied to a shaved hind flank once a

day for 2 days. 5 days later, all mice were randomly divided into

four groups: Sham group, Ctrl group, Ctrl-MSC group and SM-

MSC group. 0.25% DNFB solution was used to challenge the

right ear of pre-sensitized mice of Ctrl group, Ctrl-MSC group

and SM-MSC group, while mice of SM-MSC group or SM-MSC

group were intravenously infected with 5 × 105 Ctrl-MSCs or
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SM-MSCs via the tail vein. Ear thickness was measured at 48h

post-challenge. In some studies, mice were sacrificed, and ear

samples and cervical lymph nodes were harvested for analysis.
LPS model of endotoxemia

Endotoxemia reactions are induced in BALB/c mice as

previously described with minor adjustment by LPS (Sigma)

(25). All mice were randomly divided into 3 groups: without

MSC group, Ctrl-MSC group and SM-MSC group. All mice

were injected i.p. with 2.5mg/g LPS in sterile saline, while mice

of Ctrl-MSC group or SM-MSC group were intravenously

infected i.p. with 1 × 106 Ctrl-MSCs or SM-MSCs on the

day of modeling. After 48h, mice were sacrificed, and

peritoneal exudates were collected for flow cytometry

analysis by carefully flushing 5 mL of sterile PBS into and

out of the peritoneal cavity.
Flow cytometry

Flow cytometric analyses were performed with Gallios

(Beckman Coulter) flow cytometers, and the data were

analyzed with the FlowJo (Treestar) software packages.

MSCs were incubated with anti-CD90, anti-CD105, anti-

CD73, anti-CD44, anti-CD11B, anti-CD34, anti-CD19, anti-

CD45 and anti-HLA-DR antibodies to examine MSC surface

markers, which were purchased from BioLegend. Anti-CD3,

anti-CD4, anti-CD8, anti-TNF-a and anti-IFN-g antibodies

were used to examine stain T cells. Propidiumiodide (PI; BD)

and Annexin V (BD) were used to stain apoptosis cells. Anti-

CD86, anti-F4/80 and anti-CD45 antibodies were used to

stain macrophages.
Differentiation analysis

For osteogenic, chondrogenic and adipogenic differentiation,

MSCs were stimulated with the Osteogenic Differentiation Kit,

Chondrogenic Different ia t ion Kit and Adipogenic

Differentiation Kit, purchased from Cyagen Biosciences as

manufacturer’s protocol.
MSCs/T cells co-cuture assay

MSCs were plated using 24-well plates. For co-culture assays,

MSC medium was removed, 2 × 106 CD3+ T cells isolated from

freshly PBMCs by magnetic bead sorting were plated with or

without MSC. T cells were cultured in T cell culture medium

containing RPMI 1640 (Gibco) with FBS (10%, Gibco).
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For T cell proliferation assay, T cells were activated by anti-

CD3 and anti-CD28 (500ng/ml; PeproTech) antibodies. 5,6-

carboxyfluorescein diacetatesuccinimidyl ester (CFSE; 5mmol/L;

Invitrogen) was used to stain. After 72h of proliferation, T cells

were collected and analyzed by flow cytometry.

For T cell apoptosis assay, T cells were activated by anti-CD3

and anti-CD28 (500ng/ml; PeproTech) for 72h. The percentage

of apoptotic cells was analyzed by flow cytometry with PI and

Annexin V (BD) staining.

For intracellular cytokine staining of T cells, T cells were co-

cultured with or without MSCs for 48h. Before analysis, T cells

were stimulated for 6h with 50 ng/ml phorbol myristate acetate

(PMA, TargetMol), 1 mg/ml ionomycin (StemCells), 3mg/ml

brefeldin A (BFA, TargetMol) and 1.4mg/ml monensin

(TargetMol). Then,T cells were collected and stained

with anti-CD3 antibody before fixation with Fixation Buffer

(Biolegend) for 0.5h. After fixation, cells were washed

and stained with anti-TNF-a and anti-IFN-g antibodies

in intracellular staining perm wash buffer (Biolegend) for 1h

at 4°C.
MSCs/macrophages co-cuture assay

Macrophages were isolated from bone marrow of 6-8

weeks old C57BL/6 mice, plated on 6-well plates at 2 × 105

cells per well in macrophage media containing RPMI 1640

(Gibco) with heat‐inactivated FBS (10%, Gibco) and 10 ng/ml

colony‐stimulating factor (CSF; PeproTech) for 7-10 days.

The media were then replaced with media consisting of

RPMI 1640 (Gibco) with heat‐inactivated FBS (10%, Gibco)

and 100 ng/ml LPS (Sigma‐Aldrich) to induce M1

macrophage differentiation for 24h. MSCs were added

to wells at the density of 5 × 104/well and cultured in

macrophage media. After 48h, all cells were collected and

analyzed by flow cytometry.
Immunohistochemistry

All of the tissues were fixed in 4% paraformaldehyde (PFA;

Sigma), then embedded in paraffin and cut into 4 mm-thick

sections. After evaporating the paraffin at 60°C for 60 min, the

tissue sections were subjected to antigen retrieval by incubation

with Tris-EDTA buffers. Then the endogenous peroxidase

activity was blocked by hydrogen peroxide. Subsequently, the

sections were stained with primary antibodies against CD3, CD4

and CD8 (Abcam), which were used at the dilutions indicated by

the manufacturer. Detection of immunoreactions was performed

by using the Dako-Cytomation Envision Horseradish

Peroxidase System (Dako). Then the sections were

counterstained with hematoxylin (Sigma).
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Statistical analysis

All results are expressed as mean ± SD. Statistical

comparisons were made using a two-tailed Student’s t-test

(between two groups) or a one-way analysis of variance (for

multi-group comparisons). P < 0.05 was considered to represent

a significant difference. Analysis and graphing were performed

using the Prism 7.0 software package.
Results

Morphology and phenotype

We isolated and expanded MSCs from adipose tissue and

cultured the cells until passage 5. Under the condition of ACY

stimulation, MSCs exhibited finer and more homogeneous

morphology (Figure 1A). MSCs cultured with or without SM-

ACY (SM-MSCs or Ctrl-MSCs) both possessed the potential of

adipogenic, osteogenic and chondrogenic differentiation

(Figure 1B). Flow cytometric analysis revealed that both kinds

of MSCs were positive for typical MSC surface markers such as

CD90, CD105, CD44 and CD43, while they did not express the

negative MSC surface markers such as CD11B, CD19, CD45,

CD34 and HLA-DR (Figure 1C).
MSCs/T cells co-culture

To identify whether SM-ACY contributed to the

immunomodulatory properties of MSCs, we compared the

proliferation rate of co-cultured activated T cells. As shown in

Figures 2A, B, the proliferation rate of T cells co-cultured with

MSCs were significantly decreased, and SM-MSCs showed a

better inhibitory effect. Although the effect was mild, MSCs

showed a pro-apoptotic effect on activated T cells, and more

Annexin V positive T cells existed in the group of co-cultured

with SM-MSCs (Figures 2C, D). In addition, we examined the

effects of SM-ACY on the production of pro-inflammatory

cytokines from activated T cells. The results showed that T

cells co-cultured with MSC significantly reduced the expression

of TNF-a and IFN-g, and SM-MSCs showed a more obvious

inhibition effect on these pro-inflammatory cytokines

(Figures 2E–H).
MSCs alleviated contact hypersensitivity
induced by DNFB

To evaluate the function of these two groups of MSCs in T

cell-mediated immune responses in vivo, we induced contact
Frontiers in Immunology 04
hypersensitivity in mice by DNFB, with or without MSCs for

alleviation, and analyzed the therapeutic effects 48h after

elicitation (Figure 3A). The ear thickness of mice was

significantly increased 48 hours after DNFB induction, while

the degree of ear swelling was reduced in MSCs-treated mice.

Compared with mice injected with control MSCs, SM-MSC-

injected mice exhibited less swelling in the ears (Figures 3B, C).

Hematoxylin–eosin staining also indicated that there was a

difference in the status of ear swelling and inflammation cell

infiltration (Figure 3D). Mice injected with Ctrl-MSCs or SM-

MSCs showed an obvious status alleviation, and SM-MSCs

exhibited stronger improvement.
MSCs restored the infiltration of T cells
in inflammatory ear tissue

Contact hypersensitivity is mainly manifested by

inflammatory T cell infiltration (26). To further investigate the

MSCs-mediated inhibition of T cells in contact hypersensitivity,

we analyzed the levels of the infiltration of T cells in

inflammatory ear tissues. The levels of infiltration of CD3+ T

cells were increased after DNFB induction, and MSC injection

could effectively reduce the level of CD3+ T cells (Figures 4A, B).

Compared with Ctrl-MSC group, the levels of infiltration of

CD3+ T cells were lower in SM-MSCs group. The similar

phenomenon was observed in the infiltration of CD4+

(Figures 4C, D) and CD8+ (Figures 4E, F) T cells, and SM-

MSCs showed more power in inhibition of CD8+ effector T cells.
MSCs restored the inflammatory T cells
in cervical lymph nodes

MSCs were found to ameliorate DNFB-induced contact

hypersensitivity by reducing the response and migration of

effector T cells to the draining lymph node (24, 27–29).

Accordingly, we investigated whether MSCs could affect the

draining lymph node cells of mice that were subjected to

experimentally-induced contact hypersensitivity. As expected,

the results revealed that the percentages of CD3+ TNF-a
producing effector T cells, were remarkably increased in the

cervical lymph nodes of contact hypersensitivity mice compared

to the group of Sham (Figures 5A, B). Consistent with the in

vitro and in vivo results presented above, the percentage of CD3+

TNF-a producing pro-inflammatory effector T cells was

strongly suppressed by Ctrl-MSCs and was more effectively

suppressed by SM-MSCs (Figures 5A, B). In addition, SM-

MSCs treatment also exhibited stronger abilities to suppress

CD4+ (Figures 5C, D) and CD8+ TNF-a producing effector T

cells (Figures 5E, F). These results suggest that SM-MSCs might
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possess stronger ability to alleviate contact hypersensitivity

responses by suppressing the pro-inflammatory effector T cells.

MSCs restored the inflammatory
macrophages of LPS-induced
endotoxemia

MSCs possess broad immunomodulatory functions in

response to an inflammatory microenvironment which could
Frontiers in Immunology 05
regulate the function of macrophages (30–32). To investigate

whether SM-ACY contribute to the immunomodulatory of

activated macrophages, LPS-induced activated macrophages

were co-cultured with two groups of MSCs. As shown in

Figures 6A, B, LPS-activated macrophages with SM-MSCs

exhibited a lower proportion of CD86 positive M1

macrophages compared to the group of Ctrl-MSCs. In in

vivo studies, the LPS-induced endotoxemia model was used
A B

C

FIGURE 1

Analysis of MSC phenotype and differentiation potential. (A) Morphology of MSCs cultured with or without SM-ACY. (B) Adipogenic, osteogenic,
and chondrogenic differentiation properties of MSCs. (C) Analysis of MSC surface marker expression. Scale bar = 100mm.
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as shown in Figure 6C. Peritoneal macrophages from SM-

MSC-treated animals had lower CD86 surface expression

compared to those from without MSC-treated or with Ctrl-

MSC-treated animals (Figures 6D, E). In addition, pro-

inflammatory cytokines (TNF-a, iNOS, and IL-6) were
Frontiers in Immunology 06
lower in SM-MSC-treated macrophages compared to

without MSC-treated or with Ctrl-MSC-treated groups

(Figure 6F). Over all, these results demonstrated that SM-

ACY could effectively improve the anti-inflammatory and

immune-modulatory effects of MSCs.
A B

DC

FE

HG

FIGURE 2

Comparison of immunosuppressive effects on activated T cells. (A, B) The proliferation levels of T cells were analyzed by CFSE staining, n=4 per
group. (C, D) T cells were analyzed for apoptosis using PI & Annexin V staining, n = 5 per group. The expression levels of TNF-a (E, F) and IFN-g
(G, H) were analyzed by flow cytometry, n = 6 per group. Data are shown as mean ± SD, *P < 0.05, **P < 0.01, ***P < 0.001 and ns means not
significant.
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Discussion

Previous studies showed that MSCs could modulate

inflammation and help tissue regeneration, which demonstrates

the great potential of MSCs for the treatment of immune system

diseases and regenerative medicine applications (33–35). During
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the expansion period of MSCs, the maintenance of their functions

has always faced great challenges, and the culture environment is

an important factor leading to the fluctuation of their functions

(12, 36, 37). The aim of this study was to find amethod to improve

the immunomodulatory function of MSCs. The main goal of this

technology was to allow cells possess stronger immune response
A

B

D

C

FIGURE 3

MSCs alleviate DNFB-induced contact hypersensitivity. (A) Schematic of experimental protocol for establishing mice contact hypersensitivity
and the subsequent MSC treatment. (B) Representative images of ears from mice. (C) Ear thickness of different groups, n = 5 per group.
(D) Histopathologic analysis was determined 2 days after injection of the cells, scale bar = 200mm. Data are shown as mean ± SD, *P < 0.05,
**P < 0.01.
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properties, enhancing the immunosuppressive effect on immune

cells such as activated T cells and macrophages.

Since the application value of MSCs lies in clinical treatment,

the safety of the method is particularly important when

developing improved technologies. Several studies have been

published in which MSCs have been genetically modified based

on viral transfection techniques (38–40). Although these

methods can directly transform MSCs, the off-target effects

associated with genetic modification and the safety of residual

vectors such as viruses still pose a major obstacle to clinical

transformation. Therefore, we are more inclined to explore some

pretreatment techniques to improve the function of MSCs, in

order to maintain the stability of MSC phenotype and avoid the

introduction of inseparable components.
Frontiers in Immunology 08
Numerous studies reported effective pretreatment

improvement techniques. Hypoxic preconditioning was found

to result in facilitated release of several trophic factors and

increased immunomodulatory effect (41–43). Many studies

reported the optimal combination of cytokines could improve

the therapeutic effect of MSC, such as TNF-a and IFN-g (44), IL-
10 (45), HGF (46), or IDO (47). Our previous study also found

that a cocktail of small-molecule compounds SM-ACY could

improve the growth of MSCs (23). Moreover, we further

discovered that SM-ACY which involving in three different

signaling pathways respectively were capable to enhance the

immunoregulatory effects of MSCs in vitro/vivo. However, SM-

ACY did not act like a stimulator that can directly stimulate the

release of functional cytokines from MSCs, but was used as a
A

B D F

EC

FIGURE 4

MSCs decrease T cells in ears of mouse contact hypersensitivity model. CD3 (A, B), CD4 (C, D) and CD8 (E, F) positive areas of ears were
calculated under fluorescence microscope, n=4 per group. The relative fluorescence positive area in the Sham group were normalized to 1.0.
Scale bar = 200mm. Data are shown as mean ± SD, *P < 0.05, **P < 0.01, ***P < 0.001 and ns means not significant.
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long-term supplementary medium in the early stage of

MSC culturing.

A-83–01 is an inhibitor of the TGF-b signaling pathway. It is

reported that TGF-b1 knockdown in human umbilical cord

MSCs significantly attenuated the upregulation of inflammatory

cytokines and strengthened the protective effects in MSCs

against subarachnoid hemorrhage in a rat model (48).

However, the detailed mechanisms underlying the increased

immunoregulatory effects of MSCs directly induced by TGF-b
inhibition still remain unclear. As TGF-b has been long

considered as a key mediator in fibrosis in multiple tissues

(49–52), our present study here suggests that MSCs treated by

these compounds may also play a potential therapeutic role

in fibrosis.

CHIR99021 is an activator of the classic Wnt/b-catenin
signaling pathway. In the inflammatory microenvironment,

pro-inflammatory cytokines like IL-1b, IL−18, IFN−g or TNF
Frontiers in Immunology 09
−a can suppress MSC survival, proliferation and differentiation,

thus impairing the therapeutic effects of MSCs (53–56). Of note,

Wnt signaling has been found to be responsible for the

homeostasis, stemness, self-renewal and proliferation of

multiple adult stem cell populations, including MSCs (57).

Additionally, Wnt pathway can be inhibited by TGF-b
activation (58). That may explain why our strategy of Wnt

signaling activation combined with TGF-b signaling inhibition

synergistically enhance MSC efficacy in different animal models

of inflammatory diseases.

Moreover, Y-27632 is an inhibitor of the RhoA/ROCK

signaling pathway. Few studies focused on the regulating

effects of ROCK pathway in immunoregulatory properties of

MSCs. However, it was reported that inhibition of ROCK

pathway in pancreatic stellate cells showed the potent anti-

inflammatory functions by significantly reducing the

infiltration of macrophages and increasing the percentage of
A B

DC

FE

FIGURE 5

Comparison of inflammatory T cell in cervical lymph nodes. Analysis of TNF-a-producing CD3 (A, B), CD4 (C, D) and CD8 (E, F) positive T cells
within cervical lymph nodes, n = 5 per group. Data are shown as mean ± SD, *P < 0.05, **P < 0.01, and ns means not significant.
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CD4+ T cells (59). These results are consistent with our findings

since MSCs and stellate cells are both stromal components in

inflammatory microenvironment. What’s more, inhibition of

ROCK pathway could improve the proliferation of MSCs (60),

therefore promoting their anti-inflammatory effects in

diseased environment.

In summary, our small-molecule compounds involving in

three signaling pathways might synergistically help to

enhance the immunoregulatory ability of MSCs by

various mechanisms.
Frontiers in Immunology 10
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A B

D E

F

C

FIGURE 6

Comparison of immunosuppressive effects on activated macrophages. (A, B) Flow cytometry was adopted to analyze the proportion of CD86
positive M1 macrophages. n = 4 per group. (C) Schematic of experimental protocol for establishing LPS-induced endotoxemia model and the
subsequent MSC treatment. (D, E) Flow cytometry was adopted to analyze the proportion of CD86 positive M1 peritoneal macrophages. n = 5
per group. (F) The mRNA levels of chemokines. n = 4 per group. Data are shown as mean ± SD, *P < 0.05, **P < 0.01, ***P < 0.001.
frontiersin.org

https://doi.org/10.3389/fimmu.2022.1005426
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Cheng et al. 10.3389/fimmu.2022.1005426
Author contributions

JC, YF, XF, and DW performed experiments, analyzed data and

wrote the manuscript. XL, ZR, and CL performed experiments

and analyzed data. NL, CJ, and QZ designed experiments, analyzed

and interpreteddataandsupervised the laboratory studies.All authors

contributed to the article and approved the submitted version.
Funding

This research was financially supported by the National Natural

Science Foundation of China (Grant No: 81802849, 82100560,

81760112, 81870449, 81402426), Science and Technology Program

of Guangzhou (Grant No: 202102010310), Medical Scientific

Research Foundation of Guangdong Province (Grant No:

A2021110), Natural Science Foundation of Guangdong Province

(Grant No: 2022A1515012650).
Frontiers in Immunology 11
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

The reviewer CW declared a shared affiliation with the

authors to the handling editor at the time of the review.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Fathi E, Sanaat Z, Farahzadi R. Mesenchymal stem cells in acute myeloid
leukemia: a focus on mechanisms involved and therapeutic concepts. Blood Res
(2019) 54:165–74. doi: 10.5045/br.2019.54.3.165

2. Wang J, Shi P, Chen D, Wang S, Wang P, Feng X, et al. Research status of the
safety and efficacy of mesenchymal stem cells in the treatment of COVID-19-
Related pneumonia: A systematic review and meta-analysis. Stem Cells Dev (2021)
30:947–69. doi: 10.1089/scd.2021.0179

3. Shi Y, Wang Y, Li Q, Liu K, Hou J, Shao C, et al. Immunoregulatory
mechanisms of mesenchymal stem and stromal cells in inflammatory diseases. Nat
Rev Nephrol (2018) 14:493–507. doi: 10.1038/s41581-018-0023-5

4. Rowart P, Erpicum P, Detry O, Weekers L, Gregoire C, Lechanteur C, et al.
Mesenchymal stromal cell therapy in Ischemia/Reperfusion injury. J Immunol Res
(2015) 2015:602597. doi: 10.1155/2015/602597

5. Feng Y, Wang AT, Jia HH, Zhao M, Yu H. A brief analysis of mesenchymal
stem cells as biological drugs for the treatment of acute-on-Chronic liver failure
(ACLF): Safety and potency. Curr Stem Cell Res Ther (2020) 15:202–10. doi:
10.2174/1574888X15666200101124317

6. Zhao X, Zhao Y, Sun X, Xing Y, Wang X, Yang Q. Immunomodulation of
MSCs and MSC-derived extracellular vesicles in osteoarthritis. Front Bioeng
Biotechnol (2020) 8:575057. doi: 10.3389/fbioe.2020.575057

7. Carvello M, Lightner A, Yamamoto T, Kotze PG, Spinelli A. Mesenchymal
stem cells for perianal crohn’s disease. Cells (2019) 8(7):764. doi: 10.3390/
cells8070764

8. Mushahary D, Spittler A, Kasper C, Weber V, Charwat V. Isolation,
cultivation, and characterization of human mesenchymal stem cells. Cytom A
(2018) 93:19–31. doi: 10.1002/cyto.a.23242

9. Castilla-Casadiego DA, Reyes-Ramos AM, Domenech M, Almodovar J. Effects of
physical, chemical, and biological stimulus on h-MSC expansion and their functional
characteristics. Ann BioMed Eng (2020) 48:519–35. doi: 10.1007/s10439-019-02400-3

10. Liu J, Ding Y, Liu Z, Liang X. Senescence in mesenchymal stem cells:
Functional alterations, molecular mechanisms, and rejuvenation strategies. Front
Cell Dev Biol (2020) 8:258. doi: 10.3389/fcell.2020.00258

11. Banimohamad-Shotorbani B, Kahroba H, Sadeghzadeh H, Wilson DR,
Maadi H, Samadi N, et al. DNA Damage repair response in mesenchymal
stromal cells: From cellular senescence and aging to apoptosis and differentiation
ability. Ageing Res Rev (2020) 62:101125. doi: 10.1016/j.arr.2020.101125

12. Hu C, Li L. Preconditioning influences mesenchymal stem cell properties.
Vitro Vivo J Cell Mol Med (2018) 22:1428–42. doi: 10.1111/jcmm.13492

13. Cesarz Z, Tamama K. Spheroid culture of mesenchymal stem cells. Stem
Cells Int (2016) 2016:9176357. doi: 10.1155/2016/9176357
14. Lotfinia M, Kadivar M, Piryaei A, Pournasr B, Sardari S, Sodeifi N, et al.
Effect of secreted molecules of human embryonic stem cell-derived mesenchymal
stem cells on acute hepatic failure model. Stem Cells Dev (2016) 25:1898–908. doi:
10.1089/scd.2016.0244

15. Gruenloh W, Kambal A, Sondergaard C, McGee J, Nacey C, Kalomoiris S,
et al. Characterization and in vivo testing of mesenchymal stem cells derived from
human embryonic stem cells. Tissue Eng Part A (2011) 17:1517–25. doi: 10.1089/
ten.tea.2010.0460

16. Luzzani CD, Miriuka SG. Pluripotent stem cells as a robust source of
mesenchymal stem cells. Stem Cell Rev Rep (2017) 13:68–78. doi: 10.1007/s12015-
016-9695-z

17. Volarevic V, Markovic BS, Gazdic M, Volarevic A, Jovicic N, Arsenijevic N,
et al. Ethical and safety issues of stem cell-based therapy. Int J Med Sci (2018)
15:36–45. doi: 10.7150/ijms.21666

18. Jung Y, Bauer G, Nolta JA. Concise review: Induced pluripotent stem cell-
derived mesenchymal stem cells: progress toward safe clinical products. Stem Cells
(2012) 30:42–7. doi: 10.1002/stem.727

19. Dupuis V, Oltra E. Methods to produce induced pluripotent stem cell-
derived mesenchymal stem cells: Mesenchymal stem cells from induced
pluripotent stem cells. World J Stem Cells (2021) 13:1094–111. doi: 10.4252/
wjsc.v13.i8.1094

20. Katsuda T, Kawamata M, Hagiwara K, Takahashi RU, Yamamoto Y,
Camargo FD, et al. Conversion of terminally committed hepatocytes to
culturable bipotent progenitor cells with regenerative capacity. Cell Stem Cell
(2017) 20:41–55. doi: 10.1016/j.stem.2016.10.007

21. Hou P, Li Y, Zhang X, Liu C, Guan J, Li H, et al. Pluripotent stem cells
induced from mouse somatic cells by small-molecule compounds. Science (2013)
341:651–4. doi: 10.1126/science.1239278

22. Tsutsui H, Valamehr B, Hindoyan A, Qiao R, Ding X, Guo S, et al. An
optimized small molecule inhibitor cocktail supports long-term maintenance of
human embryonic stem cells. Nat Commun (2011) 2:167. doi: 10.1038/
ncomms1165

23. Feng Y, Luo J, Cheng J, Xu A, Qiu D, He S, et al. A small-molecule cocktails-
based strategy in culture of mesenchymal stem cells. Front Bioeng Biotechnol (2022)
10:819148. doi: 10.3389/fbioe.2022.819148

24. Chen X, Liu Q, Huang W, Cai C, Xia W, Peng Y, et al. Stanniocalcin-2
contributes to mesenchymal stromal cells attenuating murine contact
hypersensitivity mainly via reducing CD8(+) Tc1 cells. Cell Death Dis (2018)
9:548. doi: 10.1038/s41419-018-0614-x

25. Fazekas B, Alagesan S, Watson L, Ng O, Conroy CM, Catala C, et al.
Comparison of single and repeated dosing of anti-inflammatory human umbilical
frontiersin.org

https://doi.org/10.5045/br.2019.54.3.165
https://doi.org/10.1089/scd.2021.0179
https://doi.org/10.1038/s41581-018-0023-5
https://doi.org/10.1155/2015/602597
https://doi.org/10.2174/1574888X15666200101124317
https://doi.org/10.3389/fbioe.2020.575057
https://doi.org/10.3390/cells8070764
https://doi.org/10.3390/cells8070764
https://doi.org/10.1002/cyto.a.23242
https://doi.org/10.1007/s10439-019-02400-3
https://doi.org/10.3389/fcell.2020.00258
https://doi.org/10.1016/j.arr.2020.101125
https://doi.org/10.1111/jcmm.13492
https://doi.org/10.1155/2016/9176357
https://doi.org/10.1089/scd.2016.0244
https://doi.org/10.1089/ten.tea.2010.0460
https://doi.org/10.1089/ten.tea.2010.0460
https://doi.org/10.1007/s12015-016-9695-z
https://doi.org/10.1007/s12015-016-9695-z
https://doi.org/10.7150/ijms.21666
https://doi.org/10.1002/stem.727
https://doi.org/10.4252/wjsc.v13.i8.1094
https://doi.org/10.4252/wjsc.v13.i8.1094
https://doi.org/10.1016/j.stem.2016.10.007
https://doi.org/10.1126/science.1239278
https://doi.org/10.1038/ncomms1165
https://doi.org/10.1038/ncomms1165
https://doi.org/10.3389/fbioe.2022.819148
https://doi.org/10.1038/s41419-018-0614-x
https://doi.org/10.3389/fimmu.2022.1005426
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Cheng et al. 10.3389/fimmu.2022.1005426
cord mesenchymal stromal cells in a mouse model of polymicrobial sepsis. Stem
Cell Rev Rep (2022) 18:1444–60. doi: 10.1007/s12015-021-10323-7

26. von Meyenn L, Bertschi NL, Schlapbach C. Targeting T cell metabolism in
inflammatory skin disease. Front Immunol (2019) 10:2285. doi: 10.3389/
fimmu.2019.02285

27. Moussavi A, Dearman RJ, Kimber I, Kemeny DM. Cytokine production by
CD4+ and CD8+ T cells in mice following primary exposure to chemical allergens:
evidence for functional differentiation of T lymphocytes. Vivo Int Arch Allergy
Immunol (1998) 116:116–23. doi: 10.1159/000023934

28. Dearman RJ, Moussavi A, Kemeny DM, Kimber I. Contribution of CD4+
and CD8+ T lymphocyte subsets to the cytokine secretion patterns induced in mice
during sensitization to contact and respiratory chemical allergens. Immunology
(1996) 89:502–10. doi: 10.1046/j.1365-2567.1996.d01-778.x

29. Wang B, Fujisawa H, Zhuang L, Freed I, Howell BG, Shahid S, et al. CD4+
Th1 and CD8+ type 1 cytotoxic T cells both play a crucial role in the full
development of contact hypersensitivity. J Immunol (2000) 165:6783–90. doi:
10.4049/jimmunol.165.12.6783

30. Uccelli A, Moretta L, Pistoia V. Mesenchymal stem cells in health and
disease. Nat Rev Immunol (2008) 8:726–36. doi: 10.1038/nri2395

31. Nauta AJ, Fibbe WE. Immunomodulatory properties of mesenchymal
stromal cells. BLOOD (2007) 110:3499–506. doi: 10.1182/blood-2007-02-069716

32. Pajarinen J, Lin T, Gibon E, Kohno Y, Maruyama M, Nathan K, et al.
Mesenchymal stem cell-macrophage crosstalk and bone healing. Biomaterials
(2019) 196:80–9. doi: 10.1016/j.biomaterials.2017.12.025

33. Galipeau J, Sensebe L. Mesenchymal stromal cells: Clinical challenges and
therapeutic opportunities. Cell Stem Cell (2018) 22:824–33. doi: 10.1016/
j.stem.2018.05.004

34. Shen Z, HuangW, Liu J, Tian J, Wang S, Rui K. Effects of mesenchymal stem
cell-derived exosomes on autoimmune diseases. Front Immunol (2021) 12:749192.
doi: 10.3389/fimmu.2021.749192

35. Krampera M, Le Blanc K. Mesenchymal stromal cells: Putative
microenvironmental modulators become cell therapy. Cell Stem Cell (2021)
28:1708–25. doi: 10.1016/j.stem.2021.09.006

36. Regmi S, Pathak S, Kim JO, Yong CS, Jeong JH. Mesenchymal stem cell
therapy for the treatment of inflammatory diseases: Challenges, opportunities, and
future perspectives. Eur J Cell Biol (2019) 98:151041. doi: 10.1016/
j.ejcb.2019.04.002

37. Costa LA, Eiro N, Fraile M, Gonzalez LO, Saa J, Garcia-Portabella P, et al.
Functional heterogeneity of mesenchymal stem cells from natural niches to culture
conditions: implications for further clinical uses. Cell Mol Life Sci (2021) 78:447–67.
doi: 10.1007/s00018-020-03600-0

38. Han J, Liu Y, Liu H, Li Y. Genetically modified mesenchymal stem cell
therapy for acute respiratory distress syndrome. Stem Cell Res Ther (2019) 10:386.
doi: 10.1186/s13287-019-1518-0

39. Xu F, Fei Z, Dai H, Xu J, Fan Q, Shen S, et al. Mesenchymal stem cell-derived
extracellular vesicles with high PD-L1 expression for autoimmune diseases
treatment. Adv Mater (2022) 34:e2106265. doi: 10.1002/adma.202106265

40. Rossignoli F, Grisendi G, Spano C, Golinelli G, Recchia A, Rovesti G, et al.
Inducible Caspase9-mediated suicide gene for MSC-based cancer gene therapy.
Cancer Gene Ther (2019) 26:11–6. doi: 10.1038/s41417-018-0034-1

41. Rosova I, Dao M, Capoccia B, Link D, Nolta JA. Hypoxic preconditioning
results in increased motility and improved therapeutic potential of human
mesenchymal stem cells. Stem Cells (2008) 26:2173–82. doi: 10.1634/
stemcells.2007-1104

42. Hollenbeck ST, Senghaas A, Komatsu I, Zhang Y, Erdmann D, Klitzman B.
Tissue engraftment of hypoxic-preconditioned adipose-derived stem cells
improves flap viability. Wound Repair Regener (2012) 20:872–8. doi: 10.1111/
j.1524-475X.2012.00854.x
Frontiers in Immunology 12
43. Roemeling-van RM, Mensah FK, Korevaar SS, Leijs MJ, van Osch GJ,
Ijzermans JN, et al. Effects of hypoxia on the immunomodulatory properties of
adipose tissue-derived mesenchymal stem cells. Front Immunol (2013) 4:203. doi:
10.3389/fimmu.2013.00203

44. Han X, Yang Q, Lin L, Xu C, Zheng C, Chen X, et al. Interleukin-17
enhances immunosuppression by mesenchymal stem cells. Cell Death Differ (2014)
21:1758–68. doi: 10.1038/cdd.2014.85

45. Min CK, Kim BG, Park G, Cho B, Oh IH. IL-10-transduced bone marrow
mesenchymal stem cells can attenuate the severity of acute graft-versus-host
disease after experimental allogeneic stem cell transplantation. Bone Marrow
Transplant (2007) 39:637–45. doi: 10.1038/sj.bmt.1705644

46. Bian L, Guo ZK, Wang HX, Wang JS, Wang H, Li QF, et al. In vitro and in
vivo immunosuppressive characteristics of hepatocyte growth factor-modified
murine mesenchymal stem cells. In Vivo (2009) 23:21–7.

47. Kim DS, Jang IK, Lee MW, Ko YJ, Lee DH, Lee JW, et al. Enhanced
immunosuppressive properties of human mesenchymal stem cells primed by
interferon-gamma. EBiomedicine (2018) 28:261–73. doi: 10.1016/j.ebiom.2018.01.002

48. Chen H, Chen L, Xie D, Niu J. Protective effects of transforming growth
factor-beta1 knockdown in human umbilical cord mesenchymal stem cells against
subarachnoid hemorrhage in a rat model. Cerebrovasc Dis (2020) 49:79–87. doi:
10.1159/000505311

49. Xu F, Liu C, Zhou D, Zhang L. TGF-beta/SMAD pathway and its regulation
in hepatic fibrosis. J Histochem Cytochem (2016) 64:157–67. doi: 10.1369/
0022155415627681

50. Lichtman MK, Otero-Vinas M, Falanga V. Transforming growth factor beta
(TGF-beta) isoforms in wound healing and fibrosis.Wound Repair Regener (2016)
24:215–22. doi: 10.1111/wrr.12398

51. Lodyga M, Hinz B. TGF-beta1 - a truly transforming growth factor in
fibrosis and immunity. Semin Cell Dev Biol (2020) 101:123–39. doi: 10.1016/
j.semcdb.2019.12.010

52. Budi EH, Schaub JR, Decaris M, Turner S, Derynck R. TGF-beta as a driver
of fibrosis: physiological roles and therapeutic opportunities. J Pathol (2021)
254:358–73. doi: 10.1002/path.5680

53. Martino MM, Maruyama K, Kuhn GA, Satoh T, Takeuchi O, Muller R, et al.
Inhibition of IL-1R1/MyD88 signalling promotes mesenchymal stem cell-driven
tissue regeneration. Nat Commun (2016) 7:11051. doi: 10.1038/ncomms11051

54. Chen S, Shen D, Popp NA, Ogilvy AJ, Tuo J, Abu-Asab M, et al. Responses
of multipotent retinal stem cells to IL-1beta, IL-18, or IL-17. J Ophthalmol (2015)
2015:369312. doi: 10.1155/2015/369312

55. Gaspersic R, Stiblar-Martincic D, Osredkar J, Skaleric U. In vivo
administration of recombinant TNF-alpha promotes bone resorption in mice. J
Periodontal Res (2003) 38:446–8. doi: 10.1034/j.1600-0765.2003.00662.x

56. Liu Y, Wang L, Kikuiri T, Akiyama K, Chen C, Xu X, et al. Mesenchymal
stem cell-based tissue regeneration is governed by recipient T lymphocytes via
IFN-gamma and TNF-alpha. Nat Med (2011) 17:1594–601. doi: 10.1038/nm.2542

57. Li L, Clevers H. Coexistence of quiescent and active adult stem cells in
mammals. Science (2010) 327:542–5. doi: 10.1126/science.1180794

58. Guerrero F, Herencia C, Almaden Y, Martinez-Moreno JM, Montes DOA,
Rodriguez-Ortiz ME, et al. TGF-beta prevents phosphate-induced osteogenesis
through inhibition of BMP and wnt/beta-catenin pathways. PloS One (2014) 9:
e89179. doi: 10.1371/journal.pone.0089179

59. Leal AS, Misek SA, Lisabeth EM, Neubig RR, Liby KT. The Rho/MRTF
pathway inhibitor CCG-222740 reduces stellate cell activation and modulates
immune cell populations in Kras(G12D); Pdx1-cre (KC) mice. Sci Rep (2019)
9:7072. doi: 10.1038/s41598-019-43430-0

60. Nakamura K, Yoshimura A, Kaneko T, Sato K, Hara Y. ROCK inhibitor y-
27632 maintains the proliferation of confluent human mesenchymal stem cells. J
Periodontal Res (2014) 49:363–70. doi: 10.1111/jre.12114
frontiersin.org

https://doi.org/10.1007/s12015-021-10323-7
https://doi.org/10.3389/fimmu.2019.02285
https://doi.org/10.3389/fimmu.2019.02285
https://doi.org/10.1159/000023934
https://doi.org/10.1046/j.1365-2567.1996.d01-778.x
https://doi.org/10.4049/jimmunol.165.12.6783
https://doi.org/10.1038/nri2395
https://doi.org/10.1182/blood-2007-02-069716
https://doi.org/10.1016/j.biomaterials.2017.12.025
https://doi.org/10.1016/j.stem.2018.05.004
https://doi.org/10.1016/j.stem.2018.05.004
https://doi.org/10.3389/fimmu.2021.749192
https://doi.org/10.1016/j.stem.2021.09.006
https://doi.org/10.1016/j.ejcb.2019.04.002
https://doi.org/10.1016/j.ejcb.2019.04.002
https://doi.org/10.1007/s00018-020-03600-0
https://doi.org/10.1186/s13287-019-1518-0
https://doi.org/10.1002/adma.202106265
https://doi.org/10.1038/s41417-018-0034-1
https://doi.org/10.1634/stemcells.2007-1104
https://doi.org/10.1634/stemcells.2007-1104
https://doi.org/10.1111/j.1524-475X.2012.00854.x
https://doi.org/10.1111/j.1524-475X.2012.00854.x
https://doi.org/10.3389/fimmu.2013.00203
https://doi.org/10.1038/cdd.2014.85
https://doi.org/10.1038/sj.bmt.1705644
https://doi.org/10.1016/j.ebiom.2018.01.002
https://doi.org/10.1159/000505311
https://doi.org/10.1369/0022155415627681
https://doi.org/10.1369/0022155415627681
https://doi.org/10.1111/wrr.12398
https://doi.org/10.1016/j.semcdb.2019.12.010
https://doi.org/10.1016/j.semcdb.2019.12.010
https://doi.org/10.1002/path.5680
https://doi.org/10.1038/ncomms11051
https://doi.org/10.1155/2015/369312
https://doi.org/10.1034/j.1600-0765.2003.00662.x
https://doi.org/10.1038/nm.2542
https://doi.org/10.1126/science.1180794
https://doi.org/10.1371/journal.pone.0089179
https://doi.org/10.1038/s41598-019-43430-0
https://doi.org/10.1111/jre.12114
https://doi.org/10.3389/fimmu.2022.1005426
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Improving the immunomodulatory function of mesenchymal stem cells by defined chemical approach
	Introduction
	Materials and methods
	Isolation and culture of MSCs
	Mice
	Contact hypersensitivity model
	LPS model of endotoxemia
	Flow cytometry
	Differentiation analysis
	MSCs/T cells co-cuture assay
	MSCs/macrophages co-cuture assay
	Immunohistochemistry
	Statistical analysis

	Results
	Morphology and phenotype
	MSCs/T cells co-culture
	MSCs alleviated contact hypersensitivity induced by DNFB
	MSCs restored the infiltration of T cells in inflammatory ear tissue
	MSCs restored the inflammatory T cells in cervical lymph nodes
	MSCs restored the inflammatory macrophages of LPS-induced endotoxemia

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


