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Mesenchymal stem cells (MSCs) have been widely used in preclinical and clinical trials for
various diseases and have shown great potential in the treatment of sepsis and
coronavirus disease (COVID-19). Inflammatory factors play vital roles in the
pathogenesis of diseases. The interaction between inflammatory factors is extremely
complex. Once the dynamics of inflammatory factors are unbalanced, inflammatory
responses and cytokine storm syndrome develop, leading to disease exacerbation and
even death. Stem cells have become ideal candidates for the treatment of such diseases
due to their immunosuppressive and anti-inflammatory properties. However, the
mechanisms by which stem cells affect inflammation and immune regulation are still
unclear. This article discusses the therapeutic mechanism and potential value of MSCs in
the treatment of sepsis and the novel COVID-19, outlines how MSCs mediate innate and
acquired immunity at both the cellular and molecular levels, and described the anti-
inflammatory mechanisms and related molecular pathways. Finally, we review the safety
and efficacy of stem cell therapy in these two diseases at the preclinical and clinical levels.
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INTRODUCTION

Sepsis is a clinical syndrome characterized by a severe systemic
inflammatory response induced by infection, trauma and
secondary injury to tissues and organs. The main symptoms
are a sharp drop in blood pressure, fever, diarrhea, and
disseminated coagulation. Septic shock is the most common
cause of death in patients in intensive care (1). COVID-19 is an
acute respiratory infection caused by novel coronavirus (SARS-
CoV-2) infection (2, 3). Most patients with severe COVID-19
have acute respiratory distress syndrome (ARDS). With acute
myocardial injury, shock, arrhythmia, and acute renal injury,
complications can develop, and patients eventually die of
multiple organ dysfunction (4–6). COVID-19 and ARDS are
caused by microbes invading the body rapidly, replicating and
spreading, inducing a strong immune response, and excessive
activation of the immune system in response to the infection
results in the production of many inflammatory factors, in which
is known as Cytokine storm syndrome (CSS) (7, 8) Therefore,
understanding the underlying mechanism of inflammatory
cytokine storms is key to developing new treatments for diseases.

Cytokines and chemokines play important roles in the
immune response and immunopathological damage associated
with virus-mediated diseases. When the virus invades the body
and enters the bronchi and alveoli through the upper respiratory
tract, the body stimulates an immune response. Macrophages
produce cytokines and inflammatory chemokines at the infection
site and induce the activation of lymphocytes and neutrophils,
which phagocytose and isolate the virus (9). This process is
necessary in the early stage of inflammation caused by viral
infections, which has a positive effect on controlling viral
infections. However, a maladjusted and excessive immune
response will cause immune intensification, which will lead to
the overexpression of inflammatory factors in patients, resulting
in a cytokine storm (10–12). The essence of a cytokine storm is
an excessive immune response caused by various stimuli, which
was first used to describe graft versus host disease (13). During a
cytokine storm, the roles of cytokines in the immune response
are complex, showing characteristics of a network, and these
cytokines play roles in inducing local inflammation, promoting
disease progression, regulating cellular and molecular immune
responses, eliminating infection, and regulating tissue repair
(14). Cytokine storms can cause serious damage to the body,
such as hyaline membrane formation, diffuse alveolar injury, and
fibrin exudation, and then accelerate lung injury, while serious
lung injury and cytokine storms in the circulatory system further
induce multiple organ dysfunction and injury throughout the
body (15, 16). At present, it is believed that the cause of severe
pneumonia is not the virus itself but the excessive immune
response induced by infection, and an unbalanced cytokine
response in the body is an important cause of pneumonia and
acute lung injury (17). Cytokine storms are also important
factors leading to multiple organ failure and poor prognosis in
other diseases caused by pathogenic coronavirus infection (18).

MSCs are pluripotent stem cells originating from the early
mesoderm and ectoderm that have the advantages of abundant
availability, multidirectional differentiation potential, high
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amplification efficiency in vitro and low immunogenicity (19).
In addition, MSCs have powerful immunomodulatory and anti-
inflammatory functions, which can regulate the innate immune
and acquired immune systems (20); MSCs also exert
bidirectional regulation of the immune system (20, 21) and can
not only inhibit the overactivated immune system (21, 22) but
also repair defective immune function (23). In summary, MSCs
can alleviate and repair the lung injury caused by an excessive
immune response to viruses and reduce the risk of CSS and
ARDS by regulating the function of immune cells, reducing the
levels of inflammatory secretion, increasing the levels of anti-
inflammatory factors and the secretion a variety of cellular
growth factors. Therefore, MSCs are considered to be an
effective way to treat sepsis and COVID-19 (24).
ANTI-INFLAMMATORY EFFECTS AND
MECHANISM OF MSCs

Mechanism of Inflammatory Storms
In the early stage of viral infection, the stimulation of the lungs
leads to the recruitment and activation of a variety of
inflammatory cells, and a large number of cytokines and
inflammatory chemokines are released. In the early stage of
stimulation, “early reactive cytokines” such as tumor necrosis
factor-a (TNF-a) and interleukin-1b (IL-1b) are secreted rapidly
and reach a peak within a few hours; then, anti-inflammatory
cytokines are secreted to regulate the degree of the inflammatory
response so that the body can not only remove harmful stimuli
but also maintain cellular homeostasis (25–27). However, when
the inflammatory balance is destroyed, early reactive cytokines
can further trigger the activation and release of a series of
cytokines, such as interleukin-2 (IL-2), interleukin-6 (IL-6),
interleukin-8 (IL-8), interleukin-12 (IL-12), macrophage
inflammatory protein-1a (MIP-1a), MIP-1b and others,
resulting in an uncontrolled inflammatory response (28, 29).
The mechanism of the excessive immune stimulation caused by
coronavirus infection is still controversial, but through the study
animal models and samples from patients with SARS and Middle
East respiratory syndrome (MERS), which are both caused by
coronavirus infection, some key factors that may lead to cytokine
storms have been found (30).

Mechanism of the Therapeutic Effects of
MSCs in the Inflammatory Environment
MSCs have the advantage of low immunogenicity and can exert
immunomodulatory effects through direct contact with immune
cells and the secretion of soluble factors. MSCs also tend to be
targeted to inflammatory sites to play anti-inflammatory roles
(31). At the site of tissue injury, inflammatory mediators
produced by the local microenvironment during acute
inflammation activate the differentiation of monocytes into M1
macrophages. M1 macrophages produce a large number of
proinflammatory factors, including interferon alpha (IFN-a)
and TNF-a, and mainly engulf and digest dead cells and
pathogenic microorganisms that invade the body (32). These
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proinflammatory agents activate resting MSCs and induce
immunosuppressive phenotypes. After being activated, MSCs
respond to inflammatory stimulation and produce chemokines
to recruit lymphocytes to the damaged site. Anti-inflammatory
MSCs produce a large number of immunosuppressive molecules,
including indoleamine 2,3-dioxygenase (IDO) and nitric oxide
(NO), to inhibit the killing effect of lymphocytes recruited to the
inflammatory site (33), thus reducing the overall level of the
immune response. MSCs repair tissue damage by producing
growth factors and other supportive factors.

MSCs can regulate adaptive immune cells. Adaptive
immunity refers to the immune response mediated by T and B
lymphocytes stimulated by foreign substances. In contrast to
innate immunity, MSCs (34)can inhibit the proliferation and
activation of T lymphocytes (including helper T lymphocyte 1
(Th1 cells), Th17 cells and cytotoxic T lymphocytes) (35–37). T
lymphocytes are arrested in the G0/G1 phase by inhibiting cell
division, which can occur in two main ways: 1) through the
interaction between cells; and 2) through soluble cytokines,
(transforming growth factor-b(TGF-b), hepatocyte growth
factor (HGF), IL-6, IL-10, prostaglandin E2(PGE2), NO, IDO,
etc.) secreted by MSCs that act on T lymphocytes to inhibit their
proliferation and activity (38, 39). MSCs regulate B lymphocytes
by inhibiting the proliferation and differentiation of B
lymphocytes, preventing B lymphocyte differentiation into
plasma cells, reducing the expression of chemokine receptor 4
(CXCR4),chemokine receptor 5 (CXCR5), chemokine receptor 7
(CXCR7) and their corresponding ligands chemokine receptor
12(CXCL12)and chemokine receptor 13(CXCL13), and reducing
the production of Immunoglobulin M(IgM),Immunoglobulin G
(IgG) and Immunoglobulin A(IgA) (40, 41). The inhibitory effect
of IFN-g on B lymphocytes may occur through the induction of
IDO expression in MSCs, which can inhibit the proliferation of B
lymphocytes through tryptophan (42).

MSCs regulation of the inflammatory immune response mainly
includes the regulation of innate immunity and the acquired
immune response. Inherent immunity gradually developed during
the evolution of organisms, and it is the first line of defense against
pathogens. A large number of studies have confirmed that MSCs
can participate in intercellular immunoregulation through paracrine
mechanisms, and these mechanisms have been verified in disease
models such as acute respiratory distress syndrome, pneumonia and
sepsis. Paracellular secretion refers to a process by which cells
secrete regulatory factors through extracellular vesicles (EVs) (43,
44), which diffuse to intercellular spaces or tissue fluids and regulate
adjacent target cells. EVs are important intercellular transporters
that play important roles in the transmission of substances and
signal communication between cells. The extracellular vesicles
produced (45) by MSCs have immunoregulatory effects. MSCs
mediate the balance of the immune response through paracrine
signaling, which ultimately promotes the downregulation of the
local inflammatory response and reduces tissue inflammatory
injury. The types of innate immune cells regulated by MSCs
through paracrine signaling include natural killer (NK) cells,
neutrophils, macrophages and dendritic cells. Immunosuppressive
factors produced by paracrine signaling can downregulate the
Frontiers in Immunology | www.frontiersin.org 3
expression of the NK cell surface-activated receptors NKG2D,
NKp30 and NKp44 and the release level of granzyme b (46–49).
Neutrophils play an important role in acute inflammatory reactions,
and MSCs can still significantly inhibit neutrophil apoptosis by
secreting IL-6 (50). MSCs can also recruit neutrophils to the
inflammatory site by secreting IL-8 and macrophage migration
inhibitory factor (MIF) and enhance the ability of neutrophils to
clear pathogens (51).

Immunoregulatory Mechanism of MSCs
MSC regulation of the inflammatory immune response mainly
includes the regulation of nonspecific and specific immune
responses. Both responses have their own mechanisms but are
related to each other. Nonspecific immunity gradually develops
via evolution and is one of first lines of defense against pathogen
invasion. Viral invasion of airway epithelial cells starts through
the cell membrane or pattern recognition receptors (PRRs),
which identify viral genomic DNA, ssRNA, proteins and other
components, activate nonspecific immunity, and participate in
the production of cytokines such as type I interferons, IL-12,
chemokines, IFN-gamma, IL-6 and TNF-a (52). During acute
viral infections, type 1 interferons produced by macrophages,
dendritic cells and mononuclear cells can play a role in viral
replication and functional protein production and have direct
effects on viral proteins to inhibit protein replication; type 1
interferons can also activate NK cells (NK cell cytotoxicity), and
activated NK cells can produce IFN-gamma and enhance class
helper T lymphocytes 1 (Th1) cell activity to enhance cytotoxic T
lymphocytes (CTLs), NK cells and macrophages (53, 54). If the
expression of IFN-stimulating genes in nonspecific immune cells
is upregulated by the pathogenic virus through a cascade
reaction, a chain reaction will occur, leading to the occurrence
of a cytokine storm. Endothelial cells expressing sphingosine-1-
phosphate receptors have been indicated to play a key
coordinating role in cytokine storms (55). Moreover, TNF-a is
also an important inflammatory factor that can induce lung
endothelial cell activation and granulocyte and white blood cell
(WBC) migration. TNF-a is considered a key proinflammatory
factor in cytokine storms and may lead to new coronavirus
infections after symptom exacerbation and pathological damage;
therefore, inhibiting TNF-a a therapeutic strategy for treating
cytokine storms (56). In addition, the secretion of chemokines
can attract more nonspecific immune cells to enter infected
tissues, leading to increased secretion of cytokines and
exacerbation of cytokine storms and lung injury (57). Adaptive
immunity refers to the immune response mediated by T and B
lymphocytes, which are stimulated by foreign substances. Unlike
innate immunity, has adaptive immunity exhibits specificity,
tolerance and memory. MSCs regulate T lymphocytes by
inhibiting the proliferation and activation of Th1, helper T
lymphocytes 17 (Th17) and CTLs (58). The key to specific
immune activation involves virus-mediated induction of Th1
cell secretion of cytokines to recruit mononuclear macrophages
into the lung parenchyma (59). Depending on the cytokines
secreted, Th cells are divided into Th1 and lymphocytes T2 (Th2)
cells, and IFN-gamma is the most important Th1 cytokine. Th2
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cells can secrete the cytokines IL-4, IL-5, IL-6, and IL-10 and
promote the humoral immune response; during coronavirus
infection, high levels of IL-10, cytokine storm occurrence are
positively related to the severity of lung inflammation (60).
During the development of coronavirus-induced pneumonia,
specific immune factors and nonspecific immune cytokines are
produced , and chemokine-media ted induc t ion of
proinflammatory and anti-inflammatory factors affects the
infection site, leading to extensive lung tissue edema,
inactivation of the alveolar surface, pulmonary capillary
leakage, acute lung injury, and cytokine storms that further
induce inflammation and damage to the structure of the lung
alveolae caused by hypoxemia, eventually progressing to ARDS
respiratory failure, and death (61). Thus, cytokine storms are the
main mechanism of death in COVID-19 patients.

Signaling Pathways/Molecules Related to
MSCs-Mediated Regulation of
Inflammation
MSCs are involved in a variety of cell signaling pathways
associated with inflammatory responses. Studies have shown
that coculture with MSCs can reduce the activation of nuclear
factor k-B (NF-kB) in target epithelial cells under inflammatory
serum conditions, and MSCs secrete sTNFR1, thereby partially
improving the inflammatory response in animal models after
MSCs transplantation (62). Bone marrow mesenchymal stem
cells (BMSCs) can reduce alveolar macrophages (AM) apoptosis
by downregulating the p-GSK-3b and b-catenin pathways in
AMs, thus slowing ARDS caused by acute lung injury (ALI).
BMSCs can reduce the tissue levels of NF-kB, STAT-3, TNF-a,
IL-1b, iNOS, and Bax and increase the anti-inflammatory
cytokine IL-10 and the anti-apoptosis biomarker B-cell
lymphoma-2 (Bcl-2) to achieve anti-inflammatory and anti-
inflammatory effects in the context of sepsis (63). An
interesting study showed that BMSCs inhibit septicemia by
inhibiting the activation of macrophage NLRP3 inflammatory
bodies by enhancing mitochondrial phagocytosis and reducing
mitochondrial reactive oxygen species (ROS) levels (64). Other
researchers have shown (65) that mesenchymal stem cells MSCs
have anti-inflammatory properties and can express genes and
secrete factors that improve the survival rates of individuals with
sepsis. The choline anti-inflammatory pathway (CAP) is
mediated by a7 nicotinic acetylcholine receptor (a7nAChR),
which plays an important role in controlling systemic
inflammation. Overexpression of HO-1 in human bone
marrow mesenchymal stem cells enhances the therapeutic
effect of bone marrow mesenchymal stem cells on acute kidney
injury, which may be related to the activation of the JAK/stat3
signaling pathway (66). The immunomodulatory effects of bone
marrow mesenchymal stem cells are related to the inhibition of
mTORC1-p70S6K and the activation of the mTORC2-Akt
signaling pathway. The possible mechanism involved
regulating the expression of inflammatory cytokines by
activating mTORC2-Akt and inhibiting the mTORC1-p70S6K
signaling pathway (67). Figure 1 shows that MSCs regulate the
immune response through cellular pathways and secrete related
Frontiers in Immunology | www.frontiersin.org 4
immune factors that participate in the process of inflammatory
storms during treatment.
THERAPEUTIC EFFECTS OF MSCs AFTER
PRETREATMENT AND GENETIC
MODIFICATION

Regulatory Effects of Pretreated MSCs
on Inflammation
MSCs-based treatments are currently facing some limitations.
Differentiation is not stable, and there have been some instances
of direct differentiation into cancer cells or uncontrolled stem cell
replication. Recent studies have shown that pretreatment, genetic
modification and optimization of MSC culture conditions can
improve the value of MSCs in vivo. The key to their ability and
function in vivo (68) is that pretreated MSCs have significantly
improved survival rates, increased differentiation effects,
improved paracrine functions, and improved abilities to repair
damaged tissues. Studies have shown that MG132, which is
secreted by human embryonic mesenchymal stem cells (hESC-
MSCs) pretreated with trimetazidine (TMZ) and diazoxide (DZ),
significantly improved the survival rates and tissue disease in a
lipopolysaccharide (LPS)-induced mouse model (69).
Transplantation of bone marrow mesenchymal stem cells
pretreated with lipopolysaccharide can regulate the immune
response in septic mice and reduce inflammation (70). adipose
mesenchymal stem cells (AD-MSCs) pretreated with
eicosapentaenoic acid can reduce lung and distal organ
damage, improve sepsis and increase the survival rates in cecal
ligation and perforation(CLP)-induced experimental sepsis (71).
Systemic administration of mesenchymal stem cells pretreated
with interleukin-1b (b-mesenchymal stem cells) is more effective
than untreated mesenchymal stem cells in improving the
symptoms of sepsis in mice and increasing the survival rate. In
addition, b-mesenchymal stem cells can effectively induce
macrophages to differentiate into the anti-inflammatory M2
phenotype through paracrine activity (72). The purpose of
staphylococcal enterotoxin B (SEB) pretreatment is to prolong
the survival time of transplanted mesenchymal stem cells and
induce the production of cytoprotective agents, antiapoptotic
agents and anti-inflammatory factors by these cells. The
downregulation of cytokine gene expression and the
upregulation of the expression of antibacterial peptides and
anti-inflammatory cytokines after transplantation indicate
improvements in the therapeutic effects of SEB mesenchymal
stem cells on live sepsis models (73).

Regulatory Effects of Genetically Modified
MSCs on Inflammation
At present, the treatment of various diseases with genetically
modified mesenchymal stem cells mainly involves tissue repair,
radiation injury therapy and tumor therapy. Some studies on the
regulation of inflammation have shown that genetically modified
MSCs not only have all the characteristics of stem cells but can also
July 2021 | Volume 12 | Article 726909
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efficiently express foreign genes and enhance their anti-
inflammatory effects in treating various diseases. BPI21/LL-37-
modified human Umbilical Cord Mesenchymal Stem Cells (hUC-
MSCs) exhibited significantly enhanced antibacterial and toxin-
neutralizing activities in vitro (74). Bone marrow mesenchymal
stem cells overexpressing TGF-b1 can reduce macrophage
infiltration and induce macrophage transformation to enhance
their therapeutic effects on organ damage and inflammation (75).
In ulcerative colitis, the overexpression of IL-10 in mesenchymal
stem cells enhanced their effects on E. coli-induced pneumonia
and sepsis and enhanced the function of human macrophage (76).
TLR3-activated mesenchymal plasma stem cells exhibit increased
survival rates in response to sepsis induced by CLP, and the
overexpression of miR-143 reduced the effectiveness of
this treatment.
Frontiers in Immunology | www.frontiersin.org 5
THE SAFETY AND EFFICACY OF MSCs IN
ANIMAL EXPERIMENTS AND CLINICAL
APPLICATIONS ASSOCIATED WITH
SEPSIS AND COVID-19

The Effectiveness of MSCs in Animal
Experiments of Sepsis
To date, no preclinical studies have shown that the application of
bone marrow mesenchymal stem cells in animal models of sepsis
has side effects. However, these results mainly come from rodent
models and have limited correlations with human septicemia.
Therefore, clinical applications are possible, it is necessary to
thoroughly study the role of bone marrow mesenchymal stem
cells in clinically relevant large animal models (77). Some studies
FIGURE 1 | MSCs activate the adaptive immune response by recognizing Toll-like receptors (TLR2, 4), thus activating the PI3K/AKT and NF-kB signaling pathways
to regulate the inflammatory response. Furthermore, MSCs can regulate the abnormal secretion of the anti-inflammatory cytokine IL-6, thus promoting the activation
of the downstream signaling factors JAK2 and STAT3. The phosphorylation of signaling pathway factors induces NF-kB activation to promote the expression of
IL-Ib, IL-18, TNF-a and IL-6 in the cytoplasm to the nucleus, which leads to an inflammatory storm.
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have shown that a model of systemic inflammation induced by
intravenous lipopolysaccharide can be used, and its safety has
been verified. Although this model has limitations, it is necessary
to further evaluate its safety and effectiveness for septic patients.
However, early immunomodulation in an animal model of sepsis
was confirmed. A preclinical study of a sepsis animal model
showed that even if clinically related constructs were included,
such as delayed administration of bone marrow mesenchymal
stem cells after sepsis induction and combined administration of
antibiotics and fluids, bone marrow mesenchymal stem cells
could improve the survival rate (78). Bone marrow mesenchymal
stem cells can reduce organ failure and help eliminate pathogens
in the blood, peritoneum and spleen. The effectiveness of stem
cell therapy has been examined in animals as models of human
infection. Based on these findings, bone marrow mesenchymal
stem cell treatment can inhibit the inflammatory reaction and
the activation of nuclear factor kappa light chain enhancer,
which activates B cells. Therefore, bone marrow mesenchymal
stem cells may become a new treatment for acute lung injury
caused by sepsis (15).
The Safety and Efficacy of MSCs in
Clinical Trials of Sepsis
The results of preclinical studies suggest that MSCs will become a
new type of treatment for sepsis. Clinical studies have been
performed, but there are currently only limited reports detailing
the use of MSCs in humans, the number of cases is small, and
there are still many ongoing clinical trials. A domestic researcher
gave 15 patients with severe sepsis a single intravenous infusion
of allogeneic bone marrowmesenchymal stem cells at doses of up
to 3×106 cells/kg. The treatment proved to be safe and well
tolerated (70). A 72-year-old man was admitted with a diagnosis
of COVID-19, ARDS, type-2 diabetes, diabetic nephropathy,
renal insufficiency, and hypertension. Clinical treatment of
severe pneumonia associated with COVID-19 with umbilical
cord bone marrow mesenchymal stem cells has positive effects,
delaying worsening of the disease and improving respiratory and
renal functions (79). The results of the first phase of the Chinese
Ischemic Stroke Subclassification (CISS) trial provide additional
Frontiers in Immunology | www.frontiersin.org 6
short-term data, showing that the administration of up to 250
million freshly cultured allogeneic bone marrow mesenchymal
stem cells is safe for patients with septic shock. These data should
give intensive care researchers additional reasons to continue the
second phase of the trial to evaluate the efficacy and safety of
bone marrow mesenchymal stem cells in the treatment of septic
shock (80) (Table 1).
Examples of MSCs Applications in
COVID-19 Patients
A total of 88 trials were registered to study the safety and efficacy
of stem cells in treating COVID-19. The indications under
investigation include COVID-19 pneumonia, severe
pneumonia, respiratory failure, acute respiratory distress
syndrome and pulmonary fibrosis. Most of the studies are
aimed at treating patients with “COVID-19 pneumonia” (19
out of 88 cases) and “severe/severe pneumonia” (37 out of 88
cases). According to a meta-analysis of 50,466 inpatients with
pneumonia associated with COVID-19, 14.8% of pneumonia
patients with COVID-19 developed acute respiratory distress
syndrome (73). Among 88 studies, 24 studies investigated the
treatment of patients with acute respiratory distress syndrome.
Although patients with acute respiratory distress syndrome often
show pulmonary fibrosis after discharge (75), out of 88 studies,
only 2 were registered to study the curative effect of stem cell
therapy on patients with pulmonary fibrosis. Interestingly, only
one of the 88 studies used “in vitro stromal cell therapy” to treat
COVID-19 pneumonia patients with acute kidney injury. Most
of these clinical trials (63 out of 88) tested the feasibility,
tolerance and safety of serious adverse events associated with
stem cell therapy (19 trials in Phase I, 24 trials in Phase I/II and
20 trials in Phase II). Few clinical trials have progressed beyond
the second stage (3.4%), only two trials are in the second/third
stage, and only one trial is in the third stage. In 22 studies, the
clinical stage was unclear or “not applicable”.

The latest research shows that (81) Umbilical Cord
Mesenchymal Stem Cells (UC-MSCs) infusions in COVID-19
ARDS patients were safe. Inflammatory cytokines were
significantly decreased in UC-MSC-treated subjects at day
6 (Table 2).
TABLE 1 | Selected Clinical Studies Examining Effects MSCs of Relevance to Sepsis.

NCT Number Title Status and
Phase

Study Type
and Results

Conditions Outcome Measures: Population

1 NCT02789995 Dysfunctions of Human Muscle
Stem Cells in Sepsis

Completed
Not
Applicable

Interventional
No Results
Available

• Sepsis • Muscle regenerative capacities
• Satellite cell dysfunction after sepsis
• Regenerative capacities of Human
satellite cells in presence of
mesenchymal stem cells

Enrollment:93
Age: 18 Years and
older (Adult, Older
Adult)
Sex:All

2 NCT00100308 Unfractioned Heparin for
Treatment of Sepsis

Completed
Phase 3

Interventional
No Results
Available

• Sepsis
• Bacterial
Infections

• Change from baseline Multiple Organ
Dysfunction (MOD) score
• Length of stay
• 28-day all-cause mortality

Enrollment:319
Age: 18 Years and
older (Adult, Older
Adult)
Sex:All

(Continued)
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SUMMARY AND OUTLOOK

In the face of sepsis and COVID-19 pneumonia patients and
their serious complications, such as septic shock, acute
respiratory distress syndrome and multiple organ dysfunction
syndrome, traditional therapy is powerless. Preclinical and
preliminary clinical data show that MSCs can reduce lung
Frontiers in Immunology | www.frontiersin.org July 2021 | Volume 12 | Article 7269097
injury caused by an excessive immune response to viruses and
reduce the risk of CSS through anti-inflammatory and
immunomodulatory effects.

Despite the progress in the field, drug discovery of
inflammatory diseases remains a major challenge due to the
limited understanding of specific inflammatory responses in
different pathologies (82). The recent emergence of new viruses
TABLE 1 | Continued

NCT Number Title Status and
Phase

Study Type
and Results

Conditions Outcome Measures: Population

3 NCT00357123 Effect of Rosuvastatin in
Abdominal Sepsis

Unknown
status
Phase 2

Interventional
No Results
Available

• Sepsis • Plasmatic levels of Interleukine 6 and
1B, and Tumor Necrosis Factor alpha
(pg/dL)
• Number of survivors
• Plasmatic levels of Reactive C Protein
(mg/dL)
• Classification of severity by APACHE II
scale
• Incidence of complications or
secondary effects

Enrollment:60
Age: 18 Years to
80 Years (Adult,
Older Adult)
Sex:All

4 NCT02370030 Effect of Citrulline on the
Clinical and Biochemical
Evolution of Patients With
Sepsis.

Unknown
status
Phase 1
Phase 2

Interventional
No Results
Available

• Sepsis Outcome Measures: Multiple organ
failure

Enrollment:160
Age: 18 Years and
older (Adult, Older
Adult)
Sex:All

5 NCT01315782 Alveolar Dead Space as
Predictor of Organ
Failure in Severe Sepsis

Recruiting
Phase 2

Observational
No Results
Available

• Sepsis
• Severe Sepsis
• Septic Shock
• Multi-organ
Failure

• Multi-organ failure
• Mortality

Enrollment:30
Age: 18 Years and
older (Adult, Older
Adult)
Sex:All

6 NCT03882476 RCT of Sepsis Machine
Learning Algorithm

Not yet
recruiting

No Results
Available

• Sepsis
• Severe Sepsis
• Septic Shock

In-hospital SIRS-based mortality Enrollment:51645
Age: 18 Years and
older (Adult, Older
Adult)
Sex:All

7 NCT03644940 Subpopulation-Specific Sepsis
Identification
Using Machine Learning

Not yet
recruiting
Phase 2

Interventional
No Results
Available

• Sepsis
• Severe Sepsis
• Septic Shock

• In-hospital SIRS-based mortality
• In-hospital severe sepsis/shock-
coded mortality
• SIRS-based hospital length of stay
• Severe sepsis/shock-coded hospital
length of stay

Enrollment:51645
Age: 18 Years and
older (Adult, Older
Adult)
Sex:All

8 NCT03734484 Gram Type Infection-Specific
Sepsis Identification Using
Machine Learning

Not yet
recruiting
Phase 2

Interventional
No Results
Available

• Sepsis
• Severe Sepsis
• Septic Shock

• Change in time to antibiotic
administration
• Change in administration of
unnecessary antibiotics

Enrollment:51645
Age: 18 Years and
older (Adult, Older
Adult)
Sex:All

9 NCT04005001 HindSight Phase II Not yet
recruiting
Phase 2

Interventional
No Results
Available

• Sepsis
• Severe Sepsis
• Septic Shock

False alert reduction Enrollment:51645
Age: 18 Years and
older (Adult, Older
Adult)
Sex:All

10 NCT03369275 Cellular Immunotherapy for
Septic Shock

Unknown
status
Phase 2

Interventional
No Results
Available

• Septic Shock
• Sepsis
• Pathologic
Processes
• Shock
• Infection
• Systemic
Inflammatory
Response
Syndrome
• Inflammation

• The reduction in days on mechanical
ventilation, or renal replacement therapy,
or vasopressors.
• Incidence of treatment-emergent
adverse events (Safety and tolerability)
• Biological endpoints as markers of
vascular permeability • Mortality
• Organ Failure Scores
• Organ Support Measures
• Length of ICU Stay (in days)
• Length of Hospital Stay (in days)

Enrollment:114
Age: 18 Years and
older (Adult, Older
Adult)
Sex:All
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Results
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Cha

1 NCT04313322 Treatment of COVID-19 Patients Using
Wharton's Jelly-Mesenchymal Stem Cells

Recruiting No
Results
Available

• Use of Stem
Cells for
COVID-19
Treatment

• Biological: WJ-MSCs Interventional
Phase 1

• Clinical outc
• CT Scan
• RT-PCR res

2 NCT04625738 Efficacy of Infusions of MSC From Wharton
Jelly in the SARS-Cov-2 (COVID-19)
Related Acute Respiratory Distress
Syndrome

Not yet
recruiting

No
Results
Available

• COVID19
ARDS

• Biological: Ex vivo
expanded Wharton's
Jelly Mesenchymal
Stem Cells
• Biological: Placebo

Interventional
Phase 2

• PaO2 / FiO2
• respiratory fu
• respiratory a
• organ failure
• organ failure
• organ failure
• duration of in
• Cause of de
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• viral load
• and 5 more

3 NCT04252118 Mesenchymal Stem Cell Treatment
for Pneumonia Patients Infected With
COVID-19
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Interventional
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5 NCT04339660 Clinical Research of Human Mesenchymal
Stem Cells in the Treatment of COVID-19
Pneumonia
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Results
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Interventional
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• Phase 2

• The immune
• Blood oxyge
• Rate of mor
• Size of lesio
imaging
• CD4+ and C
• Peripheral b
time
r

o

u

s
s
s
s

a

n
C
i

t
t

e

t

r

v
o

d

t
n

lo

https://clinicaltrials.gov/show/NCT04313322
https://clinicaltrials.gov/show/NCT04313322
https://clinicaltrials.gov/show/NCT04625738
https://clinicaltrials.gov/show/NCT04625738
https://clinicaltrials.gov/show/NCT04625738
https://clinicaltrials.gov/show/NCT04625738
https://clinicaltrials.gov/show/NCT04252118
https://clinicaltrials.gov/show/NCT04252118
https://clinicaltrials.gov/show/NCT04252118
https://clinicaltrials.gov/show/NCT04444271
https://clinicaltrials.gov/show/NCT04444271
https://clinicaltrials.gov/show/NCT04339660
https://clinicaltrials.gov/show/NCT04339660
https://clinicaltrials.gov/show/NCT04339660
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


TABLE 2 | Continued

acteristics Population Dates

spiratory symptoms
h, difficulty

cleic acid negative

ures:
Investigational

potential for MSC
rably alter the course
s

Enrollment:30
Age:18 Years
and older
(Adult, Older
Adult)
Sex:All

Primary
Completion:
April 1,
2021

everity index
index (PaO2/FiO2)
the UC-MSCs

p
ival
gan failure

otein

count
and CD8+ T celll

atio

Enrollment:48
Age:18 Years
to 65 Years
(Adult, Older
Adult)
Sex:All

Primary
Completion:
June 30,
2020

Es

ntilator-free days
of one category
l scale

gan Failure
OFA)

n
AEs
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December
2020
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6 NCT04399889 hCT-MSCs for COVID19 ARDS Recruiting No
Results
Available

• COVID
• Corona
Virus Infection
• COVID19

• Biological: human
cord tissue
mesenchymal stromal
cells

Interventional
• Phase 1
• Phase 2

Outcome Mea
• Safety of the
Product
• Describe the
therapy to favo
of COVID-ARD

7 NCT04273646 Study of Human Umbilical Cord
Mesenchymal Stem Cells in the Treatment
of Severe COVID-19

Not yet
recruiting

No
Results
Available

• 2019 Novel
Coronavirus
Pneumonia
• COVID-19

• Biological: UC-MSCs
• Drug: Placebo

Study Type:
Interventional
Phase:
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• Side effects
treatment grou
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8 NCT04397796 Study of the Safety of Therapeutic Tx With
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9 NCT04346368 Bone Marrow-Derived Mesenchymal Stem
Cell Treatment for Severe Patients With
Coronavirus Disease 2019 (COVID-19)
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10 NCT04537351 The Mesenchymal COVID-19 Trial: a Pilot
Study to Investigate Early Efficacy of MSCs
in Adults With COVID-19
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Results
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such as SARS-COV-2 (83) have triggered a number of popular
pandemics, which poses an unprecedented threat to global public
health. Although significant progress has been made in the
direction of nucleic acid detection, neutralizing antibody and
vaccine development, it is still variable to reduce effective
strategies of cytokine storm in COVID-19 (84) severe patients.
Mainly due to the complexity of cytokines and the diversity of
targets, the intervention of a single cytokine is not sufficient to
relieve inflammatory responses. The non-specific biodistribution
in vivo and dose-limited side effects further limit the wide
application of these free antibodies. The latest developments in
biomaterials and nanotechnology (85) provide many promising
opportunities for infectious and inflammatory diseases.Recently,
the team of Rao (86) and other researchers proposed new
biomaterials in improving the role of antibody and broad
spectrum cytokines. This multi-functional neutralization
platform (87) can solve the problem of multiple cytokines
released in different diseases at the same time, which is
conducive to the development. A new therapy to deal with
cytokine storms caused by sepsis (88) and COVID-19 (89) and
other inflammatory diseases.

In addition, the current research shows that treatment with
bone marrow mesenchymal stem cells is safe and effective.
Frontiers in Immunology | www.frontiersin.org 11
However, the existing research has limitations, such as a small
sample size and short follow-up time, which are not convincing
and limit its clinical application. Therefore, it is necessary to
further verify the effectiveness, safety and corresponding
mechanism of bone marrow mesenchymal stem cells in the
treatment of COVID-19 pneumonia through large-scale,
multifocal, multicenter and long-term follow-up studies. In
addition, the timing, dosage, indications, contraindications and
adverse reactions of mesenchymal stem cell infusion should be
further examined.
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77. Juárez-Navarro K, Padilla-Camberos E, Dıáz N, Miranda-Altamirano A,
Dı ́az-Martı ́nez N. Human Mesenchymal Stem Cells: The Present
Alternative for High-Incidence Diseases, Even SARS-Cov-2. Stem Cells Int
(2020) 2020:8892189. doi: 10.1155/2020/8892189

78. Fazekas B, Griffin M. Mesenchymal Stromal Cell-Based Therapies for Acute
Kidney Injury: Progress in the Last Decade. Kidney Int (2020) 97(6):1130–40.
doi: 10.1016/j.kint.2019.12.019

79. Liu A, Zhang X, He H, Zhou L, Naito Y, Sugita S, et al. Therapeutic Potential of
Mesenchymal Stem/Stromal Cell-Derived Secretome and Vesicles for Lung Injury
and Disease. Expert Opin Biol Ther (2020) 20(2):125–40. doi: 10.1080/
14712598.2020.1689954

80. Byrnes D, Masterson CH, Artigas A, Laffey JG. Mesenchymal Stem/Stromal
Cells Therapy for Sepsis and Acute Respiratory Distress Syndrome. Semin
Respir Crit Care Med (2020) 42(1):20–39. doi: 10.1055/s-0040-1713422

81. Lanzoni G, Linetsky E, Correa D, Messinger Cayetano S, Alvarez R, Kouroupis
D, et al. Umbilical Cord Mesenchymal Stem Cells for COVID-19 Acute
Respiratory Distress Syndrome: A Double-Blind, Phase 1/2a, Randomized
Controlled Trial. Stem Cells Trans Med (2021) 10(5):660–73. doi: 10.1002/
sctm.20-0472

82. Merad M, Martin JC. Pathological Inflammation in Patients With COVID-19:
A Key Role for Monocytes and Macrophages. Nat Rev Immunol (2020) 20
(6):355–62. doi: 10.1038/s41577-020-0331-4

83. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical Features of
Patients Infected With 2019 Novel Coronavirus in Wuhan, China. Lancet
(2020) 395(10223):497–506. doi: 10.1016/s0140-6736(20)30183-5

84. Rao L, Xia S, Xu W, Tian R, Yu G, Gu C, et al. Decoy Nanoparticles Protect
Against COVID-19 by Concurrently Adsorbing Viruses and Inflammatory
Cytokines. Proc Natl Acad Sci U S A (2020) 117(44):27141–7. doi: 10.1073/
pnas.2014352117

85. Joseph B, SV K, Sabu C, Kalarikkal N, Thomas S. Cellulose Nanocomposites:
Fabrication and Biomedical Applications. J Bioresources Bioproducts (2020) 5
(4):223–37. doi: 10.1016/j.jobab.2020.10.001

86. Meng QF, Tian R, Long H, Wu X, Lai J, Zharkova O, et al. Capturing
Cytokines With Advanced Materials: A Potential Strategy to Tackle COVID-
19 Cytokine Storm. Adv Mater (2021) 33(20):e2100012. doi: 10.1002/
adma.202100012

87. Zhang Q, Gong H, Gao W, Zhang L. Recent Progress in Capturing and
Neutralizing Inflammatory Cytokines. CCS Chem (2020) 2(3):376–89.
doi: 10.31635/ccschem.020.202000165

88. Thamphiwatana S, Angsantikul P, Escajadillo T, Zhang Q, Olson J, Luk BT,
et al. Macrophage-Like Nanoparticles Concurrently Absorbing Endotoxins
July 2021 | Volume 12 | Article 726909

https://doi.org/10.1016/j.celrep.2017.08.089
https://doi.org/10.1002/cbin.10359
https://doi.org/10.1155/2020/8839625
https://doi.org/10.1016/j.cyto.2020.155367
https://doi.org/10.4252/wjsc.v12.i11.1377
https://doi.org/10.1161/circresaha.118.312758
https://doi.org/10.1161/circresaha.118.312758
https://doi.org/10.1111/imcb.12235
https://doi.org/10.1038/s41418-017-0006-2
https://doi.org/10.1164/rccm.201701-0170OC
https://doi.org/10.1007/s13238-011-1097-z
https://doi.org/10.1007/s13238-011-1097-z
https://doi.org/10.1002/sctm.19-0013
https://doi.org/10.1002/sctm.19-0013
https://doi.org/10.1111/j.1365-2141.2012.09082.x
https://doi.org/10.1111/j.1365-2141.2012.09082.x
https://doi.org/10.1016/j.jcyt.2018.11.002
https://doi.org/10.1016/j.jcyt.2018.11.002
https://doi.org/10.1007/s00441-020-03321-7
https://doi.org/10.1038/mi.2016.78
https://doi.org/10.1007/s12015-020-10109-3
https://doi.org/10.22034/ibj.22.4.237
https://doi.org/10.1016/j.ajem.2020.11.035
https://doi.org/10.3389/fped.2020.591693
https://doi.org/10.1055/s-0040-1713422
https://doi.org/10.1016/j.scr.2020.102066
https://doi.org/10.1016/j.ymthe.2020.05.014
https://doi.org/10.1002/sctm.20-0189
https://doi.org/10.1111/cpr.12947
https://doi.org/10.1111/cpr.12947
https://doi.org/10.1155/2020/8892189
https://doi.org/10.1016/j.kint.2019.12.019
https://doi.org/10.1080/14712598.2020.1689954
https://doi.org/10.1080/14712598.2020.1689954
https://doi.org/10.1055/s-0040-1713422
https://doi.org/10.1002/sctm.20-0472
https://doi.org/10.1002/sctm.20-0472
https://doi.org/10.1038/s41577-020-0331-4
https://doi.org/10.1016/s0140-6736(20)30183-5
https://doi.org/10.1073/pnas.2014352117
https://doi.org/10.1073/pnas.2014352117
https://doi.org/10.1016/j.jobab.2020.10.001
https://doi.org/10.1002/adma.202100012
https://doi.org/10.1002/adma.202100012
https://doi.org/10.31635/ccschem.020.202000165
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Wang et al. MSCs Regulate Inflammatory Cytokine Storms
and Proinflammatory Cytokines for Sepsis Management. Proc Natl Acad Sci U
S A (2017) 114(43):11488–93. doi: 10.1073/pnas.1714267114

89. Hu TY, Frieman M, Wolfram J. Insights From Nanomedicine Into
Chloroquine Efficacy Against COVID-19. Nat Nanotechnol (2020) 15
(4):247–9. doi: 10.1038/s41565-020-0674-9

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.

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
Frontiers in Immunology | www.frontiersin.org 14
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.

Copyright © 2021 Wang, Li, Xu, Deng, Zhao, Yang, Liu, Yuan, Sun, Zhang,
Wang, Qian and Kang. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.
July 2021 | Volume 12 | Article 726909

https://doi.org/10.1073/pnas.1714267114
https://doi.org/10.1038/s41565-020-0674-9
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Regulation of Inflammatory Cytokine Storms by Mesenchymal Stem Cells
	Introduction
	Anti-Inflammatory Effects and Mechanism of MSCs
	Mechanism of Inflammatory Storms
	Mechanism of the Therapeutic Effects of MSCs in the Inflammatory Environment
	Immunoregulatory Mechanism of MSCs
	Signaling Pathways/Molecules Related to MSCs-Mediated Regulation of Inflammation

	Therapeutic Effects of MSCs After Pretreatment and Genetic Modification
	Regulatory Effects of Pretreated MSCs on Inflammation
	Regulatory Effects of Genetically Modified MSCs on Inflammation

	The Safety and Efficacy of MSCs in Animal Experiments and Clinical Applications Associated With Sepsis and COVID-19
	The Effectiveness of MSCs in Animal Experiments of Sepsis
	The Safety and Efficacy of MSCs in Clinical Trials of Sepsis
	Examples of MSCs Applications in COVID-19 Patients

	Summary and Outlook
	Author Contributions
	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 true
  /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 true
  /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 true
  /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


