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ABSTRACT

Functional Study on Microglia and Dendritic
Cells in Neuroinflammation and

Oxidative stress

Cho, Jun Hwi
Advisor : Prof. Lee, Jun Sik, Ph.D.
Department of Life Science,

Graduate School of Chosun University

Antigen presenting cells (APCs) are responsible for recognizing and presenting
information on external antigens and pathogens. These cells are known to play a role in
linking innate and adaptive immune responses. APCs can transmit external antigens to T
cells and can initiate or regulate immune responses. In addition, APCs corresponding to
each tissue site has a different immunological role and function. Therefore, in present
study, | studied the immunological function of microglia and dendritic cells (DCs) as
immune regulators in neuroinflammation and oxidative stress.

In the part I, Sargassum horneri (Turner) C. Agardh is a brown algae species that
exerts anti-inflammatory activity toward murine macrophages. However, the anti-
neuroinflammatory effects and the mechanism of S. horneri (Turner) C. Agardh extract

on microglia cells are still unknown. | investigated the anti-neuroinflammatory effects of

Xii
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S. horneri extract on BV-2 microglia. S. horneri extract cytotoxicity and nitric oxide
(NO) production were measured by Annexin V/PI staining and the Griess assay,
respectively. mMRNA expression level of pro-inflammatory factors were determined by
reverse transcription-polymerase chain reaction (RT-PCR), and cytokine production was
evaluated by enzyme-linked immunosorbent assays (ELISAS). Protein expression level
of mitogen-activated protein kinases (MAPKSs) and nuclear factor-xB (NF-xB) were
detected by western blot analysis. S. horneri extract was not cytotoxic to BV-2, and it
significantly decreased lipopolysaccharide (LPS)-induced NO production. Moreover, S.
horneri extract treatment reduced mRNA level of pro-inflammatory cytokines including
inducible NO synthase, cyclooxygenase-2, interleukins (ILs)-1p and -6, and tumor
necrosis factor-o in LPS-stimulated microglia cells in a dose-dependent manner. S.
horneri extract also diminished the protein expression of iNOS, COX-2, and cytokines
including TNF-a and IL-6. S. horneri extract elicited anti-neuroinflammatory effects by
inhibiting phosphorylation of extracellular signal-regulated kinase (ERK), p38, and NF-
kB-p65. These results suggested that S. horneri extract exerted anti-neuroinflammatory
effects on LPS-stimulated microglia cell activation by inhibiting MAPKSs
phosphorylation and NF-xB signaling.

In part Il, 1 examined whether the function of DCs could be regulated by redox
status regulation. Oxidative stress induced age-related disorders by cellular dysfunctions,
DNA damage and expression of senescence-related factors. In addition, immune
senescence also shows decreased immunological functions and imbalance of adaptive
immune responses. Therefore, | studied the immunological function of DCs in response
to oxidative stress. As shown in the results, the expression of co-stimulatory molecules

in DCs was increased by low concentration of oxidative stress. However, high

Xiii
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concentration of oxidative stress was applied to DCs, the expression of co-stimulatory
molecules decreased and cytotoxicity was also observed.

In addition, oxidative stress induced the production of ROS in DCs, but decreased
antigen uptake capacity. 1L-12 production of DCs is an important marker of DCs
activation and involved in the T cell priming as well as the polarization of Th1/Th2. As a
result of measuring the amount of 1L-12 produced by DCs in the oxidative stress state, it
was observed that IL-12 production was reduced by LPS stimulation. These results are
attributed to cytotoxicity, as oxidative stress impairs mitochondrial membrane potential
(MMP, ¥m) in DCs, increasing Bax expression and cleaved caspase-3/-9 expression. For
reason of this, | determined whether oxidative stress regulation restored the function of
DCs. As a result, NAC (N-Acetyl-L-Cysteine) treatment restored the oxidative stress-
induced cytotoxicity, ROS production, and MMP. Also, NAC treatment rehabilitated the
co-stimulatory molecules expression of DCs in oxidative stress.

In conclusion, the regulation of microglia is important for the regulation of
neuroinflammation, and the damage of DCs function caused by oxidative stress was

observed to be restored by antioxidant factors.

Xiv
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I. INTRODUCTION

1. Immune response

The immune system is traditionally divided into innate and adaptive components,
each with different roles and functions (Medzhitov & Janeway Jr, 2000). In biology,
immune response is the balanced state of various microcellular or multicellular
organisms having suitable biological defenses to correspond disease, antigen, infection,

or biological invasion (Sompayrac, 2019).
A) Innate immune response

The innate immunity, also known as innate immune system is the nonspecific
immune response. It plays role of primary immune response and include of various
immune cells which protect the host from invasion and infection by antigen or
microbes (Grivennikov, Greten, & Karin, 2010). The various immune cells related to
innate immunity traditionally recognize and respond to infectious agents. The role of
recognition in innate immunity is basically the detection of constitutive and preserved
products of metabolism (Medzhitov, 2001).

Phagocytosis is critical for innate immune system. Some innate immune cells
such as macrophages and DCs perform two essential immune functions by ingesting
pathogens or any antigens (Sbharra & Karnovsky, 1959). First, they present a death
pathway by transferring partially ingested antigens and pathogens to lysosomes that
are high in hydrolytic enzymes and also targeting phagocytic oxidase complexes to
phagolysosomes. Second, DCs in phagocytic leukocytes allow antigens to migrate

into both MHC | and Il compartments through phagocytosis. Thus, phagocytosis acts
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as an innate immune effector and plays a dual role in linking the innate and adaptive

immune responses (Greenberg & Grinstein, 2002).

(1) Neuroinflammatory response and microglia

Neuroinflammation is an essential event to enable recovery from innate immune
responses following events such as nervous tissue damage or microbial infection. It
starts with signals such as brain damage from infection, trauma, and/or autoimmunity
(Morganti-Kossmann, Satgunaseelan, Bye, & Kossmann, 2007). Neuroinflammation
can also be chronic. In neuroinflammation, it plays an important role in cells or
molecules, and many molecules such as microglia, pattern-recognition receptors and
cytokines (Sorrenti, Giusti, & Zusso, 2018). These neuroinflammation mediators
damage the blood-brain-barrier (BBB) of the central nervous system (CNS) (Broux,
Gowing, & Prat, 2015).

Microglial cells are well known as representative cells of the CNS (Lehnardt,
2010). They are also the major effector cells that mediate neuroinflammation.
Activated microglia usually secrete inflammatory cytokines from several
neuroinflammatory diseases (Sasaki, 2016). Microglia secretes anti-inflammatory
factors or mediators that affect BBB integrity (Hung et al., 2017). When microglial
cells are continuously activated, immune cells become concentrated in the brain
(Shastri, Bonifati, & Kishore, 2013). They are responsible for phagocytosis in the
brain where they account for 10% to 15% of brain cells. Activated microglia secrete
inflammatory cytokines in several neuroinflammatory diseases (Sasaki, 2016). They
can actively change their morphology by reacting to infection conditions or signals.
Microglia maintain small size in their resting inactive state, but morphology changes

in response to damage or pathogens, and they migrate through chemotaxis to become

- 19 -
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phagocytic cells (Skaper, Facci, Zusso, & Giusti, 2017). Activated microglia
phagocytose apoptotic cells by releasing pro-inflammatory and anti-inflammatory
cytokines or other molecules (Fu, Shen, Xu, Luo, & Tang, 2014). Neurons that have
undergone apoptosis secrete various factors such as soluble factors and extracellular
membrane proteins, which in turn induce microglial activity. This process is known
as the self-propelling cycle (Fig. 1.). (Block, Zecca, & Hong, 2007). Murine
microglial BV-2 cells involved in the inflammatory response stimulate Toll-like
receptor-4 in response to lipopolysaccharide (LPS) and activate mitogen-activated
protein kinases (MAPKSs) and nuclear factor-«B (NF-xB) (Chan et al., 2017). Once
activated, these signaling pathways produce pro-inflammatory cytokines such as
interleukin (IL)-6 and tumor necrosis factor-o. (TNF-a) and stimulate the expression
of enzymes including inducible nitric oxide synthase (iNOS) and cyclooxygenase
(COX-2) to produce a variety of inflammatory molecules such as nitric oxide (NO)
(Geng et al., 2017). Although these inflammatory mediators are needed to remove
viruses and tumors, their overproduction can cause serious damage to tissues and
nerves and lead to chronic inflammatory diseases (Chan et al., 2017). Inhibiting
inflammatory mediator production may be one way to combat excessive

inflammation.
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B. Adaptive immune response

Innate immune response systems provide an important mechanism for the rapid
recognition and removal of pathogens (Steinman & Hemmi, 2006). Adaptive immune
responses, on the other hand, have evolved to provide more specific recognition
mechanisms for both self/non-self-antigens. Adaptive immunity is based on the
interaction between antigen presenting cells such as dendritic cells and T and B
lymphocytes. It is characterized by facilitating the regulation of host homeostasis,
immunologic memory, and antigen specific immunologic mechanism pathways (e
Sousa, 2004). The development and activation of lymphocytes occurs in the lymphatic
system, which includes the lymphatic system. Rearrange and assemble gene segments
during development to generate genes for encoding specific antigen receptors on T
and B lymphocytes (Joffre, Nolte, Sporri, & Sousa, 2009). Another function of
adaptive immunity, except specificity, is the generation of immunological memory.
During the first reaction to antigens or pathogens, memory T and B cells are produced
and established. In secondary reactions with the same antigens or pathogens, memory
T and B cells are activated quickly to create a strong and fast defense mechanism (Fig.

2.). (Bonilla & Oettgen, 2010).
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(1) Dendritic cells

Dendritic cells (DCs) are representative initiators and regulators of immune
responses belonging to antigen presenting cells (Steinman, 1991). DCs are produced
continuously in hematopoietic stem cells of bone marrow, and immature DCs are
widely distributed in both lymphoid and non-lymphoid tissues (Fig. 3.). Innate
recognition of pathogens, antigens and infections can activate dendritic cells and
induce adaptive immune responses (Kushwah & Hu, 2011). DCs are activated either
directly by antigens or pathogens, or indirectly by inflammation-related mediators
produced by different cells that recognize these molecules. In addition, DCs may be
activated by an incomplete environment in cells or by certain stress molecules (Y.-J.
J. C. Liu, 2001). These cells are also specialized antigen presenting cells that have
the ability to stimulate naive T cells to produce primary immune responses (Y.-J. Liu,
Kanzler, Soumelis, & Gilliet, 2001). Of the above processes, understanding which
process causes DCs to be active for the immune response is thought that effector T
cells will have an improved strategy for the immune responses.

DCs induce the function of antigen presentation or T cells stimulation through a
process that enhances the overall function of the cell itself. However, these processes
do not include the expression of DCs specific gene products of B cells that express B
cell receptors (BCR) or T cells that express T cell receptors (TCR) (Mellman, 2013).
DCs are functionally distinct immature and mature form. In immature DCs, they are
commonly found in peripheral tissues for the invasion of antigens or for the death of
host cells, and accumulate antigens bound to cells because they perform a function of
phagocytosis corresponding to endocytosis (Rescigno et al., 1997). In the case of
immature DCs, it is not possible to present the information of the antigen

accumulated in the T cells. Usually they synthesize both MHC class I and 11, but are
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inefficient in producing MHC complexes for immature DCs. In addition, MHC class
Il is converted to lysosomes through partial ubiquitination, and immature DCs do not
express ligands to co-stimulatory molecules and secrete small amounts of immune-
related cytokines (Trombetta, Ebersold, Garrett, Pypaert, & Mellman, 2003). When
TLR ligands induced by antigens or pathogens develop, immature DCs undergo
maturation and activate T cells from cells capable of presenting antigen information
(Ldpez et al., 2004). After this transient up-regulation, the endocytosis is down-
regulated to receive information from new antigens or pathogens. Therefore,
ubiquitination of MHC class |1 or other molecules is stopped and the MHC complex
remains on the cell surface (Chow, Toomre, Garrett, & Mellman, 2002). During DCs
maturation, migration is partially induced by up-regulation of chemokine receptors
and up-regulation of the production of co-stimulatory molecules and immune-related
cytokines (C.-H. Chen et al., 2006). After that, they move to the T cell-rich site and
stimulate natwe T cells response (Benvenuti et al., 2004). So, DCs migrate to
lymphoid tissue during maturation and stimulate nawe T cells by signaling through
major histocompatibility complex (MHC) and co-stimulatory molecules such as

CDB80 and CD86 (Mi Eun Kim et al., 2013).
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(2) Immune checkpoint

Immune checkpoints are regulators for the activation of immune responses. This
plays an important role in the regulation and maintenance of the basic homeostasis of
the immune response and in the prevention of autoimmunity (Li et al., 2016).
Uncontrolled immune responses by pathogens, antigens, or mutations or
overexpression factors can result in tissue damage or other immune-related diseases.
To prevent these consequences, the magnitude of the immune responses is controlled
by the balance between the stimulatory and suppression signals. These global signals
are defined as “immune checkpoints”, which are necessary to control the tolerability
of the immune response and to protect the host from tissue damage or external risk
factors (Postow, Callahan, & Wolchok, 2015).

In the case of pathogens or external antigens, information is communicated to T
cells through interactions between major histocompatibility complex (MHC) and T
cell receptor (TCR) (Pardoll, 2012). It also represents an important key signal for
activating T cells afterwards. First, the activation of T cells requires interaction
between the B7 family of APCs and CD28, a co-stimulatory molecules present in T
cells (Jenkins, Barbie, & Flaherty, 2018). It then acts as a negative regulator in the
immune responses, which acts as several co-receptors at different molecular
checkpoints. Specifically, CTLA-4, which is involved in the inactivation of T cells, is
derived from T cells at the time of initial reaction against the antigens and binds to
the B7 family with high affinity. The PD-1/PD-L1 signaling pathway, which is
maintained by effector T cells and regulates inflammatory responses in tissues, is not
initially involved in T cell activation (T. Chen, Razak, Bedard, Siu, & Hansen, 2015).
Thus, regulatory mechanisms through these signaling pathways are used in tumor

cells to protect normal tissues from several collateral disruptions and to avoid
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immune responses. As described above, in response to TCR, signaling mechanisms
through co-stimulatory molecules after recognition of specific antigens induce T cell
activation/inactivation. As a result, the last signaling mechanism is induced by
cytokines and chemokines and is involved in T cell polarization (Fig. 4.). (Rouwet,

Lutgens, & Biology, 2018).
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Figure 4. DCs control of T cell polarization
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(3) T cells

T cells are lymphocytes developed by the thymus that play a central role in the
immune responses (Alberts et al., 2002). T cells are distinguished from other
lymphocytes by presence or absence of t cell receptor (TCR) on the cell surface,
which develops into various types of t cells by moving from the bone marrow-
derived precursor cells to the thymus (Kapsenberg, 2003). Specifically, different
types of t cells perform a variety of immunological functions that form and control
immune responses, where t cells differentiation proceeds beyond the thymus.

One of these immune-related functions is immune response mediated cell death
that occurs in several ways. Representatively known as “killer T cells”, CD8" T cells
can be described as cytotoxic and can directly kill not only cancer cells but also
virus-infected cells. In addition, CD8" T cells produce an immune response using
signaling cytokines to infiltrate other immune cells (Germain, 2002). CD4" T cells,
which belong to another subset of t cells, function as “helper T cells”. CD4" helper T
cells have a mechanism that indirectly Kills cells identified from the outside, unlike
CD8" T cells, which directly induce apoptosis (Parnes, 1989). These cells are
responsible for determining how to respond to specific external risks in the immune
responses. Like CD8" T cells, CD4" helper T cells directly affect B cells through
signaling through cytokines and indirectly affect other immune cells (Bierer,
Sleckman, Ratnofsky, & Burakoff, 1989). Regulatory T cells, which belong to
another subset of T cells, are called Treg, and function to provide a mechanism by
which immune cells recognize invading cells as “self/non-self”. That is, it functions
to regulate immune cells from inappropriately responding to their immune response,

and for this reason, Regulatory T cells function as “suppressor” (Abbas et al., 2013).
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2. Inflammatory signaling pathway.

A. Mitogen-activated protein kinases (MAPKSs) pathway

Mitogen-activated protein kinases (MAPKs) are a family of essential
serine/threonine kinases that allow cell surface receptors to perform functions of
changes in transcriptional programs (Muzio, Polentarutti, Bosisio, Kumar, &
Mantovani, 2000). MAPKSs are a three component kinase module consisting of MAPK,
upstream MEK, and MEKK, which couples signals from cell surface receptors into
downstream signal pathways. The classifications of three functions of MAPKs are
characterized including ERK, JNK and p38MAPKS. As reported over the last decade,
extensive research has established that their proteins play an important role in the
functional regulation of cellular processes, including cell migration, growth,
differentiation, proliferation and survival (Y. Sun et al., 2015).

MAPKS are activated by excessive cellular stimulation, which often suggests that
there are certain and specific controls on the function of activating downstream
signaling pathways (Seger & Krebs, 1995). MAPKSs bind the upper signal MAP2K
and lower signal pathways through cell surface interactions via docking motifs
external to the catalytic region. Their binding sites or docking motif sites play an
important role in determining functional substrate specificity of MAPKs (Zhang &
Liu, 2002). The docking motif is usually located at the phosphorylation site of
MAPKSs, which consist of serine/threonine residues and proline, and the surrounding
amino acids enhance the specificity of recognition. In addition, recognition and
binding of the scaffold protein of the MAPKSs signaling complex regulates the
duration and location of MAPKSs activation to determine the outcome of a particular

signaling pathway. For example, the JIP1 protein functions as a scaffold that converts
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proteins JINK1/2, MKK1, and MKKY7 into MAPKs signal modules. Similar to the JIP1
protein, other scaffold proteins such as JIP2, JIP3, Axin form complexes of specific
signals related to JNK activation and promote assembly (Rasheed, Akhtar, Haqqi, &
therapy, 2010). Another scaffold protein, MP1, promotes activation of ERK1 through
interaction with ERK1 and MEKJZ. This protein is involved in the activation of ERK1,
but suggests how scaffold proteins such as MP1 but not ERK2 can confer signal
specificity. Recently, KSR-1 has also been identified as a scaffold protein that
regulates the ERK MAPKs signaling pathway (Qi & Elion, 2005). This protein is
capable of interacting with Raf-1, MEK1/2 and ERK1/2, and part of MEK1/2 is
involved in cell maintenance. When activated by RAS, KSR translocate to the plasma
membrane along with MEK1/2, forming and activating the aRaf/MEK/ERK complex
in close proximity to Raf-1 and the ERK1/2 sub-signal pathway. In the description so
far, no scaffold has been mentioned for members of the p38MAPKSs signaling
pathway (Mainiero et al., 2000). However, some of the JNK-related scaffold proteins
are known to be components of the p38MAPKSs signaling pathway. For example, it
has been shown that JIP2 can activate p38 MAPKs signaling pathway by binding to
p38a and p386. In addition, MEKK3 protein, a specific scaffold for the p38MAPKs
pathway, bind to MEK3 and p38 and responds to stress resulting in the activation of

p38 (Fig. 5.).

B. Nuclear factor kappa-B (NF-kB) pathway

NF-kB plays an important role in not only the inflammatory response but also
various immune response, tumor formation, and autoimmune diseases (Wuertz, Vo,
Kletsas, & Boos, 2012). NF-kB is present in the cytoplasm in an inactive state bound

to Ix-Ba, but in response to external stimuli such as LPS, Ik-Ba is phosphorylated,
- 32 -

Collection @ chosun



and the separated NF-kB translocates to the nucleus where it is involved in the
production of NO and pro-inflammatory cytokines (Gilmore, 2006). The NF-xB
family in mammals usually consists of five related transcription factors, p50, p52, p65,
c-Rel and RelB1, 2. These transcription factors share information through 300 amino
acid domains called RHD homology domains (Lee, Dimtchev, Lavin, Dritschilo, &
Jung, 1998). The RHD domain is a system in which each subunit forms a homodimer
or heterodimer and binds to a promoter or enhancer region to regulate its expression.
For RelA, c-RelB, C-terminal transcriptional activation domains (TADs) can be
included to regulate expression of target genes. Thus, their homodimers inhibit
transcription unless RelA, c-Rel or related transcriptional activators such as RelB or
Bcl-3 are bound to the TAD protein (Wijayanti et al., 2004). Unlike other NF-xB
subunits, p50 or p52 are derived from the respective precursor p105 and p100. NF- kB
proteins are usually inhibited by IkB proteins present in the cytoplasm (Zandi,
Rothwarf, Delhase, Hayakawa, & Karin, 1997). The two signaling pathways of NF-
kB are divided into classical pathways and alternative pathways and induce activation.
Dimers of NF-«xB are generally activated by phosphorylation mediated by IKK of IkB,
which results in the degradation of proteasome IxB. This allows the transcription
factors of the activated NF-xB subunit to migrate into the nucleus and induce the
expression of the target gene (Israél, 2010). This activation of NF-xB induces the
expression of the IxkBa gene and functions as negative feedback to sequester the NF-
kB subunit, which terminates the signal if there is no persistent activation signal

pathway (Fig. 5.).
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3. Oxidative stress

Free radicals generated in the human body have a positive effect when the proper
position, time and amount are produced, and the defense mechanism of our body can
also eliminate the toxicity caused by free radicals (H. J. E. P. T. Sies & Integration,
1997). Our body regulates the amount of free radicals in the body by itself, and
excessive exercise of external stimulation causes a rapid increase in the generation of
reactive oxygen species (ROS), or the ability to remove them, causing various diseases
caused by harmful oxygen (H. Sies, 2000). Therefore, the side effects of the harmful
oxygen are called oxidative stress. That is, harmful oxygen rapidly increases during the
energy generation process of the human body, causing bad effects, or such a situation is
called oxidative stress. Oxidative stress results in an imbalance in biological functions
that detoxify or repairs the response of the entire reactive oxygen species (ROS) (H. J.
A. C. I. E. i. E. Sies, 1986). In cells that maintain a normal redox state, the disorder
causes toxicity by producing free radicals or peroxides through the action of damaging
various components of the cell, including lipids, proteins, and DNA. In the case of
oxidative stress caused by oxidative metabolism, not only DNA strand damage but also
base damage is caused, and the basic damage is indirectly caused by ROS (Finkel &
Holbrook, 2000). In addition, some of the ROS acts as an intercellular messenger in the
redox signaling mechanism, and as a result, oxidative stress can cause disruption of the
normal cell signaling mechanism (Fig. 6.). (Maritim, Sanders, Watkins lii, & toxicology,

2003).
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A. Redox status in immune response

Many molecules that activate reactive oxygen and reactive nitrogen species
(ROS/RNS) or redox play an important role in the immune responses. Redox
reactions regulate and form immune responses, which additionally perform the
function of initiating cell killing or cell repair processes. Imbalances in their
production and elimination in the interaction between reactive oxygen and reactive
nitrogen species (ROS/RNS) play an important role in pathophysiological reactions
(Gostner, Becker, Fuchs, & Sucher, 2013). At present, the importance of ROS/RNS
produced by respiratory destruction among antigen defense mechanisms has been
reported a lot. However, to avoid further damage, the increased production of
ROS/RNS must be controlled temporally and spatially (Matés et al., 2002). If this
adjustment is not made, oxidation of biomolecules results in toxicity to self-cells,
which in turn can lead to cell death. Redox imbalances usually lead to diseases
characterized by immune activation such as autoimmune disorders, infections,
neurodegenerative diseases and allergies (Buttke & Sandstrom, 1995). ROS/RNS and
redox molecules, at lower levels, act as inducers of the oxidative stress pathway to
activate immune responses or to regulate many physiological processes through
detoxification. Therefore, the balance of redox status is intrinsic marker for cellular
and body homeostasis (Calabrese et al., 2010).

Many reactive molecules disrupt the immune response signaling cascade by
modifying the activity of enzymes, transcription factors, and redox-related sensing
molecules. Representative reactive species include hydrogen peroxide (H,0,), ROS as
hydrogen peroxide anion (O,) and RNS such as nitrogen dioxide (NO,’), nitrogen
peroxide and nitrogen trioxide (Rose et al., 2012). Recently, other toxic gases, CO and

H2S, have been reported as immunomodulators. To protect cells from these toxic
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gases or reactive species, antioxidant molecules serve as redox buffers. Such redox
buffers are typically glutathione/glutathione disulfide (GSH/GSSG), cysteine/cysteine
(Cys/CySS) and thioredoxins (Trx) (Ortona et al., 2014).

As a result, reactive molecules such as ROS/RNS play a role in protecting
against antigens and pathogens, but in small amounts they act as signaling molecules.
Many redox molecules are immunomodulators that regulate inflammatory signaling
pathways and cell metabolism and are involved in immune suppression or recovery
processes (A. Sun, Nie, & Xing, 2012). Usually the effect or process involved
depends on the intracellular situation or the time and location of the exposure. Redox
signaling pathways involved in the immune response regulate the capacity of immune
cells by participating in the regulation of metabolic functions (De la Fuente, Cruces,
Hernandez, & Ortega, 2011). This redox imbalance is involved in the progression and

development of several pathological states, almost through anti-oxidation situations.

4. Dysfunction of immune response

Dysfunction of the immune response can typically be defined as an immune-
related disease. These immune-related diseases are most common in allergic diseases
such as allergic rhinitis, eczema, and asthma (Good, 1967). But they can actually be
explained by hypersensitivity to external antigens and allergens. Frequently, substances
such as pollen, mold, or animal hair are misunderstood as antigens in the body and
attacked. Other dysfunctions of the immune response also include autoimmune diseases
such as rheumatoid arthritis (Matarese, De Placido, Nikas, & Alviggi, 2003). These
autoimmune diseases are the result of an overactive immune system that recognizes and
attacks normal tissues as if they were external antigens. Representative autoimmune

diseases include rheumatoid arthritis, type 1 diabetes, Hashimoto’s thyroiditis, and
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systemic lupus. This dysfunction can also cause inflammatory diseases or cancer
(Carbone & Ohm, 2002). Reportedly, immune deficiency can occur in a state where the
immune system is less functional than normal, resulting in recurrent and threatening
infections (Etzioni, 2003). Usually these immune deficiencies are the result of acquired
immunodeficiency, such as HIV/AIDS, severe combined immunodeficiency, or side
effects of immunosuppressant (Nixon, Landay, & AIDS, 2010).

When describing the dysfunction of the immune response for the purpose of
diagnosis and treatment, this is basically an indication that the immune system is not
functioning normally (Rosenblat & Mclintyre, 2015). In general, immunodeficiency
diseases are diagnosed with a blood test that can measure the functional activity or
level of immune components. For allergic diseases, skin tests or blood tests can be used
to identify the antigen causing the symptoms. In hypersensitivity or autoimmune
reactions, drugs such as immunosuppressant or corticosteroids that reduce the immune
response are commonly used (Campbell et al., 2003). Treatment in some
immunodeficiency states is typical of the injection of monoclonal antibodies against
infection. Monoclonal antibodies, used to modulate the overall immune response that
triggers inflammation, are proteins that can be incorporated into the body. It is also
used in cancer treatment by transporting toxins, drugs or radioactive substances directly

to cancer cells (Sica & Bronte, 2007).

5. Sargassum horneri (Turner) C. Agardh

Sargassum horneri (Turner) C. Agardh is a brown algae found in coastal areas of
Asia such as Korea, China, Japan that has various effects in the body (M. E. Kim et al.,
2015; Sanjeewa et al., 2017). Studies suggest that S. horneri (Turner) C. Agardh can

help prevent osteoporosis and control cholesterol, blood pressure, and hyperlipidemia
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(M. Yamaguchi, 2006; Yang et al., 2014). Cosmetics and functional foods containing S.
horneri (Turner) C. Agardh are known to have anti-aging, anti-allergic, anti-acne and
whitening effects (Fujiwara et al., 2016; J. A. Kim, Ahn, Kong, & Kim, 2012).
However, no study has assessed its effects on inflammation mediated by murine
microglia. Here | investigated the anti-inflammatory activity of S. horneri extract in the

setting of LPS-induced inflammation.
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1. MATERIALS AND METHODS

1. Reagents

The compound TRI Reagent and Griess reagent, 33-(4,5-Dimethyl-2-thiazolyl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT), were purchased from Sigma Chemical
(St. Louis, MO, USA). The antibody Anti-B-actin, anti-caspase 3, anti-Bax, anti-Bcl-2,
anti-AlF, anti-PARP-1, anti-p-p65, anti-p65, anti-i-NOS, anti-COX-2, anti-p-p38, anti-
p-ERK, anti-p-JNK, and anti-JNK were purchased Santa Cruz (Santa, CA, USA), and
anti-caspase 8, anti-caspase 9, anti-ERK, and anti-p38 were purchased Cell signaling
(Cell signaling, MA, USA). Recombinant mouse (rm) granulocyte-macrophage colony-
stimulating factor (GM-CSF) was purchased from Invitrogen Corporation (Carlsbad,
CA, USA). Lipopolysaccharide (LPS) (from Escherichia coli 055:B5) and Dextran-
FITC (molecular mass, 40,000) were purchased from Sigma-Aldrich (St. Louis, MO,
USA). FITC-or PE- conjugated mAbs used to detect the expression of anti-CD11c,
anti-CD80, anti-CD86, anti-MHC I, and anti-MHC Il and purchased from Biolegend

(San Diego, CA, USA) and eBioscience (San Diego, CA, USA).

2. Cell culture

Murine microglial cells, BV-2, were cultured. And cells were cultured at 37°C in
the presence of 5% CO, in Dulbecco’s Modified Eagle’s Medium (DMEM)
supplemented with 10% FBS, 200 IU/ml penicillin, 200 pg/ml streptomycin, 4 mM L-

glutamine and 1 mM sodium pyruvate.
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3. Extraction of Sargassum horneri (Turner) C. Agardh

Sargassum horneri (Turner) C. Agardh belonging to the brown algae was collected
from the Sea of Wando, Korea. S.horneri (Turner) C. Agardh was washed three to four
times in running water to remove salt completely. After that, it was completely dried
and ground to a blender. The prepared 100 g of dried S. horneri (Turner) C. Agardh was
dissolved in 70% ethanol and shaking for 3 days. After repeating the dissolving process
twice, the ethanol extract was filtered using a filter paper, and concentrated to a
minimum volume using an evaporator. The remaining solvent was lyophilized and
dissolved in 100% ethanol for cells to make samples. S. horneri (Turner) C. Agardh
was reconstituted in ethanol and then diluted to the desired concentration in DMEM
(final ethanol concentration 0.3%). Control groups without ethanolic extract of S.

horneri (Turner) C. Agardh (S. horneri extract) used 100% ethanol solvent.

4. lsolation and generation of DCs

Immature DCs were obtained from the bone marrow of C57BL/6. DCs were
cultured in RPMI 1640 medium (welgene, Gyeongsangbuk-do, South Korea),
containing 1% penicillin/sterptomycin, 10% heat-inactivated fetal bovine serum (FBS),
1 mM sodium bicarbonate and 4 mM L-glutamine and rmGM-CSF (20 ng/ml) at 37°C
in presence of 5% CO, The DCs (2 x 10° cells/well) were seeded in 6-well culture
plates with RPMI 1640 containing rmGM-CSF (20 ng/ml). rmGM-CSF is replaced
with newly fresh media every 2 days for 6 days. On day 6, immature DCs were

stimulated by treatment with H,0, and after 2 h with LPS (100 ng/ml).
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5. Cell viability analysis

Cell viability was measured by Annexin V/PI staining. The DCs (2 x 10°
cells/well) were seeded in 6-well culture plates with RPMI 1640 containing rmGM-
CSF (20 ng/ml). Cells were treated with the various concentrations hydrogen peroxide
(H20,) (100, 250, and 500 uM) and incubated in 37°C for 24 h. The BV-2 cells (2 x
10° cells/well) were seeded in 6-well culture plates with DMEM. Cells were treated
with the various concentrations S. horneri extract (0~300 pg/ml) and incubated in 37°C
for 24 h. In the case of BV-2, cells were treated with the various concentrations S.
horneri extract (0~300 pg/ml) and incubated in 37°C for 24 h. After 24 h, the cells
were detached and centrifuged at 20°C and 2000 rpm for 3 min. In DCs, treat group
was incubated for 24 h with H202 treatment and NAC, antioxidant, was pretreated for
1 h and then cells were incubated with H202 24 h. After 24 h, the cells were detached
and centrifuged at room temperature and 2000 rpm for 3 min. Wash 2~3 times with
warm PBS, staining using Annexin V/PI Kit, and measure using FACS (Fluorescence

activated cell sorter).

6. NO assay

BV-2 cells (3 x 10* cells/well) were seeded in 96-well culture plate in DMEM.
Cultured cells were pretreated with various concentration of S. horneri extract (0~300
ug/ml) for 2 h and then cells were incubated for 22 h in absence or presence of LPS
(200 ng/ml). After incubation, the cultured medium was mixed with an equivalent
volume of Griess Reagent and incubated for 15 min at room temperature. After 15 min
incubation, absorbance was measured using an ELISA microplate reader at 540 nm of

absorbance.
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7. Enzyme-Linked Immunosorbent Assay (ELISA)

BV-2 cells (3 x 10* cells/well) were seeded in 96-well culture plate. Cells were

pretreated with various concentration of S. horneri extract (0~300 pg/ml) for 2 h, and
then cells were incubated for 22 h in absence or presence of LPS (200 ng/ml). After
incubation, supernatant was used for samples. The quantification of TNF-a and IL-6
release was measured by Mouse IL-6, TNF-a ELISA MAX Deluxe Sets (BioLegend),
according to manufacturer’s protocol. Briefly, standards and samples were incubated
for 1 h and Avidin-HRP bind to detection antibody. To visualization, substrate solution
was added to each well, and then the reaction was stopped by stop solution (2 N

H,S0,). Absorbance was measured by ELISA microplate reader at 405 nm wavelength.

8. Immunohistochemistry

The mice were intra-cardially perfused with 10 mM phosphate-buffered saline
(PBS) and subsequently 4% paraformaldehyde. The brain was extracted and post-fixed
in 4% paraformaldehyde for 24 h at 4°C. Fixed brain was transferred to 30% sucrose
solution. These brain samples were embedded in OCT for frozen sections, and then
coronally sectioned at 40 pm using a freezing microtome (MICROM, Walldorf,
Germany). Brain sections were washed and blocked with blocking solution for 30 min
at room temperature. The sections were incubated with anti-ionized calcium-binding
adapter molecule 1 (Iba-1, microglia maker) antibody and glial fibrillary acidic protein
(GFAP, astrocytes maker) (Wako Chemical USA, Inc.; Richmond, VA, USA) in TBS-
TS at 4% overnight. Brain sections were washed with TBS and incubated with anti-

mouse 1gG labeled with Alexa Fluor 488 and 568 for 3 h at room temperature,
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respectively. Confocal fluorescence images were acquired FV10i fluoview confocal

microscope (Olympus, Tokyo, Japan).

9. Surface marker analysis

On day 6, BM-DCs were harvested and washed with phosphate-buffered saline
(PBS) and rewashed with flow cytometry washing buffer (1% fetal bovine serum in
PBS). The DCs were stained with Fluorescein isothiocyanate (FITC)-conjugated anti-
CD11c with phycoerythrin (PE)-conjugated anti-CD80, anti-CD86, anti-H-2K” (MHC
class 1), and anti-1-A° (MHC class I1) (eBioscience, CA, USA) (Biolegend) for 30 min
at 4°C. Stained DCs were measured by FC500 and analyzed by Flowjo Cytometry

Analysis Software V10.0 (BD biosciences, CA, USA).

10. Intracellular ROS measurement

On day 6, the cells treated with the H,O, were harvested and washed twice with
1X PBS. After washing with 1X PBS treated with 25 pM dichlorofluorescein diacetate
(DCFDA) and stained for 30 min. As a final step, the stained cells were fixed at 1%
paraformaldehyde (PFA) and measured with FC500 Flow cytometry (Beckman Coulter,
Brea, CA, USA). The production of ROS was expressed as mean fluorescence intensity
(MFI), which was analyzed by the Flowjo Cytometry Analysis Software V10.0 (BD
biosciences, CA, USA).

11. Mitochondrial membrane potential (MMP, ¥m) assay

MMP (W¥m) was measured by tetramethylrhodamine, methyl ester (TMRM)
staining. DCs (2 x 10° cells/well) were seeded in 6-well culture plate in RPMI

- 45 -
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1640 containing rmGM-CSF (20 ng/ml) and treated with H,O,. Cells were harvested at
0, 15, 30, 60, 120 and 180 min after H,O, treatment. After washing twice with 1X PBS,
the fluorescent dye TMRM ester was stained for 30 min. After 30 min, the stained cells
were washing twice with 1X PBS and MMP (¥m) was expressed as MFI values, which
was measured by FC500 Flow cytometry (Beckman Coulter, Brea, CA, USA). The
measured results were analyzed by the Flowjo Cytometry Analysis Software V10.0

(BD biosciences).

12. Antigen uptake assay

Antigen uptake assay was measured by dextran-FITC uptake ability assay. The
DCs were seeded in 6-well culture plate (2 x 10° cells/well) in RPMI 1640 media
containing rmGM-CSF (20 ng/ml). The cultured cells were treated with the various
concentrations H,0, (0, 100, 250, and 500 uM) and incubated in 37°C for 12 h in the
presence of 5% CO,. Treatment group was incubated for 12 h with LPS (100 ng/ml)
treatment 2 h after treatment with H,O, After 12 h, BM-DCs were harvested and
washed with 1X PBS, then stained with dextran-FITC into 4°C and 37°C. In the case of
the 4°C stained with dextran-FITC, it was used as a negative control for endocytic
activity. After 30 min of staining, cells were washed at 1X PBS and fixed at 1% PFA
for 5 min. Then cells were stained with a PE-conjugated anti-CD11c antibody for 30
min. Stained cells were measured by FC500 flow cytometry and analyzed by Flowjo

Cytometry Analysis Software V10.0 (BD biosciences).

Collection @ chosun



13. Mixed lymphocyte reaction (MLR) assay

Basic co-culture DCs and T cells begins with splenocyte isolation from BALB/c
mice. After collecting the spleen and grinding the slide glass in a dish containing cold
media to collect the cells, centrifuge for 3 min at 1500 rpm. Incubate the collected cells
with 3 ml/spleen of RBC lysing buffer for 3 min at room temperature. The obtained
splenocytes were washed with MACs buffer (10 mM PBS pH 7.2 containing 2 mM
EDTA, 0.5% BSA) and incubated with 20 pul CD4 bead antibody for 15 min at 4°C.
After the incubation, wash once with MACS buffer and filter the CD4 positive T cell
which was reacted through the magnetic column. Finally, the column was separated,
MACS buffered was added and the cells were separated and centrifuged at 1500 rpm
for 3 min. After washing the isolated T cells with media, incubation with 1.25 uM
carboxyfluorescein diacetate succinimidyl ester (CFSE) for 8 min at 37°C was stained.

Oxidative stress was induced by treating H,O, (0, 100, and 250 uM) with DCs
differentiated for 6 days. After 12 h, oxidative stress induced DCs harvested and co-
cultured at 96-well u-bottom plate with T cells at a ratio of 1:1 and 1:10. [DC: T cell =
2 x 10%cells’ 2 x 10*cells (1:1), DC: T cell = 2 x 10°cells 2 x 10*cells (10:1)]. After
3 days of co-cultured, the mixed cells were harvested and washed with 1X PBS. After
washing, the mixed cells were stained with a Cy7-conjugated anti CD3 antibody for 30
min. Stained mixed cells were measured by FC500 flow cytometry and analyzed by

Flowjo Cytometry Analysis Software V10.0 (BD biosciences).

14. Reverse transcription (RT)-PCR

BV-2 cells (5 x 10° cells/well) were seeded in 12-well culture plate in DMEM.
Cultured cells were pretreated with various concentrations of S. horneri extract (0~300
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pg/ml) for 2 h and then cells were incubated for 6 h in absence or presence of LPS.
After incubation, the cells were collected by centrifugation and total RNA was isolated
form H,O,-treated cells and S. horneri extract-treated cells using TRIZOL reagent
according to manufacturer’s protocol. To synthesize cDNA, 0.1 ug of total RNA was
primed with oligo dT and reacted with mixture of ANTP, M-MLV RTase and reaction
buffer (Promega, WI, USA). To measure the mRNA level of inflammatory chemokines
including CCR1, CCR3, CCR5, and CCRY7, | designed the primers for target genes
(Bioneer, Daejeon, Korea). And cDNA was amplified using Gene Atlas G02 gradient
thermal cycler system (Astec Fukuoka, Japan) e-Tag DNA Polymerase kit (Solgent,
Daejeon, Korea) and the primers. And then, PCR products were visualized by

fluorescent dye and UV transilluminator.

15. Western blot analysis

DCs (5 x 10° cells/dish) were seeded in 100 mm culture dish in RPMI 1640
containing rmGM-CSF (20 ng/ml). Cultured cells stimulated 100, 250, and 500 uM in
rmGM-CSF media RPMI 1640 by H,0, treatment. BV-2 cells (2 x 10° cells/dish) were
seeded in 60 mm culture dish in DMEM. Cultured cells starvated 4 h in serum free
media DMEM and exposed to LPS (200 ng/ml) in the absence or presence of 300
pug/ml of S. horneri extract pretreatment. Following 15, 30, and 45 min (S. horneri
extract) of incubation at 37°C, cells were washed twice with cold PBS and lysed with
modified RIPA buffer containing (150 mM sodium chloride, 1% Triton X-100, 0.5%
sodium deoxycholate, and 0.1% sodium dodecy! sulfate (SDS), 50 mM Tris (pH 8.0), 1
mM phenylmethylsulfonyl fluoride (PMSF), 2 g/mL leupeptin, 1 pg/mL pepstatin, 1

mM sodium orthovanadate, and 100 mM sodium fluoride) for 30 min at 4°C. Lysates
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were cleared by centrifuging at 14000 xg for 15 min at 4°C. The protein content of cell
lysates was determined using the Micro BCA assay kit (Pierce, Rockford, IL, USA).
Equivalent amounts of proteins were separated by 8~10% SDS-polyacrylamide
gel electrophoresis (SDS-PAGE) and electrophoretically transferred to a
polyvinylidene difluoride (PVDF) transfer membrane. The membrane was placed into a
blocking solution (5% skim milk or 2% BSA) at room temperature for 1 h. After
blocking, anti-caspase 3, anti-caspase9, anti-bax, and anti-B-actin antibodies overnight
(Santa Cruze Biotechnology, CA, USA) (Cell signaling, MA, USA) were used as the
primary antibodies. Horseradish peroxidase-conjugated anti-rabbit and anti-mouse
antibodies (Santa Cruze Biotechnology) were used as the secondary antibodies. Band
detection was performed using the enhanced chemiluminescence (ECL) detection
system and exposed to radiographic film. Pre-stained blue markers were used for

molecular weight determination.

16. Statistical analysis

The results are presented as the mean + standard deviation. The data were analysis
of variance (ANOVA) followed by Scheffe’s post-hoc test using SPSS. The

statistically significant differences were considered at p<0.05.
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Table. 1. Primers used in RT-PCR

Vel primer Sequence
gene
Forward 5. TGGGTGTGAAGGGAAATAAGG-3'
cox-2 Reverse 5-CATCATATTTGAGCCTTGGGG-3'
_ Forward 5.CTTGCCCCTGGAAGTTTCTC-3
-NOS Reverse 5-GCAAGTGAAATCCGATGTGG-3'
Forward 5.GTGTCTTTCCCGTGGACCTT-3'
'L-1B Reverse 5.TCGTTGCTTGGTTCTCCTTG-3'
Forward 5.GGCCTCTCTACCTTGTGCC-3
TNF-a Reverse 5. TAGGCGATTACAGTCACGGC-3'
Forward 5.CCTTCCTACCCCAATTTCCA-3'
-6 Reverse 5.CGCACTAGGTTTGCCCACTA-3'
Forward 5. TGCACCACCAACTGCTTAG-3'
GAPDH

Reverse

5-GGATGCAGGGATGATGTTC-3'
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Table. 2. Primary antibodies used in western blotting

1'st antibody 2'nd antibody Titer (Ccl:o;pNacr;.);
phospho-ERK1/2 Mouse 1:2000 Sgr;t; ;rgz
ERK1/2 Rabbit 1 2000 Ce'ggg;"ng
phospho-p38 Mouse 1:2000 zzﬁzgg
p38 Rabbit 1: 2000 Ce'gg;g"“g
phospho-NF-kB-p65 Rabbit 1:1000 SS""C”?B‘;;‘:)Z
NF-kB-p65 Mouse 1: 2000 Sg';taS (%;‘Z
NOS2 Rabbit 1 : 2000 Sg:taS ggz
Bax Mouse 12000 Santa ;r;z Sc-
Caspase 3 Rabbit 12000 Santa7(13£;z Sc-
Caspase 9 Mouse 1:2000 Ce'ggggling
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1. RESULTS

Part I. S. horneri extract attenuates neuroinflammatory

response through inhibition of MAPKSs and NF-kB pathway.

1. S. horneri extract inhibits NO production in LPS-stimulated

BV-2 microglial cells.

| investigated effect of S. horneri extract on cell viability and NO regulation.
Annexin V/PI staining showed that S. horneri extract was not cytotoxic at doses up to
300 pg/ml (Fig. 7A.). To determine the effect of S. horneri extract on NO production,
BV-2 microglial cells were pretreated with S. horneri extract for 2 h and then
stimulated with LPS (200 ng/ml). NO production was increased in LPS compared to
control, but NO level decreased in a dose-dependent manner with S. horneri extract
treatment (0~300 pg/ml) (Fig. 7B.). These results indicate that S. horneri extract

effectively inhibits NO production in LPS-stimulated BV-2 microglial cells.

Collection @ chosun



CON 25 pg/ml 50 pg/ml
j0.28 2.79 0.99 2.90 0.56 2.04
0.83 0.57
= v v
o
= 100 pg/ml 200 pg/ml 300 pg/ml
10.27 1.98 70.52 1.78 1043 1.89
3 3 3
0.68 050 041
AnnexinV-FITC
B
60
50 1 *
— I *%
= 40 - I *k
£ [
£ 30 4
= %
£
g 20 A
> **
10 1
0 I I
Con 0 I 25 I 50 I 100 | 200 | 300
+ LPS (200 ng/ml)

Figure 7. (Continued)
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Figure 7. Effect of S. horneri extract on NO production in LPS-stimulated BV-2
microglial cells. The BV-2 cells were cultured in the same way as the Materials &
Methods. (A) The BV-2 cells (2 x 10° cells/well) were seeded in 6-well culture plates
with DMEM. Cells were treated with the various concentrations S. horneri extract
(0~300 pg/ml) and incubated in 37°C for 24 h and stained with Annexin V-FITC and
PI-PE. (B) After S. horneri extract treatment with microglial cells stimulated with
LPS (200 ng/ml), NO production level was confirmed by Griess assay. Fluorescence
intensity was measured by FC500 flow cytometry and presented as a percentage of
each quadrant and NO production was measured by microplate reader at 540 nm

wavelength.
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2. S. horneri extract reduces LPS-induced iNOS and COX-2

MRNA/protein expression.

Since S. horneri extract inhibits NO production, | assessed its impact on mRNA
expression of iINOS, which is a pro-inflammatory enzyme producing NO, and
cyclooxygenase (COX)-2. Reverse transcription-polymerase chain reaction (RT-PCR)
and western blot were performed to confirm that S. horneri extract inhibits the
expression of pro-inflammatory enzymes. BV-2 microglial cells were pretreated for 2
h with S. horneri extract and then stimulated with LPS (200 ng/ml) for 6 h. In protein
expression, BV-2 microglial cells were pretreated with S. horneri extract (0~300
ug/ml) for 2 h and then stimulated with LPS (200 ng/ml). As shown in Fig. 8A, iNOS
and COX-2 gene expression were increased in LPS-stimulated BV-2 microglial cells,
but decreased in S. horneri extract treatment (Fig. 8A.). Protein levels of iNOS and
COX-2 were also increased in LPS-stimulated BV-2 microglial cells and then
decreased with S. horneri extract (0~300 ug/ml) treatment (Fig. 8B.). These results
indicate that S. horneri extract inhibits mMRNA and protein expression of iNOS and

COX-2 in LPS-stimulated BV-2 microglial cells.
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Figure 8. (Continued)
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Figure 8. Effects of S. horneri extract on gene and protein expression levels of
iNOS and COX-2 in LPS-stimulated microglial cells. BV-2 cells (5 x 10° cells/well)
were seeded in 12-well culture plate in DMEM. Cultured BV-2 microglial cells were
pretreated with various concentration of S. horneri extract (0, 25, 50, 100, 200, and
300 pg/ml) for 2 h and then cells were incubated for 6 h in absence or presence of
LPS. RNA was isolated from S. horneri extract-treated cells using TRIZOL reagent
and analyzed by RT-PCR. iNOS and COX-2 gene expression was determined,
respectively (A). S. horneri extract was pretreated with microglial cells for 2 h, then
incubated with LPS (200 ng/ml) for 22 h. iNOS and COX-2 protein level expression

was measured by western blot analysis (B).

Collection @ chosun



3. S. horneri extract reduces LPS-induced pro-inflammatory

genes.

I next used RT-PCR to measure mRNA level of the pro-inflammatory substances
IL-6, TNF-a and IL-1p and determined whether their expressions were inhibited by S.
horneri extract treatment. BV-2 microglial cells were pretreated for 2 h with S.
horneri extract and then stimulated with LPS (200 ng/ml) for 6 h. As shown in Fig. 9,
expression of pro-inflammatory genes such as IL-6, TNF-a, and IL-1p were increased
in LPS-stimulated BV-2 microglial cells, but dose-dependently decreased in S. horneri
extract treatment (Fig. 9). These results indicate S. horneri extract inhibits mMRNA

expression of pro-inflammatory genes in LPS-stimulated BV-2 microglial cells.
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Figure 9. The effect of S. horneri extract on pro-inflammatory factors in LPS-
stimulated BV-2 microglial cells. BV-2 microglial cells were seeded in 12-well
culture plate (5 x 10° cells/well) in DMEM media. Cultured BV-2 cells were
pretreated with S. horneri extract (0, 25, 50, 100, 200, and 300 pg/ml) for 2 h, and
incubated with LPS (200 ng/ml) for 6 h. Total RNA was isolated form S. horneri
extract-treated cells using TRIZOL reagent according to manufacturer’s protocol. IL-

1B, IL-6, and TNF- o gene expression levels were confirmed, respectively.
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4. S. horneri extract reduces LPS-induced pro-inflammatory

cytokine levels.

Pro-inflammatory cytokines production was measured to determine whether the
production of IL-6, TNF-a and IL-1p was decreased by S. horneri extract treatment.
IL-6 and TNF-a were pro-inflammatory cytokines expressed by BV-2 microglial cells
following exposure to LPS and other inflammatory stimuli. The results confirmed that
IL-6 and TNF-a produced from LPS-stimulated BV-2 microglial cells were
significantly decreased by pretreatment with S. horneri extract (Fig. 10.). Therefore |
suggest that IL-6 and TNF-o production can be inhibited by S. horneri extract

treatment, suggesting that the compound has anti-inflammatory effects.
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Figure 10. The effect of S. horneri extract on IL-6 and TNF-a production in LPS-
stimulated BV-2 microglial cells. BV-2 microglial cells were seeded in 96-well
culture plate (3 x 10* cells/well). Cells were pretreated with various concentration of
S. horneri extract (0~300 pg/ml) for 2 h, and cells were incubated for 22 h in LPS
(200 ng/ml); the cytokine (IL-6, TNF-a) production levels in the supernatants were

measured by ELISA.
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5. S. horneri extract treatment inhibits phosphorylation of p38,

ERK, MAPKSs, and NF-kB.

MAPKSs such as p38, JNK, ERK plays important roles in regulating cell growth,
division, stress, and cytokine-mediated cellular responses; they are involved in signal
pathways that regulate inflammatory mediators through transcription factor activation.
To determine the mechanism of inhibitory effect of S. horneri extract on inflammatory
mediators, | confirmed that the BV-2 microglial cells inhibited the activation of the
LPS-induced MAPKs. p38 and ERK phosphorylation were increased in BV-2
microglial cells stimulated by LPS for 15, 30, and 45 min, but this was inhibited by S.
horneri extract (Fig. 11A.). NF-xB is a transcription factor that regulates the
intracellular synthesis of various molecules including the expression of inflammatory
cytokines and iNOS. So, | asked whether the anti-inflammatory activity of S. horneri
extract was due to inhibited NF-xB activity. Phosphorylation of p65 was increased in
the cytosol of LPS-stimulated BV-2 cells after 15, 30, and 45 min, but p65
phosphorylation was decreased in the nucleus. This suggests that S. horneri extract
inhibited NF-xB migration to the nucleus upon activation (Fig. 11B.). Collectively,
these results indicate that the inhibitory effect of the S. horneri extract on pro-
inflammatory cytokines production in LPS-induced BV-2 cells is mediated by p38,

ERK, and NF-«xB signaling.
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Figure 11. The effect of S. horneri extract on phosphorylation of ERK, p38, and
(NF-B, p65) in LPS-stimulated BV-2 microglial cells. BV-2 microglial cells (2 x
10° cells/dish) were seeded in 60 mm culture dish in DMEM. Cultured cells were pre-
treated with various concentrations of S. horneri extract (0, 25, 50, 100, 200, and 300
ug/ml) for 2 h, and exposed to LPS (200 ng/ml). The expression of phosphorylated
proteins was determined by western blot analysis. Total extract were measured with
related antibodies specific for p-ERK1/2, p38 MAPKS, and p-p65 (NF-xB). B-actin

was used as loading control for total fraction.
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6. S. horneri extract attenuates astrocyte and microglia activation

in LPS-administrated mouse brain.

In order to investigate the anti-neuroinflammatory effect of S. horneri extract,
experiments were conducted in mice brains through animal experiments. Astrocytes
and microglial cells, which reside in the brain stimulated by LPS, were identified by
immunostaining in the mice brain. GFAP, used as a marker protein of astrocytes and
Iba-1, which is a marker protein of microglia, were expressed higher in LPS-injected
groups in hippocampus than in the control group. The activation of LPS-induced
astrocytes and microglia in hippocampus was significantly reduced in the S. horneri
extract-administered group (Fig. 12.). These results suggest that S. horneri extract has

anti-neuroinflammatory effect by inhibiting the activation of astrocytes and microglia.
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Figure 12. The effect of S. horneri extract on astrocyte and microglia activation in
LPS-challenged mice brain. C57BL/6 wild type mice were randomly divided into
three groups. The control group injected the same amount of solvent used to dissolve
the S. horneri extract. In the drug-treated groups, in vivo studies were designed by

administering LPS (1 mg/kg) and S. horneri extract (10 mg/kg).
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Part Il. Redox status regulation restores oxidative stress-

induced dendritic cell dysfunction.

1. Oxidative stress induces DCs death

First, | investigated the cytotoxicity of oxidative stress on DCs. DCs were treated
with various concentrations of H,0, (0, 100, 250, and 500 pM) for 24 h and analyzed to
an Annexin V/PI staining. Annexin V binds to the cell membrane where apoptosis
proceeds. In apoptosis progresses, the cells expose the internal PS to outside and
Annexin V binds to PS. Pl is a marker of necrosis and binds to the nucleus. As shown
in Figure 13, low levels of oxidative stress was not cytotoxic but showed high
oxidative stress levels cytotoxicity. These results suggest that the concentration of

oxidative stress is an important factor for cytotoxicity.
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Figure 13. Oxidative stress reduces the viability of DCs in a dose-dependent
manner. DCs were differentiated in the same way as the Materials and Methods. The
DCs (2 x 10° cells/well) were seeded in 6-well culture plates with RPMI 1640
containing rmGM-CSF (20 ng/ml). On day 6, DCs were treated with H,0, for 24 h
and stained with Annexin V-FITC and PI-PE. Fluorescence intensity was measured

by FC500 flow cytometry and presented as a percentage of each quadrant.
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2. Oxidative stress increases ROS production in DCs.

Since ROS is known as the key to oxidative stress, | measured the amount of
intracellular ROS production in DC by oxidative stress. | determined intracellular
ROS production by DCFDA measurement. DCFDA is diffused in to cells, oxidized by
oxidative radicals, and de-acetylated, resulting in the conversion of DCF to
fluorescent materials. Through this, the level of ROS generated in cells could be
measured. DCs were differentiated in media containing GM-CSF. On day 6, Various
concentration of H,O, (100, 250, and 500 pM) were treated to DCs to induce
oxidative stress. As shown in Fig. 14, as the concentration of oxidative stress
increased, the amount of intracellular ROS production was increased. Therefore, it

was confirmed that cytotoxicity was shown by the generation of ROS.
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Figure 14. Oxidative stress increases the intracellular ROS production of DCs in
a dose-dependent manner. DCs were differentiated in the same way as the Materials
and Methods. DCs were treated with H,O, (100, 250, and 500 uM) for 1 h to induce
oxidative stress, and DCF-DA was treated after 30 min of H,O, treatment and reacted
for 30 min. ROS production level was measured by FC500 flow cytometry analysis

using DCF-DA. The result is representative of repeated three independent experiments.
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3. High level of oxidative stress reduces DCs phenotypical

function.

In previous experiments, the association between cytotoxicity and ROS
production was confirmed. Next, | investigated whether oxidative stress regulates the
expression of co-stimulatory molecules of DCs. BMDCs from monocytes were
differentiated into media containing GM-CSF for 6 days. On day 6, H,O, was treated
with 100, 250, and 500 uM of DCs to give oxidative stress. Then, the protein
expression levels of co-stimulatory molecules such as CD80 (B7-1), CD86 (B7-2),
MHC class I, and MHC class Il were determined in oxidative stress-stimulated DCs.
As shown in Fig. 15, low levels of oxidative stress increased the expression of
costimulatory molecules, while high levels of oxidative stress decreased the
expression of costimulatory molecules. These results suggest that oxidative stress

affects the expression of costimulatory molecules and cytotoxicity in DCs.
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Figure 15. High level of oxidative stress reduces the expression of DCs surface

1910
CD86

}
=

-

=
.
3

markers. DCs were differentiated in the same way as the Materials and Methods.
DCs (2 x 10° cells/well) were seeded in 6-well culture plate in RPMI 1640 containing
rmGM-CSF (20 ng/ml). On day 6, DCs were stimulated H,O, (100, 250, and 500 pM)
for 12 h to induce oxidative stress. Co-stimulatory molecules in DCs were analyzed
by FC500 flow cytometry in two-colors (CD11c-FITC, CD80and86, MHC | and II-
PE).
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4. Oxidative stress reduces the I1L-12 production on LPS-stimulated

DCs.

IL-12 is known to be an important marker of DCs activation and may be the
basis for polarization of Th1/Th2 in determining phenotype. Therefore, | tried to
measure the amount of 1L-12 produced by oxidative stress in LPS-stimulated DCs
(Fig. 16.). DCs (2 x 10° cells/well) were seeded in 6-well culture plate in RPMI 1640
containing rmGM-CSF (20 ng/ml). Cultured DCs were treated with H,0O, (100, 250,
and 500 uM) for 24 h in the presence of LPS (100 ng/ml). Harvested cells were fixed
and permeabilized through Cytofix/Cytoperm kit according to manufacturer’s
instructions. As shown in Fig. 16, intracellular staining of CD11c¢" DCs with PE-
conjugated anti-1L-12p40/p70 mouse antibodies showed that LPS (100 ng/ml) and
H,0,-induced oxidative stress (100, 250, and 500 uM) co-treated group expressed
lower level of IL-12p40/p70 production compared with LPS alone group. These
results indicate that oxidative stress impairs IL-12 production levels in LPS-stimulated

DCs.
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Figure 16. Oxidative stress impairs IL-12 production during LPS-stimulated DCs
maturation. Cultured DCs were differentiated for 6 days using the previous Materials
& Methods. DCs (2 x 10° cells/well) were seeded in 6-well culture plate and treated
with H,0, (100, 250, and 500 uM) for 24 h in the presence or absence of LPS (100
ng/ml). Cultured cells were measured by intracellular cytokine staining and gated for

CD11c’ DCs.
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5. Oxidative stress changes antigen uptake capacity of DCs.

The altered expression of surface molecules of DCs and the alteration of IL-12
production in response to oxidative stress have been shown to affect DCs phenotype
and functional maturation. However, these results don’t exclude the possibility that
oxidative stress induces the inhibition of the physiological function of DCs. Therefore,
I confirmed the change of DCs antigen capture ability by induced oxidative stress.
DCs (2 x 10° cells/well) were seeded in 6-well culture plate in RPMI 1640 containing
rmGM-CSF (20 ng/ml). Cultured cells were treated with the various concentrations
H,0, (0, 100, 250, and 500 uM) in presence of LPS (100 ng/ml). H,0, was pretreated
for 2 h and LPS was treated. After 24 h, BM-DCs were harvested and stained with
dextran-FITC into 4°C and 37°C. As shown in Fig. 17, as the level of oxidative stress
increased, it was confirmed that the antigen uptake capacity was increased in DCs. In
addition, the percentage at DCs-stimulated with LPS was lower than the control, and
DCs given oxidative stress, showed higher endocytic capacity than DCs-stimulated
with LPS. These results show that the change in antigen uptake capacity by oxidative

stress is due to cell membrane or functional damage rather than activation of DCs.
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Figure 17. Oxidative stress induces high endocytic capacity in DCs. Cultured DCs
were differentiated for 6 days using the previous Materials & Methods. DCs (2 x 10°
cells/well) were seeded in 6-well culture plate in RPMI 1640 containing rmGM-CSF
(20 ng/ml). Cells were treated with or without 100 ng/ml LPS for 24 h following pre-
treatment H,O, (100, 250, and 500 uM). The capacity of uptake of FITC-conjugated
dextran and PE-conjugated CD11c* DCs was measured by FC500 flow cytometry.
Stained FITC-dextran at 4°C was used as a negative control (non-specific binding).
The ability of antigen uptake capacity was represented as the number of FITC-dextran

and PE-CD11c" double positive cells.
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6. Low level of oxidative stress enhances DCs-mediated CD4" T

cells proliferation.

To determine how oxidative stress regulates the maturation of DCs to stimulate
allogeneic CD4" T cells, DCs were incubated with oxidative stress for 24 h and
incubated with allogeneic CD4" T cells. As a result, CD4™ T cells exposed to LPS-
stimulated DCs showed a larger proliferative response than those cultured with control
DCs (Fig. 18.). However, CD4" T cells by DC stimulated with low levels of oxidative
stress increased proliferation, but it is necessary to confirm whether they induce an

immune response by antigen specificity.
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Figure 18. Oxidative stress changed DCs-mediated CD4" T cells proliferation.
Differentiated DCs were treated with H,O, (100, 250, and 500 uM) induced oxidative
stress for 24 h in the presence or absence of LPS (100 ng/ml). Isolated T cells were
stained with 1.25 uM CFSE. Cells were washed with washing buffer and co-cultured
with allogeneic CD4" T cells, and the mixed leukocyte reaction was incubated for 3
days. After 3 days of co-cultured, the mixed cells were stained with a Cy7-CD3
antibody and measured by FC500 flow cytometry.
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7. Oxidative stress impairs mitochondrial membrane potential

(MMP, ¥m) of DCs.

Intracellular production of ROS, an important component of oxidative stress, was
confirmed, and it was determined that high level of oxidative stress impairs the
expression of DCs surface molecules. In addition, the production of IL-12, which may
be the basis for the phenotype and polarization of DCs, was impaired, resulting in a
reduction in antigen uptake due to DCs physiological functions. Mitochondria is a
major factor of oxidative stress as a major producer of ROS, it was confirmed whether
mitochondrial-mediated dysfunction appeared in oxidative stress induced DCs. Next,
the change of MMP by oxidative stress was attempted. DCs were differentiated by
incubating for 6 days in the media containing GM-CSF. On day 6, DCs induced
oxidative stress at a concentration of 500 uM of H,0;and treated with timely. After
oxidative stress induced at various times (15, 30, 60, 120, and 180 min), TMRM
fluorescence was stained for 30 min. As shown in Fig. 19, result showed that H,0,
fixed at the highest concentration and treated in time course, MMP was decreased.
These results indicate that oxidative stress induced DCs cytotoxicity was confirmed

by the change of MMP.
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Figure 19. Oxidative stress impairs MMP (Wm). DCs were differentiated for 6 days
using the previous Materials and Methods. DCs (2 x 10° cells/well) were seeded in 6-
well culture plate in RPMI 1640 containing rmGM-CSF (20 ng/ml). DCs were treated
timely (15, 30, 60, 120, and 180 min) with H,0, fixed at a maximum concentration of
500 uM. After oxidative stress induced, TMRM fluorescence was stained at 25 nM for

30 min and analyzed by FC500 flow cytometry.
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8. Oxidative stress induces DCs death via mitochondrial-

mediated apoptotic pathway.

Since oxidative stress caused a change in MMP and showed cytotoxicity of DCs,
I tried to identify apoptosis-related signaling proteins cause by oxidative stress. DCs
(5 x 10° cells/dish) were seeded in 100 mm culture dish in RPMI 1640 containing
rmGM-CSF (20 ng/ml). Cultured cells stimulated H,O, (100, 250, and 500 puM)
treatment for 24 h in RPMI 1640 (contained rmGM-CSF). Oxidative stress triggered
DCs apoptosis via induced the expression of mitochondria-mediated apoptotic
proteins, including caspase, Bax, and Bcl-2. As shown in Fig. 20, oxidative stress not

only increased Bax expression but also activated caspase 3 and caspase 9.
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Figure 20. Oxidative stress triggers DCs death via mitochondrial-mediated

apoptotic proteins, including bax, caspase 3, and caspase 9. DCs (5 x 10°

cells/dish) were seeded in 100 mm culture dish in RPMI 1640 containing rmGM-CSF

(20 ng/ml). DCs that differentiated for 6 days, cultured cells were treated with various

concentration of H,0, (100, 250, and 500 pM) for 24 h. The expression of

mitochondria-mediated proteins was determined western blot analysis. The extract

were confirmed with related antibodies specific for Bax, caspase3 and caspase9, B-

actin was used as loading control for total fraction.
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9. Treatment of NAC inhibits oxidative stress-induced DCs death.

Usually, antioxidants work after cysteine is transported by the Alanine-Serine-
Cysteine (ASC) system and absorbed into cells. However, N-Acetyl-L-Cysteine
(NAC) does not require any active transport to deliver cysteine to the cell. The
antioxidant NAC, known as a cell-permeable compound, is absorbed into the cell and
quickly hydrolyzed, regenerating glutathione (GSH) to regulate the redox state and
destroy H,0,. Therefore, NAC, which has an antioxidant effect through the direct
removal of free radicals and the production of GSH and cysteine, was a good
candidate for antioxidant. DCs were differentiated by incubating for 6 days in the
media containing GM-CSF. On day 6, DCs induced oxidative stress at a concentration
of 500 pM of H,0, and treated with antioxidant NAC. The antioxidant NAC was
pretreated with 1, 2, and 5 mM for 1 h. As shown in Fig. 21, when | treated with
antioxidant NAC, DCs death rate was restored (Fig. 21.). These results suggest that

NAC treatment restores oxidative stress-induced cell death.
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Figure 21. Treatment of NAC restores the cell death in oxidative stress-induced
DCs. DCs were differentiated in the same way as the Materials and Methods. On day
6, DCs were treated with high concentration of H,0, (500 uM) for 24 h and stained
with Annexin V — FITC and Pl — PE. The antioxidant NAC was pretreated with 1, 2,
and 5 mM for 1 h. Fluorescence intensity was measured by flow cytometry FC500

and presented as a percentage of each quadrant.
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10. NAC treatment decreases ROS production in oxidative stress-

induced DCs.

Next, | determined whether antioxidant NAC could reduce the production of
increased DCs intracellular ROS in oxidative stress induced DCs. DCs were
differentiated in media containing GM-CSF. On day 6, the DCs were treated with
different concentration of H,O, (100, 250, and 500 uM) to induce oxidative stress.
NAC, an antioxidant, was pretreated to a concentration of 2 mM 1 h before H,0,
treatment. As shown in Fig. 22, changed redox status by NAC treatment, ROS level
was decreased and similar to basal level. Therefore, this results show that the
production of DCs intracellular ROS was decreased in a dose dependent manner by

NAC treatment.
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Figure 22. NAC treatment reduces oxidative stress-induced increased
intracellular ROS production. DCs were differentiated for 6 days using the previous
Materials and Methods. DCs were treated with H,0, (100, 250, and 500 uM) for 1 h
to induce oxidative stress, and DCF-DA was treated after 30 min of H,O, treatment
and reacted for 30 min. NAC, an antioxidant, was pretreated to a concentration of 2
mM 1 h before H,O,treatment. ROS production level was measured by FC500 flow
cytometry analysis using DCF-DA. The result is representative of repeated three

independent experiments.
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11. NAC inhibits MMP (¥m) damage in oxidative stress-induced
DCs.

I have previously identified mitochondrial-mediated dysfunction in oxidative
stress-induced DCs. Therefore, it was confirmed that mitochondrial-mediated
dysfunction induced by oxidative stress was recovered by treatment with the
antioxidant NAC. DCs were differentiated by incubating for 6 days in the media
containing GM-CSF. On day 6, DCs induced oxidative stress at a concentration of 500
uM of H,O,and treated with timely. Antioxidant NAC was pretreated for 1 h before
oxidative stress induced. As shown in Fig. 23, MMP (¥m) impaired by mitochondrial-
mediated dysfunction due to oxidative stress was found to be recovered by treatment
with the antioxidant NAC. These results confirmed that oxidative stress induced MMP
(¥m) and cell death through the induction of mitochondrial dysfunction but was

restored by NAC treatment (Fig. 23.).
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Figure 23. Treatment of NAC restores oxidative stress-induced impaired MMP
(¥m). DCs were differentiated in the same way as the Materials and Methods. DCs (2
x 10° cells/well) were seeded in 6-well culture plate and treated with high
concentration of H,0, (500 uM). Antioxidant NAC was pretreated for 1 h before
oxidative stress induced. After oxidative stress induced, TMRM fluorescence was

stained at 25 nM for 30 min and analyzed by FC500 flow cytometry.
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12. NAC treatment restores the co-stimulatory molecules

expression of DCs.

| attempted to determine whether the changes of DC costimulatory molecules
cause by oxidative stress were restored by NAC treatment. BMDCs from monocytes
were differentiated into media containing GM-CSF for 6 days. On day 6, H,O, was
treated with 100, 250, and 500 uM of DCs to give oxidative stress. Then, the
expression levels of co-stimulatory molecules such as CD80 (B7-1), CD86 (B7-2),
MHC class I, and MHC class Il were determined in oxidative stress-stimulated DCs.
As shown in Fig. 24, it was determined that the decrease of costimulatory molecules
expression of DC by high concentration of oxidative stress was recovered by NAC

treatment.
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Figure 24. Treatment of NAC restores reduced expression of surface molecules in
oxidative stress-induced DCs. DCs were differentiated in the same way as the
Materials and Methods. DCs (2 x 10° cells/well) were seeded in 6-well culture plate
in RPMI 1640 containing rmGM-CSF (20 ng/ml). On day 6, DCs were stimulated
H,0, (100, 250, and 500 uM) for 12 h to induce oxidative stress. Antioxidant NAC
was pretreated with 2 mM for 1 h. Co-stimulatory molecules in DCs were analyzed by

FC500 flow cytometry in two-colors (CD11c-FITC, CD80 and 86, MHC I and 11-PE).
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IV. DISCUSSION

Antigen-presenting cells (APCs) play a role in initiating the immune system by
presenting externally invading antigens or pathogens (Knight & Stagg, 1993). In
addition, it is known the play a role of messenger connecting the innate and adaptive
immune response through antigen presentation (Kapsenberg, Teunissen, Stiekema, &
Keizer, 1986). However, not all APCs regulate the immune response in the same way.
Therefore, in this study, I identified two functions of morphologically and functionally
different antigen-presenting cells as immune regulators.

In part I, in the first study, | studied to find neuroinflammatory inhibitors through
the regulation of microglia. Sargassum horneri (Turner) C. Agardh is seaweed that
exerts various effects in the body. Previous studies reported that S. horneri (Turner) C.
Agardh can prevent osteoporosis and help control cholesterol, blood pressure, and
hyperlipidemia (M. J. 1. J. F. S. N. D. Yamaguchi, 2013) (Son et al., 2019). Cosmetics
and functional foods containing S. horneri (Turner) C. Agardh are known to have anti-
aging, anti-allergic, anti-acne, and whitening effects (Jesumani et al., 2019). However,
no mechanism has been described for how it could regulate murine microglia activity. |
investigated the effect of S. horneri extract isolated from S. horneri (Turner) C. Agardh
on inflammatory mediator production. Stimulation of the murine microglial cell line
BV-2 enhanced iNOS and NO expression. NO is a highly reactive factor involved in
vasorelaxation, neurotransmission, and cell-mediated immune responses. NO
production mediates the inflammatory response and exerts cytotoxic activity against
external pathogens. LPS-induced BV-2 cells act as inflammatory mediators
downstream of NO to induce pro-inflammatory cytokines such as IL-6, IL-1p, and

TNF-o; they also enhance inflammation by secreting COX-2. However, NO
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overexpression aggravates various inflammatory diseases. Therefore, substances that
inhibit inflammatory mediators that produce NO and pro-inflammatory cytokines may
be useful for treating various immune diseases. MAPKs include JNK, ERK, and p38
and play important roles in various cellular processes such as cell differentiation,
proliferation, and inflammation (Zhang & Liu, 2002). Inactive MAPK remains in the
cytosol and it activated by phosphorylation in response to LPS or other stimuli, at
which point it translocates to the nucleus and stimulates cytokine production (Plotnikov,
Zehorai, Procaccia, & Seger, 2011). In this study, S. horneri extract pretreatment
reduced ERK and P38 activities.

NF-kB plays important roles in inflammatory reactions and in various immune
responses, tumorigenesis, and autoimmune diseases (O'Neill & Kaltschmidt, 1997).
NF-kB is present in the cytoplasm in an inactive state bound to Ix-Ba, but in response
to external stimuli such as LPS, Ix-Ba is phosphorylated, and the separated NF-xB
translocate to the nucleus where it is involved in the production of NO and pro-
inflammatory cytokines (Magnani, Crinelli, Bianchi, & Antonelli, 2000). In this study,
| observed that NF-kB migration into the nucleus was decreased following pretreatment
with S. horneri extract.

Overall, our results show that S. horneri extract isolated from S. horneri (Turner)
C. Agardh inhibited the activation of MAPK and NF-kB pathways including ERK and
p38 in LPS-activated BV-2 cells, thereby inhibiting NO and the pro-inflammatory
cytokines IL-6 and TNF-a. These findings indicate that S. horneri extract may be an
effective treatment for inflammatory diseases.

In part Il, in the second study, | examined whether DCs dysfunctions could be
modulated by regulating the redox status. Free radicals produced in the human body
have a positive effect when the right time, position and amount are produced, and our
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body’s immune mechanism can eliminate the toxicity caused by free radicals (Slater,
1988). Excessive exercise in our bodies also leads to the ability to rapidly increase or
eliminate the production of ROS, leading to various diseases caused by harmful oxygen
(Cadenas, Davies, & Medicine, 2000). Therefore, the side effect of such harmful
oxygen is called oxidative stress. Oxidative stress caused by these free radicals has
been reported to induce aging-related diseases (H. Sies, 2000)

Therefore, oxidative stress caused by free radicals was selected as the most
representative aging model for immune senescence (Feng, He, Ochi, & development,
2001). The functional decline in immune responses that can occur through aging-
related diseases has the same effect as dysfunction of adaptive immune response. For
reason of this, | focused on DCs, which functions as a control tower by fundamentally
regulating and activating T cells involved in adaptive immune response. Oxidative
stress induced DCs death in a dose-dependent manner. In addition, the expression of
intracellular ROS of DCs was increased by oxidative stress. As a result of confirming
the maturation of DCs through expression of co-stimulatory molecules, it was
determined that functional dysfunction occurred due to the decrease of the expression
of surface markers at high level but increased at low level of oxidative stress. As the
physiological function of DCs, when the antigen uptake ability was confirmed, the
antigen uptake ability changed by oxidative stress. This could lead to damage to the
dextran-mannose receptor or impair to the cell membrane. IL-12 production of DCs is
important marker of DCs activation and involved in the T cell priming and the
polarization of Th1/Th2 (Merrick et al., 2005). as a result of measuring the amount of
IL-12 produced, it was determined that the amount of 1L-12 production was reduced by
oxidative stress. In addition, | investigated the signaling pathways for oxidative stress-
induced DCs dysfunction and death. Oxidative stress impairs DCs viability through the
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induction of mitochondrial mediated apoptotic pathways. NAC, a cysteine precursor,
has been reported to promote the production of GSH and directly eliminate free
radicals (Lavoie et al., 2008). In addition, it has been reported that inhibition of free
radical oxidative stress-related activation is regulated through changes in the redox
status. Therefore, | confirmed that NAC treatment could modulate the functional
change of DCs by oxidative stress. As a result, NAC treatment restored the oxidative
stress-induced cytotoxicity, ROS production, and MMP. Moreover, NAC treatment
regulated the co-stimulatory molecules expression of DCs in oxidative stress.

In conclusion, microglia and DCs are APCs that play an important role in
regulating immune responses in neuroinflammation and oxidative stress, and suggest
that they can be important factors in the prevention and treatment of neurodegenerative

and immunesenescence-related diseases.
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