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Macrophage is vital players in the responsiveness of the innate immune system against injury or
infection. Although macrophage depletion is well-known for some emerging therapies, such as osteoporosis,
osteopenia, and decreasing tumor-associated macrophages in melanoma, dysfunction of macrophages leads to
an inability of an appropriate immune response and implicated in various disease processes, especially intestinal
macrophages that play a key role in the gut immune system and the regulation of gastrointestinal physiology. To
obtain an understanding of the role of sepsis-associated macrophages, clodronate was used for the dysfunction of
mouse macrophages with and without cecal ligation and puncture (CLP) sepsis. Macrophage depletion
significantly increased fecal Ascomycota, with a slight growth of bacterial microbiota which might be enhanced
gut-barrier damage as Candida pintolopesii, Klebsiella pneumoniae, Acinetobacter radioresistens, and
Enterococcus faecalis that were identified from mouse blood. In addition, increased mortality, cytokine
overproduction, organ damage (liver and kidney), gut leakage (FITC-dextran), imbalance of fecal fungi and
pathogenic bacteria, as well as fungemia and bacteremia in sepsis with macrophage-depleted animals was more
severe than sepsis in control mice (fungemia and bacteremia). To determine the interaction between fungal
molecules and bacterial abundance, each heat-kill lysate of C. pintolopesii, C. albicans ATCC90028, C. albicans
(isolated from human blood), and purified (1—>3)—[3—D—Gluoan (BG), a major component of the fungal cell wall was
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some bacterial species. Furthermore, the additive effect of heat-kill lysate Candida yeast cells or their components
together with heat-kill lysate of isolated bacteria on enterocytes (Caco-2) also supported an influence of gut fungi in
worsening sepsis. In conclusion, macrophage depletion enhanced fecal Candida and fecal pathogenic bacteria
overgrowth, intestinal barrier damage, and gut translocation of bacteria and fungi that additively worsened sepsis
severity. These findings suggested that fecal fungus could spontaneously elevate in response to macrophage-

depleted therapy, increasing the severity of sepsis.
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CHAPTER |
INTRODUCTION

Gut dysbiosis is the imbalance of microorganisms that live in the gastrointestinal
(Gl) tract, leading to inflammatory diseases and metabolic dysfunctions (1). Generally,
gut microbes or gut flora always communicate with other microorganisms of the
ecological system and host acting in a symbiotic relationship, which plays a vital role in
the maturity of the intestinal immune system. Not only Gram-negative bacteria are the
most common pathogen causing gut dysbiosis (2, 3), but also fungus is one of the
pathogens that significantly enhanced gut dysbiosis or gut microbe imbalance, and
sepsis severity in the cecal ligation and puncture (CLP) mouse model through fungal
molecules, activating immune cell responses and leading to cytokine storm (more
immune cell responses) (4). In addition, broad-spectrum antibiotic administrations also
significantly induced sepsis severity by enhancing higher liver damage, gut dysbiosis,
and increasing pathogenic bacteria in mice gut (5).

Macrophages originate from blood monocytes that leave the circulation to
differentiate in different tissues, and they are specialized cells for the detection,
phagocytosis, and responsibility to harmful organisms at the infectious site (6). In terms
of sepsis-associated pathophysiology, macrophage performs polymerized phenotypes
that are broadly separated into two categories, including classical (pro-inflammatory,
M1) and alternative (anti-inflammatory, M2), as well as a regulatory phenotype and
subtype of this broad categorization (7, 8). To achieve their functionally distinct roles of
macrophage, clodronate-liposome (dichloromethylenebisphosphonate) acted as a key
role for macrophage depletion by inhibiting adenine nucleotide translocator (ANT),
which is the ADP/ATP translocase enzyme, an important translocate enzyme in

mitochondria, leading to loss of cell energy and death by a suicidal apoptosis
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mechanism. To date, macrophage-depleted drug is used to decrease osteoclast activity
in human bone-related diseases and musculoskeletal conditions, such as osteoarthritis
(OA), bone pain from skeletal metastases in breast cancer, and bone edema syndrome
(9, 10). The previous report demonstrated that depletion of macrophages in an animal
model is usually performed with a clodronate-liposome (11) due to without any side
effects in mice. Similarly, the mouse model shows macrophage depletion be achieved
approximately 80-90% within 24 — 48 h after a single dose of intravenous (i.v.) or
intraperitoneal (i.p.) injection (12), and also enhances the depletion of both M1 and M2
macrophages in various organs, such as liver, kidney, intestine, bone marrow, and colon
(13). The depletion of M1 macrophages reduced the infiltration of activated T cells and
inflammation which could be evaluated as a potential therapeutic approach for
inflammatory diseases (14), whereas M2 macrophage depletion affected to kidney injury
was more severe and renal function was impaired by increasing pro-inflammatory
cytokines and decreasing anti-inflammatory cytokines (7). The most common adverse
effects were mild gastrointestinal disturbances, such as nausea, vomiting, diarrhea,
tiredness, confusion, and irritability (15). Although the benefits of macrophage depletion
by clodronate-liposome administration can improve inflammatory diseases and tumors,
together with adverse effects in humans were published (16), the relationship between
the role of macrophage depletion and gut microbe patterns in sepsis severity is still a
mystery. The purpose of this study was to demonstrate that macrophage depletion may
cause adverse effects in animal with uncontrollable gut microbes, leading to changes in
gut microbiome patterns and gut translocation results in sepsis severity. In addition, CLP
can induce polymicrobial abdominal sepsis on clodronate-liposome administration
C57BL/6 mice was used to investigate the impacts of macrophage depletion on sepsis

severity and gut dysbiosis.
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CHAPTER I
OBJECTIVES

Research question

Does macrophage depletion enhance gut dysbiosis and worsens sepsis severity

in the cecal ligation and puncture (CLP) mouse model?

Hypothesis

Macrophage depletion enhances gut dysbiosis and worsens sepsis severity in
cecal ligation and puncture (CLP) mouse models via increased gut fungi and

pathogenic bacteria.

Objectives
1. To investigate macrophage depletion enhances gut dysbiosis and sepsis
severity in the cecal ligation and puncture (CLP) sepsis mouse model.
2. To investigate the interaction between pathogenic microorganisms and sepsis

severity in the cecal ligation and puncture (CLP) mouse model.



18

Conceptual framework

Cecal ligation and puncture
(CLP)

g3 © Microbiome change (?) i
(Gut dysbiosis: pathogenic microorganism :)

v

Gut leakage (?)
(Gut translocation ‘ )

4 Sepsis (?
i severity *

-

4




Workflow

Gut dysbiosis induces

sepsis severity

]
L In vivo study

Gut pattern vs. sepsis severity
C57BL/6 male

I
M® depletion
enhances gut dysbiosis
(n=10/group)
i

e Liposome (control)

* Clodonate alone

¢ Liposome (control)-CLP
¢ Clodonate-CLP

* Survival rate
* Gut leakage (FITC-dextran)/severity and BW)
* Blood: Bacteremia and Fungemia (Culture)
: Inflammation (TNF-q, IL-6, and IL-10)
: Kidney function (SCr)
: Liver function (ALT)
» Feces: Gut microbiome (165 and ITS)

* Organs: Macrophages depletion (Immunofluorescence (F4/80)

19

In vitro study
SesEeEsY ’ Pathogenic bacteria overgrowth and
L inflammatory response

]

Role of fungi induce
bacterial abundance
i
e CO-iNCUbation sty
* isolated bacteria + heat-kill
(HK) isolated yeast

o isolated bacteria + HK-lysate
C. albicans ATCC90028

* isolated bacteria + HK-lysate
C. albicans isolated from patient

e isolated bacteria + BG

.

|
Role of enterocyte
inflammation
i
o CACO-2 Cel iN@ s,
* HK-lysate isolated bacteria +
HK-lysate isolated yeast
* HK-lysate isolated bacteria +
HK-lysate C. albicans ATCC90028
* HK-lysate isolated bacteria +
HK-lysate C. albicans isolated
from patient
l: HK-lysate isolated bacteria + BG

J

v
Bacterial growth

(Colony enumeration)

and immunohistochemistry (Arg1): ascending colon and liver)

: Inflammation and injury (cytokines and histopathology

(H&E stain))

T

v

Cytokine
(ELISA: IL-8 cytokine)

Caco-2: Human colorectal adenocarcinoma cells



20

CHAPTER III
LITERATURE REVIEWS

1. Macrophages

Macrophages are dynamic cells that play an important role in the induction and
resolution of inflammation, and they were originally described in 1883 by Elie
Metchnikoff. Macrophages are developed in bone marrow as monocytes, which are the
major groups of white blood cells of the human immune system that circulate in the
bloodstream. The generation of macrophages depends on the hematopoietic growth
factor receptor CSF1R (M-CSFR), such as ligands of CSF1R and colony-stimulating
factor 1 (CSF1)/macrophage colony-stimulating factor (M-CSF). While hematopoietic
cytokines, such as granulocyte-macrophage colony-stimulating factor (GM-CSF) and
granulocyte colony-stimulating factor (G-CSF), encourage the proliferation and
differentiation of granulocyte progenitor cells (Figure 1) (17). The unique phenotypes of
macrophages are the migration toward tissues or settle down in the tissue, called
specialized macrophages (18), including i) mesangial cells (kidney), ii) alveolar
macrophages (lung), iii) microglial cells (brain), iv) Langerhans cells (skin), v) histiocyte
(tissue), vi) Kupffer cells (liver), vii) follicular DCs (lymph nodes), and viii) intestinal
macrophages, all of which represent the largest population of tissue macrophages in

most adult tissues (19).
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Figure 1 Scheme of the origin and develop of macrophages
The characteristic of macrophage development was generated by
BioRender (https://app.biorender.com/) on October 8™, 2022 with a minor

modification from Kely Campos Navegantes, et al., J Transl Med, 2017.

1.1 Macrophage functions and polarizations

Macrophages are also known as one of the professional antigen-presenting
cells (APCs) (20) that respond to infection and accumulate damaged, and dead
cells. The general functions of macrophages in the innate immune system, such
as opsonic recognition, production of pro- and anti-inflammatory cytokines, the
releasing of G-CSF and GM-CSF, excessive release of toxic species (nitric oxide
(NO) and superoxide), antigen processing, and presentation (21, 22). For
activating the adaptive immune system, macrophages play many functions, like
the secretion of hydrolytic enzymes, inducing neovascularization and
contributing to  angiogenesis and  lymphangiogenesis,  modulating
osteoclastogenesis, and inducing Th1 cells differentiation, controlling the
effector of T-cell homeostasis, promoting the T-cell priming, and also may

induce Th17 cell differentiation (23-25). Normally, monocytes and macrophages
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support the regulation of the immune system, which might result in autoimmunity.
Depending on the surroundings, these cells can dynamically polarize between
pro- and anti-inflammatory cytokines, acting with various physiological functions
(26). Then, macrophages can divide depending on their functions, including
helping eliminate foreign substances by engulfing foreign materials and initiating
an immune response (promote tissue inflammation and activated macrophages)
that are called the classically activated macrophages or “M1 macrophages”. In
contrast, macrophages can switch their phenotypes for regulators of the wound
healing process, tissue repair, and immunoregulation called “M2 macrophages”

(Figure 2) (7).

1.1.1 M1 macrophage (pro-inflammatory)

M1 macrophages are involved in autoimmune disorders and anti-tumor
immunity (27, 28). Their function is an intermediate innate immunity against a
variety of bacteria, fungi, protozoa, and viruses. Commonly, macrophages
are stimulated to the M1 subset by lipopolysaccharides (LPS), a component
of several bacterial products, and inflammatory cytokines, such as interferon
(IFN). Due to the secretion of cytokines, such as tumor necrosis factor-a
(TNF-Q), interleukin-6 (IL-6), interleukin-12 (IL-12), and interleukin-23 (IL-23)
and chemokines (Chemokine (C-C motif) ligand 5 (CCL5), chemokine (C-X-C
motif) ligand (CXCL) 9, CXCL10, and CXCL5), M1 macrophages strongly
promote the recruitment of Th1 and NK cells leading to inflammations. It has
also been demonstrated that M1 macrophages increase the expression of
the protein suppressor of cytokine signaling 3 (SOCS3) intracellularly, which
raises the production of reactive oxygen intermediates and nitrogen, as well

as the expression of major histocompatibility complex (MHC) class Il
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molecules and costimulatory molecules (29, 30). According to that theory,
M1 macrophages not only support Th1 immune responses but also
contribute to tissue damage and tumoricidal action. As a result, an over-
activation may result in tissue damage, as the case with several
infammations, autoimmune, and chronic diseases, such as Crohn's disease,
rheumatoid arthritis, diabetes, autoimmune hepatitis, and multiple sclerosis
(31-33). The common cell surface markers used to identify human and
mouse M1 macrophages, such as CD4/80, CD80, CD86, CD64, CD16, and
CD32 as markers. In addition, the expression of nitric oxide synthase (iNOS)

in M1 macrophages can also serve as a phenotypic marker (34).

1.1.2 M2 macrophage (anti-inflammatory)

M2 macrophages play a role in the control of the immune system, tissue
remodeling, the eradication of parasites, the promotion of tumors, and the
development of autoimmune disorders. Normally, M2 macrophages express
surface markers as CD163 and CD206, which are major markers for the
identification, followed by CD68, arginasel (Arg1), and DECTIN-1 (34).
Three distinct subpopulations of the M2 macrophages occurred, including
the macrophages M2a, M2b, and M2c macrophages, depending on their
functional and biochemical aspects (35, 36). In short, the M2a macrophage
is activated by interleukin-4 (IL-4) and/or interleukin-13 (IL-13) through the
binding of these cytokines to their receptors and activates the signal
transducer and activator of the transcription-6 (STAT-6) signaling pathway. It
upregulates the histone demethylase jumonji domain-containing protein-3
(JMJUD3), by inducing expression of the M2 gene and inhibits the M1 gene

during tissue repair and anti-inflammatory response (37, 38). Additionally,
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Mrc1, resistin-like a (Retnla, Fizz1), and chitinase 3-like 3 (Chi3I3, Ym1)
expression are upregulated by M2a macrophages indicating that these
expressions are specific indicators of M2a macrophages (38). Moreover,
M2a also induces the invasion of eosinophils, basophils, Th2 cells, and
regulatory T-cells by secreting C-C Motif Chemokine Ligand (CCL) 24,
CCL17, CCL1, and CCR1 at the site of inflammation (39). The M2b are
polarized by combined immune complexes that contain toll-like receptors
(TLRs) and/or interleukin-1 (IL-1) receptor agonists and release large
amounts of pro-inflammatory cytokines, such as IL-1, interleukin-1 (IL-6), and
TNF (28, 40). Finally, M2c is induced by transforming growth factor (TGF)-B,
glucocorticoids, or interleukin-10 (IL-10). Which, IL-10 is produced by
dendritic cells, B cells, cytotoxic T-cells, T-cells, natural killer (NK) cells, mast
cells, neutrophils, eosinophils, monocytes, and macrophages. The activation
mediated by IL-10 acts through a transmembrane receptor complex
composed of interleukin-10 receptors1 and 2 (IL-10R1 and IL-10R2). Then,
the IL-10/IL-10R1 interaction leads to a change in the cytokine conformations
causing its dimerization with IL-10R2 and Jak1/STAT3 signaling pathways

(41).
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Figure 2 Schematic diagram of the polarization and activation of macrophages

The schematic diagram of the polarization and activation of macrophages.
(Modified from; Kely Campos Navegantes, et al., J Transl Med, 2017). This
picture was generated by BioRender (https://app.biorender.com/) on October

8" 2022.

2. Clodronate-liposome

Clodronate is a synthetic chemical in terms of non-nitrogenous bisphosphonate (BP)
medication that is encapsulated into “liposome” vesicles, which has the property to
inhibit osteoclast activity (Figure 3) and was developed in the late 1960s (42).
Encapsulated bisphosphonate is used in clinical treatment to prevent or inhibit the

development of bone metastases and for the treatment of inflammatory diseases, such
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as rheumatoid arthritis and osteoarthritis (43). The pharmacodynamic properties of
clodronate have already been discussed in both in vitro research and in vivo animal
models that are associated with bone metastases-inducing cancer, parathyroid
hormone, or other factors (15). To date, clodronate is still commonly used in a variety of
human bone-related diseases, for example, osteoporosis, osteopenia, osteolytic lesions,
hypercalcemia, and use in bone pain associated with skeletal metastases in patients
with breast cancer and multiple myeloma (44). Moreover, clodronate has been used to
treat musculoskeletal conditions, for instance, osteoarthritis (OA) and bone edema
syndrome (9, 10). Clodronate-liposome is a suitable structure for phagocyte-targeted
therapies providing advantages, such as low immunogenicity, biocompatibility, cell
specificity, and drug protection and stability (45). Although clodronate-liposome can be
depleted of mononuclear phagocytic cells, including bone marrow progenitors, blood
monocytes, and tissue macrophages, macrophage dysfunction can lead to an inability

to an appropriate immune response and implicated in various disease processes.
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Figure 3 Structure of clodronate-liposome

Clodronate-liposome is composed of concentric phospholipid bilayers
together with hydrophilic molecules clodronate (green squares; see also
structural formula) is encapsulated during the formation of the liposome. This
picture was generated by BioRender (https://app.biorender.com/) on January

7" 2023,

2.1 The mechanism of clodronate-liposome to depleted macrophage

Macrophage function is inhibited by clodronate-liposome using its
phagocytosis. After macrophages engulf the clodronate-liposome (Figure 4A-B),
the phagolysosome is fused with a lysozyme (Figure 4C), the enzyme-digested
phospholipid bilayers of the liposome vesicle and released clodronate into the
cytosol, respectively (Figure 4D). In addition, clodronate in the cytosol inhibits
ADP/ATP translocase enzyme, called “liposome-mediated macrophage suicide”
(46) in mitochondria leading to cell death by apoptosis (Figure 4E). Besides
macrophage phagocytosis, size (small; 85 nm in diameter) and charge
(negatively) of liposome vesicle are important factors for a specific target in the

mononuclear phagocytic system (MPS) (47, 48).
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Figure 4 The mechanism of clodronate-liposome depletes macrophages

Clodronate-liposome induces macrophage apoptosis (A-E), phagolysosome
releasing the clodronate into the cytosol (D) and inducing cells apoptosis (E) via
inhibiting ADP/ ATP translocase disrupts the electron transport chain in
mitochondria ( cellular ATP loss) , 80-90% after a single intravenous or
intraperitoneal administration. (Modified from; Encapsula NanoSciences LLC,
http://www.clodrosome.com/other-info/mechanism-of-depletion/). The picture

was generated by BioRender (https://app.biorender.com/) on March 5" 2022.

2.1.1 Effects of clodronate-liposome-depleted macrophage

Although clodronate is useful as a specific tool in clinical for the
prevention or inhibition of the development of bone metastases and for the
therapy of inflammatory diseases, it has been reported some severe side
effects for a long period and in high doses used, such as osteonecrosis of
the jaw (ONJ) (reducing angiogenesis and bone remodeling) (49), bone
fracture, decreases kidney and liver functions, joint or muscle pain that can

be severe, hypocalcemia, and conjunctivitis (eye infections) (50). The most
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common adverse effects reported were mild gastrointestinal (Gl)
disturbances, such as nausea, vomiting, diarrhea, tiredness, confusion, and
irritability (15). Moreover, the depletion of macrophages can cause fibrosis
and impair muscle regeneration via increased expressions of inflammatory
cytokines, chemokines, and oxidative stress during the healing stage (51).
As well-known that macrophage impacts microorganisms in the human
body, especially in the Gl tract. The previous study reported only the benefit
of clodronate-liposome-treatment changed the gut microbiota, a higher
concentration of Firmicutes, a phylum with known anti-tumorigenic properties
in the colon cancer (52). However, the adverse effect of macrophage
depletion impacts gut pathogenic microorganisms and inflammatory
diseases remain unpublished.

In terms of animal model, clodronate-liposome is able to deplete
macrophages up to 80-90% after a single intravenous (i.v.) or intraperitoneal
(i.p.) administration (12), which can deplete macrophages in both M1 and
M2 macrophage polarization in the mouse model (13). A previous study
implies macrophage depletion from clodronate-liposome is also associated
with decreased bone turnover and oral osseous wound healing in the mouse
model (53). Although the benefits of macrophage depletion by clodronate-
liposome administration can improve inflammatory diseases and tumors,
together with adverse effects in humans were published (16), the role of
macrophage depletion link between gut microbe patterns in sepsis severity

is still unexplored.
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3. Gut dysbiosis
3.1 Definition of gut dysbiosis

Gut microbiome is an equivalence of microorganisms, including bacteria,
viruses, fungi, protozoa, and archaea that live in the gastrointestinal (Gl) tract
approximately 10" - 10" organisms (1). The major gut microbiota phyla are
composed of Bacteroidetes (65%), Firmicutes (16%), Actinobacteria (9%),
Proteobacteria (5%), and other phyla (5%) (54, 55). Generally, gut microbes or
gut flora always communicate with other microorganisms of the ecological
system acting in a symbiotic relationship, which plays a vital role in the maturity
of the intestinal immune system. Conversely, an abnormal host immune defense
and reduction in the diversity of gut microbes may be caused inflammatory
diseases and metabolic dysfunctions (56), called “gut dysbiosis” (Figure 5). Gut
dysbiosis means the imbalance of microorganisms that live in the Gl tract,
leading to inflammatory diseases and metabolic dysfunctions (1). Not only a loss
of beneficial microbiota, but also an increase in harmful microorganisms are
characteristics of dysbiosis (pathobionts) (57), affecting the ratio of potentially
harmful to beneficial commensal microorganisms is more important for the
development of diseases. A recent report suggests the increase of pathogenic
bacteria in the gut, such as Escherichia coli (E. coli), Klebsiella spp., Proteus
spp., Enterobacter spp., Shigella spp., Salmonella spp., and Serratia spp. are

commonly mentioned in gut dysbiosis (Table 1).
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Figure 5 Scheme of the relationship between the gut microbiome and gut
dysbiosis

The relationship between the gut microbiome and gut dysbiosis was
generated by BioRender (https://app.biorender.com/) on January 8" 2023 using

the publication of Jenelle Marcelle Safadi, et al., Molecular Psychiatry, 2022 (58)

as the template.
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3.2 Gut dysbiosis-associated diseases

Previous studies describe that gut dysbiosis is an important cause of
intestinal barrier breakdown, bacterial translocation or gut translocations, and
gut dysbiosis is also a well-known factor that contributes to the emergence of
several immune-mediated diseases, such as inflammatory bowel disease (IBD)
(72), type 1 diabetes and obesity (73), and colorectal cancer (CRC) (74). Briefly,
the presence of potentially pro-inflammatory bacteria, such as Bacteroides spp.
and Ruminococcus gnavus (R. gnavus), are linked to IBD, while the presence of
anti-inflammatory species, such as Faecalibacterium prausnitzii (F. prausnitzii),
predominates in healthy individuals. The populations of pathogenic bacteria can
be used to determine the potential association between intestinal dysbiosis and
certain human diseases as shown in Table 1 (75). In addition, microbes or their
molecules that enter into intestinal epithelium cells (IECs) are called “gut
translocation or bacteria translocation”, which defines microbes in the intestinal
lumen, both live and dead microbes, and microbial products, such as exotoxins,
endotoxins, and cell wall fragments. It penetrate through the gastrointestinal
mucosa to the lamina propria, local mesenteric lymph nodes (MLN), internal
organs, and mostly sterile tissues (76). In research involving animal models, a
lower ratio between Firmicutes/ Bacteroidetes and fewer Bacteroides species
has been related to obesity (77). Furthermore, gut dysbiosis is commonly related
to the gut barrier function that the causing of “gut translocation” and enhances
inflammatory cell activations.

Commonly, the causes of gut translocation are associated with many factors
including i) intestinal mucosa changes permeability (increased mucosa
permeability), the tight junctions (TJs) in the gut epithelial wall break down,

allowing substances from the lumen to translocate into the bloodstream, and
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other organs, ii) decreased host immune system and lower immune cells are
present, which are easy for opportunistic infection of nosocomial pathogens, and
iii) intestinal bacteria overgrowth (imbalance), a serious condition affecting the
small intestine. It happens when the number of bacteria in the small intestine
increases from approximately 10° CFU/mL to around 10° CFU/mL (78) which
results from many situations, such as surgery, antibiotic treatments, and illness

(Figure 6) (79).

[oree .
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Figure 6 Gut translocation factors

Factors associated with gut dysbiosis induce gut translocation that is slightly
modified from Vaishnavi C., et al., Indian J Med Microbiol, 2013 (79). The

schematic was generated by Keynote on January 4", 2022.
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3.3 Pathophysiology of gut dysbiosis

Gut microorganisms live in the intestinal lumen and control the invasion of
pathogenic bacteria through microbe-to-microbe interactions and the immune
systems (80). Once, gut dysbiosis, IECs are damaged and epithelial TJs lose
functions, the microbes have been invaded through the enterocytes. Gut
pathogens activate innate immune cells, for example, IECs secrete IL-8 cytokine,
goblet cells secret mucus, and Paneth cells secret antimicrobial proteins
(AMPs), such as alpha-defensin, lysozyme, and phospholipase A2 (81). In the
lamina propria, macrophages and dendritic cells are the essential innate
immune cells, which play an important role in controlling an infection via
phagocytosis activity, professional antigen-presenting cells (APCs), cytokines
and chemokines production (both pro- and anti-inflammatory cytokines), and
anti-microbial action. APCs have engulfed and digested pathogens, and present
and secrete cytokines and chemokines to recruit and activate other immune
cells at the site of infection, including T and B cells. Subsequently, the innate
immune malfunction can impact uncontrol gut microbiota, leading to gut
translocation from various virulence factors, for example, E. coli (EHEC
phenotype) secret espF to induce mitochondrial death, tight junction disruption,
immune evasion, and host IECs death (82), as well as gut fungus, such as
C. albicans secrete candidalysin, fungus peptide toxin, which destroys host
cells (83), causing of inflammatory immune cell responses, and inflammatory

diseases, especially IBD and sepsis, respectively (Figure 7) (84).
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Figure 7 Gut dysbiosis enhances sepsis mechanism

Gut dysbiosis induces sepsis severity was generated using BioRender
(https://app.biorender.com/) on November 29" 2022 with a minor modification of

Mehmet Coskun, Front Med (Lausanne), 2014 (84).

3.4 Mechanisms of pathogenic molecules activate immune cells
3.41 LPS activates the immune system through Toll-like receptor 4
(TLR4)

In order to mediate both short-term and long-term host defense, the
innate immune system uses specialized proteins known as pattern
recognition receptors to detect pathogens (PRRs) causing the activation of
intracellular signal transduction networks that encourage inflammatory gene

production (85). One of the best-studied PRRs is Toll-like receptor 4 (TLR4),
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a receptor for bacterial lipopolysaccharide (LPS) that is a crucial component
of Gram-negative bacteria, such as E. coli, Salmonella spp., Porphyromonas
spp., and Helicobacter spp. leading to a certain pattern of cytokine release
to control inflammation (86). The chemical structure of LPS can be
categorized into three parts, including i) lipid A moiety (the most conserved),
ii) oligosaccharide chain, and iii) polysaccharide chain is well-known as an
‘O-antigen’ (87). Once gut dysbiosis and gut translocation, LPS in the
extracellular space is sensed by the plasma-membrane located TLR4-co-
receptor MD2 complex in conjunction with co-receptor CD14, which
specifically recognizes the lipid A structure of LPS (88). Afterward, TLR4
ligates and transduces the signal via the adapters MyD88 and TIR-domain-
containing adapter-inducing interferon-B (TRIF) genes activated nuclear
Factor kappa-light-chain-enhancer of activated B cells (NF-KB), and IFN
regulatory factor 3 (IRF3)-mediated transcription of genes encoding
molecules of cytokines and chemokines (Figure 8). Therefore, excessive
activation of TLR4 with LPS and the consequent cytokine storm was thought

to underlie endotoxic shock or sepsis.

3.4.2 Fungal (1—>3)-B-D-Glucan (BG) induces an immune response and
inflammation

The current report suggests that invasive fungal infections are a major

cause of sepsis in severely sick patients, associated with significant

morbidity and mortality (89). B-D-Glucan (BG) is a component of B-1,3-D-

glucopolysaccharides that is widely distributed in cell wall components of

the plant, algae, fungi, and some bacteria, that are not synthesized by

mammals (90). The association between structure and activity for BGs is
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clearly established, such as (1—>4)—B—D—G|ucan, oat-derived BGs function
as effective dietary fibers that improve metabolic health parameters,
including dyslipidemia and insulin resistance (91), while (1—>3)-B-b-Glucan
was isolated from yeast-derived-glucans have an immunomodulatory impact
that targets the innate immune responses, depending on a variety of sources
and structures (92). BGs are recognized by the C-type lectin receptor,
especially Dectin-1 which activates immune functions as follows,

i) Phagocytosis; Dectin-1-mediated phagocytosis depends on
immunoreceptor tyrosine-based activation motif (ITAM) phosphorylation and
the activation of the Src family of protein tyrosine kinases (SFKs). The
previous study suggests the mutation of Dectin-1 ITAM tyrosine (membrane-
proximal tyrosine) reduced phagocytosis of zymosan (93), and Src inhibitors
prevented Dectin-1-mediated phagocytosis (94). Then, the Dectin-1
phagosome is activated by BG which acts as a scaffold for the construction
of the downstream signaling complex.

i) Oxidative burst or oxidative stresses; the phagocyte oxidase complex,
which is in charge of generating reactive oxygen species (ROS) after fungi
are detected and internalized. Stimulation of macrophages, DCs, and
neutrophils with BG particles induces an oxidative burst. Dectin-1-induced
ROS generation is caused by ITAM signaling, including Src and spleen
tyrosine kinase (Syk) activation (95).

i) Regulation of transcription, Dectin-1 triggers innate immunological
responses by activating NF-KB pathways, mitogen-activated protein kinase
(MAPK) signaling, and nuclear factor of activated T cells (NFAT) transcription

factors through the caspase recruitment domain-containing protein 9
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(CARD9) and drives pro-inflammatory cytokine and chemokine productions

(96) (Figure 8).

In addition, LPS and Candida-BG are major microbial origin molecules
as canonical cell wall components of Gram-negative bacteria and fungi, the
most and second-most abundant gut microbes, respectively (97). These
pathogen molecules do not trigger systemic immune responses when the gut
barrier is functioning normally; however, when the gut barrier is damaged (leaky
gut or gut leakage), it is possible for these molecules to move from the gut into
the blood circulation (gut translocation) (97). During gut barrier damage, BG in
serum is correlated with glucans in gut contents, as the oral administration of
viable or heat-killed Candida yeast cells enhances serum BG. This is similar to
increased endotoxemia (serum LPS) from Gram-negative bacteria in gut
contents (98). Moreover, gut translocation of LPS together with BG had a
synergistic effect that worsens sepsis severity in mouse models (99). Because
Dectin-1 and TLR-4 simultaneous activation by BG, together with endotoxin,

leads to enhanced macrophage cytokine responses (100).
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Figure 8 Scheme of the BG and/or LPS induce immune cell responses

The picture demonstrates the possible additional pro-inflammatory impact of
lipopolysaccharides (LPS) and (1—3)-B-b-glucan (BGs), through the
synergistic effect of both Toll-like receptor-4 (TLR-4) and Dectin-1, the pattern
recognition receptors for LPS and BGs, respectively, which was created by
BioRender (https://app.biorender.com/) on December 17", 2022 using a
previous report of Hiengrach P., et al., International Journal of Molecular
Sciences, 2022) (101) as the template. Syk; Spleen tyrosine kinase, IKK; an
inhibitor of nuclear factor kappa-B kinase, and NF-KB; nuclear factor kappa B,
MyD88; Myeloid differentiation primary response 88, and CARD-9; Syk-Caspase

recruitment domain-containing protein 9.


https://app.biorender.com/

41

4. Sepsis

4.1 Definition and etiology of sepsis

Sepsis or septicemia refers to an infection of pathogens involving the
bloodstream and is a medical emergency, which the causing of an infection-
fighting process that may affect the whole body and a potentially life-threatening
disease (2, 102). Recently, sepsis is a global healthcare concern, which is
associated with an increased morbidity and mortality rate in all countries, such
as in the United States is around 300 cases per 100,000 people. Most studies
suggest that the most microbial causing sepsis is Gram-negative bacteria,
followed by Gram-positive bacteria, and fungi (103, 104). Indeed, the most
common pathogen species in septic patients have been demonstrated as E. coli
(21.5%), followed by Klebsiella pneumoniae (K. pneumoniae) (9.0%),
Staphylococcus aureus (S. aureus) (6.5%), and Streptococcus pneumoniae
(S. pneumoniae) (5.0%) (105). Previous studies report that Candida spp. is the
major cause of fungal sepsis, accounting for 10%-15% of infections in
healthcare settings, 5% of all instances of severe sepsis and septic shock, and
ranking fourth among bloodstream isolates in the United States (89). In addition,
a polymicrobial infection with two or more causative pathogens is also present in
approximal 20% of sepsis patients as well. Besides, studies on sepsis and
septic shock have demonstrated that delaying antibiotics treatment is linked to
negative results (106), such as antimicrobial resistance-related life-threatening
consequences, and antibiotics administration that significantly enhances sepsis
severity as well. Broad-spectrum antibiotics have been demonstrated to induce
gut dysbiosis and increase liver injury in the sepsis mouse model (107).
Furthermore, C. albicans, the predominant fungal in the human Gl tract,

administrated in mice is the cause of gut dysbiosis and significantly increased
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bacterial sepsis severity, which is linked to the intestinal fungal quantity and/or
fungal molecules, possibly through cytokines storm and liver damage (108).

Many types of infections are the most often blamed for sepsis, including
pneumonia, abdominal infection, kidney infection, and bloodstream infection.
Sepsis is @ more common disease in patients who have an underlying disease,
such as diabetes, acquired immune deficiency syndromes (AlDs), and cancer,
as well as the cancer patients are a weak immune response because they are
taking corticosteroids, and patients who expose to invasive devices, for
example, catheters, breathing tube, and a major surgery (109). Common signs
and symptoms of that disease show fever above 38°C or a body temperature
below 36°C, coolness, breathing problems (higher than 20 beats per min), fast
heart rate (higher than 90 beats per min), extreme pain or discomfort, confusion
or disorientation (110), and upregulated systemic inflammatory response or
severe sepsis, which it can develop “septic shock” (111). Severe sepsis is the
dramatic drop in blood pressure and high level of lactic acid that leads to
multiple organ failures, for instance, kidneys, brain, heart, and liver, which they
are might be deadly if left untreated (Figure 9). Sepsis has been divided into 3
stages depending on the progression of the disease as follows,

Stage 1 is the bloodstream is infected, which leads to inflammation
throughout the body. The common signs show fever and/or chills, confusion or
disorientation, difficulty breathing, fast heart rate, low blood pressure
(hypotension), and extreme pain.

Stage 2 severe sepsis refers to the organ function beginning to be impaired
by the infection and inflammation. The feature of severe sepsis is organ failure.
To be diagnosed with severe sepsis, at least one of the following symptoms must

be present, including difficulty breathing, bluish discoloration of the skin,
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especially lips, fingers, and toes, chills due to a drop in body temperature,
decreased urination, dizziness (weak at the knees), changes in mental ability,
extreme weakness (asthenia), low platelet count (thrombocytopenia), abnormal
heart functions, and unconsciousness.

Stage 3 septic shock is a severe drop in blood pressure that results from the
severe sepsis complication. This may result in a lot of very serious issues,
including organ dysfunction, respiratory or heart failure, and stroke which

becomes more life-threatening.
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Figure 9 The mechanism of sepsis

Sepsis starts with bacterial infection and immune responses, uncontrol
infection and inflammation caused by collateral damage, and death of host cells,
which was modified from SickKids staff, Sepsis, 2017 by BioRender

(https://app.biorender.com/) on November 15", 2022.
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4.2 Definition and etiology of sepsis

The mechanism starts with a pathogenic infection at the organ and
subsequently invaded the bloodstream to activate the innate immune system,
such as macrophages, monocytes, neutrophils, and NK cells, which combined
with pathogen-associated molecules (PAMPs), such as bacterial endotoxins and
BGs using their specific PRRs, meanwhile other specific receptors on
monocytes and macrophages, for example, TLRs, C-type lectin receptors, and
nucleotide-binding oligomerization or NOD-like receptors, bind to damage-
associated molecular patterns (DAMPs) which are the molecules released from
damaged cells. Subsequently, these signal transduction pathways affect to
transduction and production of pro-inflammatory cytokines, for example IL-1P,
IL-6, IL-8, and TNF-a (112), leading to leukocyte proliferation and activation,
activation of the complement system, and upregulation of endothelial adhesion
molecules and chemokines productions. Many reports suggest that the
pathophysiology of sepsis and septic shock involves macrophages, which are
outstanding cells and have a potential role at the beginning of the sepsis-
induced cascade of inflammatory cytokines. In addition, that cell also produces
nitric oxide (NO) in response to these cytokines, which can mediate cytotoxic

effects (113-116).

4.3 The impact of macrophages associated sepsis

Macrophages play the most important role in sepsis, which influence
immunological homeostasis and inflammatory activities through an imbalance
between M1 and M2 macrophages is also another factor that can induce the
occurrence and development of sepsis (114). Briefly, pro-inflammatory M1

macrophages, for instance, IFN-y, TNF-a, IL-1, and NO, infiltrate into the



45

infectious site, and they can detect products of microorganisms via TLRs and
other PRRs that bind specifically to different pathogen components. Then, they
produce pro-inflammatory cytokines and chemokines to recruit and activate
other immune cells at the site of infection, which leads to inflammatory diseases
(sepsis and other inflammatory diseases). In the late stage of sepsis, M2
macrophages play a protective role to prevent septic shock via producing large
quantities of anti-inflammatory mediators, such as IL-10, interleukin-11 (IL-11),
IL-13, and TGF—B produced for recover or control an inflammation (117, 118).
However, severe sepsis may be the important cause of incomplete polarization
towards the M2 phenotype. The lack of M2 chemokine expressions in septic
monocytes and macrophages, together with the M2 shift in cytokines and marker
enzymes, may be connected to immunosuppression with higher secondary
infection following sepsis (119).

This study elucidates that macrophage depletion enhances gut microbiota
pattern change (gut dysbiosis) and worsens sepsis severity in cecal ligation and
puncture mouse models via gut fungi support pathogenic bacteria abundance.
Consequently, this study performed CLP to induce polymicrobial abdominal
sepsis on clodronate-liposome administration C57BL/6 mice and investigated
the effects of macrophage depletion influencing sepsis severity via gut dysbiosis

to test this hypothesis.
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CHAPTER IV
MATERIALS AND METHODS

1. Animal

The Institutional Animal Care and Use Committee of the Faculty of Medicine,
Chulalongkorn University, Bangkok, Thailand followed by the National Institutes of
Health's (NIH) animal care and use procedure approved the animal study under the
approval number 035/2565. Male C57BL/6 mice aged 8 weeks, weighing 20-25 g, were
purchased from Nomura Siam International, Pathumwan, Bangkok, Thailand. Mice were
housed in a controlled-temperature environment (24 + 2°C) with 50% of relative humidity
and a 12-h light-dark cycle (light from 7:00 a.m. to 7:00 p.m.). Mice were maintained

with a standard diet and water during the experiment.

2. Clodronate induced in vivo macrophage depletion and CLP-sepsis model

Liposomes and clodronate-liposomes, concentration 5 mg/mL, (Encapsula
NanoSciences LLC, Tennessee, USA) were used for macrophage depletion according to
the previous report (13). Animals were randomly divided into four groups (n = 10/group),
containing i) mice were intravenously (i.v.) injected with 200 yL/mouse of liposome every
two days for one week and acted as the control, ii) mice were i.v. administrated with 200
UL of clodronate-liposome every two days for one week, iii) mice were i.v. injected with
200 pL/mouse of liposome every two days for one week followed by cecal ligation
puncture (CLP), and iv) mice were i.v. administrated with 200 uL of clodronate-liposome
every two days for one week followed by CLP (Figure 10). In short, the cecum was
ligated at 12 mm from cecum tip, then puncture twice with 21G needle, and gently
pushed to express a little amount of feces before placed back into abdominal cavity. At

24 h after CLP, all mice were sacrificed by cardiac puncture under isoflurane anesthesia
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for sample collection (blood, internal organs, and feces) for evaluation of macrophage

depletion-associated biomarkers as follows.

* Liposome (control)

* Clodronate alone

* Liposome (control)-CLP
¢ Clodronate-CLP

FITC dextran FITC dextran
assay/BW assay/BW  cLp
14 ¢ v v \4
= o ® Sacrifice
Days 0 1 2 3 4 5 6 7 Collected;
: * Blood
: : : : * Kidney
v : . v : e Liver
Liposome alone : Liposome alone : .
Or : or i * Ascending
Clodronate-liposome Clodronate-liposome colon
v v * Feces
Liposome alone Liposome alone
Or Or
Clodronate-liposome Clodronate-liposome

Figure 10 Experimental timeline (in vivo study)

Clodronate-liposome administration with and without CLP mouse models.

2.1 Evaluation of macrophage depletion-associated parameters in serum

2.1a) Intestinal permeability

To detect leaky gut, animals were intragastrically administrated with 25 mg/mL of
fluorescein isothiocyanate—dextran ( FITC-dextran) every three days. After 3 h of oral
administration, mouse serums were diluted with an equal amount of sterile 1X
phosphate-buffered saline (1X PBS; pH 7.4) and the concentration of FitC-dextran in
serum was quantified by fluorospectrometer using an excitation wavelength of 485 nm
and an emission wavelength of 528 nm. The concentration of FitC-dextran was serial

diluted as the standard.
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2.1b) Measurement of pro- and anti-inflammatory cytokines

Enzyme-linked immunosorbent assay (ELISA; Invitrogen, USA) was used for
determination the amount of pro-inflammatory cytokines (IL-6 and TNF-Q) and anti-
inflammatory cytokine (IL-10) in serum. Briefly, a capture antibody was diluted with 1X
coating buffer and coated on a 96-well plate at 4°C for overnight. Then, the antibody-
coated plate was washed with washing buffer (1X PBS, pH 7.4, containing 0.05%
Tween-20) for three times, blocked with 1X ELISA/ELISPOT for 1 h at room temperature,
and washed gently with washing buffer, respectively. Subsequently, samples were
added to each well of the ELISA plate and incubated at room temperature for 2 h and
triply washed with washing buffer. To detect an interesting cytokine, a detection
antibody was added to the ELISA plate for 1 h at room temperature and washed with
wash buffer for 3 times. Then, the ELISA plate was added with horseradish peroxidase
(HRP), incubated at room temperature for 30 min, and triply washed with a washing
buffer. To visualize the reaction, 1X tetramethylbenzidine (TMB) substrate was added to
detect a cytokine, incubated at room temperature for 15 min in the dark, and added 2N
H,SO, was to stop the reaction. Pro- and anti-inflammatory cytokines were quantified by
spectrophotometer at a wavelength of excitation at 450 nm and those of emission at 570

nm.

2.1c) Serum creatinine assay

QuantiChrom Creatinine Assay kit (BioAssay, USA) was used for determination
the kidney injury according to the manufacturer instruction. In brief, 200 uL of mixed
working reagents A and B were immediately added and mixed into each well containing
30 pL of diluted serum in a clear-bottomed 96-well plate. The optical density at the

absorbance of 510 nm was quickly determined by spectrophotometer using the standard
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creatinine as the baseline. The amount of creatinine in serum should be more than 0.3

mg/dL.

2.1d) Alanine transaminase assay

One of the signals of liver injury is the activity of alanine transaminase (ALT).
According to EnzyChrom ALT assay (BioAssay, USA), 20 uL of each sample was added
into the working reagent containing 200 uL of assay buffer, 5 yL of co-substrate, 1 pL of
lactate dehydrogenase (LDH), and 4 pL of reconstituted NADH. The detected plate was
immediately tapped to mix the reaction and incubated at room temperature. The kinetics
of alanine transaminase were determined with the rate of NADH consumption by the
absorbance at a wavelength of 340 nm after incubation at 5 and at 10 min, respectively.

The average normal range of ALT kinetics is 24 U/L.

2.1e) Microorganism enumeration

To examine bacteremia and fungemia in macrophage-depleted mice, 100 pL of
blood was directly plated onto blood agar and Sabouraud dextrose agar (SDA; Oxoid,
UK) and overnight incubated at 37°C. After incubation, the colonies on each plate were
counted and identified species by amplification of 76S rRNA gene and internal

transcribed spacer (ITS) using the BLAST-based tool (https://blast.ncbi.nim.nih.gov).

2.2 Determination of macrophage depletion-associated parameters in tissue

2.2a) Tissue analysis by Hematoxylin and eosin (H&E) staining

Macrophage-depleted livers, kidneys, and ascending colons were preserved in
10% paraformaldehyde and embedded in paraffin. The samples were sectioned at the
thickness of 5 yuM and stained with Hematoxylin and eosin (H&E; Sigma-Aldrich, USA)

according to the standard protocol. All images were snapped using an inverted


https://blast.ncbi.nlm.nih.gov/
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microscope (Olympus, 1X81) at 200x magnification in 10 randomly selected areas.
Kidney damage scores were determined by immune cell infiltration in scores 0 to 4,
including, 0; no damage, 1; 0-25% immune cell infiltration, 2; 25-50% immune cell
infiltration, 3; 50-75% immune cell infiltration, and 4; 75-100% immune cell infiltration.
Liver damage, inflammation and necrosis were used as the common marker of liver
injury, which was reported as the total of the individual scores ranged from 0 (no finding)
to 1 (mild), 2 (moderate), and 3 (severe) (120). Ascending colon damage scores were
evaluated based on the Geboes Score (GS) (12 1). This is a comprehensive grading
system that examines erosions or ulcerations, immune cell infiltration, structural
alterations, and crypt degradation. The scores ranged from 0-5, including 0 (No
abnormality), 1-2 (immune cell infiltrate in the lamina propria), 3 (immune cell infiltrate in

the epithelium), 4 (crypt destruction), and 5 (erosion or ulceration/severe).

2.2b) Immunohistochemistry

To determine whether macrophage was completely depleted from internal
tissues, F4/80 (ab6640, Abcam, Cambridge, UK) and Arg1 (GeneTex, GTX113131,
Irvine, California, USA) were used for macrophage detection by immunohistochemistry
staining. All images were visualized by an inverted microscope (Olympus) using two

blinded observations at 200x magnification.

2.2¢) Immunofluorescence

Internal organs were prepared in Tissue-Tek O.C.T compound (Sakura Finetek,
CA, USA), sliced at the thickness of 5 uM, and detected with mouse F4/80 antibody to
evaluate the depletion of macrophages. The samples were fixed with cold acetone for
10 min at room temperature, then washed with 1X Tris-Buffered Saline (1X TBS; pH 7.2)

buffer containing 0.05% Tween-20 before being permeabilized with 0.1% of Triton X-100
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(Sigma Aldrich) for 1 min at room temperature. The fixed samples were blocked a
nonspecific binding using 2% bovine serum albumin (BSA; Sigma-Aldrich, USA) in 1X
TBS, pH 7.2, for 1 h at room temperature. Then, the samples were incubated at 4°C
overnight with primary F4/80 antibody at the dilution of 1:1,000 and triply washed with 1X
TBS, pH 7.2, containing 0.05% Tween-20. To visualize the macrophage marker, Alexa
Fluor® 488 goat anti-rabbit IgG (ab150077, Abcam, Cambridge, UK) was added onto
the tissue slides and incubated at room temperature in the dark for 1 h and washed with
1X TBS, pH 7.2, containing 0.05% Tween-20 for three times to remove any unbound
antibodies. Finally, a nuclear cell was stained with 4',6—diamidino—2—pheny|indole (DAPI;
Sigma Aldrich) for 10 min at room temperature, washed with wash buffer, and increased
fluorophore photostability by prolong antifade mountant (Prolong, Life Technologies,
Way Carlsbad, CA 92008, USA), respectively. The fluorescent images were captured
using ZEISS LSM 800 Airyscan confocal laser scanning microscope at 63x%

magnification (Zeiss, Jena, Germany).

2.2d) Cytokine quantification

Kidney and liver were collected to measure the immune responses (multiple
organs inflammation), pro- and anti-inflammatory cytokines were determined by ELISA
(Invitrogen, USA). All samples were homogenized by sonication under the condition of
pulse on for 20 sec, and pulse off for 5 sec, with on ice for 45 sec (Sonics Vibra Cell,
VCX 750, Sonics &mp; Materials Inc., Newtown, CT, USA). The lyzed samples were
centrifugated and collected for measuring the amount of TNF-Q, IL-6, and IL-10

cytokines as mentioned above.



52

2.3 Evaluation of macrophage depletion-associated parameters in feces
2.3a) DNA extraction and sequencing

To investigate the differentiation of microbiome patterns, 0.3 g of each mouse
feces was collected for the gut microbiome analysis following a previous report (122). In
brief, mouse feces were homogenized by lysis buffer at 65°C for 3 h, digested using a
mechanical bead beater for 20 min with 15 frequency/sec, and the metagenomic DNA
was extracted with Phenol: Chloroform method as previously described (123). The
purified metagenomic DNA was used as the template for the amplification of the V3-V4
region of the 716S rRNA-encoding gene and the ITS region. Both the 76S rRNA and ITS
were sequenced by the lllumina Miseq sequencing platform (lllumina, San Diego, CA,
USA) using the universal prokaryotic 16S primers, 515F (forward: 5'-
GTGCCAGCMGCCGCGGTAA-3" and 806R reverse: 5-GGACTACHVGGGTWTCTAAT-
3’), with the lllumina adapter and Golay barcode sequences for 16S rRNA gene V4
library construction bacteriome sequencing and the universal eukaryotic primers, ITS1
(forward: 5-TTCGTAGGTGAACCTGCGG-3 and ITS4 reverse; 5'-
TCCTCCGCTTATTGATATGC-3’) were used for gut mycobiome identification. The raw
sequences and operational taxonomic unit (OTU) of bacteria were classified following
Mothur’'s standard operating platform, whereas the fungal DNA library was sequenced
using the Miseq system (lllumina) at Omics Sciences and Bioinformatics Center,
Chulalongkorn University. Forward and reverse primers were removed from raw
sequences using cutadapt v 1.18. and trimmomatic v 0.39 with the sliding window
option to trim individual sequences where the average quality scores less than 15
across 4 base pairs. The amplicon sequence variants (ASVs) were analyzed by the
QIIME2 plugin DADAZ2 pipeline software for the identification of the composition of fungi
in fecal samples without unclassified phylum or higher fungal classification. The fungal

classification was analyzed using the BLAST-based tool (https://blast.ncbi.nlm.nih.gov)
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(122). In addition, the mouse fecal-detected 76S rRNA and ITS1/4 sequences were

deposited in the NCBI database with accession number PRINA765503.

3. Interaction between fungal molecules and bacteria that induce a bacterial
abundance

3.1 Microorganism isolation from murine blood

K. pneumoniae, E. faecalis, and Acinetobacter radioresistens (A.
radioresistens) that were isolated from the blood of the clodronate administrated mice
were cultured in Tryptic Soy Broth (TSB; HiMedia, Mumbai, Maharashtra, India) at 37°C
under aerobic conditions for 24 h, and adjusted the turbidity of 1 x 10° cells/mL to use
for functional assays. For fungal isolation, clodronate-liposome blood isolated
C. pintolopesii was inoculated into Sabouraud dextrose broth (SDB; Oxoid, UK) and
incubated at 35°C for 18 h. An overnight fungal culture was heat-killed with incubation at
60°C for 1 h and lyzed cell using sonication to evaluate the effect of the fungal molecule

against bacterial growth.

3.2 Candida yeast cells and Beta-glucan affect a bacterial abundance

To access the interaction of a bacterial abundance among fungal molecules
from various Candida, including i) clodronate-liposome blood-isolated C. pintolopesii, ii)
C. albicans ATCC 90028 (Microbiologics, Saint Cloud, Minnesota, USA), iii) patient-
isolated C. albicans, and iv) BG powder at 0.1 and 1 mg/mL were used. The quantitation
of 1 x 10° cells/ mL of blood-isolated bacteria was co-culture with heat-killed lysate
Candida or BG at the multiplicity of infection (MOI) of 1, 0.1, and 0.01 under aerobic

conditions for 24 h before colony enumeration on TSA plates.
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4. Responsiveness of Caco-2 cells against bacterial and fungal molecules

4.1 Human colorectal adenocarcinoma (Caco-2) cells

Human colorectal adenocarcinoma (Caco-2) cells (ATCC HTB-37, USA) were
cultured in Dulbecco's Modified Eagle Medium (DMEM, Thermo Fisher Scientific,
Waltham, Massachusetts, USA) supplemented with 20% heat-inactivated fetal bovine
serum ( FBS; Gibco, Carlsbad, CA, USA) and 1% PenStrep at 37°C in a 5% CO,
incubator. More than 80-90% cell confluency that was visualized by the trypan blue
exclusion method was seeded into each well of the 12-well plate and rested overnight in
completed DMEM containing 20% FBS and 1% PenStrep at 37°C in a 5% CO,

incubator.

4.2 The role of enterocyte inflammation

To evaluate the responsiveness of colon epithelial cells against fungal molecules
with and without bacterial molecules, the concentration of 1 x 10° cells of Caco-2 was
incubated with fungal molecules with and without bacterial molecules, such as i) yeast
alone at the MOI of 0.1, ii) bacteria alone at the MOI of 0.01, and iii) yeast together with
bacteria at the MOI of 0.1 and 0.01, respectively for 24 h at 37°C with 5% CO,. Beta-
glucan (Megazyme, Bray, Ireland) was used as the specific molecules of Candida. The
supernatant was used for cytokine measurement of IL-8 using ELISA (Invitrogen, USA)

according to the manufacturer’s protocol as described above.

5. Statistical analysis

Mean + standard error (SE) was used for data presentation. The differences
between groups were examined for statistical significance by one-way analysis of
variance (ANOVA) follow by Tukey’'s analysis or Student’s t-test for comparisons of

multiple groups or 2 groups, respectively. All statistical analyses were performed with
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SPSS 11.5 software (SPSS, IL, USA) and Graph Pad Prism version 7.0 software (La Jolla,

CA, USA). A p-value of < 0.05 was considered statistically significant.
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CHAPTER V
RESULTS

1. Macrophage depletion

Clodronate-liposome administration is well-known as the gold standard for
depleting macrophages in mice. To determine macrophages were depleted by
clodronate-liposome administration. Ascending colon was detected the F4/80 (M1
macrophage) by immunofluorescence staining. In addition, immunohistochemistry
staining was used to examine both F4/80 and Arginase1 (M2 macrophage) marker
in ascending colon and liver. Clodronate-liposome (Clod) treated mice were unable
to detect macrophage F4/80 cells, indicating that macrophage was completely
depleted in ascending colon when compared to the liposome control group (Lipo)
(Figure 11A). Similarly, macrophage F4/80 and Arginase1 markers decreased in
both ascending colon and liver when compared with liposome control (Figure 12A-
C), demonstrating that clodronate-liposome administration has the effect of a
reduction of macrophage cells in internal organs, such as ascending colons and

liver.
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Figure 11 Detection of macrophage depletion in mice

Macrophage depletion was demonstrated by immunofluorescence staining
in ascending colon for F4/80 marker (M1 macrophage) (A), (n = 3/group). Lipo;

liposome control and Clod; macrophage-depleted control.
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Figure 12 Determination of macrophage depletion

The examination of macrophage depletion was performed by
immunohistochemistry staining. The liver was stained for the F4/80 marker (A)
and Arginase1 marker (C), whereas the ascending colon was detected for the
Arginase1 marker (B), (n = 3/group). Red arrows indicate Arginase1-positive
cells in the ascending colon, and the brown color represents F4/80 and/or
Arginase1-positive cells. Lipo; liposome control and Clod; macrophage-depleted

control.
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2. More severe sepsis-CLP in mice with macrophage depletion, increasing severity
and mortality rate

To determine the macrophage depletion affects to enhance gut dysbiosis
and sepsis severity in CLP mice, the liposome- (Lipo-CLP) and clodronate-liposome
mice performed CLP (Clod-CLP) were monitored percent survival and body weight,
which are significant indicators for gut dysbiosis. Liposome (Lipo) and clodronate-
administrated mice (Clod) were used as the control group. The lowest survival rate
was found in sepsis with macrophage-depleted mice (Clod-CLP), followed by sepsis
without macrophage-depleted (Lipo-CLP) and macrophage-depleted control (Clod),
respectively, in comparison with the liposome control group. In addition, sepsis
without macrophage-depleted (Lipo-CLP) and macrophage-depleted control (Clod)
have no difference between groups as shown in Figure 12. After administration for 4
days, macrophage-depleted mice were moribund and died at approximately 20%,
and more severe after enhanced sepsis as showed 100% of sepsis with
macrophage-depleted mice in moribund stage and died on day 8 after the
performed experiment (Figure 13A). For detection of body weight, both
macrophage-depleted with and without CLP mice slightly decreased within 3 days
after administration and significantly decreased on day 6 when compared to
liposome administrated with and without CLP mice, while no difference with sepsis

without macrophage-depleted mice (Figure 13B).
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3. More severe sepsis-CLP in mice with macrophage depletion, an impact of gut
permeability defect, and gut translocation

a. Macrophage depletion affects intestinal permeability

Determination of gut leakage after macrophage depletion using FitC-dextran
assay showed a strong signal of the leaky gut after macrophage depletion for 3
days in the macrophage-depleted group, which was higher than in liposome
control without a significant difference (Figure 13A). After 6 days of macrophage
depletion, levels of FitC-dextran slightly increased in both experimental groups
and significantly higher in the macrophage-depleted group in comparison with
the liposome control (Figure 14A). Therefore, macrophage depletion impacts gut
leakage, which is possibly one of the important reasons for a moribund stage

and death after 3 days of clodronate administration in mice.
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Figure 14 Gut permeability

Gut permeability using FitC-dextran measurement (A) after macrophage
depletion on day 3" and day 6" in mice, (n = 5/group). The data are shown as
the mean + SE, *; p-value < 0.05 vs. Lipo (6 days). Lipo; liposome control, Clod;

macrophage-depleted control.



62

b. Bacteremia and fungemia in macrophage depletion

Evaluation of gut translocation associated with macrophage depletion
revealed that bacteremia in the blood of sepsis with macrophage-depleted mice
(Clod-CLP) was significantly higher than sepsis without macrophage-depleted
(Lipo-CLP) (Figure 15A and B), whereas fungemia in the blood of sepsis without
macrophage-depleted mice (Lipo-CLP) did not detect. Bacteremia can detect
K. pneumoniae, E. faecalis, and A. radioresistens, whereas fungemia performed
C. pintolopesii that only found in macrophage-depleted mice with and without
sepsis (Clod). Consequently, macrophage depletion can enhance uncontrol gut
microbes that have effects on the fungal abundance and enhanced

microorganisms spread into the bloodstream (Figure 15C and D).
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Figure 15 Bacterial and fungal blood count

Gut translocation after macrophage depletion with or without CLP surgery.
Bacterial blood count (A), bacterial colonies on Blood agar of Clod group (B),
fungal blood count (C), and C. pintolopesii colonies on SDA from Clod group
(D), (n = 5/group). Lipo; liposome control, Clod; macrophage-depleted control;
Lipo-CLP; sepsis without macrophage-depleted; and Clod-CLP; sepsis with
macrophage-depleted. The data are shown as the mean + SE, * and #; p-value

< 0.05 vs. Lipo or Lipo-CLP.
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c. Enhanced cytokine production in macrophage depletion

The inflammatory responsiveness was examined by analyzing the cytokine
production using ELISA after macrophage depletion indicated that pro-
inflammatory, TNF-Q and IL-6 cytokines, were significantly highest in sepsis with
macrophage-depleted mice, followed by sepsis without macrophage-depleted,
macrophage-depleted control, and liposome control groups, respectively (Figure
16A and B). For anti-inflammatory cytokines, macrophage-depleted mice with
sepsis significantly secreted IL-10 more compared to the others (Figure 16C). In
addition, macrophage-depleted control showed a trend to higher than sepsis

without macrophage-depleted, but no significant difference.

A 200,

-
o
o

1 = p-value < 0.05 vs. Lipo
", p-value < 0.05 vs. Lipo-
CLP

Serum TNF-a (pg/mL)
=
(=]

50 # C , ,
== 20,0007 . y
- P
ek
1f S — | E —
Lipo  Clod Lipo  Clod 2 15,000
----- CLP ----- =Y
- = p-value < 0.05 vs.
=1 10,000 Clod-CLP
B 1,000, £
* 2
. # 5,000+
E 800+ | ! b3
=] #, p-value < 0.05 vs. Lipo
£ gpo4 . p-value <0.05vs. Lipo- ol=—m -
cLp
E Lipo Clod Lipo Clod
P 4004 | DN R RB88009 . CLP ===~
2
g 2004
04

Lipo  Clod Lipe  Clod

Figure 16 Measurement of serum cytokine levels

Serum TNF-Q levels (A), IL-6 levels (B), and IL-10 levels (C), (n = 10/group).
Lipo; liposome control, Clod; macrophage-depleted control; Lipo-CLP; sepsis
without macrophage-depleted; and Clod-CLP; sepsis with macrophage-
depleted. The data are shown as the mean + SE, #; p-value < 0.05 vs. Lipo; *;

p-value < 0.05 vs. Lipo-CLP, ***; p-value < 0.05 vs. Clod-CLP.
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d. Injury of kidney and liver in macrophage depletion

Serum creatinine (SCr) and serum alanine transaminase (ALT) are the
important biomarkers for evaluation of the damage to the kidney and liver,
respectively, which found that sepsis with macrophage-depleted mice
significantly had the highest of both serum SCr and ALT levels in comparison
with other groups (Figure 17A and B). Although sepsis without macrophage-
depleted mice presented higher SCr and ALT levels than in the macrophage-
depleted control and liposome control groups, a significant difference did not
detect. Moreover, macrophage-depleted control and liposome control mice
showed no difference between groups. Hence, sepsis with macrophage-
depleted mice was associated with more kidney and liver injury, which is the

cause of sepsis severity.
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Figure 17 Serum creatinine (SCr) and alanine aminotransferase (ALT)

Quantification of serum SCr (A) and ALT (B). To indicate sepsis severity
after macrophage depletion and performed CLP surgery, (n = 10/group). Lipo;
liposome control, Clod; macrophage-depleted control; Lipo-CLP; sepsis without
macrophage-depleted; and Clod-CLP; sepsis with macrophage-depleted. The
data are shown as the mean £ SE, *; p-value < 0.05 vs. Clod-CL; P#, p-value <

0.05 vs. Lipo.
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4. More severe sepsis-CLP with macrophage depletion, an impact of tissue
inflammation

a. Responsiveness of kidney in sepsis-CLP with macrophage depletion

Pathology of the kidney after macrophage depletion with and without sepsis
demonstrated that macrophage-depleted combined with sepsis-CLP has the
highest kidney damage as strong interstitial inflammatory cells, glomerular
atrophy, degeneration, tubular necrosis, and vacuolation of renal tubules (Figure
18A), whereas macrophage-depleted control and sepsis without macrophage-
depleted groups exhibited mild tissue inflammation as proximal and distal
tubular necrosis and sloughing of tubular epithelial cells when compared with
mice treated with liposome control, acted as the normal histological structures of

the glomerulus, proximal convoluted tubules, and distal convoluted tubules.
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Figure 18 Histological of kidney

Histological analysis using H&E staining of the kidney at a magnification of
200x (A), (n = 5/group). Lipo; liposome control, Clod; macrophage-depleted;
Lipo-CLP; sepsis without macrophage-depleted; and Clod-CLP; sepsis with

macrophage-depleted.

In terms of kidney cytokine production, macrophage-depleted combined
with sepsis mice were significantly the highest in both pro- and anti-inflammatory
cytokine productions. Moreover, sepsis without macrophage-depleted and
liposome control groups showed that kidney IL-10 cytokine was significantly

higher than in the macrophage-depleted without sepsis group (Figure 19A-C).
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Figure 19 Production of kidney cytokines

Production of kidney cytokines containing TNF-QL levels (A), IL-6 levels (B),
and IL-10 levels (C), (n = 10/group). Lipo; liposome control, Clod; macrophage-
depleted control; Lipo-CLP; sepsis without macrophage-depleted; and Clod-
CLP; sepsis with macrophage-depleted. The data are shown as the mean + SE,

¥, ** and ***; p-value < 0.05.
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b. Responsiveness of liver in sepsis-CLP with macrophage depletion

The macrophage-depleted sepsis mice showed severe liver damage as
more infiltration of inflammatory cells and necrotic cells (Figure 20A), whereas
the macrophage-depleted control and sepsis without macrophage-depleted
mice presented moderate hepatic centrilobular mononuclear cell infiltrations and
foci of necrosis of the liver cells using liver liposome control mice acted as the
normal structure of hepatocytes, sinusoids, and nucleus, which surround the

central vein.

A

Figure 20 Histological of liver

Histological analysis using H&E staining of the liver at a magnification of
200x (A), (n = 5/group). Lipo; liposome control, Clod; macrophage-depleted;
Lipo-CLP; sepsis without macrophage-depleted; and Clod-CLP; sepsis with

macrophage-depleted.
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Furthermore, the liver cytokines indicated that sepsis with macrophage-
depleted has significantly the highest quantification of TNF-OU and IL-6, in
contrast to IL-10 cytokine. Liver TNF-a levels in the macrophage-depleted
control showed significant inflammation more than in the liposome control, but
no significant difference with the sepsis without the macrophage-depleted

group. While liver IL-10 showed no differences among groups (Figure 21A-C).
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Figure 21 Characteristics of liver cytokines

The characteristics of liver cytokines analysis after macrophage depletion
and performed CLP surgery. Liver TNF-Q levels (A), Liver IL-6 levels (B), and
Liver IL-10 levels (C), (n = 10/group). Lipo; liposome control, Clod; macrophage-
depleted control; Lipo-CLP; sepsis without macrophage-depleted; and Clod-
CLP; sepsis with macrophage-depleted. The data are shown as the mean + SE,

* ¥ and ***; p-value < 0.05 vs. Clod-CLP.
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c. Pathology of ascending colon in sepsis-CLP with macrophage depletion

The progression was more severe in the macrophage-depleted sepsis
group, demonstrating mucosal degradation, the highest inflammatory cell
infiltration, thickening of the intestinal wall, and ulceration (Figure 22A). Then,
clodronate-liposome administration together with enhanced sepsis showed more
inflammation that might be resulted from the reduction in peripheral blood
monocytes, but not other leukocytes or erythrocytes, which causing of more
severe sepsis as shown by immune cell infiltrations, abnormal cell structure, and
necrosis. In addition, macrophage-depleted control and sepsis without
macrophage-depleted mice exhibited few immune cell infiltrations at the laminar

propria.
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Figure 22 Histopathological of ascending colon

Histopathological examination using H&E staining of the ascending colon at
a magnification of 200x (A), (n = 5/group). Lipo; liposome control, Clod;
macrophage-depleted; Lipo-CLP; sepsis without macrophage-depleted; and

Clod-CLP; sepsis with macrophage-depleted.
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5. The association between sepsis-CLP in mice with macrophage depletion and
gut dysbiosis

5.1 Gut mycobiome dysbiosis in macrophage depletion

Differentiation of gut mycobiome dysbiosis after macrophage depletion were
evaluated by microbiome analysis using ITS sequence mouse feces as the
sample. Fecal mycobiome sequences of macrophage-depleted (non-sepsis)
mice presented phylum Ascomycota, order Saccharomycetales and
Hypocreales (Figure 23A, B, and 24A), family Debaryomycetaceae and
Stachybotryaceae, and genus Mycothecium spp., Debaryomyce spp.,
Cladosporium spp., and Talaromyces spp. (Figure 23C, D, and 24B-E) were
significantly enhanced when compared to the other groups. Similarly, the alpha
diversity (Shannon), which observed total operational taxonomic units (OTUs; the
cluster of similar sequence variants of the marker gene sequence), and beta
diversity (Bray-Curtis) were mostly raised in comparison to the non-macrophage
depleted (both sepsis and non-sepsis) group (Figure 25A-C). These results
confirmed the elevation of fecal fungal abundance in macrophage-depleted
mice, which was clearly different from control as the separated 2 groups of data
in beta diversity analysis, especially for the Ascomycota group (a group that
includes Candida spp.) and observed OTUs and fecal culture (Figure 15C and
D). While gut mycobiome was significantly decreased by enhanced sepsis in

macrophage-depleted mice compared with macrophage-depleted control.
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Figure 25 The fungal alpha and beta diversity

Mycobiome analysis from feces of mice with liposome control and
clodronate-liposome administration with or without sepsis as indicated by alpha
diversity (Shannon) (A), observed total operational taxonomic units (Chao 1)
(OTUs) (B), and beta diversity (Bray Curtis) (C) were demonstrated, (n =
3/group). Lipo; liposome control, Clod; macrophage-depleted control; Lipo-CLP;
sepsis without macrophage-depleted; and Clod-CLP; sepsis with macrophage-

depleted. The data are shown as the mean £ SE, *; p-value < 0.05.
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5.2 Gut bacteriome dysbiosis in macrophage depletion

In terms of sepsis with macrophage-depleted mice, fecal bacteriome
sequences including phylum Proteobacteria, which associates with pathogenic
bacteria, significantly increased, whereas phylum Firmicutes, which is the
dominant fecal bacteria in healthy mice, were significantly decreased. While the
abundance of phylum Bacteroidota was not different in the macrophage-
depleted sepsis mice when compared with sepsis without macrophage-depleted
mice (Figure 26A-D). Comparison of with and without sepsis diagrams shown in
Figure 26 indicated that sepsis-CLP mice mostly composed of the greater of
pathogenic bacteria, including Enterobacter spp., Klebsiella spp., and
Escherichia-Shigella spp. (Proteobacteria) (Figure 27A-E). Although there were
no differences in the alpha and beta diversity between CLP animals that had
macrophage depletion, sepsis without macrophage-depleted mice was a

significant difference from liposome control mice (Figure 27F-H).
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Figure 26 Bacteriome analysis

Bacteriome analysis from feces showed the relative abundance in phylum
(A), the abundance of Proteobacteria (B), Bacteroidota (C), and Firmicutes (D),
(n = 3/group). Lipo; liposome control, Clod; macrophage-depleted control; Lipo-
CLP; sepsis without macrophage-depleted; and Clod-CLP; sepsis with

macrophage-depleted. The data are shown as the mean + SE, *; p-value < 0.0
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6. An impact of gut fungi on overgrowth of some bacteria and the activation of
enterocytes, an influence of gut fungi on sepsis severity

6.1 The interaction between gut fungi and the overgrowth of some bacteria

To investigate the gut fungi affected to the overgrowth of gut bacteria, the
heat-kill lysate of isolated C. pintolopesii, the Candida yeast cells isolated from
blood cultured in macrophage-depleted control mice, and heat-kill lysate of
C. albicans ATCC 90028, and C. albicans (human blood) acted as the control,
were co-incubated with or without live isolated bacteria from blood in
macrophage-depleted mice, including K. pneumoniae (Kleb), E. faecalis
(Entero), and A. radioresistens (Acineto). The colony counting results
demonstrated that heat-kill lysate of all Candida yeast cells significantly
increased bacteria overgrowth in a dose-dependent manner, especially co-
incubation at the multiplicity of infection (MOI) of 0.01 of live bacteria together
with the highest heat-kill lysate C. pintolopesii (Figure 28A-C), C. albicans
ATCC90028 (Figure 29A-C), and C. albicans isolated from human blood (Figure
30A-C). However, only the heat-kill lysate of C. albicans ATCC90028 co-
incubated with A. radioresistens has not significantly increased the bacterial
population. As (1—>3)-B-D-Glucan (BG) is a significant component of the fungal
cell wall that could promote the growth of some bacteria and glucan-digestible
bacteria were identified, and BG of Candida spp. in the gut may be a source for
bacterial fermentation. To investigate whether BG as representative fungal
molecules can induce bacterial abundance, a purified BG in different doses,
including 0.1 and 1 mg/mL was co-incubated with isolated bacteria at 37°C for
24 h demonstrating that BG significantly induce bacterial abundance (Figure

31A-C).
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6.1 Responsiveness of enterocytes against gut fungi and bacterial components
Candida spp. and BG powder not only influence bacterial abundance but
also induced enterocytes and other immune cell responses. The Caco-2
enterocyte cells were co-incubated with heat-kill lysate fungi, including
C. pintolopesii, C. albicans ATCC90028, and C. albicans with or without heat-kill
lysate isolated bacteria, including K. pneumoniae, E. faecalis, and
A. radioresistens, which used purified BG as the one of the positive molecules.
The results showed the highest IL-8 cytokine production in the combination of
heat-kill lysate A. radioresistens along with each Candida, whereas, the heat-kill
lysate of yeast cells together with heat-kill lysate K. pneumoniae showed IL-8
cytokine production was higher than heat-kill lysate Klebsiella alone, but no

significant difference between groups (Figure 32A-D).
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Figure 32 The levels of IL-8 cytokine in different conditions

Heat-kill lysate C. pintolopesii (A), heat-kill lysate C. albicans ATCC90028
(B), heat-kill lysate C. albicans which isolated from human blood (C), and
(1—3)-B-p-Glucan (BG) powder (D) were co-incubated with or without heat-kill
lysate isolated bacteria, (n=9/group). The data are shown as the mean * SE, *,

**: p-value < 0.05.
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CHAPTER VI
DISCUSSION

1. Increased fungi have impaired gut permeability in macrophage-depleted mice
facilitated sepsis severity, a two-hit sepsis model due to fungemia and
bacteremia.

The increased sepsis severity in macrophage-depleted mice containing sepsis
was caused by an increase in the number of gut fungi, revealing the role of gut fungi
and macrophages in sepsis. Clodronate-liposome treatment is one of the most
effective  methods that efficiently reduced intestinal macrophages, liver
macrophages, and peripheral blood monocytes (52, 124). Therefore, macrophage
dysfunction can lead to an inability to an appropriate immune response and
implicated in various disease processes. In terms of macrophage depletion along
with gut leakage, the imbalance of microorganisms occurred resulting in the
differentiation of gut mycobiome and bacteriome, respectively, which affects to an
increased severity. The intestinal macrophage dysfunction performed fungemia and
the abundance of pathogenic Ascomycota fungi but not pathogenic bacteria
(Proteobacteria), indicating that depleted macrophages are not able to control the
gut fungi. However, in non-sepsis macrophage-depleted animals, increased fecal
Ascomycota with decreased Firmicutes (a group of helpful bacteria on gut integrity)
(98, 125) triggered gut dysbiosis severe enough to cause gut permeability defect
(gut leakage) (126), which may partly be caused by enterocyte injury by fungi (for
example, germ tube formation from Candida) (127). The fungemia and bacteremia in
non-sepsis macrophage-depleted mice might be the first hit injury that worsens
sepsis, similar to other two-hit sepsis models (128), as macrophage-depleted as the

“first hit” together with sepsis-CLP as a “second hit” was more severe than in normal
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mice. Despite the well-known knowledge that chronic intestinal inflammation
encourages the growth of gut fungi because commensal bacterial competition is
reduced, sepsis-CLP did not increase fecal fungal loads (perhaps because of too
short duration). Even though the fecal contents of bacteria and fungi in macrophage-
depleted animals with non-CLP versus CLP were similar by culture and detected
OTUs, gut leakage in CLP mice was more severe than in sham mice, possibly
because of the intestinal hypoxia and gut pathogens after sepsis (129, 130). In
terms, gut dysbiosis is not only the reduction in microbial diversity and a
combination of the loss of beneficial bacteria, but is also associated with pathogenic
in host, for example metabolic dysfunction and gut inflammation (131, 132). As in
this study, the fecal microbiome in sepsis without macrophage-depleted mice was
similar to pathogenic bacteria, especially Enterobacteriaceae, in comparison with
the control group, alpha diversity (a measure of microbiome diversity applicable to a
single sample) and immune response was significantly higher.

In addition, previous report suggests neutrophils are significantly increased and
recruited into organ tissue, during macrophage-depleted by clodronate-liposome
administration (133). In short, neutrophils are the highest number of white blood cells
in the human body, represent professional phagocytes of the innate immune system,
and are crucial for preventing bacterial and fungal infections, such as Candida spp.
and Aspergillus spp. is the most common species infecting a human (134). In this
study, neutrophils should be activated by Ascomycota, especially C. pintolopesii, in
macrophage-depleted mice. These phagocytic hunters go in the direction of
invasive fungi, then secreting antimicrobial peptides, cytokines, and chemokines to
recruit and activate other immune cells at the site of infections, and they also
produce reactive oxygen species (ROS), such as elastase (NE) and

myeloperoxidase (MPO) to destroy DNA structure of fungi. In case fungi produce
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hyphae form (extracellular fungi) to invade tissue, neutrophils can produce
neutrophil extracellular traps (NETs) to destroy and capture microorganisms. NETs
capture a wide range of microorganisms, including bacteria, fungi, and parasites. It
composes decondensed chromatin, antimicrobial proteins, including NE and MPO,
and histones (135, 136). Then, macrophage-depleted induces gut dysbiosis and
increased fecal and blood fungi might enhance more immune response and more

severe sepsis than normal mice.

2. Some high-virulence bacterial strains in the gut were made to proliferate more
quickly by fecal fungus, which facilitated bacteremia and made sepsis worse in
macrophage-depleted mice.

The relevance of macrophages in the regulation of pathogenic bacteria has
already been mentioned, the facilitated growth of some bacteria in gut dysbiosis,
such as the growth of P. aeruginosa with the presence of Candida spp. in the gut
(137). The capacity of some gut bacteria to digest BG, a key component of the
fungal cell wall, might be the cause of the specific preferred proliferation in gut
bacteria (137), whereas prokaryotic polyphosphates in some bacteria increase
infection severity by reducing the anti-microbial activity of macrophages (138). In
non-sepsis and sepsis mice with macrophage depletion, E. faecalis, the commensal
bacteria (139), and Gram-negative pathogenic bacteria, constituted the majority of
the bacteremia. Gram-negative bacteria in sepsis-CLP caused death and organ
damage, suggesting the differential in bacterial virulence (104), while E. faecalis in
sham animals only slightly elevated serum cytokines without causing organ damage.
Despite commensal organisms, such as E. faecalis, being important for host-
immune maturation and gut-barrier maintenance, they also activate immune

response and inflammation during gut leakage (140). In spite of the similarities in
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isolated strains of Gram-negative bacteria across sepsis-CLP animals with and
without macrophage depletion, macrophage-depleted mice had significantly higher
levels of pathogenic bacteria in their blood (blood culture) and feces (microbiome
study). In contrast, the identified C. pintolopesii from mouse blood, Ascomycota (a
category of Candida spp.) were the most prevalent fecal fungi in macrophage-
depleted animals (non-sepsis and sepsis). These data indicated that macrophage
depletion promotes Candida growth which can enhance a higher abundance of
bacteria, E. faecalis, and Proteobacteria in non-sepsis and sepsis mice models,
respectively (Figure 33A-D). It is possible that in non-sepsis mice, gut Candida
promotes commensal bacteria, E. faecalis, whereas, in sepsis, gut inflammation
causes the formation of pathogenic bacteria that are enhanced by gut Candida spp.
The fact is that sepsis, even from non-gastrointestinal infections, increases gut-
pathogenic bacteria and leaky gut (141, 142), in part due to stress-induced gut
dysbiosis (143, 144). Because some bacteria from macrophage-depleted mice
might be augmented by fungi (fungal digesters) (145), isolated bacteria from the
blood of macrophage-depleted CLP mice were further tested. Accordingly, the
abundances of the isolated E. faecalis, K. pneumoniae, and A. radioresistens in
culture were enhanced by fungal lysate or (1 — 3)-B-D-glucan (BG; a major
molecule of the fungal cell wall), suggesting assistance of gut fungi on bacterial
growth possibly due to the fungal digestion abilities (146). As a result,
Proteobacteria can produce B-glucans and B-1,3-glucanase that leading to the
enhancement of Enterococcus spp. growth in the culture media which is
supplemented with B-glucans. Additional research is necessary to learn more about
the mechanisms of these relationships. Additionally, this study only classified

bacterial growth in aerobic conditions and little amount of blood culture, but not the
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optimum condition for small populations of bacteria and anaerobic bacteria might be
cannot grow. Future study might be important.

Furthermore, fungal sepsis shares common mechanisms with bacterial sepsis,
but in contrast, bacteria are fast-growing Gram-negative microbiota in the feces that
grew gradually up to 24 h after sepsis was induced, then it gradually decreased to
the control level after 72 h (3, 147). As shown after inducing sepsis, fecal fungi
decreased while pathogenic bacteria, especially Protecbacteria increased in
macrophage-depleted and induce sepsis-CLP mice. However, this study determines
microorganisms only at the endpoint, so the bacterial and fungal populations at

difference time points should be investigate in the future.

3. Mice lacking macrophages have increased levels of gut fungi, which influence
enterocytes causing local and systemic inflammation, respectively.

It has been previously observed that oral administration of fungus increases the
level of BG translocate in the gut, which increases the severity of sepsis via
increasing systemic inflammation (148-150). In this study, macrophage depletion led
to the spontaneous elevation of fecal fungi in mice, specifically C. pintolopesii (the
previously known non-albicans Candida in mouse guts) (151), which selectively
enhanced some bacterial strains (causing gut dysbiosis) and caused gut
translocation of LPS, important outer membrane components of gram-negative
bacteria, and BG. Similar to a heat-kill lysate of isolated bacteria together with BG
additively increased enterocyte-mediated inflammation compared with a heat-kill
lysate of isolated bacteria, fungi, or BG alone which worsened sepsis more
inflammation. The co-stimulation of TLR-4 and Dectin-1 in comparison to other cells
may help explain why the presence of BG along with LPS in the gut may boost pro-

inflammatory responses of enterocytes as compared to activation by each molecule
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alone (148, 150). Indeed, the combination between BG and LPS administered
intravenously causes a greater induction of serum cytokines than either molecule
administered alone (101), demonstrating the additive effect of BG upon LPS
responses in many mice models (4, 152). The prominent enterocyte inflammation
may result in gut barrier breakdown and an increase in LPS and BG in the portal
vein (97), which stimulates several cell types in the liver, including the hepatic
sinusoidal endothelial cells and Kupffer cells (the first cell populations to come into
contact with portal vein-derived molecules from the gut) (153), resulting in the
elevated serum cytokines (but not enough to elevate liver enzyme). There is a need
for more research on the reactions of the liver to gut barrier defects.

Moreover, extreme macrophage suppression from the developing macrophage
interference in numerous disorders (cancers, autoimmune diseases, and sepsis)
may increase the fecal fungus and worsen the severity of sepsis. When macrophage
inhibition is taking place, several biomarkers (serum BG or fecal fungus) may be
helpful. In addition, macrophage transfer therapy or adoptive therapy might be an
interesting method, such as the transfer of M1 macrophage to control
microorganisms infection and/or M2 macrophage to improve inflammation. More

research is essential.
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Figure 33 Diagram of macrophage depletion enhances sepsis severity

The contributing theory demonstrates a balance between immune
responses, especially macrophage function, versus intestinal microbes in normal
mice (A). Clodronate-liposome administration induces macrophage depletion
(apoptosis) and causes an overgrowth of gut fungi (C. pintolopesii), (B).
Clodronate-liposome administered mice without CLP performed macrophage
depletion causes fungal overgrowth and enhances bacteria in the gut causing a
mild degree of gut permeability defect through enterocyte tight junction damage
or enterocyte cell death (C). Macrophage-depleted with CLP-sepsis
demonstrated that sepsis induces the overgrowth of pathogenic bacteria
(sepsis-induced  gut dysbiosis), especially Gram-negative bacteria
(Proteobacteria), and gut fungi which facilitates the growth of some other strains
of pathogenic bacteria results in a more severe gut leakage, bacteremia of the
high virulence microbes and severe sepsis (D). Diagram was created by
BioRender software (https://app.biorender.com/illustrations) on November 14",

2021.
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CHAPTER VI
CONCLUSION

This study evaluated the sepsis severity with or without macrophage dysfunction
in mice. The sepsis with macrophage-depleted mice shows the highest sepsis severity
with the lowest survival rate and body weight, whereas higher gut leakage, gut
translocation (fungemia as C. pintolopesii and bacteremia, such as K. pneumoniae,
A. radioresistens, and E. faecalis), organ injuries (kidney and liver), serum and tissue
inflammatory cytokines, and histopathology with immune cell infiltrations when
compared with sepsis without macrophage-depleted mice. In addition, macrophage
depletion can enhance fecal Ascomycota and pathogenic bacteria, especially
Proteobacteria while a decrease in Firmicutes, suggesting that macrophage depletion
enhances the progression of sepsis. Furthermore, in vitro studies, investigate the
interactions of pathogenic microorganisms. The heat-kill lysate fungi, which are isolated
from macrophage-depleted blood, and purified BG powder show significantly increased
bacterial abundance in comparison with bacteria alone. Because some Protecbacteria
can produce B-1,3-glucanase, there might be the assistance of gut fungi on the growth
of some bacteria (the ability to digest fungal molecules). In addition, fungal molecules
combine with bacterial molecules enhance more inflammatory cytokine production from
enterocytes as additive effect, compared with fungal or bacterial molecules alone. In
conclusion, macrophage depletion enhanced fecal Candida and fecal pathogenic
bacteria overgrowth, intestinal barrier damage, and gut translocation of bacteria and
fungi that additively worsened sepsis severity. The monitoring of fungal abundance
during macrophage dysfunction is interesting. More research on these issues would be

beneficial.
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This thesis was cited from “Macrophage depletion alters bacterial gut microbiota
partly through fungal overgrowth in feces that worsens cecal ligation and puncture

sepsis mice”, which has been published in the journal of Scientific Reports; Volume

12(1):9345 (154).
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APPENDIX A
MATERIALS AND EQUIPMENT

Materials

0.22 um Surfactant-free cellulose acetate membrane filters (Minisart, Germany), Lot No.
220762-052-A

0.25% Trypsin in TmM EDTA (Hyclone, USA), Lot No. 2062476

0.4% Trypan blue solution (Hyclone, USA), Lot No. 2169134

95% alcohol (Liquor distillery organization excise department, Thailand), Lot No. 255336
Absolute alcohol (Merck, Germany), Lot No. K48802114713

Alanine Transaminase (ALT) Blood Test kit (BioAssay, USA), Lot No. A1210-22-100T
Anti-Arginase1 (Irvine, California, USA), Cas No. #17-3697-82

Anti-F4/80 (Abcam, Cambridge, UK), Lot No. ab150077

Beta-mercaptone (Sigma-Aldrich, Germany), Cas No. 60-24-2

Blood agar (Oxoid, UK), Lot No. 221221(01)

Bovine serum albumin (BSA) (Sigma-Aldrich, USA), Cas No. 9048-46-8

Chloroform (Sigma-Aldrich, Germany), Cas No. 67-66-3

Clodronate-liposome (Encapsula Nanoscience, USA), Lot No. CLD8901-07312020
Cryovial (Nunc, Denmark), Lot No. 210314-539

Dimethyl sulfoxide (DMSO) (Sigma-Aldrich, USA), Cas No. 67-68-5

Disodium hydrogen phosphate (Na,HPO,) (Ajax finechem Pty Ltd, Australia), Cas No.
7558-79-4

Dulbecco’s Modified Eagle Medium (DMEM) (Hyclone, USA), Lot No. 2186844

EDTA (Merck, Germany), Cat No. 17892

Eosin (Merck, Germany), Cat No. 109844

Fetal bovine serum (Hyclone, USA), Cat No. 12203C
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Fluorescein isothiocyanate dextran (FITC-dextran) (Sigma-Aldrich, USA), Lot No.
BCCB7859

Glycerol (Merck, Germany), Cas No. 56-81-5

Hematoxylin (Merck, Germany), Cas No. 517-28-2

HEPES (Hyclone, USA), Cas No. 7365-45-9

HRP conjugated goat anti-mouse isotype-specific antibodies (BioLegend, USA), Lot No.
232582-000

Human IL-8 ELISA kits (Invitrogen, USA), Lot No. 227748-000

Iso-propanol (QR&C, New Zealand), Lot No. PR141-1-4000

Isoamyl (QREC, New Zealand), Cas No. 123-51-3

Mouse TNF-a, IL-6, IL-10 ELISA kits (Invitrogen, USA), Lot No. 20933000, 206666000,
and 282663-000, respectively.

Phenol (Amresco, USA), Lot No. 27066433

Potassium Chloride (KCI) (Merck, Germany, Cas No. 7447-40-7

Potassium dihydrogen phosphate (KH,PO,) (Sigma-Aldrich, Germany), Cas No. 7778-
77-0

Sabouraud Dextrose Agar (SDA) (Oxoid, UK), Lot No. 0000533576

Sabouraud dextrose broth (SDB) (Oxoid, UK), Lot No. 0000525419

Serum creatinine kit (BioAssay, USA), Cat No. ABIN577684

Sodium Chloride (NaCl) (Sigma-Aldrich, USA), Lot No. R161V0

Sodium dodecyl sulfate (SDS) (Sigma-Aldrich, Germany), Cas No. 151-21-3

Sodium Pyruvate (Hyclone, USA), Cat No. 11360070

Streptomycin/Penicillin G (Hyclone, USA), Cat No. 15140122

Sulfuric acid (H,SO,) (Sigma-Aldrich, Germany), Cas No. 7664-93-9

SYBR™ Green PCR Master Mix (Thermo Fisher Scientific, USA), Cat No. 4309155

TMB substrate Set (BioLegend, USA), Lot No. 232582-000
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Tris (Sigma-Aldrich, Germany), Lot No. 1A0420AMS10341
Tryptic Soy Broth (TSB) (HiMedia, India), Cat No. M290-500G

Tween 20 (Merck, Germany), Cat No. 003005

Equipment

-20°C Freezer (Sanyo, Japan)

-80°C Freezer (Sanyo, Japan)

96-Well Flat-bottom tissue culture plates (Nunclon D, Denmark), Lot No. B7.8H20-30066
Auto pipette; P-2.5, P-20, P-100, P-200, and P-1000 (Gilson, France).
Autoclave (Hirayama, Japan)

Barrier tips; 10 yL, 20 pL, 100 uL, 200 pL, and 1,000 uL (Neptune, Mexico), Lot No. BT-
20-B, BT-200-B, and BT-1000-B, respectively.

Biological safety cabinet (Astec-Microflow, Bioquell UK Ltd, UK)
CO, incubator (BINDER GmbH, Germany)

Confocal microscope (Olympus, Japan)

Conical centrifuge tubes; 15 mL, 50 mL (Nunc, USA)

CytoSpin Chamber (Thermo Fisher Scientific, USA)

Eppendorf Master Cycler Gradient Thermal Cycler (Germany)

Heat box (Scientific Industries Inc., USA)

Hemacytometer (Bright-line) (BOECO, Germany)

Hot plate (Stuart, Germany)

Incubator (Memmert GmbH, Germany)

Inverted microscope (Olympus, Japan)

Micropipette (Gilson, France)

Multi-channel pipette (Socorex, Switzerland)

NanoDropTM 1000 Spectrophotometer (Thermo Fisher Scientific, USA)
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pH meter (Thermo Fisher Scientific, USA)

Refrigerated centrifuge (Sanyo, Japan)

Safety cabinet (Augustin, Thailand)

Serological pipettes; 5 mL, 10 mL, and 25 mL (Corning, USA), Lot No. F150001 and
G020001

Sonicator (Sonics Vibra Cell, USA)

Spectrophotometer (Thermo Fisher Scientific, USA)

Sterile nylon Silke (HAVELS, USA), Lot No. 1701009

Sterile surgical blade (HAVELS, USA), Lot No. 200509A

Surgical Needle (HAVELS, USA), Lot No. 21112

Syringe; 1 mL and 5 mL (Nipro, Thailand), Lot No. 20110616

Tissue culture flask; 25 cm®, 75 cm’ (Nunc, Denmark), Lot No. 422203
UV transilluminator (Bio-Rad, USA)

Vertical laminar flow workstation (Microflow, UK)

Water bath (Memmert GmbH, Germany)

Software and programs

Biorender

Endnote 20
G-power

GraphPad Prism 6.0
Keynote

Microsoft Office
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APPENDIX B
MOLECULAR ANALYSIS

DNA extraction
1.1 Reagents

Lysis solution; 20 mM NaCl, 20 mM EDTA, 40 mM Tris-HCI pH 8.0, 0.5%

SDS, and 0.5% Beta-mercaptone

5 M NaCl 20 mL
0.5M EDTA 20 mL
1M Tris 20 mL
10% SDS 25 mL
Beta-mercaptone 2.5 mL (Should be added to the solution

prior to use)
Distilled water 412.5 mL
*Proteinase K; 20 mg/mL in DW

*Saturated NaCl (approximately 6 M)

1.2 Protocol

1. Mouse feces or microorganisms were lysed in 500 L of lysis buffer at
65°C for 3 h. Then, 20 pL of proteinase K (20 mg/mL) was added.
(Optional; add 250 uL of Saturated NaCl, shake well for 10 sec, and
incubate on ice for 15 min)

2. The sample was broken via bead beater for 3-5 min and centrifuged at

4°C, 10,000 rpm for 10 min.
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The supernatant was transferred into a new tube, then 500 pL of Phenol:
Chloroform: Isoamyl [25:24:1], incubated on ice for 5 min. The sample
was centrifuged at 4°C, 10,000 rpm for 10 min.

The supernatant was collected into a new tube, added 500 pL of
Chloroform: Isoamyl [24:1], and incubated on ice for 5 min. The sample
was centrifuged at 4°C, 10,000 rpm for 10 min.

The clear DNA in the supernatant was transferred into a new tube and
clod isopropanol was added immediately. The sample was incubated on
ice for 1 h or overnight in a -20°C Freezer.

The sample was centrifuged at 4°C, 10,000 rpom for 10 min, discard
supernatant, and washed with 500 uL of 75% ethanol alcohol, then
centrifuged again.

Absolute alcohol was added to the pellet for final washing, plate DNA
pellet air dry for 20 min.

PCR water was added to dilute the pelleted DNA and kept in a -80°C

Freezer until use.
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2. Real-time PCR for determining bacteria genes
2.1 Real-time PCR mixture preparation

Calculation and aliguot PCR master mix as follows table in 1.5 mL

microcentrifuge tube.

PCR master mix pL/sample
SYBR™ Green PCR Master Mix 5
Forward primer 0.5
Reveres primer 0.5
PCR water 2
8 uL/sample
DNA sample 2

Primers; Bacteria, 515F, Forward primer; 5’-GTGCCAGCMGCCGCGGTAA-3’

Bacteria, 806R, Reveres primer; 5-GGACTACHVGGGTWTCTAAT-3’

2.2 Real-time PCR condition

The Thermal cycle was adjusted as in the table.

Step Temperature (°C) Time Cycle
1 95 10 min
2 95 15 sec
3 60 1 min 40 cycles
4 72 30 sec
5 72 1 min
6 4 Forever
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APPENDIX C
THE HISTOLOGY STAINING

Hematoxylin and Eosin staining (H&E)

1.1 Slides were put into a xylene jar to de-paraffin, 3 jars, for 10 min per jar.

1.2 The slide was put into a 95% alcohol jar, 3 jars, for 20 min per jar. Then, the
slide was soaked with water running for 3 min (beware of slide drying).

1.3 During the staining steps, the slide was added into a hematoxylin jar for 3
min, then washed with running water for 3 min. The slide was dipped in 95%
alcohol, 10 times.

1.4 The slide was added into an eosin jar for 3 min and dipped in 95% alcohol,
10 times. After that slide was dipped in absolute alcohol 10 times and

dipped in a xylene jar, 10 times.

Immunohistochemistry staining

2.1 Before beginning the staining technique, it is necessary to rehydrate the
tissue. Rinse the slides with deionized water.

2.2 Using a barrier pen, encircle the tissue with a hydrophobic barrier.

2.3 In order to stop endogenous peroxidase activity, incubate the sample for 5-
15 min with 1-3 drops of peroxidase-blocking reagent (3% H,O, in water or
methanol).

2.4 After rinsing, gently wash the sample in a wash buffer for 5 min.

2.5 The section was blocked with 1-3 drops of serum-blocking reagent for 15
min to decrease non-specific hydrophobic interactions between the primary

antibodies and the tissue. Before moving on to the next step, the slides were
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drained, and removed any extra obstructing reagent using a damp cloth.
Never rinsed.

The avidin-blocking reagent was added 1-3 drops on the sample for 15 min
to prevent binding to endogenous biotin. Slides were drained and removed
any extra wash buffer before rinsing the sample.

The sample should be incubated with 1-3 drops of biotin-blocking reagent
for 15 min in order to prevent further binding to the avidin used in step 6
from occurring. Drain the slides after rinsing with wash buffer and removing
any extra wash buffer with a clean cloth.

The incubation buffer was used to incubate the sample with the primary
antibody. It is advised to incubate overnight at 2-8°C. This incubation
procedure lowers non-specific background staining while enabling the best
possible specific binding of antibodies to tissue targets. Then, the sample
was washed with a buffer after rinsing.

The biotinylated secondary antibody was applied to the sample for 30-60
min. Then, the sample was rinsed with wash buffer 3 times for 15 min on

each slide.

2.10  High Sensitivity Streptavidin-HRP conjugate (HSS-HRP) was added to

211

incubate the sample for 30 min. After that, rinsed and washed 3 times in the
wash buffer for 2 min on each slide.

The required working volume of DAB/AEC Chromogen Solution that 100-
200 pL is required to cover the entire tissue section on a single slide. Add 1-
5 drops of DAB/AEC Chromogen Solution to cover the entire tissue section
and incubate for 3-20 min. The sample was rinsed and washed 3 times in
the wash buffer for 2 min. Then, drained the slides after rinsing them with

deionized water.
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For better tissue morphology visualization, stained tissue can be
mounted either without nuclear counterstaining or with nuclear counterstain

hematoxylin. Cover stained tissue with a coverslip of the proper size.

Immunofluorescence staining

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

Tissue preparation; the sectioned tissue was added on a slide.

Fixation; 100% chilled methanol at -20°C was added to the sample slide for
10 min.

Permeabilization; the sample was permeabilized with 0.1-0.05% Triton X-
100 in 1X PBS, pH 7.4 (containing 100 mM glycine) for 20 min at room
temperature. After permeabilization rinses the coverslips with 1X PBS at
least three times.

*Permeabilization is used when staining for internal antigens.

Blocking; block for an h at room temperature with 2-5% animal serum, BSA,
or milk diluted in 1X PBS, pH 7.4.

Incubating with primary antibody; The slide sample was incubated with
diluted primary antibody (1:) in 1% blocking buffer for 1 h at room
temperature. Then, the slide was washed with a washing buffer 3 times.
Incubating with secondary antibody; The slide sample was incubated with
diluted secondary antibody (1:) in 1% blocking buffer for 1 h at room
temperature. Then, the slide was washed with a washing buffer 3 times.

The slide was stained with DAPI (1:10,000) for 10 m then rinse with water.
Mounting; the slide was mounted with a mounting buffer, then leave the

slides to dry overnight.



106

APPENDIX D
CACO-2 CELL CULTURE

Media preparation

1.1 DMEM completed medium

DMEM serum-free media (high glucose) 100.0 mL
FBS 20.0 mL
HEPES 1.0 mL
Sodium Pyruvate 1.0 mL
PenG/Step 1.0 mL

*DMEM completed medium was kept at 4 °C before use.

Thawing frozen cells and cell culture

2.1 The cryovial containing the Caco-2 frozen cells was removed from liquid
nitrogen storage and immediately place into a 37°C water bath.

*Gently swirl the vial in the 37°C water bath until there is just a tiny quantity of
ice left in the vial, and quickly defrost the cells (1 min).

2.2 The vial was placed inside a hood with laminar airflow. Wipe the vial's
outside with 70% ethanol before opening them.

2.3 Caco-2 cell was added into the pre-warmed completed DMEM medium for
Caco-2 into the centrifuge tube containing the thawed cells. Then, the cell
suspension was centrifuged at 1,500 rpm, 4°C for 5 min.

2.4 The cell pellet was collected, gently resuspend the cells in a complete

growth medium.
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3. Freezing cells

Cells should be in the log phase.

3.1 Freezing media preparation; 10% DMSO was added into in-activated FBS.

3.2 The cells were centrifuged at 1,500 rpm, 4°C for 5 min to pellet cells. Using a
pipette, remove the supernatant down to the smallest volume without
disturbing the cells. Then, the viable cell number should be counted before
cryopreserving.

3.3 Caco-2 cell was aliquoted into cryogenic storage vials. Place vials on wet ice
orin a 4°C refrigerator, and start the freezing procedure within 5 min.

3.4 All vials were placed in an insulated box and placed in a freezer that is

between -70°C and -90°C before being moved to liquid nitrogen storage.
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APPENDIX E
CULTURE MEDIA

1. Sabouraud Dextose Agar (SDA), Lot No. 0000533576

Pancreatic digest of casein 5049
Peptic digest of animal tissue 509
Dextrose 40.0g
Agar 15.04g
Distilled water 1,000 mL

*SDA was sterilized by autoclave at 121°C for 15 min and all plates were

kept at 4°C before use.

2. Sabouraud Dextose Broth (SB), Lot No. 0000525419
Dehydrated SB 30.0g
Distilled water 1,000 mL
*SB was sterilized by autoclave at 121°C for 15 min and kept at 4°C

before use.

3. Blood agar, Lot No. 221221(01)

Dehydrated TSB 30.0g
Agar 15.0 g
Distilled water 1,000 mL

*The media was sterilized by autoclave at 121°C for 15 min, then 50 mL
of sheep blood was added into a warm medium (50-60°C), and all plates

were kept at 4°C before use.
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4. Tryptic Soy Agar (TSA), Cat No. M290-500G

Dehydrated TSB 30.0g
Agar 15.04g
Distilled water 1,000 mL

*TSA was sterilized by autoclave at 121°C for 15 min and all plates were

kept at 4°C before use.

5. Tryptic Soy Broth (TSB), Cat No. M290-500G
Dehydrated TSB 30.0g
Distilled water 1,000 mL
*TSB was sterilized by autoclave at 121°C for 15 min and kept at 4°C

before use.
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APPENDIX F
REAGENTS FOR ELISA ASSAY

Human IL-8 ELISA kits (Invitrogen, USA), Lot No. 227748-000, mouse TNF-O
(Invitrogen, USA), Lot No. 20933000, mouse IL-6 (Invitrogen, USA), Lot No. 206666000,
and mouse IL-10 (Invitrogen, USA), Lot No. 282663-000 ELISA kits (Invitrogen, USA)

were used to determine cytokine levels.

1. 10X Phosphate buffer saline (10X PBS), pH 7.4

NaCl 80.0¢g
KCI 2049
KH,PO, 1449
Na,HPO, 9.1g¢
Distilled water 1,000 mL

*10X PBS was sterilized by autoclave at 121°C for 15 min and kept at

room temperature before use.

2. Washing buffer (1X PBS, pH 7.4-Tween20)

Sterile 10X PBS 100 mL
Sterile distilled water 900 mL
Tween20 0.05 mL

3. 1X Coating buffer (100 reactions)

10X coating buffer 1.0 mL
Distilled water 9.0 mL

*Or using 1X PBS, pH 7.4 as a coating buffer.
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4. Capture antibody (1:250) (100 reactions)
Capture antibody 40 uL

1X Coating buffer 9.960 mL

5. 1X ELISPOT/Diluent (100 reactions)
5X ELISPOT 4.0 mL
1X Coating buffer 16.0 mL

1X ELISPOT should be kept on ice before use.

6. Standard cytokines (100 reactions)

6.1 Mouse TNF-Q; 500-7.8 pg/mL of the standard samples were prepared, and
the standard samples were diluted with 1X ELISPOT in 2-fold dilutions for 8
points standard curve.

6.2 Mouse IL-6; 500 pg/mL top standard was prepared, and the standard
samples were diluted with 1X ELISPOT in 2-fold dilutions for 8
concentrations.

6.3 Mouse IL-10; 2,000 pg/mL top standard was prepared, and the standard
samples were diluted with 1X ELISPOT in 2-fold dilutions for 8
concentrations.

6.4 Human IL8; 2,000-15.625 pg/mL standard samples were prepared, and the
standard samples were diluted with 1X ELISPOT in 2-fold dilutions.

*All standard samples should be prepared freshly before use.

7. Detection antibody (1:250) (100 reactions)
Detection antibody 40 uL

1X ELISPOT 9.960 mL



8. Avidin-HRP solution (1:250) (100 reactions)
Avidin-HRP 40 uL
1X ELISPOT 9.960 mL
9. TMB substrate (100 reactions)

TMB reagent (100 pL/well) 10.0 mL

*TMB should be kept in the dark and avoided light during use.

*All cytokines were determined by ELISA assay (Invitrogen, USA).
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APPENDIX G
HISTOPATHOLOGICAL RESULTS

® Kidney: Liposome control

® Kidney: Clodronate alone




® Kidney: Liposome + CLP

® Kidney: Clodronate + CLP
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Liver: Liposome control
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Liver: Clodronate alone




® Liver: Liposome + CLP
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® |iver: Clodronate + CLP




® Ascending colon: Liposome control
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® Ascending colon: Liposome + CLP

® Ascending colon: Clodronate + CLP
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