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CHAPTER 1

INTRODUCTION

1.1. THE STUDY ON IMMUNOREGULATORY EFFECT OF

GREEN TEA CATECHIN METABOLITES

1.1.1. The Immune System

The immune system has biological functions that protect the body against

diseases through detection and elimination of pathogens and tumor cells. When

pathogens enter the body, the immune system’s primary defense of tears, a runny

nose, and the intestinal mucosa to resist the pathogen for the primary defense

(Holmgren et al., 2005). However, if pathogens penetrate the first barricade of the

immune system, immune cells are activated (Mandal et al., 2015).

The immune cells are divided into innate immune cells such as

macrophages, neutrophils, and natural killer (NK) cells and adaptive immune cells

such as T cells and B cells (Mandal ef al., 2015). The innate immune cells inspect

the environment within us, identify bacteria and viruses, and send signals that can

activate many other types of innate immune cells or adaptive immune cells

(Janeway et al., 2005). They respond immediately to ingest the invader through



the process of phagocytosis and/or cytolysis (Arina et al., 2007).

The adaptive immune system creates an immunological memory at the

initial intrusion of an antigen and develops an effective antigen-specific response

to subsequent intrusions, which serves to enhance innate immunity (Janeway et

al., 2005). The adaptive immune system is conveniently divided into humoral

immunity and cell-mediated immunity. Humoral immunity, also known as the

antibody-mediated immune system, is the recognition of the antigen by B cells,

which then secrete the antibodies immunoglobulin (Ig) G, IgM, IgA, IgD, and IgE;

these antibodies main function is to remove the infecting virus, germs, or bacteria

(Janeway et al., 2005). Cell-mediated immunity, also called cellular immunity, is

the role of thymus-derived T cells to recognize antigen-secreting lymphokines or

directly killing the infected cells. Cell-mediated immunity mainly functions to

remove the cells infected with virus or bacteria. Cellular immunity is obtained by

immunization with an immunogen of a pathogen or its toxin, which is referred to

as “artificial immunity.” In recent reports, a decrease in NK cell activity has been

correlated with an increase in the incidence of cancer and infectious diseases (Imai

K et al., 2000; Smyth et al., 2002). These findings suggested that NK cells play an

important role against pathogens and tumor cells.



1.1.2. The NK Cell Activity

NK cells are cytotoxic lymphocytes, which are important to the innate

immune system; they play a considerable role in immunoregulation and are always

in position for rapid response to virus-infected cells. NK cells have been identified

as innate immune cells that form an intrinsic defense system, which is

characterized by cytolytic function. NK cells have the ability to identify infected

cells in the absence of major histocompatibility complex class I, which are present

on infected cell surfaces, resulting in a much faster immune response (Vivier et

al.,2011). NK cells are known to differentiate and mature in spleen, lymph

nodes, bone marrow, thymus, and tonsils (Iannello et al., 2008). In subsequent

infections with the same antigen, NK cells play a role in the adaptive immune

response, which expresses antigen-specific immunological memory. The NK cell

function in both the innate and adaptive immune reaction is becoming increasingly

important in research of NK cell activity in potential cancer therapies (Arina ef al.,

2007).

The activated population of NK cells can recognize a cancer cells and

facilitate the cytolysis of target cells (Maghazachi ef al., 1994). NK cells

secrete cytotoxic molecules in their cytoplasm such as granzymes and perforin.

Perforin, a pore-forming cytolytic protein, creates pores in the cell membrane of



the target cell. Granzymes known as serine proteases, are released with perforin,
and induce either apoptosis or osmotic cell lysis against the target-infected cells
(Robertson, 2002). Indeed, elevated NK cell activity is a favorable prognostic

factor in cancer patients (Coca et al., 1997; Ishigami et al., 2000; Villegas et al.,

2002).



1.1.3. Influenza Infection and Split Vaccine

Influenza, or “the flu,” is a widespread disease caused by infection with the

influenza virus. It is one of the leading causes of death and mortality, and its rate

of incidence has increased considerably, in part because of the aging population

(Centers for Disease Control and Prevention, 2010; Thompson et al., 2003).

The influenza virus is labeled according to the presence of hemagglutinin

(HA) and neuraminidase (NA) proteins (Figure 1-1). HA and NA proteins are

found on the outside of viral particles. HA is a protein that mediates binding of the

virion to target cells, and ingress of the viral genome into the target cell, while NA

is involved in the release of progeny virions from the infected cells. HA and NA

proteins are targets for antiviral drugs, using potential antiviral therapies (Suzuki,

2005, Wilson et al., 2003).

Pathogenic microbes can trigger host infection at the mucous membranes,

such as nostrils, mouth, eyelids, ears, genital area, or anus; therefore, the induction

of mucosal immunity represents a first stage of defense against pathogens (Le et

al.,2011). Virus-specific IgA or IgG is the component of the immune system that

provides protection to mucous membranes from viral invasion (Fagarasan ef al.,

2003) (Figure 1-2).

Vaccination represents the most efficient strategy for preventing influenza

virus infection. Currently, there are three different types of influenza virus



vaccines: inactivated influenza vaccine, formalin-inactivated whole-virus vaccine,

and ether-treated HA-antigen-enriched virion-free split “virus” vaccine (also

known as a subunit “virus” vaccine) (Koyama et al., 2010) (Figure 1-3). These

influenza vaccines are made of either inactivated whole viruses or virus

subunit/split products (Wong et al., 2013). Among them, the split vaccine is

commonly used as an influenza vaccine to prevent seasonal influenza in almost

every country. However, it is weakly effective when used alone and requires novel

adjuvants to enhance mucosal immunogenicity (Chen ef al., 2001). Previous

reports have shown that green tea catechins increased the influenza-specific HA

on influenza virus (Sinija et al., 2008; Song et al., 2005).



HA is a protein that mediates binding of
the virion to target cells.
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Figure 1-1.

HA is a protein that mediates binding of the virion to target cells. The

influenza virus is labeled according to hemagglutinin (HA) and neuraminidase

(NA) proteins. HA and NA proteins are found on the outside of viral particles. HA

mediates binding of the virion to target cells and ingress of the viral genome into

the target cell, whereas NA is involved in the release of progeny virions from the

infected cells.
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Figure 1-2.

Virus-specific IgA or IgG is the component of the immune system that

provides protection to mucous membranes from invasion by viruses.
























Figure 1-6.

The effect of green tea catechin metabolites on tumor immunity, especially in

NK cell activity, remains unclear.
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1.2. THE PURPOSE OF THE PRESENT STUDY

The purpose of this study was to clarify the effect of green tea extract

intake, which can be induced to secrete virus-specific IgA, in split vaccine-

induced mice. In this study, these findings show that Benifuuki intake increased

the split vaccine effect on mucosal immunity.

Furthermore, the author investigated the biological effect of green tea

catechins and their metabolites on the immune system, as well as the structure—

activity relationship of catechins and metabolites. These findings suggest that

green tea catechins and their metabolites might contribute to immune-enhancing

activities against the incidence of infectious diseases.
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CHAPTER 2

GREEN TEA EXTRACT CONTAINING EPICATECHIN-3-O-(3!-
O-METHYL)-GALLATE POTENTIATES SPLIT VACCINE-

INDUCED IMMUNOGLOBULIN A PRODUCTION

2.1. ABSTRACT

Influenza is a widespread disease caused by infection with the influenza
virus. Vaccination is considered to be the main counter measure against influenza.
A split vaccine is widely used to avoid severe adverse events, and it induces strong
humoral immunity. However, the split vaccine alone cannot elicit mucosal
immunity, including IgA production, and its preventative effects are limited. Here,
the author shows that the green tea cultivar Benifuuki extract, which contains
epicatechin-3-0-(3"-O-methyl)-gallate (EGCG3"Me) (Figure 2-1A), enhanced the
effect of a split vaccine on mucosal immunity. The frequency of IgA" cells was
increased in lung and peyer’s patch that received Benifuuki diet. Secretion of
hemagglutinin-specific mucosal IgA, which is closely linked to the prevention of
viral infection, was significantly increased in the bronchoalveolar lavage fluid of

split vaccine-immunized BALB/c mice that were administered green tea Benifuuki
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using a Shimadzu LC-10A pump coupled to an ultraviolet detector (SPD-
M10Avp; Shimadzu, Kyoto, Japan) and a reverse-phase Wakopak®™ Navi C18-5
column (4.6 mm i1.d. x 150 mm; granule diameter, 5 uM; Wako Pure Chemical
Industries, Kyoto, Japan). Elution consisted of a 2-45 minutes linear gradient from
0% to 80% of solvent B and solvent A. Solvent A consisted of distilled
water/phosphoric acid/acetonitrile (400:10:1 v/v), and solvent B consisted of
methanol/solvent A (1:2 v/v). Green tea extracts were eluted at I mL/minute and
40 °C. The detection wavelength was 272 nm. The amounts of catechins and
caffeine in tea extracts were measured by comparing the peak area of each
catechin in the tea extract to that of a standard preparation that contained a fixed
quantity of caffeine, (—)-epicatechin (EC), (—)-catechin (C), (—)-epigallocatechin-
3-0-gallate (EGCG), (—)-gallocatechin-3-0O-gallate (GCG), (—)-epicatechin-3-O-
gallate (ECG), (—)-catechin-3-O-gallate (CG), (—)-gallocatechin (GC), (—)-
epigallocatechin (EGC), (—)-epigallocatechin-3-O-(3-O-methyl) gallate
(EGCG3"Me), and (—)-Gallocatechin-3-O-(3-O-methyl) gallate (GCG3"Me)

(Table 2-1).
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Table 2-1. Compositions of Benifuuki and Yabukita tea extract powder

Benifuuki Yabukita
('")-Epigallocatechin-3-O-gallate (EGCG) 111.8 119.0
('")-Epigallocatechin (EGC) 81.5 68.6
('")-Epicatechin-3-O-gallate (ECG) 29.8 21.6
('")-Epicatechin (EC) 28.6 20.9
("")-Gallocatechin (GC) 22.1 273
('")-Gallocatechin-3-O-gallate (GCG) 17.7 273
(**)-Catechin (C) 6.7 13.7
("")-Catechin-3-O-gallate (CG) 2.8 34
('")-Epigallocatechin-3-O-(3-O-methyl) gallate 21.0 ND
(EGCG3"Me)
("")-Gallocatechin-3-O-(3-O-methyl) gallate 3.8 ND
(GCG3"Me)
Total catechins (mg/g) 3259 301.9
Caffeine (mg/g) 67.9 66.5
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2.3.2. Diet and Mice

Female BALB/c mice that were 12 weeks old were purchased from Kyudo

(Saga, Japan). Mice were maintained in a temperature- and humidity-controlled

room with a 12-h-light-dark cycle (light from 8 am to 8 pm). All animal

experiments were approved by the Animal Care and Use Committee of Kyushu

University and were carried out in strict accordance with institutional guidelines

for handling laboratory animals. All animal studies were complied with the law

no. 105 and notification no. 6 of the Japanese government for the welfare of

experimental animals. All mice were acclimated for 1 week while being fed an

AIN-93G diet (Table 2-2). In the vaccine-treated mice fed with GTE, the 12-

weeks-old female BALB/c mice were randomly assigned to one of four groups

that were fed the following for 5 weeks: AIN-93G (Control), AIN-93G + vaccine

(Control vaccine), 1% Yabukita containing diet + vaccine group (Yabukita

vaccine), or 1% Benifuuki containing diet + vaccine group (Benifuuki vaccine).

AIN-93G was obtained from KBT Oriental (Tokyo, Japan) (Table 2-2). Mice

received an intradermal injection of 200 pL split vaccine containing 1 pg HA per

mouse. For 2 weeks after the first injection, mice were re-immunized with 200 pL

split vaccine containing 1 ug HA per mouse. At 9 days after the final vaccination,

mice were sacrificed. Bronchoalveolar lavage fluids (BALF) were centrifuged at

11,000 x g for 15 minutes at 4 °C, and supernatants were stored at -80 °C (Albu et
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al.,2003). Food intake was determined every 2 days (Table 2-3).

Dietary levels of green tea at 1% were equivalent to a human intake of 8

cups (2.0 g green tea per cup) per day, as estimated based on an energy intake of

8360 kJ/day (Suzuki et al., 2013).
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Table 2-2. Compositions of the reference diet

AIN-93G AIN-93G
Ingredient AIN-93G + +
1% Benifuuki 1% Yabukita
Vitamin mixture 1 1 1
Mineral mixture 3.5 3.5 3.5
Potassium bitartrate 0.25 0.25 0.25
L-cystine 0.3 0.3 0.3
Soybean oil 7 7 7
Hydroquinone 0.0014 0.0014 0.0014
Table sugar 10 10 10
Milk-casein 20 20 20
#-corn starch 13.2 13.2 13.2
Corn starch 39.7486 39.7486 39.7486
Cellulose powder 5 4 4
Benifuuki powder 1
Yabukita powder 1
Total (%) 100 100 100
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Table 2-3. Weight of whole body, spleen, and lung of the mice fed the diet

containing 1% Yabukita or Benifuuki extract for 5 weeks

Weight (g)
Organ . . .
Control Yabukita Benifuuki
Control . . .
vaccine vaccine vaccine
Body 23.477+0.88 23.518+1.05 22.913+0.34 22.903+0.56
Spleen 0.112+0.02 0.122+0.01 0,1()51()_()1# 0.109+0.01
Lung 0.254+0.05 0.260+0.02 0.250+0.03 0.279+0.02

Significant differences were calculated using Tukey’s test; (") p < 0.05 versus the control vaccine, n=10.
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2.3.3. Flow Cytometry
Single-cell suspensions were stained with each antibody. Anti-mouse CD3-

BrilliantViolet510 was purchased from BioLegend (San Diego, CA, USA). Anti-
mouse CD4-FITC and anti-mouse CD8-PE were purchased from Miltenyi
(Bergisch Gladbach, Germany). Anti-mouse IL2-APC was purchased from iCyt
(Sony Biotechnology Inc., San Jose, CA, USA). Anti-mouse IgA-FITC was
purchased from Serotec (Kidlington, UK). The population of IgA " cells was
determined using a BD FACSVerse™ flow cytometer (BD Biosciences, Franklin
Lakes, NJ, USA). Data were analyzed using FlowJo 7/8 software (TreeStar,

Ashland, OR, USA).

2.3.4. Enzyme Immunoassay (EIA) and Enzyme-Linked Immunosorbent
Assay (ELISA)

EIA was used to evaluate levels of anti-HA antibodies in the sera and
BALF of immunized mice. Microtiter plates (Thermo Scientific, Rockford, IL,
USA) were coated for 2 hours with 0.5 ug HA per well at 37 °C, and plates were
washed using TPBS containing 0.05% Tween-20 and then blocked for 1 hour with
2.5% BSA TTBS. After washing, diluted sera and BALF of test samples were

added and plates were incubated overnight at 4 °C. Plates were washed three
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times, and then incubated with anti-mouse IgG or anti-mouse IgA conjugated to

Horseradish Peroxidase (HRP) (Bethyl Laboratories, Montgomery, TX, USA) for

1 hour. After washing three times, 2,2'-Azinobis [3-ethylbenzothiazoline-6-

sulfonic acid]-diammonium salt (ABTS) solution was added and color

development at 405 nm was measured using a microplate reader (Perkin Elmer,

Waltham, MA, USA). IgA and IgG levels in diluted sera and BALF were

determined using a mouse IgA/IgG quantitation kit according to the

manufacturer’s protocol (Bethyl Laboratories).

2.3.5. Statistical Analysis

Data are presented as means+ SEM. Statistically significant differences between

means was determined using Tukey’s test or one-way analysis of variance as

appropriate with GraphPad Prism software (GraphPad, La Jolla, CA, USA); (*) p

<0.05, (**) p<0.01, and (***) p < 0.001 statistically significant differences.
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2.4. RESULTS

2.4.1. Effects of Yabukita and Benifuuki on Sera 1gG and IgA Levels in Split

Vaccine-lmmunized Mice

When a virus infects its host, several immune mediators can affect the
secretion Of IgA that can bind to mucosally transmitted pathogens at mucosal
surfaces (van Riet et al., 2012; Cao et al., 2007). Mucosal IgA plays a pivotal role
in preventing infectious diseases, including influenza. However, several studies
show that a split vaccine cannot elicit HA-specific IgA in the mucosal immune
response (Chen et al., 2001). BALB/c mice were immunized with split vaccine
twice at the 2 weeks interval and the level of sera IgG and IgA were measured by
ELISA. Benifuuki contains methylated EGCG, such as EGCG3"Me and
GCG3"Me, whereas Yabukita lacks methylated EGCG (Table 2-1). The intake of
green tea extracts did not affect sera IgG and IgA levels (Figure 2-3A and B).
Levels of HA-specific sera 1IgG and IgA were significantly increased in the split
vaccine-treated group (Figure 2-3C and D), but the intake of green tea extracts had

no effect on the sera levels of split vaccine-induced HA-specific IgG and IgA.
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Effects of Yabukita and Benifuuki on splenic CD4" and CD8" T cells in split
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Figure 2-8.

Effects of Yabukita and Benifuuki extracts on IgA” cells in the peyer’s patch

of split vaccine-immunized mice. The frequency of IgA" cells measured by flow
cytometry in the peyer’s patch of BALB/c mice fed a diet containing 1% Yabukita
or Benifuuki extract powders for 5 weeks. Significant differences were calculated

using Tukey’s test; (**) p < 0.01 and (***) p < 0.001, n= 8-10.
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Figure 3-1.

EGCG metabolic pathway and the presumptive action of EGC-metabolites on
immunoregulatory activity on CD4" T cell and NK cell. EGC and gallic acid,
which are degradation products of EGCG, are hydrolyzed to create 11 metabolites

(EGC-M1-M11).
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3.3. MATERIALS AND METHODS

3.3.1. Green Tea Catechins and Metabolites

The following green tea catechins were purchased from Sigma-Aldrich (St.

Louis, MO): (—)-epicatechin (EC), (—)-catechin (C), (—)-epigallocatechin-3-O-

gallate (EGCG), (—)-gallocatechin-3-O-gallate (GCG), (—)-epicatechin-3-O-gallate

(ECG), (—)-catechin-3-0O-gallate (CG), (—)-gallocatechin (GC), and (—)-

epigallocatechin (EGC). The following green tea catechin metabolites were

obtained from Mitsui Norin (Mitsui Norin Company, Ltd., Shizuoka, Japan): 1-

(3',4',5'-trihydroxyphenyl)-3-(2",4",6"-trihydroxyphenyl)propan-2-ol (EGC-M1),

4'-dehydroxylated epigallocatechin (EGC-M2), 1-(3',5'-dihydroxyphenyl)-3-

(2",4",6"-trihydroxyphenyl)propan-2-ol (EGC-M3), 4-hydroxy-5-(3',5'"-

dihydroxyphenyl)valeric acid (EGC-M4), 5-(3',5'-dihydroxyphenyl)-y-

valerolactone (EGC-MS5), 4-hydroxy-5-(3',4",5'-trihydroxyphenyl)valeric acid

(EGC-M6), 5-(3',4',5'-trihydroxyphenyl)-y-valerolactone (EGC-M7), 3-(3',5'-

dihydroxyphenyl) propionic acid (EGC-MS), 5-(3',5'-dihydroxyphenyl)valeric

acid (EGC-M9), 5-(3',4',5'-trihydroxyphenyl)valeric acid (EGC-M10), and 5-(3'-

hydroxyphenyl)valeric acid (EGC-M11). I obtained these metabolites as

previously described (Takagaki et al., 2010; Takagaki et al., 2014). The purities of

green tea catechins and their metabolites were confirmed by high-performance
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liquid chromatography (HPLC) analysis (at least 95%)).

3.3.2. Animal and Oral Administration

BALB/c mice (male, 8-10 weeks old) were purchased from Kyudo (Saga,

Japan), housed in a temperature- and humidity-controlled room, and fed a

commercial diet and water ad libitum. The animal experimental component of this

study was authorized and conducted according to the guidelines for animal

experiments of the Animal Care and Use Committee of Kyushu University,

Fukuoka, Japan. Animal studies were conducted according to the approval of law

number 105 and notification number 6 of the Japanese government regarding the

welfare of experimental animals. Mice were divided into three experimental

groups. EGC-MS5 and EGC were dissolved in an aqueous sterile saline solution

containing 2.5% dimethyl sulfoxide (DMSO). For the experiment, 200 uL. of

EGC-MS5 or EGC solution at a dosage of 10 mg/kg of body weight was orally

administered to the mice once daily for 14 days. Control mice were given an

equivalent volume of sterile saline containing 2.5% DMSO.
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3.3.3. Single-Cell Preparation and CD4" Positive Cell Isolation

To isolate CD4" cells, spleens were collected from 8-10-week-old BALB/c
mice and mechanically disrupted by grinding with a syringe plunger on a 40 uM
nylon mesh cell strainer to yield single cells. Red blood cells were lysed with a
hypotonic RBC lysis buffer, and a single-cell suspension was subsequently
prepared in Roswell Park Memorial Institute (RPMI, Cosmo Bio, Tokyo) 1640
medium supplemented with 100 U/mL penicillin (Meiji Seika, Tokyo), 100 pg/mL
streptomycin (Meiji Seika, Tokyo) and 5% fetal bovine serum (FBS, Gibco Inc.,
Texas, United States). CD4" T cells were purified from splenocyte suspensions
using an EasySep" " Mouse CD4 Positive Selection Kit (StemCell Technologies,
Inc., Vancouver, British Columbia, Canada). Isolated CD4" cells routinely had a

purity of >92% and viability of >95% (Figure 3-2).
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Figure 3-2.

The purity of isolated CD4" cells from mouse splenocytes. The initial
population comprised total mouse splenocytes; after isolation, the CD4" cell
content is approximately 92%. For CD4" cell isolation, spleens were collected
from 8—10-weeks-old BALB/c mice and mechanically disrupted by grinding with
a syringe plunger to yield single cells. CD4" T cells were purified from the

splenocytes using an EasySep Mouse CD4 Positive Selection Kit.
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3.3.4. Measurement of ATP in CD4" T Cells

CD4" T cells were suspended in RPMI 1640 medium with 5% FBS at a
density of 1.5 x 10° cells/mL and subsequently incubated with green tea catechins
(EC, C, EGCQG, GCQG, ECQG, CG, GC, and EGC), 11 types of green tea catechin
metabolites (EGC-M1-EGC-M11), or phytohemagglutinin (PHA) as a positive
control (2 pg/mL; Figure 3-3) for 72 hours. After incubation, 50 puL aliquots of
each cell suspension were collected for ATP measurement. The cell activation
value was determined by adding 50 uL of ATPlite solution (ATPlite 1-step kit,

PerkinElmer, Waltham, MA). The ATP level in the control group was set at 100%.
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Figure 3-3.

Effect of phytohemagglutinin (PHA) on the relative ATP level in CD4" cells
isolated from mouse splenocytes. CD4" cells in 5% FCS-RPMI medium were
incubated in the presence of PHA (2 pg/mL) as a positive control for 72 hours.
Relative ATP levels were determined using an ATPlite kit. The results are
reported as means =+ standard errors of the means. (***) p <0.001 versus the

control, using unpaired t-test. Each experiment was repeated five times. (n= 6)
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3.3.5. Cytokine Detection by Enzyme-Linked Immunosorbent Assay
(ELISA)

Splenocytes (density of 1 x 10° cells/mL) were cultured in the presence or
absence of 5, 10, 25, or 50 uM EGC or EGC-MS5 or 2 ug/mL PHA and incubated
in 96-well culture plates for 72 hours in a humidified atmosphere of 5% CO, at
37 °C. The mouse PHA-stimulated IFN-y and IL-2 in spleen were determined
using an ELISA kit according to the instructions of the manufacturer (eBioscience,
San Diego, CA). The levels of mouse IFN-y and IL-2 in the diluted splenocyte
medium were detected at 450 nm using a microplate reader (PerkinElmer,

Waltham, MA).

3.3.6. Cell Culture and Evaluation of NK Cell Cytotoxicity
Murine lymphoma YAC-1 cells were obtained from the Cell Resource
Center for Biomedical Research (Tohoku University, Sendai, Japan). YAC-1 cells
were cultured in RPMI 1640 medium supplemented with 10% FBS (Intergen,
Purchase, NY) in a humidified atmosphere of 5% CO, at 37 °C. Splenocytes
isolated from mice in each group were used as effector cells. YAC-1 cells that had

been sensitized to NK cell cytotoxicity were used as target cells. Target cell killing
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was determined using a lactate dehydrogenase (LDH) release assay (LDH-
Cytotoxicity Assay Kit 11, Biovision, Inc., Milpitas, CA). YAC-1 cells (density of
1 x 10° cells/mL) were co-cultured with splenocytes at a final effector/target (E/T)
ratio of 50:1 in 24-well culture plates for 6 hours in an incubator. A total of 10 pL.
of supernatant was transferred from each well into a 96-well plate, followed by
centrifugation for 4 minutes at 500 x g. Subsequently, 100 uL of LDH substrate
was added, and the plate was incubated at room temperature. After 20 minutes, 10
uL of stop solution was added immediately to each well, and the optical density
(OD) of each reaction was measured on a microplate reader at 450 nm. NK cell
cytotoxicity was calculated using the following formula: cytotoxicity (%) =
(experimental OD — effector cell spontaneous OD — target cell spontaneous

OD)/(target cell lysis OD — target cell spontaneous OD) x 100.24.

3.3.7. Staining of Immune Cells for Flow Cytometric Analysis
Single-cell splenocyte suspensions were stained with the following
antibodies: anti-mouse CD335 (NKp46)-Brilliant Violet 421, anti-mouse CD49b-
APC, anti-mouse CD11b-PE, and anti-mouse CCR4-APC (BioLegend, San Diego,
CA); anti-mouse granzyme B-PE, anti-mouse perforin-FITC, and anti-mouse

CD3-FITC (eBioscience); anti-mouse CD8-PE, anti-mouse CD11¢-V450, anti-
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mouse F4/80-PE, anti-mouse IFN-y-PE, anti-mouse CXCR3-APC, anti-mouse T-

bet-Alexa Fluor 488, anti-mouse GATA3-Alexa Fluor 488, anti-mouse STAT3-

Alexa Fluor 488, anti-mouse CD25-APC, anti-mouse CD4-PE, and anti-mouse

FoxP3-Alexa Fluor 488 (BD Biosciences; San Diego, CA); and anti-mouse

CD45RA (B220)-BE (Invitrogen; Carlsbad, CA). Stained cells were analyzed on a

BD FACSVerse flow cytometer (BD Biosciences). Data were analyzed using

FlowJo 7/8 software (TreeStar, Ashland, OR).

3.3.8. Statistical Analysis

Data are presented as the mean =+ standard error of the mean (SEM).

Statistically significant differences between the mean values were determined

using Dunnett’s test and Tukey’s test of variance where appropriate, and the

analyses were conducted using Prism software (GraphPad, La Jolla, CA).
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