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Abstract

Psoriasis is an immune-mediated chronic inflammatory skin disease characterized by
hyperproliferative keratinocytes and infiltration of T cells, dendritic cells, macrophages
and neutrophils, which has great negative impact on patients’ quality of life. Although the
pathogenesis of psoriasis is not fully understood, there is evidence suggesting that T cells
play a dominant pathogenic role in the initiation and development of psoriasis. Glutamine
(GLN) possesses antioxidant, anti-inflammatory, and immunoregulatory properties.
Glutamine has been found at lower levels in the serum and plasma of psoriasis patients.
Therefore, we conducted imiquimod (IMQ)-induced psoriasis-like mouse model to explore
the protective role of GLN in psoriasis. Thirty male C57BL/6J mice were randomly
divided into three groups (n=10 in each group): the normal control (NC), IMQ-induced
psoriasis (P), and IMQ-induced psoriasis with glutamine supplementation (PG) group. All
animals in the NC and P groups were fed an AIN-93 semi-purified diet, while PG group
received a semi-purified diet that casein was replaced by Gln, which provided 30% of total
amino acid nitrogen. Three groups were fed the respective diets for 15 days, and then P and
PG group were topical treated for 6 days with Aldara cream (5% IMQ) to induce psoriasis-
like dermatitis. Results showed that the P group emerged typical psoriasis-like
inflammatory responses on back, such as erythema, scaling and thickening, and exerted
higher psoriasis area severity index (PASI) scores, increased percentage of neutrophils,
inflammatory monocyte, anti-inflammatory monocyte, T cells, T helper (Th)17 cells, and
regulatory T (Treg) cells in blood, as compared to NC group. GLN supplementation
significantly reduced IMQ-induced PASI scores, and the percentage of neutrophils and
Th17 cells in blood. GLN supplementation also significantly reduced the percentage of
neutrophils and the mRNA levels of proinflammatory mediators (interleukin (IL)-17A, IL-

23, C-X-C motif chemokine ligand 1) in the back skin by IMQ induction. Besides, the



results of histological observation indicated GLN decreased IMQ-induced epidermal
hyperplasia, thinning of the stratum corneum, parakeratosis, and hyperkeratosis. In
conclusion, these results suggested that dietary GLN supplementation alleviates IMQ-
induced psoriatic inflammation by modulating the percentage of Th17 in the blood,

reducing the expression of inflammatory mediator and chemokines.

Keywords: glutamine, psoriasis, neutrophil, T cells, inflammation
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AMP: antimicrobial peptides

APC: antigen-presenting cell

CCL: C-C motif ligand

CCR2: C-C Motif Chemokine Receptor 2
cDNA: complementary DNA

CD: contact dermatitis

cPLA2: cytosolic phospholipase A2
CQ: Chloroquine

Ct: cycle threshold

CXCL: C-X-C motif chemokine ligand
CX3CR1: CX3C chemokine receptor 1
DC: dendritic cell

DEPC: diethyl pyrocarbonate

DETCs: dendritic epidermal T cells
DNFB: dinitrochlorobenzene

ECM: extracellular matrix

Foxp3: forkhead box p3

GPCRs: G protein-coupled receptors
GRK2: G protein-coupled receptors Kinase 2
GSH: glutathione

IFN: interferon

IL: interleukin

IMQ: imiquimod

KC: keratinocytes
Xl



LC: langerhans cell

LTs: leukotrienes

MAPK: mitogen-activated protein kinase
mDC: myeloid DC

MHC: major histocompatibility complex

Mo:monocyte

mTORCI1: mammalian target of rapamycin complex 1

M®: macrophage

MyD88: myeloid differentiation factor 88

NF-«kB: nuclear factor kappa-light-chain-enhancer of activated B cell

NO: nitric oxide

PAMP: pathogen-associated molecular pattern
PASI: psoriasis area and severity index

pDC: plasmacytoid DC

PGs: prostaglandins

PRR: pattern recognition receptor

qPCR: quantitative polymerase chain reaction
ROS: reactive oxygen species

SALT: skin-associated lymphoid tissue

Th: helper T cell

Thp: naive CD4" T helper cell

TLR: toll-like receptor

TNF: tumor necrosis factor

Treg: regulatory T cell

WBC: white blood cell
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Figure 1-1. The structure of the skin. (Tortora, 2005) °
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Figure 1-2. Skin anatomy and cellular constituents. dDC, dermal dendritic cell; NK, natural
killer cell; pDC, plasmacytoid dendritic cell. (Nestle et al., 2009)
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(-) £ =x i (Innate Immunity)
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it ]+ (chemokine) /4 i1 % 4 % % 2. 3% & (recruitment) 225 {4 (Baroni et
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inducible gene I (RIG-I) -like receptors (RLRs) ~ NOD-like receptors (NLRs) (Li & Wu,
2021) % ¢ TLR 3258477 bR L PRR > f3F f Ak mie b0 238> ¢ 3
DC~M®~T sz {c B % (Sweeneyetal.,,2011) e TLR 7357 & it fmPe p 24 4
JE v -9 jrpr (mitogen-activated protein kinase, MAPK) E /3 o % #& & ]+

(nuclear factor kappa-light-chain-enhancer of activated B cell, NF-xB) (Kaisho & Akira,
2006; Kjellerup et al., 2008) » i T i85 L A FIA R > &afad LA F & ik

B e ek & AR F13 (Li & Wu, 2021) -

$ e FALIPLRF B AT TS BT S R &
FIES AR S > WAL ¢ AFE G~ Eem R (Nestle etal, 2009) o 7] & F
2 + 3 5% PAMP ¢ PRR 4o TLR 325> & F i R Mehw oy » VR wdk § 27 8
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FFEREEAK - TLRF & ¢ A2 5wk 4o/ ¢ % interleukin (IL)-1 -
IL-10 ~ IL-6 ~ " % 3% >* F] 3 (tumor necrosis factor-o, TNF-a) ~ # it 4 £ %]+
(transforming growth factor-beta, TGF-f) ~ 4% i* F]+ C-X-C motif chemokine ligand
(CXCL) ~ %3k E v P2 $2 {1 jr F]+  (granulocyte-macrophage colony-stimulating
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Bl KPR S EBA AR A4 % B L d o W T e dede s T
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B /= 3% % (Lin et al., 2005; Nakahara et al., 2006; Worbs et al., 2017) > @ /& i g &

w7 & SEF Ak B4 1 L K % ke (Sabatetal., 2019) -



s S SRR AR A AP £ 3] DC & E e 3050 CXCL-1 sh ¥
By - pEFReIg L S kor BehE & Beglim®e (Iwasaki & Medzhitov,
2015) o & » Jmgienrd ¢ ofdd o TRy B d F LT (phagocytosis) ~ 4 Af 1T
(degranulation) ~ & # E 1+ % i* $ reactive oxygen species (ROS) % ) = F" A £

Tk #e oh ek 45 (neutrophil extracellular trap, NET) % % fE 4841 % i ,%4#5(3‘_ o
% 7t IL),% J %8 (Kraus & Gruber, 2021) ©

F R PG s o Mox B0 A K ERPLAF od L S E
D BRI P EARFERR G AR AT AR F & (Auffray et al,
2007) o ¥ ikfplmre £ o & F i3S B-H 4 5 184 U Mo (inflammation monocyte)
% B & Mo (anti-inflammation monocyte) (Ingersoll et al., 2011) o %23 X Mo i &
#. i CCR2 (C-C Motif Chemokine Receptor2) % Ly6C" » ¥ 4 it 5 DC 2 MO & »
FoUhER? RELRF o o EE R 46 ROSTNF-0~ - § i §  (nitric
oxide) ~ IL-1B % type 1 interferon (IFN) 14 i“f “hkm R ®AR % (Geissmann et
al.,2010) > 3 ** i L Mo P % i# CX3C chemokine receptor 1, CX3CR1 % Ly6C >

ELAVRAT o 5 L Mo A idnagt niw e ik 0 LG i et s B R
A ﬁ—k e 5t (Wolfetal., 2019; Yang et al., 2014) -

gk LY FAAEST @% 0 Y g 03 & (Clarketal, 2006) 0 7 %
APC enfljgrm A4 BRI LAEF B> APC ¢ 3 DCLC £ L £ wbe o T mbe ¥ ik
B AET w2 X4 (T-cell receptor, TCR) #_af TCR & yd TCR X% 4 % af T
wre 2y T it o e AMETRP T e 5 L oBT fmre o yd T fmee 1t b s o (b

Fl- 3y T i e 2 F L e R B39 i ¥ (Shiromizu & Jancic,
2018) c Trigdrpt > AAKARK? hT e ez apTme 524 » B ptdpk » o)
SR A yd T % ik % #ic (Hayday & Tigelaar, 2003) ® H ¢F ] enpf Rk pi g > ~ i
TRFR K 4 & Tiwe (dendritic epidermal T cells, DETCs) (Havran & Jameson, 2010)°
AREE?P 3 T » B A3 LI 2 FRMAEF R2F o frd 8 T w3
Fend s y8 T iwfe v 02 il TCR et e 7id b eniE 27 > 3 B s PAMP
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ochimte s BGE L b % B  BUE MO (¥ 02 T R el o
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Kobayashi et al., 2019) -
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(=) i B4 (adaptive immunity)

WHEELEF B e 62 BAAF b EXTIF LA FE R L DF
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B FR/MEALEL G FREENE SR BFF BFFRE BRI LR
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e BBIMT S AR S FAKIBE BT ‘e & (skin-associated lymphoid tissue,
SALT) (Streilein, 1983) » ¥ & &2 T im% 2 {75 Jis - APC £ F 1 & B RApF A7 £
(major histocompatibility complex, MHC) #4h # iR w4 m > @ T fmb2 |
¢ %g d Hwme 4o enT w2 X4 (T cell receptor, TCR) ¥ APC } e MHCIL% &
7 (Luckheeram et al., 2012) o i& P& fw?2 e 4 w $&3& (surface marker) ¥ #-T ‘w¥e &
+ CD4"T 122 CD8" T im® - CD8" T 'm® ~ fid #4| T ‘m*s (cytotoxic T cell, Tc)
23 B T # ¥ e (cytotoxic T lymphocyte, CTL) ¥ 14 4 ;5% 3t % (perforin) &L
53PS l,%mffis A e @B P4k APC /& it 4= 4 CD4" T n%2 (naive CD4" T helper cell,
Thp) ¢ XF|HB P we i E > E-HA 3T Fh T e —§es3 T
%z (helper T cell, Th) 1 % 24 &3] T 'm?2 (regulatory T cell, Treg) (B] 1-3) °

#es A T ke ¢ Thl fwmre 5 2430 CD8' T m* ch4 # (% ; Th2 fn¥e y BT
B fwm¥e & 4 Fk8 ; Thl7 fwve o 8 mbe gc2 ¢ 7 IL-17A ~1L-22 2 2 IL-23 & » 0 %
s+ RORyt> H @ IL-17A ¢ % & 4« AR & SN HRED) S SN fﬁ:\i;ﬁ‘:iﬁ LA e
EIRBRFIT R L F L F B B AT e B AR A 2 AT S B4 AMPs 0
A4 FAeap IL-23 23 > L IL-17A i % § R e R 3 L (Lee, 2018; Li et
al.,2020) o % > & iE 5 #4713 Foxp3 ¢ Treg ‘mbe B £_ic g v T ‘m¥e uE &
B B2 ek A 2 Trog § fd A2 IL-10 2 TGF-B vl H & i gk lm¥e i
R H A RO LR el BB TAED Th e i RS ers e il g L
(Vignalietal.,2008) » 284 a4F g p 2% L F BT p AmtX 4> ¥ AT p WAL
B B I % £ & # i (Kondelkova et al., 2010) (B8] 2-3)



LEF BT AGZIFE AR BPEAF 4G R I PR Er
BFRARARMELEF Rg 4 ~ k{4 4 & e fd (immunological memory) # 2
(Abdallahetal.,2017) » &~ P& E 3 4 83307 v S A e 4 0 FI LK LA
S 2 A A IR e & MaE

=—> o ;o |[FN-y, TNF-a.

Cell-mediated immunity
(intracellular bacteria, viruses

IL-12R  IFN-yR

—_— " 1" L4,IL5, 1113
Humoral immunity
(extracellular parasites)

) ——> * 0 *° |L-17A, IL-17F, IL-22
Cell-mediated inflammation

TGF-BIR IL-23R Autoimmune diseases '
(extracellular phogens, fungi)

9 —> * $** TGF-B,IL-10
Immunoregulation
Q

(peripheral tolerance)
IL-2R TGF-B1R

B 1-3 ~ 474> CDA'T fm%e & {4 = f 24 A4 T fm 7z 557
Figure 1-3. The differentiation and function of CD4" T cells. Foxp3, forkhead box p3; IL,
interleukin; RORyt, RAR-related orphan nuclear receptor; STAT, signal transducer and

activator of transcription; TGF, transforming growth factor; Thp, naive CD4" T helper cell;

Treg, regulatory T cell.Model for Th cell differentiation from naive CD4'T cells. (Leung et
al., 2010)



¥ &~ §oRE

- ~FENE

§2f (psoriasis) * '—éﬂfd':/ﬁm A AR - AP WAL A A g
M K4 A (Iskandaretal,2021) » &2 A 5138 @ {eTk B F40 M - 7 F R T2 £
EROL BT AR e E R RS L LRI RE b 3.6% I 4 AR

1.5% (Armstrong et al., 2021) » 23R B 5 i3 % 3 5 2-5 % 5 #7 ° aht

v (Liang et al., 2017; Parisi et al., 2020) - T £ R 4o g i ~ B L REAER » € $ig
BRFALRT P PERA S BB S LR > AR ERAR LR
Feed o ApF ht TPAR 2o RIEr R Re b RIDpEEF M
(Balato etal., 2013) > ¥ § £ 3 & JLFE L R SFF 2 S iR F A K ¥ AR mie
4o L ¢ e CDATT fm % 4o CDS'T fm ¥ % 4 4c & 4 ¥ chFoxp3' T % (Soyland
etal., 2011) » 3R] p FAFBE F A Kok e Shh Flz - o

FEREEHE L BRK A T BE Ak e RS LR e R
AR~ Fmed g fmesrgdd s B8 Llwmeki hfin FRE AL 2% (NI
& Lai, 2020; Tonel & Conrad, 2009) » §ge¥ & Jboh e 5 3% 5 fa47 - 2 @ ssi i
SR - & ¥ 4§08 (psoriasis vulgaris) ® i ¥ L 0 b #T5 50REfEAR 0 85-90% >
ARTRAEARGZARAZERGFEORG ¢ oA o Fildle i s BRI
(Armstrong & Read, 2020) = £ chizsd ~ 5 2 Bk i > L &2 e B2 B
RSz > g8~ A ~dp P 2 M &L 5 8 2 97 i (Boehncke & Schon, 2015) - ‘f
DL Alde R B R R oy R c R R AAT R RE R ¥
E~ AT F T F R Ty Ao R4 P2 FERF (Sahietal,
2020) -

% P2tk & g Bk MUK gb}g‘ﬁ;& A H W E T lE (comorbidities) i ¢
* 5 H 4o doip et M S0 (psoriatic arthritis) ~ 3 % i & 5 (inflammatory bowel
disease, IBD) ~ & 5 ¥ T~ WREE -RESPRALEE ]}%'frﬁ‘ﬁd # s (Boehncke,
2018; Mehta et al., 2011; Rendon & Schikel, 2019) > ® B a0 @ ;2§25 fF4& o 5 g4 > 4F
AR B R e W AT o P ERTIP R REAR > B EpENF
Fe b g~ £ A RARAL

P ENICRER R SRR TR PR A PREOTE  RF I N A



A AT Bt SHRBEPETIAPLE FABF o e P IF TR T A g4
FOREP s B B idid 2 A % 45 % - (Kamiyaetal., 2019; Krueger & Ellis, 2005; Tsoi
etal,2017) o — f @5 2R 5 4 I P EERR RA fe B ATRE B A 67% 0 @ B PR
v 25 P2 18% (Krueger & Ellis, 2005) » & m so 2 AT @5 B > w72 2 d AT
@tk @ LA FE A ERAAT (60 0 £ AL PBE o5 FR T
FICRIFE T B pe R ¢ g e e R R ARG 25 7% Fiit
FAORA S E AR S PP N AR TR S R SPREE L
WA~ B B~ Bty RH RS R (Balato et al, 2015; Gelfand et al., 2006;
Kamiya et al., 2019) -

Tk t W R FARKRER DA EF J joee i {oBc € A dp ¥ (psoriasis area
and severity index, PASI) £2 %3 FF R8T % (psoriasis global assessment, PGA) (Langley
& Ellis, 2004) % I,iaI“’*T Rk FEE (Armstrong & Read, 2020) - PASI {#F] i B3 0% B
TS P SRdR o T et BN FoRE RPN G i #2[F] (area) ~ izza (erythematic) »

B K (scaling) % & B (thickness) #ufk fi » 4cid3h 5 I N L o ebE 2R 2 4 Bk o
P BARR A ORI R AR L o PGA I ALF SRR U LS - MR CECED - R e S
EAER o

PN S T

AR A RS R R RS RS Lo - LRI )
FAFRERFL A r D 2 BRI IofcBel % 0 THL A
IRl L RSN Ji (autoinflammatory disease) (Bejarano & Valdecantos, 2013;
Liang et al., 2017) -

FoRe S d AP R R R T A 2 e LR LA s o IRGRIE LR T 2 iy
oS EFEE AT 0 T e R A2 4§75 M (Lowes et al., 2014; Prinz,
2003)> * # §_CDA4' T i = $ e = (Caietal ,2012)e @ 4 § ¢ i F % ~DC-
LA L e AR e 8 e ek 4o T dn % 4p M en IL-23 40 IL-17A > 3
P2 B e 30 o G g B e & F1F (Dengetal., 2016; Yang etal., 2016) -

do (B 1-4) BdoRen fidsdeld b o L chd Fime 5 T 21 enth B 1l
do (A S4F ~Mcd % ~ 2 B FE) @ A9 AMPs ~ 4 DNA % RNA ~ #
2z CXCLI ~ C-C motif ligand 20 (CCL20) * 4% i F]+ ~ H4em g} 4 2 & F]F
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(vascular endothelial growth factor, VEGF) 14 & ~ 3% m¥e jfr% 4o TNF-o ~ IL-6 12
BAEH LK A & Flmre s 4 (F 1-4) (Ni & Lai, 2020) - 481 5|3 CXCLI § = 3!
F’? Poite o R E  CCL20 Rl=x 31 Thl7 e E % (K. Furue et al., 2020) - AMPs “,%
£ mrz ek > RV A v*c‘ Mo n N Ermie Lo m AMPs § ¢ LL37 ¥ fcp 48
DNA-RNA % £ > #5 i #+uR (self-antigen) i&— # {l mDC 2 pDC + ¢ TLR7
e 10 T 4 8 IL-17 ~ TNF-a 0 5142474 T fmbe £ i > 2 (T 5 p PR 2 554 DC E
#HE T v & Thl7 oz ¥ 3 4r (Kim & Krueger, 2015; Morizane & Gallo, 2012;
Takahashi & Yamasaki, 2020) - 7% * {5 7 DC ¢ $#3<x TNF-a ~ IFN-a ~ IL-6 {- IL-23 *
fm¥e ek Tl T mve & fv (Herster et al., 2020; Takahashi & Yamasaki, 2020; Tian &
Lai, 2022) - TNF-a ~ IFN-o {r IL-6 ¥ 44 7 i* mDC (Tian & Lai, 2022) ; @ IL-23 ¢
&1t Thl7 %z > ¢ 2 f# 0) IL-17A §v TNF-a % w2 r% (K. Furueetal.,2020; Lowes
etal., 2014) -

R G AL O LF RS EF? B S HRENRFAR - PR
rrw%’ PG g SR E R F AR F Y &E—r“" Pl o IR S BT R
41 PASI & Bic# 10+ (Liu et al, 2022) » B #0H g o i i 3f > B %1 5
FE?}%@% b A5 NET» ¥ i 838 AMP #3% 2 4 ROS %I’{?i’»'}a‘-“ff ok Xﬁr,‘},%'
$8 (Takahashi & Yamasaki, 2020) » 2 f ¢ % % 24 e ™ V‘F‘,’ Py n k2R E
B RF AR NRPEE DR LF pa g2 XTE 8L AL HROSA) S
b E%*F‘g Poite m ok g A IL-17 038 - R A Fiwre B Y 4 (Keijserset
al.,2014; Linetal,, 2011) » F]#* & jgRechpd §opimsr @+ 7 2T 2 ?ﬁ“‘%’ LA ER A
Ik % wve Pieng A k% (Munro's microabscesses) ~ & A K M5~ & B A 4 LB R
A7 2 Aok N R Y F (Murphy etal., 2007) © #* “F > LL37 f= RNA
g & MO A TLRT T Fenad i B4l 7 vh o e sk en NET f 2 8
% Lk RE™ (Hersteretal., 2020) -

33 Mo R E_DC fr MO e Spimie > fgf L~ £ 44 > F4F &1 30
%2 % F & (Kratofil et al., 2017) - $f>*§gepm i3 B+ & F & & (Behfar et al,
2018) » ¥ AgRAk L LRI P Fl.u_u’if“ﬁ“‘ Mo #cg + 2 I fr PASI 3 4v = & 3t
(Golden et al., 2015) -

FAK® DCERAAREHEINHNT 287 > BFRARERET wm% > & T w
e A B E T RN AP ETR KA § R 2Py L F g (Clark,
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2010) e 3F 577 7 ¢ SR S PFREP T ¥ icE € 3 4 (Matos etal., 2017; Menssen
et al., 1995; Takahashi & Yamasaki, 2020) o T w2 ¥ & 5 off T w? &« yd T ‘w% > VT‘
YO T fmPe ¢k > of T dwfe P & gpfed LF A 0 T b2 ¢ 35 Tc o2 fo Th ‘wmPe
(Th17 4= Treg) (Clark, 2010) » — #x kA 35 K ¢ 35 e y8T ‘mie T e 1 7
P AT ERFEL F IR YT e o 4 K X IL-23 {cis IL-17A A 2 enE & LR
- 0 B f BeeE B hR & (Caietal,2011) e @ #c8 # % 5 opT % @ > Thl7
wmre {3 & A 4 IL-17A hime » 3005 I THEBERF LI LT R o A R T
T &4F Th7 fwie i FHrd] > & a 203 5ofiemfke (Di Cesare et al., 2009; Sharma et
al.,, 2022; Yang et al.,, 2022) @ Tc % » & § & 2 Rop i IL-17A e ic > Bdp el
ﬁ w R P F #7H 4 (Kok et al.,, 2020; Leijten et al., 2021) © Th17 ‘w ¥z #7 4 j& e 1L-17
A Fwe 34 a X XA i Fiwre 2w [L-23 B4 @ Thl7 wre » i
HA o A LRI RE R TR R UK BES (Lietal, 2020) o fptFg
B iiiﬂﬁﬁ%'ﬁ =2)’8 %:}%4}_/5@‘ ¥ fw % ® e Thl7 wre 2 Treg fwre € < B H 4
(Nussbaum et al., 2021; Schon, 2019; Zhang et al., 2010) - Treg $** a4F p Amf < i
AGELEF L IMER f&iéﬁ?ﬁ,&*%ﬁﬁ sTreg ‘mPe 7 5y > € X~ & & 2 HilF X
e grd 4o IL-6 B2 58m "% M 0 g2 4] T W% EF ¢ (Goodman et al., 2007;
Goodman et al., 2009; Sugiyama et al., 2005) > F]¢* w. ¢ Th17/Treg ‘" & ¢ = 8 » I &7
P BeE B> & 4P M (Zhangetal., 2016) > Aot Thl7 & Treg 2 B eh-¥ ffirs &2 507
o O PR o
B A BAA DRG Kmegd g ¢ o IL-17 7380 IL-17A 25055 B &
AP R & t8 7t 25% (M. Furueetal., 2020) ~ #4522 #7 7 (transcriptome) (Lowes et al.,
2014) ¢ 4 #F IL-17A & § B850 B e £ 8 o 448 5 8 chd B 1R
2B RR s K oc% (M. Furue et al., 2020; Ghoreschi et al., 2021)  IL-17A # d
IS LLE SN E T 'r:tﬁu;r;:smvie:vg ?oke Ik sk mie s y8 T e foif
Bt b & w2 :Th17 ~ af T o ~ Tc % (Blauvelt & Chiricozzi, 2018; Keijsers et al.,
2014)-IL-17TAV £ E & Fiwie H 2 R § & i 5+ AMP & & (Lowesetal.,2014)-
AR X mve prE ~ $2B CCL20 £ L& ~ /F 1t signal transducer and activator of
transcription 3 (STAT3) BT i & Fimre # 2 ¥ & 2 % XL & J& (M. Furueetal., 2020)-
Btk Fimrz s € g T iz & 4 IL-17A )= & v 4k i (positive feedback) »
&2 L F &4yl (Blauvelt & Chiricozzi, 2018; M. Furue et al., 2020) °

12



@ IL-23 & DC~M® % & B in%z 74 s > ¥ §] e Thl17 fmfe & i ~ 3 2 foiz i
H_Thl7 fm¥e 7 F cnlmPe fcF o “% Th17 ¢t > IL-23 5 # ;& yoT m¥z & 4 IL-17A
(Baliwagetal., 2015) #2 iz Ren o B > Flot IL-23/IL-17A fbitah 5 A7 1 §o e i
end & B¢ (Caietal., 2011; Hawkes et al., 2018) °

- P AP R e B e ek AN T IR AS S p A A i (self
amplifying loop) & & F82) = Zu il fL & dmfe ~ WF (L ecnlmfe ek X £ A0~ & B imbe

BEHD TR R ORE -

. Skin injury

o 2
@ heutrophil

@ IL-23 IL-17
IL-1B IL-23

® Lo —~ 10 <6 u TNF-a
TNF-a 1]

Tho active T cell
B 1-4 - Etf},@iﬁ:}%ﬁ‘&ﬁ
Figure 1-4. Psoriasis immunopathogenesis. KC, keratinocytes; DC, dendritic cell; IL,

interleukin; TLR, toll-like receptor; TNF, tumor necrosis factor; CXCL, C-X-C motif

ligand.
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P AT 7 R N 3 p o R% (Presland et al., 2000) ~ 7 F]#& 75 (Carroll
etal,, 1997) ~ 234 {£ (Wrone-Smith & Nickoloff, 1996) % & #7834 HE SN /IR
x4 7 5%imiquimod (IMQ) 5% (Van DerFitsetal., 2009) 2 #_& T ;3 &% IL-
23 (Chan et al., 2006) 5 i o & * IMQ hIRFEFIE G L frv L4 K F &~
$o4r D F B RNE R RS R R Bk S 0 0 Y kA T b R % R
PR p 2009 Ep AF AR BB IMQ A ER ) KA L ST A K L 0 B
§oREd $ F Hehi n (Horvathetal., 2019; Schon etal., 2021; Van Der Fits et al., 2009) -

* AR R BB P ¢ 35 C57BL/6] ~ BALB/cJ ~ CD1 ~ DBA/1J ~ FVB/NJ ~
129X1/Sv] 4= MOLF/EiJ /| Bl » 4345 - v 83 I & % o Bt * IMQ 3#% $w 7 >
H¥ CS57TBL/6) ) BE 5 { % 0 IL-17 7254 M AL P14 i~ F P A SR Redd e g
# i (Badanthadka et al., 2021; Swindell et al., 2017) # C57BL/6J % IMQ % 3z %
FERPCE B 2% 5 5% (Hawkes et al., 2017) - 2 IMQ #% %) Rz etk £ £ 3L ep

B A2 a] BB 4.5 T2 20 (cmd) m;i/égwl?ﬁ] » % 3k 625 mg
aldara 5% (7 7 5% IMQ)id & 5-7 = & 7§ feeh > mIvE R 5 12.5-15.625 mg/cm?
(Swindell et al., 2017; Zhang et al., 2021) -

Aldara +F ¢ 2§ & &5 # @3 0 - &P 000 FI AR Ropd B R Til 4
% A58 (condyloma acuminatum)  IMQ % — /| & F & G9REg it &5 » LB F ~
BHES 2 A RS A BRI > AiEd SRR R Y PRI INE SR €
#adoReRk (Wuetal, 2004) » @ (8 40% rHCH X S840k fs 987§ (Vinter et al,
2015) - Aldara 3% % §zRe<ni% 412 TLR7 7 B > 2+ ¢ 3 3 0 IMQ £ 5 TLR7 e
£ > ¥ &1 KC~M® 22 DC F 3 TLR7 (Flutter & Nestle, 2013) » 1 {1 MyD88
adaptor i@ ;& T 35 NF-kB /& (B 1-5) > B X8 & ichein M end LF & (Liet
al.,2019) » & 4 < B L E 2 481 F]F o PR A R ehimie jrE 40k 0 1L IL-
23/IL-17A 9 Thl17 #h i A > 58 L M wve g2 IL-17A ~ IL-23 ~ TNF-o fodg it 7]+
CXCLI1 #+4r > R ABINA K DR T oz ~ v%’ P w R E A BEAEE L IR
%o TR A SRR RS A 0 A 2 L WA o IR T P S A BRA A

Cop RAE EE A o Aldara + 7 B RIS & T gk~ A4 g Le e ek 2
A - F)F o sld= 4 F#F L F B (Walteretal, 2013) (B 1-6) -
"UIMQ A ] s Rtk A K TRk SRR AR 00 B L F P RLT LR T s
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W R ARG D) c SEA KBS P (TR S o wE A
R B4R E B2 ERAF L & FwreERHA 2 » 1472 > (parakeratosis) ¥
RIPPEZR AT FIEFHREFRE A 2% P B3 Az 2T Vb i F
R A A EAK Y LRz (¢ 7 Tiwie ~DC 1A (e s 3f)

(Murphy et al., 2007; Wagner et al., 2010; Yang et al., 2019) - @ IMQ 3% %% =~ £ & ¢

T fme 4p B e ek IL-17A ~ 2 IL-23 chd LB H e & e AMP 14 & (Abdallah
etal,2017) » 2 | RE A K ¢ 90T fnwe £ 7] IL-23 enilics o & A it im? ik IL-
17A > PR % A $Fice? B L & yO0T e 7» EApfe 74 i (Caietal,2011) o 2
LB G 55 IMQ ¢ B[ B S X S R £ R ¢ e ThT s
(Flutter & Nestle, 2013; Van der Fits et al., 2009) o ¥ ¢t » o df FHEE T > 5 > 547
THER) RESS IMQAFL EF A HREARARA > § NIRRT F 7 5
e (2987 % - € R ) (Badanthadka et al., 2021) ~ 33 /3 # i3 4

2
s g

A
Ny

Eomdean TR (PRSI0 EE o AEAER ) Xt (Alvarez & Jensen, 2016) © iE

=
[ad

s
= »

¢ * *m > d Karamani & 4 (2021) e 3 #F RS IMQ ] B AiFd PR
(Locomotor activity test) ¥ % # g4t (distance covered) P &g i<t 44pe -] B > B |

B s T 0 a4 L

15



Cell debris

ee -‘..‘&n ”
(iii) Sy 3 N —.
mMQ Ad/(il.-losinc DAMPS (V)

Adenosine . Endosome (iv) 3 !.| (ii) (iv) ".".",‘
i Vehicle e ,'II-“ |
| | Ko {
’ Ad i ~ ! “'n_ R i
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Transcription of proinflammatory molecules
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<4y
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¢
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B 1-5~ IMQ % & & &~ B+
Figure 1-5. Mechanisms of action of IMQ. AMP, antimicrobial peptides; AMP, adenosine
monophosphate; cAMP, cyclic AMP; CXCL, C-X-C motif ligand; IMQ, imiquimod; IFN,
interferon; IL, interleukin; MyD88, myeloid differentiation factor 88; NF-«xB, nuclear factor

kappa-light-chain-enhancer of activated B cells; NALP, NACHT, LRR- and pyrin domains-
containing protein; TLR, toll-like receptor. (Flutter & Nestle, 2013)



O Q Cell death Inflammasome O O O O | O
i tivati ’—I
l'K\e-rft:lr:o::-y/tel Q [ ‘bac iva uon\/ OIOIO‘O O‘ Epidermis
OO0 0|0 |o|o]

Dermis

DCs, macrophages

Fe®
Yo-T cells

Fibroblasts

Bl 1-6 ~ Aldara b+ > TLR7 B2 iS4 H 4 £ F 2 BT
Figure 1-6. Schematic representation of TLR7-independent Aldara-induced events in the

skin. IL, interleukin; CXCL, C-X-C motif ligand; DC, dendritic cell; G-CSF, granulocyte
colony-stimulating factor. (Walter et al., 2013)

o R R BB R

P A ARG R 2 AVF IR RS > L AT R SR R
oAl R R A TRA PR ARG BE S e B - 5 HIEAIA K Rl
Bfpdde b EMETF ~ad F Dysgmde > H o L kA and BN 0 doR Y
1 ® e v (methotrexate, MTX) # 47 ~ kR (4o¥ ¢ kfrF 5Fk) foi * 4 5 W A4
(biologicals) %47 > 443l Aq B TA L W BT A W LFE B (R 1-
7) e

AR T prdl g Lwre gk 224 0 B frdld Flere 2~ g U{rh it
%ﬁﬁﬁﬁ%’@{%ﬂ%fé GERAR L M BHE oK THESR
Bl it* (Dengetal.,2016) > 2 % D&t v drf & Frorz B ¥ 34 > (2 g 31427
KA BRE L 72 ek FERE (Zhuetal,2021) MTX Z 4 i #r4] DNA &

o AEWRF T FABESF LG LA sk d 0 REF 54 R s W 3
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B ERRRE R TN 27 G0 0 £ H S ASFRUE RAo TR R T R 1 (Gaies et
al.,2012)c K >t o d 3t p FF xd FoRER H A B B o Vs s S
¢z MAKE? HCD4 T w2 ~ CD8" T mw? (Seyland et al.,, 2011) fr pDC 'm??
(Balato et al., 2013) #& ¥ 34 & £ ¢ chFoxp3' T ‘w* (Seyland et al., 2011) > 827X
kR 3 Bt (Zhang & Wu,2018) > fe ¢ & Bl B3 & ' U] o 2 H WA > 5 o
E-415 1 A2 g Reenim %8 e 4o TNF ~ IL-12/23 ~ IL-17 ~ IL-23 (Chiu et al., 2018; Zhu et
al.,2021) ;& f7frq] > e BV B BRE Dok LRt A E GRS SR
%@ it* (Dengetal., 2016) -

Mt icRecic oy > ¥V BB B ir R R 2 R R RER ST

N 2,

e
=}
N

J

B S R o WA &S AT YR h7 AR i
BEAGREFFENE ARDEDOREATEAAGR, - ER IR ER 5 T §0RED

R EP R AP R R T Y X TF SR o

et

Standard pharmacotherapy

‘ Systemic treatments b > I Topical treatments ‘

Methothrexate

——’{ Corticosteroids |
—bl Vitamin D, analogs ‘

—r‘ Calcineurin inhibitors ‘

Cyclosporine

Acitretin

Phototherapy

. . —P‘ Other topical treatments ‘
Biological agents

TNF inhibitors 4’( Nonmedicated moisturizers ‘
Salicylic acid
IL-12/23 inhibitor
—  coaltar |

willl]

1123 nhibitors

N

Bl 1-7 ~ Sofeain Ry = 2

Figure 1-7. Pharmacotherapy used in psoriasis. (Zhu et al., 2021)
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I ~FeRREL A S 1~ o G4 LA (Dietary Intervention and
Supplements in the Management of Psoriasis)

LA R S x,éf TR TR E SRR A R 27 e
Tﬁé%ﬁ@p?% P BHe Y RER - Ehdpe  FREAE RS A S LA ARGL
BT E fE o 4o ¥ A 40§ (mediterranean diet) ¥ it § F IR i
(Barreaetal.,2015) c & » % S 4F LRI FT R ATV F E- HawT g o T H
ﬁﬁcuT%&%ﬁ%ﬁ%%ﬁimﬁﬁ%T:

(<) 4 ahr

Pbc G MAT S ¢ 5 4RE R ¢ R4 S (Lucius, 2022) - £ 8 T4 &
(gluten-Free Diet) (Michaélsson et al., 2000) ~ <41 & 4c & (low calorie diet, LCD)
(Pona et al., 2019) % -

W B AT REASEG T UEMREL 2P LA R
(Akbaraly et al., 2015) » = BF F T #F & 7 fo8 Lok » 7 WRERES L
e P (Olendzki et al., 2014) » I "% 1 X B4 i ¥ (Metabolic Syndrome) (Salas-
Salvado et al., 2015) fow i & g5 (Estruch etal, 2013) 2 b *& o d 303 ¢ 340 &
"% 7 H A7 & {cfysEL (mono-unsaturated fatty acids, MUFA) v % ~ 7 & {c%; 5
s (polyunsaturated fatty acids, PUFA) » ¥ % i frdL & 4 5t & 3 ¥ e (Mazzocchi et
al., 2019; Mena et al., 2009) « 77 3 45 d14RBr ¢ A 40 G 15 2 8 % B {R IO
(extra virgin olive oil) ¥ "% 4 & ljf ¢ IL-6 ~ IL-17A ~ TNF-a ~ IL-1B % % ¥ it =
(Cyclooxygenase-2, COX-2) ¥ it & #]+ > & 3 #ig L »c% (Luisietal,2019) -
BAf Y FFRBVODFEEE RS T H SRR R AF ALY BT

o AE S dd W R FRF Tk o dod LR Prd] TLR4 B TS 1 0 B IR
X AFIEAIR » i&dm R0 Thl7 e g ~ "% K gk IL-17 % 3 (Malaguarnera,
2019) e {LF AL HFRICRER FF Y 0 ARERERRRF FREHE ¥ B &R
ik S (Phanetal ,2018) » 1 £ 457 3 ¢ 4 4% & il R SOBeR L B o0
BiK e

*“:q‘ia)%ﬁ,&—‘ﬁ £ 35U g (celiac disease) @t kg ® (Wu et al., 2012) » F]pt
FALTHNBLIHFTARTR IR EEE T HH O FRICBELERFL
F +fR s -9 £k (elevated antigliadin antibodies) = B » > 5 Pm L F 4 a L 3
A §5)€;}P‘3}&1 *% i< PASI 4 #icer»c % (Bhatia et al., 2014) o FptiZ2 R P FFE 5 54
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B R 2 AR B b SR iR b B LE* ZETSH - LCD & RIS
EE Y ey - I ,& ¥ ¢ PASI A~ #0124 N ¥ £ 4p #ic (Dermatology Life
Quality Index, DLQI) » fe &_§ & % 1L I p#ié * 7kiz % (cyclosporine) & MTX i¢
P H penfadE LCD & 7 it @ fi),%#i“é‘i f# o
(=) % a4 LH

FiEA a4 L RpRgR Repi o €37 5 A B2 P18 Ry R FAEGRIL - &
H¥ 23 EPAfrDHA: $ /7 ¢ SFME* db it L S8 icBl BIEG L7
r L ortk o bldev e é_—"ﬁ I B4R oz s (Millsopetal., 2014) o & v 4
A VB0 # 4 Etretinate #Efieié * o “i’%*?g"a:,ﬁiﬁ,&-‘ﬁ L i=8 e O = TR E I )
AT L H B g B {5 7 ehec g sc % (Danno & Sugie, 1998) o Ft o g
MR %%?éﬁs)ﬁ:ﬁ,& F KW E F & w ey (Kanda etal., 2020) ©

“,% Ao 2o Bt i G 4F L Ae R FIM I bldeid L 24 % D (GA4Letal., 2009)-
iviz% (lycopene) (Shih et al., 2020) ~ & % % (curcumin) (Sun et al., 2013) ~ 22 3 4
# 4 Bifidobacteria infantis 35624 ~ Bifidobacterium longum CECT 7347 -
Bifidobacterium lactis CECT 8145 {v Lactobacillus rhamnosus CECT 8361.) (Lucius,
2022)c ¢ EHARRM TRk e PRES A 2 D FRYFIFEF OB 1 36 B
7 E o AE 3 05pghad & DI AT 0 88% it ek K F - RALR DTRA K
iz (Perez et al, 1996) - 34 % D3 MEP & Finre & 5 Fra|if 2 v
(Matsumoto etal., 1990)> ¥ 22 §oie & f el § %1t » 220 v JRAEA ] B 0.06 mg/kg
BW/day shiviz 2 ¥ Frd| w2 B 4L% » + (intercellular adhesion molecule-1, ICAM-
1) %> %% % IMQ 3 E5cfe] K] RenPASI A8k @ v JRE 400mg § + %
LA TG F LR CDA+ o CD8+ T in% g fd ~ B ¥ % 40 IL-
22 gl Fok %8 i PAST A 0 s d AL # L F i (Perez et al., 1996; Sun et al.,
2013) -

Flph o R E e SR A A2 HiCBEL Y AL F L > BV A S S n
b endE &g et B s g Wk i (Michaélsson etal., 2000) o F]pt F 4 * A
TR ROR R AT S R AR SR I E IR L B R TR e R i 2 - o
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%= & - &% (glutamine)

- ~GLN 2 2 ;g7 (% 3¢

5 AE% (glutamine, GLN) > Z_A fap 7 £ & ¥ 5 csdpseflpe (Li et al, 2007) »
X 5d A A X FRR LA Al kR ¥ S 500-800 pmol/L (Cruzat et
al,2018) » A #¥ p {7 £ = GLN » fo A s W5 2o 05 e o3 g L g f00R 6
= fi# (glutamine synthetase) » # & T % 2.7 % § (NH3) {r$s'=<pt (glutamate)
£ GLN > Mk 4 3R FHig * om * § ficwre ¥ & 5 $cfigrepifs (glutaminase, GLS)
¥ #- GLN -k 2= feiRpife NHs M S fRk 2 2~ § F 45302 A4 p pH @i *
(de Oliveira et al., 2016) °

GLN 422 )37 5 £ & cnd 3018 % > § 438 Rdpfoimme 2 490 F ¢ B S dHd on
K D7 L PR 0 B AR TN § R IR B
(7S IcPREBTIF5 2 (NHy) el kiR B m F 2 225 i (Tapiero et
al., 2002) - GLN 7= ¥ {7 % $§ & & #:#k+ *X (glutathione, GSH) % 54~ - GSH
EMP L&Dy Lo d BORp Lk g B (cysteine) % 4 efk (glycine) =
e peotie s > GSH s safetp ehp o A& ROS B & » §Tt LM e siiting

% (Changetal., 1999) o F]pt 548 GLN i 23 IS B F Feng i ~ fode T
e grRE p fwve ong 1R Rk E (Kim, 2011) © "f g2 ¢h 5> GLN B E 5 #u L >
# % 3% & (Roth, 2007, 2008) ~ # & £ F] 4 i¥ (Brasse-Lagnel et al., 2009) ~ %2 it £
~FF ~ 7% I mammalian target of rapamycin complex 1 (mTORCI1) F-v % /& it £ ik
#v (heat shock proteins, HSPs) % # it (Cruzat & Tirapegui, 2009; Heck et al., 2011;
Mayers & Vander Heiden, 2015) - GLN # /& i* mTORC1 12 a3F fwPe ¥l fk cngs o

fed o AEA R AT ABHep ST o §F i T (Mengetal., 2020) o o 3t A 8w

-

BF P LS GLN Bl ¥ 4385 & - fE25e F9%=A e (non-essential amino acid)
B NB R EH oA B I B s g~ TR G T
B s e b 8k > GLN ¢ 73 ko &R ITE2EL F A
(conditionally essential amino acid) (Kim & Kim, 2017; Rodas et al., 2012; Wang et al.,
2010) ° § dwie F & < £ 2 0 1T5 e d Atz - o B GLN i #3540 e
e b ¢ e GLN Jk & € B ¥ "% i1 (Tapiero et al., 2002; Watford, 2015) -
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Z~GLN# L 5H8 &

BEARAREIN AR UFFHETLI R ER A AT R BEDLERABELT
%,"”?EP\ dmie PR A 0 AR e (Ao MO~ T g s v’F.‘J Polke m3k) €
GLN T4 s & iRz - » Flgt GLN #i A& a3 LA ¥ % %
(immuno-nutrients) 2 f (Cruzatetal., 2014; Newsholme, 2001) - GLN # it ¥ i% 5 ‘m ¥
SR R KR bt A R B REAR RS G RRL G T
FEMESTRIADLAEF LT o wwBF AR LAL G AR g A E A2
GLN #* #fpr g 7 o GLN & 3f4p B s 4o GLS ~ £ "% 2 i f+ (glutamate
dehydrogenase, GDH) ~ #5%%<fs ¥ ¢ fis i v=fis (glutamic-oxaloacetic transaminase, GOT)
W (aspartate aminotransferase, AST) - 4% "< fk 5 fiv fs #& "% f* (glutamic-pyruvic
transaminase, GPT) ¥ (alanine transaminase, ALT) » ¢ %2 #f 4c (Carr et al., 2010) -
R FRT > M i F4EZ GLN g £ 8 ¢+ tgH 4 (Cruzat et al., 2018) > &g 8
GLN $ i fn%e (S92 § £& &4 orf b2 b it h GLN & 2§ 3§ i ¥ ek
5 °GIN ez £ M ERFEMO & &2 2w { w2 jgc% > 4o TNF-a ~ IL-1 fv IL-
6 (Cruzat et al., 2018) o fepra Jpd 4= F S 3 F4d v GLN ¥ 2 245 5 % 2 g9 &
BT e et o > TR B BT 9T mwe ikl o> 24 A& T mbe i 2 sk
(Yehetal.,2004) o 5 ¢t & fm¥e § % 7 48 I GLN edk £ € 1838 Th17 fw?e 3 4 > @ 4 o
GLN it 43 5 # 8 — 3% » i@ Treg ‘w? # 4v ¥ 4| Th17 A i (Araujoetal.,2017) > I
P & DSS 3 $7 LB 0P 4 F RPN A GLN £ 5 33 & Th17 fmwe 2 o ¢ 1 i
k2 2% > ¥ R> Thl ~Th2 ~ Th17 4p B ‘m¥e ek end 2 ' i 2 Ts.w A RO -
ez (Chu et al, 2012) o 285 #F R AR & F diwmbe ¥ 47 2L GLN ¥ sx g
A SRR AL ER R EF ¢ F R E (Ogleetal, 1994)

GLN “ﬁcﬁ TIRR A B B RIRFEEF L LA e e i B E B EARC
He @gfpe we 2 HPpE L4 i 5 3 &5 & > 354 1-1 (Roth, 2008) -
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% 1-1 ~ GLN ehim®e % ¢ 5 3B &7 5

Table 1-1. Cell and immune regulation by glutamine (Roth, 2008)

Regulation of cell functions

Precursor of purine and pyrimidine

Precursor of glutathione

Interferes with L-arginine and nitric oxide metabolism

Regulates cell size by osmosignaling

Stimulates Hsp formation

Stimulates AMP-activated protein kinase pathway

Activates extracellular signal-regulated kinases
Regulation of lymphocyte function

Stimulates Con-A- and PHA-induced proliferation

Activates the expression of CD25, CD71, and CD45RO

Stimulates interferon g secretion

Stimulates lymphokine-activated killer-cells

Inhibits apoptosis

Stimulates intestinal immunity (GALT)

Increases proportion of natural killer cells in spleen
Regulation of monocyte function

Stimulates RNA synthesis

Increases IL-1 secretion

Stimulates phagocytosis of opsonized E. coli and oxidized erythrocytes

Stimulates antigen presentation

Increases expression of surface antigens

Influences differentiation

Improves antioxidant defenses
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=~ ~GLN2ZF LF B

# % GLN g fepost 050 (Su et al, 2021) ~ % X% i # 5 (Chu et al,
2012; Hsiung et al., 2014) ~ 4% & £ ;#/¢ (Shih et al., 2016) % % L {45 —‘)J%i C EEE
FOoFRGINE A& Twwe B8 LF RE»c% % 5 (lipopolysaccharide;
LPS) AJT 4 54 % i o7 tk Caco-2 % § % ® » i % GLN ¥ #r#$] STAT4 j& /e
& it (Liboni et al., 2004) » *% % IL-6 = IL-8 eh3-v F AT K EF LF &
(Kretzmann et al., 2008) o # DSS #% %5 & chds 49 % 45 /] Bl v PR 0.75 g/kg/day
GLN > ¥ iz /| Rendia 2 g+ 3 5 HSP70 £ & (Xue et al., 2011) » 2 >
Cytoplasmic phospholipase A2 (cPLA2) #ipk it 2 % 3§ ¢ TNF-a ¢d-vd B 4 R E
(Jeongetal., 2018) » % = A & F A & (2,4,6-trinitrobenzene sulfonic acid, TNBS) 3% #
AR LAY %4 25 mgkg ¢ GLN T 44| STATI 4= STATS B i e it
(Kretzmann et al., 2008) > %% "4t & (55% e+ B2 Kk p Poik) 3 Ere sl B9 %
WA T 5 83 GLN(4gke) fSr % » 7 ' i NF-kB & 1 ki /5 055« vop 2 5 0
wa? i L F & (Abboud et al., 2019) - GLN #t4F ¥ 2 3 % ¥ MAPK phosphatase
(MKP)-1 &t i 4 > 7 @ % sk S cPLA2 4 3 754 2 - A Fedl o 54
(prostaglandins, PGs) {rd = % % (leukotrienes, LTs) 2 = > & L 5 fusf L €% (de
Oliveiraetal., 2016; Lee etal., 2015; Murakami etal., 2017) - % NF-kB B &4 75 (- {8 »
A U R il €52 A2 0 4 IL-1 ~ [L-6 fr TNF-a » @ 4 % GLN i¢
B L ek B R & foflac 0 &ith GLN ot R 8 NP R B

=+ GLN #14 £ 14 5
L TP FIMGIN EF AAR S ~ BFEF UF Bovek 0 20.15% - A&
A # ¥ (dinitrochlorobenzene, DNFB) # ¥ ek jd 1+ A % L (contact dermatitis, CD)
| RF
ik i@ e d A F 2 RS 5B (Jinetal,2012) % 4 FA ke S 2 4%GLN
A% ¥ izl DNFB % % i 2 % (Chloroquine, CQ) #7# %1 CD #7% » %% GLN ¥

S 5B HINAT 40 G WokF X h4% GLN i3 % > 7 & 3 ¥4 cPLA2 Bk

#E G R0 BE X s (G protein-coupled receptors Kinase 2, GRK2) ¢4 i & $r
#1 G F-v9 % %X % (G protein-coupled receptors, GPCRs) % 14 » i#F 4. GPCR § /& @
Wenf B s 0 kecd ) Benlh N (Imetal, 2018) 5 %3 B d GLN i ina
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% 4 & Elental (J "efifié ~B-Kit &4 ~ a4 3 ~ %52 GLN o) 7l d Jig®
$» 5-fluorouracil % *t i £ fo 34 Hen¥ 384 K L > ¥ Elental & HaCaT & § iz 7 % £
A K i v & fe@ i 4 (Haradaetal, 2018) -

Pavi AF GLN A L3 o BhE B 7 0 237 57 1 7 #&37] GLN #3352
e L F AP B F]3 20 1% % 5 4o cPLA2~Th17/Treg ~ 48 i% 47 3] km#2 7+ = (ferroptosis) »
F2R] GLN AF L 30 3087 ac & 7 B g o cPLA2 17 4 & & ehgf WL F]F » AR5
S8 §oRe L K LA # ACRERL F A KP 2d4EB 2 AP EREHS
Wy AR R F e 4 > TSRS L e ik A0 (Shaoetal,2021) o Flpt 4 G
4134 cPLA2 # /% 1% 4§20 & N a7 5 (Asheroft et al., 2020) -

ERRR I S I | S5t :,\gg)%;t{iz ARP b Fmex ERAHE = chwie ¢ 1§
Mgy L g 0 A H A B REE A e - A5 ¢ ¥ DAMPs Sepl B3RS
LK v 2 o o Shou & 4 (2021) chF g ¢ S EREP 2 R CHH0A1E Mg £ F e
AR A mRe S T kA R LR BT L SOBTRA A e B ARt oR
Ay dp i GSH & 8 8 wre (i AR Bldrd] 0 & Flore 52 2 B2 3w
Pz 7+ = (Vatsetal., 2021) o F]pt ;ﬁ-d Ao GLN kA Hp GSH 2 £ > V£ &
Friamve g 2 ixif A wre = 2 24 DAMPs » #3050 Reinh b E a7 Vi L5 &
g o e piEd T Y Y dp e 4 iR A we v F & GLN 2 GLN #
HE R At L GLN ¥ 505 }ﬁm LF PR - HF kD % (Gao et al,
2015) o pt ¢k “ﬁ? TS S Prh E E RGP GLN TR s L B
THERACHERF P Y GLN 7 EREREHT 1552 4 f:rf\,v’ GLN k & &2 PASI
PR R I AP (Armstrong et al., 2014; Chen et al., 2021) » { 5 7 :,‘F] [’;’7 Boid
GLN JER " M € i & LA i X4 ~ %fﬁz,&isﬁf;}%;ﬁn FH I R EH
(Rodas et al., 2012) » #id 2o GLN 20 52m & 7 e 2§ & hee b ehg KoL
PRI GLN ¥ i d A KIS 2 B0k 0 FIE I REE R R B T e slde
I R W Lﬁ}l’;‘a ' A 2o GLN & E‘E-;'i’ﬁ TwmrcyE om g IMQE-| KA 4 ik
SR A RS LE R ek 0 ) BRI

L
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[ SR i o 3 -

Toe S — MBI S p WA A o §EREF LR R 2 B R
£ 8 _":5& ERCR (f LR AN Y- R 1Y I N+ ?3)? B od AP A RORBET AR
AEF R CRBEUHE GHRIPENE I FD LGS R T L 5
HAFTE R FRFEIOBRT LA B " MaEY o

[ l__%;@%;km,x FREF P F R FP GLN 7 B - 43 Aok 7™
(Armstrongetal.,2014) - GLN 48 p 7 £ 8 & § 9=z ik » RSP LR T
Fira b L S F AP ART %Y B LG B U2 LAREDET - GF GLN
Mo B NiEE g% s fed 30 H S A E\ﬁv,ﬁ»ﬁv}%i‘g’ﬂéﬁ»ﬂéﬁwﬁi’ SR SR
PRA 2 % i HE 15 MRS AT M S L e ok AR A G o T 4F A GLN £ §
BEAK G a e ol ki 253 FRFOEL e o AET R IMQ
FAORRA K b P 0 S GLN R T 63 3 A K3 X %b 5
AL o F3EE GLN A ~ v i e D chd B mie 12 3 LR R RE e e
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18.
19.
20.
21.
22.
23.

24.
25.
26.

I

F=F - HEE R
FoG L FEAKRE

~ R RS
2-propanol: 19516, Sigma-Aldrich, St. Louis, MO, U.S.A
a-Cellulose: 900453, MP Biomedicals, Irvine, CA, U.S.A
Aldara™ #: {8 £ ™3t § 3M Health Care Limited, Loughborough, England.
AIN-93G-MX mineral mix: 960400, MP Biomedicals, Irvine, CA, U.S.A
AIN-93G-VX vitamin mix: 960402, MP Biomedicals, Irvine, CA, U.S.A
Bovine serum albumin: A4503, Sigma-Aldrich, St. Louis, MO, U.S.A
Cell Strainer 70um Nylon: 352340, FALCON, Mexico.
Casein purified high nitrogen: SR02211, MP Biomedicals, Irvine, CA, U.S.A
Chloroform: C2432, Sigma-Aldrich, St. Louis, MO, U.S.A
Choline bitartrate: C1629, Sigma-Aldrich, St. Louis, MO, U.S.A

. Corn starch: S1914, MP Biomedicals, Irvine, CA, U.S.A

Deoxyribonuclease I: D5025, Sigma-Aldrich, St. Louis, MO, U.S.A
Diethyl ether: 32203, Sigma-Aldrich, St. Louis, MO, U.S.A
Diethyl pyrocarbonate ( DEPC ) : D5758, Sigma-Aldrich, St. Louis, MO, U.S.A

Disposable Syringe (without needle): MDSS03S, Terumo, China.

Ethanol: 32221, Sigma-Aldrich, St. Louis, MO, U.S.A
Ethylenediaminetetraacetic acid solution: 03690, Sigma-Aldrich, St. Louis, MO,
US.A

Fetal bovine serum: 35-010-CV , CORNING, NY, U.S.A

Foxp3 staining buffer set: 00-5523-00, eBioscience, San Diego, CA, U.S.A
Glutamine: G8540, Sigma-Aldrich, St. Louis, MO, U.S.A

Hanks' Balanced Salt solution: H6648, Sigma-Aldrich, St. Louis, MO, U.S.A
IC fixation buffer: 00-8222-49, eBioscience, San Diego, CA, U.S.A
Intracellular staining permeabilization wash buffer: 421002, Biolegend, San Diego, CA,
US.A

L-Cystine: C8755, Sigma-Aldrich, St. Louis, MO, U.S.A

Liberase: 5401127001, Sigma-Aldrich, St. Louis, MO, U.S.A

Maxima SYBR Green/ROX qPCR Master Mix (2X): K0222, Thermo Scientific,
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217.
28.
29.
30.

31.
32.
33.
34.
35.
36.

10.

11.

Waltham, MA, U.S.A

Paraformaldehyde: 16005, Sigma-Aldrich, St. Louis, MO, U.S.A

RBC lysis buffer: 420301, Biolegend, San Diego, CA, U.S.A

Permeabilization Buffer (10X): 00-8333-56, eBioscience, San Diego, U.S.A.
Roswell Park Memorial Institute (RPMI) 1640 Medium: 10-040-CV, CORNING, NY,
US.A

Sodium azide: S8032, Sigma-Aldrich, St. Louis, MO, U.S.A

Soybean oil: Uni-President Enterprises, Taiwan

Sucrose: Taiwan Sugar Corporation, Taiwan

tert-Butylhydroquinone: 112941, Sigma-Aldrich, St. Louis, MO, U.S.A

Trizol reagent: 15596-018, Invitrogen, Carlsbad, CA, U.S.A

VANICREAM™, Pharmaceutical Specialties, Minnesota, U.S.A

R Syl

AlexaFluor®700-conjugated anti-mouse CXC3R1: SAO11F11 (clone number),
149021 (catalog number), Biolegend, CA, USA.

APC-conjugated anti-mouse CCR2 antibody: FAB5538A, R&D Systems,
Minneapolis, MN, U.S.A

APC-conjugated anti-mouse Y6 TCR antibody: 17-5711-81, eBioscience, San Diego,
CA,US.A

APC-conjugated anti-mouse CD25 antibody: 102012, BioLegend, San Diego, CA,
US.A

APC-conjugated anti-mouse CD4 antibody: 100412, BioLegend, San Diego, CA,
US.A

Biotin-SP (long spacer) AffiniPure Goat Anti-Rabbit IgG (H+L): 111-065-003,
Jackson ImmunoResearch, PA, USA

FITC-conjugated anti-mouse Ly6G antibody: 127606, BioLegend, San Diego, CA,
US.A

FITC-conjugated anti-mouse CD3 antibody: 100305, BioLegend, San Diego, CA,
US.A

Pacific blue-conjugated anti-mouse CD4 antibody: 100534, BioLegend, San Diego,
CA,US.A

Pacific blue-conjugated anti-mouse CD11b antibody: 101224, BioLegend, San Diego,
CA,US.A

Pacific blue-conjugated anti-mouse CD19 antibody: 115523, BioLegend, San Diego,
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12.

13.

14.

15.
16.

17.

18.

19.

20.
21.

In

o o &~ w N P9

CA,US.A

Pacific blue-conjugated anti-mouse CD3 antibody: 100334, BioLegend, San Diego,
CA,US.A

PE-conjugated anti-mouse Foxp3 antibody: 126404, BioLegend, San Diego, CA,
US.A

PE-conjugated anti-mouse IL-17A antibody: 506904, BioLegend, San Diego, CA,
US.A

PE-conjugated anti-mouse CDS8 antibody: 100708, BioLegend, San Diego, CA, U.S.A
PE-conjugated anti-mouse 3 TCR antibody: 109207, BioLegend, San Diego, CA,
US.A

PE-conjugated anti-mouse Ly6C antibody: 12-5932-82, eBioscience, San Diego, CA,
US.A

PerCP-conjugated anti-mouse CD45 antibody: 103130, BioLegend, San Diego, CA,
US.A

Rabbit anti-mouse CD3: ab16669, Abcam, Cambridge, UK.

Rabbit anti-mouse Ly6G: ab238132, Abcam, Cambridge, UK.

TruStain anti-mouse CD16/32 antibody: 101320, BioLegend, San Diego, CA, U.S.A
AEalE

RevertAid™ first-strand cDNA synthesis kit: K1622, Thermo Scientific, Waltham, MA,
US.A

VECTASTAIN® Elite® ABC-HRP Kit, Peroxidase (Standard): PK-6100, vector
laboratories, California, U.S.A

RERA

PH meter: Five Easy, METTLER TOLEDO, Columbus, U.S.A

> > HpcE * T PA224C, OHAUS, Parsippany, NJ, U.S.A

% &= # % : TOMIN Inc., New Taipei City, Taiwan (ROC )

kK B 3 SpectroStar nano, BMG LABTECH, Offenburg, Germany

REpradg r BE TR EE kS Rotor-Gene Q, QIAGEN, Hilden, Germany
£ F A4 % i 3o ¥ Heraeus Megafuge 16R Centrifuge, Thermo Scientific,
Waltham, MA, U.S.A

o3 m e ik Attune™ NxT, ThermoFisher scientific, Waltham, MA, U.S.A

Az ¥ -k 48 Direct-Q, Merck Millipore, Kenilworth, NJ, U.S.A

% 4 B4 &% CR-520, Chih Chin H&W Enterprise Co., Ltd., Taiwan.
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10. -30 & ™84 % % : MDF-U5312, Panasonic, Osaka, Japan.

11. -80 A A4z M8 4 % % NV-94839C, NuAire, Plymouth, MN, USA.
12. # 5 1%: Basler acA1920-40uc, BASLER, Ahrensburg, Germany.
I BRI AFEN

1. GraphPad Prism 6 for Windows (GraphPad Software, USA)

2. ViewPoint Light (PreciPoint, Germany)
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CEE RS ¥

AR S CSTBL/O) et | RiT 5 f ot g MEF e d o
2k - SRl - ;'%*'éﬁqu@ A F®p 52 i 45 4 (individually ventilated cage) »
pd AL DEHFEERET 12 )RR HEE - ER 19-22°C 12 RAE 40-
60°C-P~ B & Hfr s~ TR b4 RELL @ * L | € (Institutional animal care and
use committee, IACUC) #2/& (F R ET %I 1 FFx&F 5% 110021 3)-

8RR

JERBENSEF I X EREY CDFLT -V HAS AL 32 5
FHPBE(NCE2 n=8) iz e (P2 >n=8) "% i;f/ » %2 (PG n=8)-
Lol RUE 6 WMEFREFARA (F%F 1 X ) &2 u%F AIN-93G &3
(NC 2fc P =) M2 z 5 GLN 7 AIN-93G 43 (437 #7 7 e Casein ¥ 25%¢d
GLN B~ % ) 4 @48 o GLN e 5 o #75 B33 % % 14 % %‘J“f’?%ﬁ;ﬁ L T
Fre ) & (P ~PGr)>»F5%% 16 X424 6 = A% % LB % Aldara 5L F
(% 5% IMQ) ##feRetc L § X » @ NC ‘e ] B P4 4 Vanicream 5* 5 1% 5 ¥ P8 -

Aldara * ¥ (%18 %) chi B 24 ¢ 3 5%IMQ -~ B A "qfk ~ fr s ~ A i ~ ©
k2 E § L4 AR 60 & Vanicream 2.3 & £ 4P| e Z 0 ¢ Cd 4R LAER Y E R
W% -

o ”;?{ﬁ}%%)\ IMQ ¢ %3/ B%ig LA & e chF 3% (interferon, IFN) 3 4v»
a2 OE R By BT RERNE IS IMQ RF E] &
SRtk L B W ende F 4N o 5 7 7 @ % Elizabethan collars & #F £ -] &Hp’?livi’%t 2R
(Grine etal., 2016) ° & & FSREH &5 B FHEF F 45 2 Fip ¥ s Fae 7| )
U U E R I A E et o L B n e i) s S o

FHRPTEA X ol | RWE > X80 e el LR 3 A bt E > £ % 0
W E PR R LR A o e IR 12 X (T es el AR o ot
FHSE S E PG| Hind p GIN#E» £ o303 % ¥ 16219222 % i (7 4 20~
BABRPIETIPRESITL PASI 370 gy o #75 | B3R &5 22 X FFILSRER
B PR R R R BN R Rl R FR A B RS BRI
4o 31 # A o
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Intervention start Shaving Sacrificed

IMQ induced
Acclimation 1 1 1
@
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Figure 3-1. Study flow chart
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Reh e 17 GLN AT 2 4= #5354 0 i@ % g GLN 1t b2 & 17 5 A~ 3 58 o
AL O 18 % 14 X o R ] BUFRFR L f6 0 i T BRI L 7 ",f—i | EAF IR E
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Ze 3-1~ F B E A A e

Table 3-1. Composition of the experimental diets (g/kg)

Ingredient (g/kg diet) NC P PG
Corn starch 529.5 529.5 529.5
Sucrose 100 100 100
Casein 200 200 150

Glutamine 0 0 50
Soybean oil 70 70 70
Fiber 50 50 50
Mineral mixture ( AIN-93G- 35 35 35
MX)

Vitamin mixture ( AIN-93- 10 10 10
VX)

L-cystine 3 3 3
Choline % 2.5 2.5
Tert-butylhydroquinone 0.014 0.014 0.014

NC, normal control group; P, psoriasis control group; PG, psoriasis group with glutamine.
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Table 3-2. Sample analysis
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Figure 3-2. Gating strategy used in flow cytometry analysis to detect innate immune cells
in the blood.
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Figure 3-3. Gating strategy used in flow cytometry analysis to detect adaptive immune

cells in the blood. WBC, white blood cells; Tc, cytotoxic T cell; Th, helper T cell.
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Figure 3-4. Gating strategy used in flow cytometry analysis to detect Treg cells in the
blood. Treg, regulatory T cell.
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Figure 3-5. Gating strategy used in flow cytometry analysis to detect Th17 cells in the
blood. Th17, T helper 17 cell.
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Figure 3-6. Gating strategy used in flow cytometry analysis to detect innate immune cells

in the back skin.
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#-RNA & 4% % Cdna (complementary DNA) » 3 % 3+-20°Ci4 i %1% ©
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P A S A PR A AT 51 B Aldodk 3-5 4% o PR PEE 5 ul 2
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dor PREAFGH Efor B33 5uM & 05ul {8 > AR D BAE S 25ul 0 & F
_+ Strip caps » ¥ 12 3 Rotor-Gene Q qPCR % sLig#-#%k #® IL-17A ~ ROR-yt 2 f-
actin 22 A F1& R E A 47 o qQPCR F & iE 240 1 50°C 10 » 45 (1 # 753 )~ 95°C 10
ks (1 B#HER)95°C15 #5£2 60°C1 A 45 (40 B #3k ) - # * melting peack FE 33
51+ & — |+ > B-actin # 3 internal control » ™A Ci3+ & & A |2 L3 E » ¥ 12 NC
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Table 3-3. Antibodies used for flow cytometry.

AlexaFluor®700-conjugated anti-mouse

CXC3R1

Systems

149021, Biolegend

Sample  Cell type Antibody R pL/test
PerCP-conjugated anti-mouse CD45 103130, BioLegend 1
Pacific blue-conjugated anti-mouse CD11b 101224, BioLegend 1
FITC-conjugated anti-mouse Ly6G 127606, BioLegend 0.5
Monocyte  PE-conjugated anti-mouse Ly6C 12-5932-82, 1
Neurophil ~ APC-conjugated anti-mouse CCR2 Bioscience 10
FABS5538A, R&D 0.5
AlexaFluor®700-conjugated anti-mouse Systems
CXC3R1 149021, Biolegend
Blood Thi7 Pacific blue-conjugated anti-mouse CD4 100534, BioLegend 1
PE-conjugated anti-mouse IL-17A 506904, BioLegend 1
PerCP-conjugated anti-mouse CD45 103130, BioLegend 1
FITC-conjugated anti-mouse CD3 100305, BioLegend 2
lymphocyte Pacific blue-conjugated anti-mouse CD19 115523, BioLegend 0.5
APC-conjugated anti-mouse CD4 100411, BioLegend 1
PE-conjugated anti-mouse CD8 100708, BioLegend 1
Pacific blue-conjugated anti-mouse CD4 100534, BioLegend 1
Treg cells  APC-conjugated anti-mouse CD25 102012, BioLegend 1
PE-conjugated anti-mouse Foxp3 126404, BioLegend 5
TruStain anti-mouse CD16/32 antibody 101320, BioLegend 2
PerCP-conjugated anti-mouse CD45 103130, BioLegend 1
Pacific blue-conjugated anti-mouse CD11b 101224, BioLegend 2
_ Monocyte  PE-conjugated anti-mouse Ly6C 12-5932-82, 1
skin Neurophil ~ APC-conjugated anti-mouse CCR2 Bioscience 2
FAB5538A, R&D 0.5
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lymphocyte

TruStain anti-mouse CD16/32 antibody
PerCP-conjugated anti-mouse CD45
Pacific blue-conjugated anti-mouse CD3

APC-conjugated anti-mouse y6 TCR

PE-conjugated anti-mouse § TCR
FITC-conjugated anti-mouse Ly6G

101320, BioLegend
103130, BioLegend
100334, BioLegend
17-5711-81,
eBioscience
109207, BioLegend
127606, BioLegend

0.5
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Table 3-4. The Baker’s scoring system of psoriatic skin. ( Baker et al., 1992 )

Item Description Score
Keratin Munro abscess 2.0
Hyperkeratosis 0.5
Parakeratosis 1.0
Epidermis  Thinning above papillae 0.5
Clubbing of rete ridges 0.5
Lengthening of rete ridges 1.0
Acanthosis 0.5
Lack of granular layer 1.0
Dermis Mild 0.5
Lymphocytic infiltrate Moderate 1.0
Marked 2.0
Papillary congestion 0.5

50



%35 TR R RAMEYF B2 3T R

Table 3-5. Primer sequences for gPCR

Gene Primer sequences (5°to3’) Accession number
L-17A Forward AGCAAGAGATCCTGGTCC TGAA NM 0105523
Reverse CAT CTT CTC GAC CCT GAAAGT GA
1L-23 Forward AAT AAT GTG CCC CGT ATC CA NM 031252.2
Reverse AGG CTC CCC TTT GAA GAT GT
CXCL-1 Forward TGG GAG GCT GTG TTT GTATG NM _008176.3
Reverse GAGACGAGA CCA GGA GAAAC
TNF-q Forward CACGTCCGTAGCAAACCACCAA NM 013693.3
Reverse GTTGGTTGTCTTTGAGATCCAT
ROR-yt Forward CCA CTG CCA GCT GTG TGC TGT NM_001293734.1
Reverse CTT GGC TCC CTGTCC TCC TCA GT
TLR7 Forward TGG CTC CCT TCT CAG GAT NM 133211.4
Reverse CCG TGT CCA CAT CGAAAACA N
F d ACC CACACTGTGCCCATCTA
B-actin orward ACCCACACTGTGCC ¢ NM_007393.5

Reverse

TCG GTGAGGATC TTC ATG AGG TA
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#73 % % #c{E 1 mean + standared error of the mean (SEM) & 3R> * GraphPad
Prism 6.0 $ic#8:& {7 s34~ 47 2 @@ - ¥ £ % 1* 2 PASI :®4 17 two-way analysis of
variance (ANOVA) it {7 4 17 » i $5fic Bonferroni test :& (7 £ (St ¥ - H T % %

%3 2L B2 Student’s ttest 2 47 o § p<0.05 % & E § kP ahg & o
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Figure 4-1. Back skin appearance, Ear skin thickness, and PASI score. (A) The severity of
back skin on day 22. (B) PASI scores. (C) Left ear skin thickness (D) Right ear thickness.

PASI, psoriasis area severity index. Data are presented as the mean = SEM. Difference

among groups were analyzed by two-way ANOVA with Bonferroni test. *Significantly

different compared to the NC groups (p < 0.05). # Significantly different compared to the P
groups (p < 0.05).
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Figure 4-2. Histological features of mice’s healthy and psoriasis-like skin. (A) Healthy mice
skin features (60x). (B) Psoriasis-like skin features of mice (60x). (C) and (D) Psoriasis-like
skin features of mice (200x). Scale bar represents 500 um and 100 pm. Black double-headed
arrows are used to show the dermal thickness. Red double-headed arrows are used to show
the epidermal thickness. The red arrow indicates the place of the granular layer. The white
arrow indicates the place of hyperkeratosis. The black arrow indicates the place of

parakeratosis. Red circle indicates the place of Munro microabscess.
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Figure 4-3. Back skin histology, epidermal thickness and injury scores. (A) Histopathology
of back skin with H&E stain (40x, 100x, 200x). Scale bar represents 500 um, 200 um, and
100 um. Red double-headed arrows are used to show the epidermal thickness. The red arrow
indicates the place of the granular layer. The black arrow indicates the place of
hyperkeratosis and parakeratosis. Red circle indicates the place of Munro microabscess. (B)
epidermal thickness (C) epidermis skin ratio (D) Baker’s score. Data are presented as the
mean + SEM. Difference among groups were analyzed by two-way ANOVA with Bonferroni
test. *Significantly different compared to the NC groups (p < 0.05). # Significantly different
compared to the P groups (p < 0.05).
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Figure 4-4. Percentages of T cells in the back skin. (A) The percentage of T cell inWBC. (B)

The percentage of af T cell in T cells. (C) The percentage of yd T cell in T cells. NC, normal

control group; P, psoriasis control group; PG, psoriasis group with glutamine

supplementation. Data are presented as the mean = SEM. Student’s t-test was used to analyze

differences between the NC and P &P and PG.

* Significantly different compared to the NC groups (p < 0.05).

# Significantly different compared to the P groups (p < 0.05).
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Figure 4-5. CD3 IHC staining of back skin. Scale bar represents 500 pm, 200 um, and 100
pm (40x, 100x, 200x). The red arrow represents the distribution of the CD3™ cells in back

skin.
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Figure 4-6. Distributions of white blood cells in the back skin. (A) The percentage of

neutrophils. (B) The percentage of inflammatory Mo. Mo, monocyte. NC, normal control

group; P, psoriasis control group; PG, psoriasis group with glutamine supplementation. Data

are presented as the mean = SEM. Student’s t-test was used to analyze differences between

the NC and P &P and PG.* Significantly different compared to the NC groups (p < 0.05). #

Significantly different compared to the P groups (p < 0.05).

61



NC P PG

B 4-7 ~ #30L o R Ly6G &5 % 4

Figure 4-7. Ly6G IHC staining of back skin. Scale bar represents 500 um, 200 um, and 100
um (40x, 100x, 200x). The red arrow represents the distribution of the neutrophil in back
skin. (A) Histopathology of back skin with H&E stain (40x, 100x, 200x). Scale bar
represents 500 um, 200 pm, and 100 pm.
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Figure 4-8. mRNA expressions of cytokines, chemokine, and TLR7 in the back skin. (A) IL-
17A (B) IL-23 (C) CXCL1 (D) TNF-a. (E) TLR7. Data are presented as the mean + SEM.
Student’s t-test was used to analyze differences between the NC and P &P and PG.
* Significantly different compared to the NC groups (p < 0.05).
# Significantly different compared to the P groups (p < 0.05).
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Figure 4-9. Spleen to body weight ratios. NC, normal control group; P, psoriasis control
group; PG, psoriasis group with glutamine supplementation. Data are presented as the mean
+ SEM. Difference between groups were analyzed by independent student’s t test.. *The NC
group significantly different compared to psoriasis group (p < 0.05).
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Figure 4-10. Distributions of white blood cells in the blood. (A) The percentage of
neutrophils in WBC. (B) The percentage of classical Mo in WBC. (C) The percentage

of non-classical Mo in WBC. Mo, monocyte. NC, normal control group; P, psoriasis control
group; PG, psoriasis group with glutamine supplementation. Data are presented as the mean
+ SEM. Student’s t-test was used to analyze differences between the NC and P &P and PG.*
Significantly different compared to the NC groups (p < 0.05). # Significantly different
compared to the P groups (p < 0.05).
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Figure 4-11. Percentages of lymphocytes in the blood. (A) The percentage of T cells in WBC.
(B) The percentage of B cells in WBC. (C) The percentage of Th cell in T cells. (D)The
percentage of Tc cell in T cells. NC, normal control group; P, psoriasis control group; PG,
psoriasis group with glutamine supplementation. Tc, cytotoxic T cell; Th, helper T cell. Data
are presented as the mean £ SEM. Student’s t-test was used to analyze differences between
the NC and P &P and PG.
* Significantly different compared to the NC groups (p < 0.05).
# Significantly different compared to the P groups (p < 0.05).
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Figure 4-12. Percentages of CD4" T cell in the blood. (A) The percentage of Th17 in CD4"
cells. (B) The percentage of Treg in CD4" cells. Th, helper T cell; Treg, regulatory T cell.
NC, normal control group; P, psoriasis control group; PG, psoriasis group with glutamine
supplementation. Dots represent individual values. Data are presented as the mean + SEM.
Student’s t-test was used to analyze differences between the NC and P &P and PG.
* Significantly different compared to the NC groups (p < 0.05).
# Significantly different compared to the P groups (p < 0.05).
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Figure 4-13. Splenic gene expressions of Th17-related markers. (A) IL-17A. (B) RORyt. NC,
normal control group; P, psoriasis control group; PG, psoriasis group with glutamine
supplementation. Data are presented as the mean + SEM. Student’s t-test was used to analyze
differences between the NC and P &P and PG.
* Significantly different compared to the NC groups (p < 0.05).
# Significantly different compared to the P groups (p < 0.05).
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Figure 4-14. Percentage of body weight change in mice. NC, normal control group; P,
psoriasis control group; PG, psoriasis group with glutamine supplementation. Data are
presented as the mean = SEM. Difference among groups were analyzed by two-way
ANOVA with Bonferroni test. *The NC group significantly different compared to
psoriasis groups (p < 0.05).
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Figure 4-15. Food intake of mice on AIN-93G diet or AIN-93G diet with glutamine. NC,
normal control group; P, psoriasis control group; PG, psoriasis group with glutamine
supplementation. Data are presented as the mean + SEM.Difference between groups were

analyzed by independent student’s t test.. * Significantly different compared to the NC
groups (p < 0.05).
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Figure 4-16. The intake of GLN.
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LESE R
¥ & IMQ ) Btk A F L2 ik

IMQ #H F g B3 FFFLEAR > 2 ZA KBS 50~ 4
K¢ hBmve 3 4R B eniRF L m e jrE 3 4o B et % (Chen et al, 2022; Gao et al.,
2020; Mercurio et al., 2021; Uchida et al., 2021; Yang et al., 2019) = & & & *t B> 5 >
AEE L BT IMQ A ESe ey 4 R AT R Um0 Tt PASI W4 B E
4% (%% 19%) 2FEF5 72X (F%%222)EFEFLF )R (B4
)

Y
IB) fri /L5 % 49 # (Yangetal,2019); A F s> ¥ 2 6 » 2 IMQA %% 3 =

BAEIEA KRS 8 S AR EARHEAETRRIECER > E0E T 2
E‘i%@&wmm&ﬁﬁfﬁ RPH (L ER A 2 FRAORPE LA KH S

EFA )t AFHAIMQFAEY - T ERIAAIERAEL L (B 43A) 4
At (Bl43A-B2 C)~ & iFRZ &1 7 2E 50 (R43A) r &
Fiame B 4 H 4 2 3r4 § > 22 L5475 - & (Pengetal., 2020; Yang et al., 2019)

Tl B#FUAPM L T BAR w2 G A TERI R Qo k2 L F ¢
£ g g mee (9 1d w3k 2 Mo) v bl# (Fl4-11A-B 2 1 4-9A-B)"
£ ¥ CXCLI e mRNA £3E+ § “H# 4 (B 4-9C)> * & RSB

o

ﬁ
Pe o RRERA R e 0 2 35 (B 4-7) Z2EAFT %% - & (Ha et al., 2014,

Kim et al., 2020; Knopp et al., 2021; Mercurio et al., 2021) > &+ IMQ g CETEES S
LAARMZ B UF oa s SioBRA K N o AT F IR 8 A IMQ 3% Es
A ¢ X439 TLR7 2 mRNA (Jeon et al., 2017) % F—v F # W E § 3+ (Yang
etal,2019) % ¥ 1£.2m% % TNF-o 2 mRNA % L £ F 54 (Wangetal,2019),

K AR ST ABERIIAF S % (B4-8E 2 D) Rl £ 75 RBHL R R+ >
%3 TLR7 fv TNF-0 5"mRNA 2 RE A E P F L B -

R E Rl R e T 2 Tlwoe § @ e Th lmoe b o) "8 1< (] 4-
1A 2 C)a A ¢ Timset lR|F = iy of T w65 4c (B 4-4B )
[ HAREELI BRI CDITw% B AR (B45) 8r TR 4k
B o et dh IMQ 3% S endt Btk L B X € Mg w ¢ nT e 845 3 4 K o
EER R }Fﬁd‘ﬁ % (Chen et al., 2022; Surcel etal., 2019) « & £= 5 BEF| 4 & 5 4c e T
fmee 2 of T twve i3 (W 4-5B) y3T oz g (W 4-5C) 0 B 4 T twe 13
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Pk R Rk BT e 5 A o @ 2Ll F & ARWEHEF 0980T dw%e (Shiromizu &
Jancic, 2018) = §z e £ & chi g e Th17 hgcfie] Rk i ? ¥ 2 (R 4-12A4)
@ Th17 fw% 4p B eim?e ek 4o IL-17A~IL-23 22 mRNA 2 8+ &4 F 7 B 5
‘v (Bl4-8AB)> # & L5/ 3 %% (Choetal, 2017; Gao et al., 2020) - gzd 14+
BEKT o AFHREY 73 IMQerAldara ¥ F @R HAK 63t 0 T A HG
# CSTBL/6T /| R FcRete & K o

P8 GLNAARE | RARFLE B2 G

IMQ # $dcfe | 8§42 L F HRevp %> £7 % PASI A diie FARR R -
AR B IGTRE ] BAT L GLN ¥ %% X% 384 F 2 PASI ~ #ic> ¥ % IMQ % 5
72 (5% 223) BARRA R > LAad Fehf o2 BAR 4 6 572
BMEFaei® (Rl4-1B) 7 Fllep BRA RS Z )RS F4 L FRIH 5K
T OGLN A L isfe] A Ficl drck od 3 Bl Fle B A3 ko Ak

TP RAFOFERRE LD L Fen@ Ba G o0 o 4ot ] Behd LK fRE - B
% DETC 2 %% eht fimve (Rl 5-1)c A F 5% R THHL7 2 m Fit
(L BT g R B L € IR T R L B K b f;‘%‘?#;ﬂ

Roofez BiplBs 24P A R B R Z 4 sl B 235 50 B
LB I R BB 2 BT R 682 PASI A e F A A AL 0 g S

=g
=%
Sy
oy
En

#BEPa AL Rent 4 £33 e 74 £ (anagen)~iT 1 ¥ (catagen)
2§k g (telogen) 2 LA K¢ 2 24 % (cumelanin) 3 4c > LR A S
N2 o mEEREFERAE TR S (Sundberg & Silva, 2012) - C57BL/6 /] &4 &
A5 49 R LB A EF L et RaR @ R TR B EiFE
HEap L5102 Rl Fpped §d Biod 54 d &2 ¢ (Miller-Réver
etal,, 2001) &t rpfich] B¢ 1 F %RBB Y ] o
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Figure 5-1. Human and mouse skin features. DC, dendritic cell; DETC, dendritic epidermal
T cell NK, natural killer. (Wagner et al., 2010)
AR IR A R 2 G0 5K G A % s 47 508 View Point
Wi s~ £ AT HSL L K EPHPREFAAEERE G HIE I ER
¢hid 72 GLN AT L3 L R4 6 enifeifiond o d WA Fladr PR &R RZR 2
SROYEIVPERERTBLAARERDR S AFHRLE- HTEEARBEF
WA ER o i e (B 43C) R g F R R R 6] BA ALK
ER (B43B)~ 24 ko f (B43C) 2 B 58=s 53 (B 43D) 2 8% -
Bim GLN A % £ 4 s § ol B4 A BB B vk » $0c  A R G 2 5o
APk Finre 2 QL im0 6 R IR PRR i R] S fads LR F 0 de 3
Res fite B e0F TLR 2% ¢ o7 TLR7 (Huang et al., 2016) - § & § £ 3]s R4 & &
IMQ i & Fim%e 2 DC 1 s TLRT § 76 1 F RS X im e g el a5 4o »
®EA XML E wmie cdic® 2 (Flutter & Nestle, 2013; Kawasaki & Kawai, 2014;
Li et al, 2013) o LT 3 # ,‘f’gd TLR7 #] ",f (TLR7-deficient) -] 8z 7 IMQ # %
SoREtR A B L ot ¥ 548 TLR7 @ 5142 (Ueyama et al., 2014) » # #7 * 0 IMQ
%k ik % Beselnacream (5% IMQ) o 8@ > & ¥ - K fec®F % k& * Aaldara cream
(5%IMQ) £ fedn ot > Aldara § 3142 TLR7 5% -} BLende L B A4 ~ &1 2
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DM R F e b 2 A A e ik o BEor BV b2 2t TLRT @ 3l4e
AEBVEHGE A4 (Walteretal,2013) o &9 S = % %+ ] & Aaldara cream
6 K s TLR7 i mRNA AR E ¥ 25 fjofe] 8~ ¥ ] &8 GLNA %
e REIREFLE (BI48E) fri8 A1 %% F % 4 (Jeonetal, 2017)

RAETRRFEZ 2 | Hepmep LERAGFH R LHF] PR EET
TLR7/8-MyD88-NF-kB 2z 5 @ f i it 8 2% L F RE & g "ﬁ (Son et al.,
2016) > F3R A K 7 i85 L g2 4o TNF-o~ IL-1 2 IL-6 2 F-v FAMEH 4 (Laiet
al.,2017; Lietal,,2013) > 3l4e g L F > g * L F4 5 o INF-o 28 LF ke £ &
mE R o Tl F L AIPBA A me A S 0 AEMAEGE DT g ©
. Wang & 4 (2020) e%= 3 » %5 o] & 42.5 mg 2. aldara & F 3 5 L F &
% W TNF-o 9 mRNA 2 RE &% IMQ 0% 4 2 pF > BEF 3 irdlle  fpF o

‘.

7R LT EINEFLE  JaHm A 4 TNF-o chlwre 8 L and B pF Bk
Eitem AXFHRAIT T FHT 223 (B IMQBFRHLEPY TR )2 | KA K &
B0 TRl TNF-a 2 mRNAARE = R gy ¥ L £ (F4-8D) ik Flie
FoRe ] Bl BAE R R RSN KR M -

Ay B 0 GLN & 5 #r4] NF-xB /& ~ % % L F et (Brasse-
Lagnel et al., 2010; Lesueur et al., 2012) = GLN #w3 ¢ 2. #4]& 7 Frd] p65 % 30
% I ~ Fr4] p38 MAPK & it 12 4] NF-kB B fc chid vh » & ] STAT 2 4 5 /5

3 b COX-2 endk i & e L F & (Brasse-Lagnel et al., 2010) = #* “t » GLN
¥ '8 LPS g2+ B iE ¢ TLR4 ~ MyD88 ehjev 4 i hfde s W F & RiE
%3 Mk (Kretzmann etal., 2008) < IMQ 3% % Ie % (¢ MyD88 i /<% it » ¥t GLN
S L ECRe ) RA BB L2 G E 5 2 ik > ¥ i A8 4] NF«B B
T2 STAT BTk & 4 o R a AT 5 A A 47 GLN 4 2 2.3 & d #r4] & § NF-xB %
FE AL BRI A B PUF TR > vy AR L o

28 GLNAW A | R4 I PLE %2 5

FARLF -~ ophtlr ZF H) §REAL AIMLRF RUELE S
vF 4 (Sweeneyetal, 2011) - iz £ 0k X 'H‘é’u:}iﬁm?é{zr;v? ¢ Me w3k sMo-
MO fe DC 2 #ic® § 34> WAL KA LA F & Bz i (Gong
& Wang, 2021) » &4 X b d sk imie 2 @ o vh 9 e ook § Biped A E -
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PR RE B E R «}L”mi"f e i R A m‘%’ EUEA: IR S S AR
Tk B ¥neg L F & (Hersteretal., 2020) - 1245 Katayama & 4 (2018) %7 % »
CAERTReR s i B BUR P TR Y M s RN BRI A # 7 ticlopidine 7
SlAe e d v s 3f 4 £ (agranulocytosis) v #c 4 & ¥ AldcHe » & B F & iR ‘“%’
PG L SRR R N ARG A Wecd o a grp Y e ikl
w2 fs s g F L4~ £ & IR (Toichietal., 2000) 4t #F > A IMQ 3% ¥ iz R
458 ¢ 5 @ * Cl-amidine & #r4] NET ¥ %% M & & ¢ vé’ PMde w3kl 0 VR
3] Renp FAF % ' i (Shaoetal,2019) « 57 & Laiam g > vf ¥ (v s sk ehic R
BigRa Rk KA L3 £ & R o

R* IMQFAEEA2AKF LF B H 4 i f?"ﬁ ?olke e zR4g it F]5 CXCLI
ek Fl& £ (Choetal.,2012) > 61%8‘% ¢ i IR REAY R F (Walteretal., 2013)
ehF%? GLNA 2% M1 4§ ¢ CXCL] 5 mRNA 2 & (B 4-8C)> ® "5 i<
TRCRe R k2 LR _'rﬁvi’ P f Rl (B 4-10A 2 4-6A) i K LB
CER s BRIk RN e 3k Ly6G HHE LR 0 A GLN AF 2
Rlipsi (B 4-7) 8w GLN A el /| Blend § LB w2 o pid an”
1 ¢ FtRa R GLN & L $bavef i i SR R R R & Bk o 3041 £
WA AR GLN A7 % isehd L sRiRiB e e @A HhNERERY G
(Murphy et al., 2012) ; 4 “v GLN ¥ j& > LPS 3% ¥R 4 -] &% *‘rsv* e w3k #c
2 EMEIRE g Y chICAM-1 2 CXCL2 (Santosetal., 2019) - fp & 0> F R QN
GLN # E_p|3 mﬂ: P w SRR B o deslAeried o) Bleng B 8 :wvg LA C A B 4
& (Kim et al,, 2022) - GLN 4 ~ "% % V‘%,’ P n R BT B 2R
CXCLI1 (Leeetal.,2012) % CXCL2 (Santosetal.,2019) =4 3R> "% i< I[CAM-1 (Guiqi,
2011) ~ *% Ti‘fjﬁ’ Pe w3k i e CDI1b 04 3 (Santosetal.,2019) ~ { 7 # 7 87
GLN ¥ /& it (Mitogen- Activated Protein Kinase Phosphatase-1, MKP-1) i
p38MAPK % % (Ayush et al,, 2016) » *% i< cPLA2 A& 4 » "> § ¥ ¢ v%’ L e
w IR B FE (Leeetal ,2012) > R LF - v%‘ P i zk P 3 A GLN R 38973 en
GLS > F:cF” Poe w3k e it X ) GLN 4 & (Laietal.,2014) ® 4 “¢ GLN ¥ v
LPS ﬁI'J;;meJF,’ e w3k ? TNF-o c94& 4 (Pithon-Curi et al., 2002) » % 7+ GLN &
7 #ﬁr’%ljvg Poite w FREMZ EE a4

R ARE It A L Mo ¢ BREP B LR B AR Al RB ST e
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LA A MO g R F S 0 I L Mo RIA iR e gk o ik
FlesR{rd AR e (Wolf et al., 2019) » 3% 5 #7 3 45 914¢ "o GLN £ 5 4 & Mo
Ve eay 4 do¥ Rl gp o) BUE TP 844 L GLN (0.5 g/lkg BW) Rl & w
TR PR L Mo b s v ¢ Mo v 5] "8 (Hou et al., 2021) ; + LPS
sld2 3 #F & & (endotoxemia) -] BUiE {72 7% /2 8448 2L GLN (0.75 mg/kg) » ¥ *#
o] Behg g 2 % Mo 2B (Santos et al., 2019) » F it % % H o GLN £ 3 e
Mo =B 2 2 »c% o @ GLN #r4] Mo 384 2| e g o077 iy i J2 L35 4 » CD11b
i 2 '8 K ICAM-1~x ¥ W72 3% §-v  (Vascular cell adhesion protein 1, VCAM-
1) frs ] 45 A w92 4E% 4~ +  (Platelet endothelial cell adhesion molecule, PECAM-
1) ehi Flddm e d wiand B w22 (Santosetal,,2019) > &~ F & ¥ - §ofi
R RE LK B L Mofrn P FUF LMo ¥ EEFXRS (B 4-10B - 4-
6B %2 4-10C) > frm 7 7 % % 4 (Terhorst et al., 2015) o @ 48 o GLN #+3+]

R 22 A EP cnMo R A& & 5% s Jup| 885 GLN 2 /8% b o1
52 &~ GLN A 2w 3] B B LB oo 2 258

FREALEF B M3k Twe 2 Bl 287 » B licppins LT i 4p
Mg LA 0 A 1T B e a ARSL G S8 0 B 0l B 42 (Mizumaki et
al., 2021) » %R A M B St kT B 0 T A R Y LA e 4 2 fhs
BMAHPRRE L P57 25 Tw%i Bwwe » b GltiAF BRI ETF EE5
?E‘}I% (Lewis et al.,, 2019) » & 7 iF 55 2 LM LB F f@;m:}ﬂ &2 - (Barrea et al.,
2018) c A F %™ Fofe | R A M+ (B 49) &= [f’c‘;&—ﬂe 1P #+ (Badanthadka
etal,2021) > @ GLN ef 2 T2 5 22 ot — % o

m B S owm oo '2%”’ FiEE APCEFFRR TR > BEF L AR~
A AR F e T hmre & i 5 T w2 X3 % (Finkelman et al., 1992; Harris et
al., 2000) - 4245 Fetter ¥ 4 (2020) %7 3 B2 v {c T 'w" £ L5 'w'e g
JeR R R T B R = sk T B iR (tertiary lymphoid structures, TLS) © &
AT IMQF R F 6 % chige ] R R ? BRI B wf it ke F (Surcel
etal, 2019) » & % R BRI IR Rk ? chB it 5T % (§ 4-11B) >
FRIF Ao K RINEF L E RLE > @ Blwedfr T wme B E A K &)~ = &
AT BT Mo A GLNA = R §ofe ] Bangl F 2 LF s - Tt B0 e ih
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Bl Gl g » L AFHT AHA K e Bwweiematr WE ARFETHET o

T 32 » £ 48T iwoe =387 cnThl7 % > Ligfed & a5 5
% oThl7 fm®e {lmPe g2 IL-23 eyt 2. 7 & 4 IL-17A MaBso s L F BEE -
m RORyt #_Thl7 m?2 2 4 IL-17A ch€ & # 4+ %]+ (Di Cesare et al., 2009; Li et al.,
2020) c AT T P F IR IMQ FEE R RAKY H CD3' T wrekgy + A
(Van der Fits et al., 2009; Yang et al., 2019) - p w &7 3 © &> §gp Thl7 ‘wm? 2 Treg

PEEE R EE RS SLy RTINS R T AT IS LT
BORMER &L L E Aok~ P A g (Multiple sclerosis) % i B i #
i%ﬁ:ﬁi.:)ﬁqifﬁ i (Knochelmann et al., 2018; Lee, 2018; Zhang et al., 2021) » & & F % ¥ >
Fole] B T 6| T %m L F 7@ afT e 63 4c s GLN 48 2 7 2 8505
o Re Y Tt b (Bl 4-11A) Ra L E ¢ of T et 5 & T ' 484 (F) 4-
4B) > ® A K . E?mé’u B A4 ¢ CD3+T wmPfeenfE (4 F i (B 4-5) iR

GLN # %o & § #rdliofe ] BA K e T % B 2 ey o GLN ¥ it fid 5 i
ICAM-1 (Guiqi, 2011) & T ‘w2 4% F]F CCL20 ~ CCL27 2. £ 3 » ¥ T ‘w e B
BIRAK e AFHRTAHCCL20 2 CCL27T:EFA T MF L 5 %3 HFF L -
B o

*F Y GoRE ] BN RORyt 22 mRNA £ R E 8 F T % > GLN g% L i
RORyt 2 B w = (H 4-13B) > W% IL-17A ch2 B> 6 > d 2 B L B 4 >
LB AETIREFALR > RA AL GLN 27 H 4 db g (B 4-13A) 5 F P §0fix
) 8k % @ Thl17 fmre vt )+ 2 > @ GLN ed L 01 L3R % > 4 ip] GLN 7 8 5
WK e Thl7 'wve i~ f"fgi_u. Poom GIN A e g v IL-17A 2 E -~ T
% o Bt BB AL K Auh Thl7 el Gl (B 4-8B) o

et E2%4EHm 0 GLN ¥ %c} % 1< ;% Thl7 fmPe b ] > ¥ 85 Thl7 ‘o2
BHIAK &R FE IMQF Eric et A K 2 L - 1B A L > GLN A &
£ 5 " i< Thl7 dw2 1t b (Jiangetal,,2018)> @ &7 %2 %% L =< &% GLN

fn

Wt goRe ) S} Thl7 e 2 973 4 2 IL-17A 2 5 $rd| (% o G0 & = &
% Treg mPe it G+ 2 > 2Rm GLN AT L7 F2 85 % ¥ Treg et & (B 4-12)-

AFE G BT GLN 4 L ¥ | B Treg w2 b )7 E 3 &% > B2 GLN 4 &
A5 d 514 Th17 dm% v b %k ec§ Thl17/Treg & 7> mdrdliciez o L5 oo s
BT s e
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AREA K hDC-M® 2 & Fimre f & 2L IL-23 0 @ IL-23 ¢ #2824 T e & it
% Thl7 fmve & A5 IL-17 » ®aE 4 K 0% L F kA 2 (Hawkes et al., 2018) »
IL-23 = Adp i | &L f§endk L K B RH# 43 B (Chan et al., 2006; Rizzo et al.,
2011) « AFT g 5z BA K ¢ IL-23 2 IL-17A 2 mRNA £ & % + 2 » B 7z
Rerh X #F % > @ GLN e %o Bg % % 153 B Thl7 e 4p b chim e % (B 4-
SAB) > BIEH AP 4 o 2FTF ¥ 4 L GLN ehggfie ] 84 F IL-23 2 mRNA #
REFRM (B 4-8B)> = F#3AL F £ 4 & EARFEE (B 4-3B) F]o GLN ¥ it &
A IL-23 AREREAL L RAKF LA BHE o LAy v 4y
GLN #f "o ¥ % i streptozotocin % F4%Fi s~ B ¥ H %% (mononuclear cell)
e11L-23 4 iE (Tsai, Yeh, etal.,2012) » ¥ GLN #%¢ 27 12 % 1 ICAM-1 ~ VCAM-1
e PECAM-1 eh4 iE » 3aipl GLN A L ¥ R 2 L ¢ Mo % #74 (L i MO +* ] »
AR IL23 4B o R pA AT HY T ABRRIAE Mo BT > i
GLN A% "% M & B Pz & DC e 2 @ > IL-23 ehd RE o

AFT 7 2 GLN B~ 1% AIN-93G &% ¢ 30%5, % § £ «nFiR ™ » 423 ¢ GLN #
N FE LG e E IMQF Y RGTRR A K Lamiesk > P o @i AT
e s RRHE B Y ARt 2 GLN B 5 B o 4- Hsiung % 4 (2014) # * ik
25% g e A fe § e GLN se L DSS 34 ¥ | & ThAp M w9z jr % ch4 ME 5 Kew %
A (1999) % 24.6% i Rk B § OGLN S 2 € 3 40| Riwwe ik IL-2 2 IL-
100 ARFTEEE- HEEAHE  FHL EFHGINA LE -

GEREZ o B B o SeREe R EH S KPR B G BliEY SR L R A

TEEH %S GLN s ] RaggReti 4 F L > AP 5 v — £- 450008 Jp R (7
GLN A ety » ¥ % &3 GLN 03 03 if M % 2 M RF o Fighe % 64

AL RS S RRA R AT DR B (- ) 4 R R
T AR HR R A B Bnaed] RS B AT
B 4c g d)ie (positive control) r2 Ve B AR Hedk by R0 T AL TR R He( S )
¢mﬂé1¢g§%w%é%ﬁiwﬁ$»%i%éﬁﬁggﬁﬁéﬂﬁg%$
PASI =4 > e i3 ¥ ﬁ,ﬁbﬁt Rehfpimee v o)~ mie g ~ A KGR ~ D8 pERR
FEHFEERORERL RPN P G EREERREEEFAT AR
PUHp O KR 2 /Fﬂjtsb AARLABR £ -
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