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Sequential Analysis of Cytokines in Human Tears after Keratoplasty

Aki Fucnicamt V, Jane Huanc V', Kyoko Nakajima 2,
Masahiko Kozawa ", Kazuhiko YosHiNaca ¥, Eiichi Uchio

U Department of Ophthalmology, Fukuoka University School of Medicine, Japan
2) Department of Frontier Medical Science,
3 Department of Research Laboratory for School Medicine, Fukuoka University School of Medicine, Japan

Abstract

Corneal graft rejection is one of the most significant complications of corneal transplantation. Presently,
there is no quantitative method for predicting the signs of rejection. The purpose of this prospective study
was to investigate the kinetics of cytokines in tears and determine the correlation with rejection. The subjects
comprised 30 patients, including 24 eyes with penetrating keratoplasty (PKP) and six eyes with lamellar
keratoplasty (LKP). All subjects were followed for at least six months. Tear fluid was extracted according to
the Schirmer method, and the concentrations of seven inflammatory cytokines (interleukin (IL)-2, IL-4, IL-6,
IL-10, tumor necrosis factor (TNF), interferon (IFN)-y and IL-17A) were measured. Rejection occurred in four
eyes after PKP: one eye in the first month, two eyes in the third month and one eye in the sixth month. The IL-6
levels were higher postoperatively, although this increase did not correlate with the incidence of rejection. The
preoperative concentrations of IL-2, IL-4, IL-10, TNF and IL-17A in the rejection group were significantly higher
than those observed in the non-rejection group (P <0.01, respectively), and the concentrations of IL-2, IL4, IL-
10, TNF, IFN-y and IL-17A spiked prior to rejection. The levels of these cytokines may be used as markers for

predicting corneal rejection after keratoplasty.
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Initial visual ~ Final visual

Eyes /I;)KKPP Age Sex Cause of transplantation ferjeevcl'gzrsm Morr;.zitli)s:]ore acuity acuity
(log MAR)  (log MAR)

1 LKP 58 M Dystrophy (-) (-) 0.4 0.16
2 LKP 62 M " (-) (-) 0.4 0
3 LKP 77 M " (-) (-) 0.4 0.7
4 LKP 43 M Acanthoamoeba keratitis (-) (-) 23 0.4
5 LKP 60 M Fungal keratitis (-) (-) 0.7 -0.08
6 LKP 75 F Bullous keratopathy (-) (-) -0.08 0.52
7 PKP 71 ™M " (-) (-) 1.85 0.52
8 PKP 71 F " ) (-) 0.4 0.52
9 PKP 77 F " (-) (-) 23 0.08
10 PKP 80 F " ) () 13 0
11 PKP 82 F " (-) (-) 1.9 0.52
12 PKP 33 M Keratoconus (-) (-) 0.7 0
13 PKP 40 M " (-) (-) 1.52 0.04
14 PKP 44 M " , retinitis pigmentosa (-) (-) 1.85 0.52
15 PKP 45 F " ) ) 13 -0.08
16 PKP 55 M " (-) (-) 0.82 0
17 PKP 62 F Corneal opacity, post vitrectomy for proliferative diabetic retinopathy (-) (-) 2.3 2.3
18 PKP 73 F " (-) (-) 0.7 0.7
19 PKP 79 M Corneal leukoma (-) (-) 13 1
20 PKP 81 F Traumatic corneal opacity (-) (-) 23 1.3
21 PKP 52 F Transplant rejection (second PKP), bullous keratopathy, Behcet's disease (+) (-) 0.52 0.1
22 PKP 78 F " , " (+) (-) 1.22 0.3
23 PKP 79 F " , (+) () 23 1.85
24 PKP 41 M " , traumatic corneal opacity (+) (-) 1.52 1.04
25 PKP 57 M " , traumatic corneal perforation (+) (-) 2.3 1.52
26 PKP 69 F " , dystrophy (+) (-) 1.52 0.08
27 PKP 75 F Bullous keratopathy (-) 1M 0.7 0.08
28 PKP 57 M Transplant rejection (LKP, second PKP), Mooren’s ulcer (+) 3M 1.52 0.22
29 PKP 65 M Bullous keratopathy, retinitis pigmentosa (-) 3M 1.16 0.4
30 PKP 85 M " (-) 6M 1.9 0.52->1.52

T BRI S TIT o 72 . Wi, AT, R H,
itk 7 H, k1 2»H, WiE3»H, Wike»rHIZ, ¥
N = X B UEEETRILL 72, §XToRk,
FEEREH £ T -80C THMG PRAF S 7z, PRI,
IV —#IZ 0.01M 1) > EfEE i pH7.2 (0.5mol NaCl,
0.5% Tween 20) 100ul % 7%, 4 CIXT—MIRE L,
WM EER L7z, 4 A YORUEEIXZ by - Ty
¥ v~ (BD) #t®» BD™ Cytometric Beads Array > %
72 (CBA) % vy, BD™ FACS Canto I |2 CHOGHIA
B X AL HH FRFEN 21T - 72, 7 — ¥ f##71d BD #t
@ FCAP Array fg#i v 7 M2 MEH L7z, TR, 7
HB DY A A4 ¥ 112, 114, IL-6, IL-10, TNF, IFN+y, IL-
17A & L7z, #EHEMHETIE, Wilcoxon O NELLFIME
b L <& Mann-Whitney ® U BUEIZTHIERL, fafs 5
% Al & FATEMICHEAED ) & L7

ES

AP LVHOKZY AL P AL VIEEERLICRL
72 ary bao—VETIX, IL2 114, 1-10, 3 X OFTNF
BRENSpg/ml LT &Aooz 168 LU IL-17A 1L,
ZFNZEN26pg/ml, 21 pg/mlTH Y, foOHF A bH A

YEDA~5EEMETH 7.

S BEOMFEE 2> Pa— VORI,
6 3 5O B 13 12, 16, IL-10, TNF, IL-17A 254 & 12 &
< (p=0.0023, 0.0025, 0.0025, 0.0015, 0.0025), IL-4, IFN-y
A I 5 72 (p=0.0025, 0.0025). FH#E KUt & 36
WIS D e o 2 HETOFMBOA M AL VIRED
W ME &, $EM BSOS BE E IL-2, 114, 1110, TNF, IL-
17A SEFICE 2 - 72 (p=0.0014, 0.0014, 0.0016, 0.0011,

pg/ml

30
25
20
15
10

o | mm
IL-2

—

IL-4

T
IL-6 IL-10 TNF IFN-r IL-17A

K1 3> bhO-ILEOSYA NHAVRE

a v ba— VTR, IL-2, IL4, IL-10, TNF A 5 pg/
ml UL Th Lol IL6BLVILITAZ, FhEh
26 pg/ml, 21pg/mlTHH, WwoOH A A A LD 4~
S5REREETH - 7.



— 156 —

IL-2 IL-4 IL-6 IL-10
pg/ml
30 30 18000 25
16000 .
A 25 n
2 e 14000 1 20 —= /
/ \/ 'K =
20 A 20 12000 I )
) 2
1 [\ ' / 10000 L 1> A &
) \ TAV ] \
15 v 15 1 v Y ' \
’ ! \ 8000 \ ’ \
’ \ . \ TAY 10 +—y '
10 ’, \ 10 Y 6000 - \ / \
V4 ! \ [} \ \ /
’ ] 4000 g \ 5 ./
5 S 5 h \‘ 2000 ] \ \\y
- # \ ‘\
0 T T T T T 1 0 -. - T T 0 ’ T T \\.\ ——— ! 0 T T T T T !
0 1 7 30 90 120 0 1 7 30 9 120 0 1 7 30 9 120 0 1 7 30 90 120
fii & HEk
TNF IFN-y IL-17A
35 180 140
\
30 X / 160 120 /
1 / 140 -
25 ’: X 120 100
\
20 A \ / \ 80 \
[} 100 \ -
’ \ v \ \ — rejection(-)
15 7 \ 80 60 A
h) / \‘ o J ‘. == = rejection(+)
V1 - -
10 2 ' \ 40 ’4‘ -
; \ 40
5
- 4 20 /-l‘/ 20—/
0 A 0 L mmm—— S 0
0 1 7 30 90120 0 1 7 30 90 120 0 1 7 30 90 120
K2 IEMRISE SRRSO G » - =B ORENE(L

FMHT% T IL-6 O RIEHE U DA T 2 hb S TMHEEE L 5 Tz (P<0.01). IL61EAi# 1 22 H TIEFILL Twiz o
A A4 Y TRETMERTOATERR L o7z, HEMBUSH & 2h o 728 TR 6 2 A TOR TR Ldo 7.

0.0015). 4§12 IL-10 (ZAEAME SIS O 72 2o 7280 5 A5 DL E
DIEBETH > 7=, — 5T, T FUSHE TSR D 7 20>
7B L B LT, AT o IL6, IFN-y i i 254 51246
Ao 7= (p=0.0016, 0.0016).

EHEOCFREOREEL 2 b — VLIRS S &,
IL-2, IL6, TNF, IL-17A (3 A &2 & & (p=0.0023, 0.0025,
0.0016, 0.0025), IL-4, IL-10, IFN=y iZ A & (2 & %> - 7=
(p=0.0025, 0.0025, 0.0025) .

JEAE SOGHE & ARME S D 7 2o 728D 6 2 A RIIC B
FHRERNENEZK 2 IR L. SHoE A DFRT
i, B ICH D L) RSO FETDOKY A b
A Y DOEEEI R, o7z FEiIHTIL6 DA, 1
IR DG 2b 5 F, MEEMEE 2> Tz (P<
0.01). i 12HT, EFMEICIETHRILTVA B
HMSOGHRE L 2o 72T, itk 6 P HBCOREE IS
no.

L2 L, fEMRIGHEE Tl —EO@mAHI L Tz,
A SOSTE D SIERIC & BRI 2 M 3 IR L
7z, AEHSOREE 2 M SOS A FE L2 X D, 14
H, 32H, 6 »HHDRIEL 320RIZHITA L&,
IL-2, IL-4, IL-10, TNF, IFN+y, IL-17A Cl3, #6506 565

BIZ AL Z A BTz,

A RO OIS OB % X 4 1R L7z, A
FOBSEERE R Z 0 & L, $EMBUSFIER SO 1 DRl
EME -, 2O0HOfENEY 2L 35E, IL2 114, IL-
10, TNF, IFN+y, IL-17A T, $EHSOSA5E 2 2 HiCA &
W EA L RS & B TR T LTw (K4,
P=0.028). iz, IL4 & IL10 DH 4 b A A »ipEI3dE
MBS BZBEO /10 LTFICE L KT LTwWi.
IL6 DARZINA Z ;T FEMEUS O BB S 13
B IEEEAMET LTz, L6 1 33EH RS 8 3R UG
Wl WL T 5 LIREHN LA L Tz (P=0.0016).

A MHIA VDONT U RAERRD 20T, K1 A
A4 EIL0 D ERA L. HEKSAEE 5 1 O]
DR E 15D 1-A4/11L-10, IFN-y/IL-10 &, HE A BOSHE AT 7%
WEEX D A I A o 72 (P<0.01). LA L, ook
TORBTIIEREI o7

Z 3

RIS BWT, L6 3 EELEH2H-THY,

AN O & Z ROBRFLAGHREICES L Tw



pg/mi

90
80
70
60
50
40
30
20
10

120
100
80

60

X3

4

BRI RO A b A A Y IREOMAT

IL-2

80
70
60
50
40
30
20
10

0

ik B &

TNF
100

90
80
70
60
50
40
30
20

7 30 90 180

1EHERIS D FERAIC & 5 R2RFHIZE1L

A SOBRE 2 54 OB 3 FEE L 72RpTc & 0,

IL-4
25000
L]
n 20000
:l
\
Rt 15000
'l \
" \ 10000
AV
ShN
\
Y 5000
[ Y i
S=g-g-b-= 0
0 1 7 30 90 180
IFN-y 400
? 350
,"‘ 300
\
R 250
1o\ 200
]
! \ 150
/.( \ 100
/ Iy ®
LA BN 50
- - -
BEFcl4-wcd
0 1 7 30 90 180
1»H, 3»H,

IFN-y, IL-17A ¢, $EMBUBFERERTIC A 2SS 7 SR b7z,

pg/ml

* *
90 - o
80
70 4
60 -
50 A
40 |
ol 4
10 - 2
.
0
2 1 0
IL-2
* *
120 -
°
100 |
80 -
60 - A
40 -
20
[ |
0o -+——B—a—
2 1 0
TNF
1EFERICRTDZEAL

80 -
70 -
60 -
50 -
40 -
30 -
20 -
10 -

100
90 -
80
70 -
60 -
50 -
40
30 -
20 -
10 4

1
]

-2 -1 0
IFN-y

0: 14 IR IS B =
-1 R RICE R D1 DRI DEIE R
-2: {4 RIS R D2 DRI D BIE =

7000 -+
6000 -
5000 -
4000
3000 -
2000 -
1000 -

400 4
350 -
300 -
250 -
200 -
150 A
100 A
50 -

Gl 1 - At) — 157 —
IL-6 IL-10
80
y 70 ?
f\ 60 i
Iy 1
(LYY 50 1 A
(Y )
LA 40 i
(T F, \
W\ 30 AV
W V| \
’ 20 WM Ih '
! N A"
,’A\‘\ 10 ‘: ’ "¥<.
& e-m-m-m el FPRSY 24 L5y
0 1 7 30 90 180 0 1 7 30 90 180
IL-17A
== PKP with first
’ month rejection
'\
' \
\
i\ = m= Pk withthird
] \ month rejection
" ¥ (avarage value)
1
"'~.~" = @= PKP with sixth

month rejection

80 -
70
60 -
50
40 -
30
20
10

@ Patient with first month rejection

M Patient with three month
rejection

A Patient with three month
rejection

@ Patient with six month rejection

HESER R Z 0 & L, FERED 1 OHOWERT -1, 2OoMOMERT -2 L35 &, 112 114, I1-10, TNF, IFN-y, I[L-17A T3,
M POSHTNCH B R, 284 7 A 67z (*P<0.05).



— 158 —

29 IS OBEEATE TV B R, TL6 85 R
TRAMICIHIMT % 25, PKP 0 fAFEH#EO IL6 7215 T
72 IR O TL6 b AR L7 & O Y535 5.
Ll Ok & OFERTH K, WE H R b IL6 78
HEIZHML TWiz 1612 X 2 816 A0 O R I 3k
T5DT, SHOX~LOFRETIE, IEFILT 2 DIHME
1 2B O 2h Ao TWwiz, IL6 13 Z D% 5 2 H ik
Lafiy, RSO L Cwiz, — /T, Al
BA OISR X, miEAKh o IL6 23 L 72 &
DOWEDDH B>, NS DR S, L6 IFHTEAH
EIRP TR R 2% H 5 2 LAREBI NI

IL-1B, IL-8, INF-a 2 LD 4 + A 4 V1, #HAIME O
WRECEGLTwLEHRESATVS Y, TNFa ®
RIS ND &, ABEBIMOIEMIE A ) R 7 HE
B TR MR A DSA S A7z 2 [a] ] 44 TSR il oD 4 e
BB 2121, AipE KR Mg o> mRNAY & 72 AiE <
B TTINFa DR B A SNz Fx OBFZET b FARIC,
i LA 0> FE A SIS O F8AiE HiT (2 PR @ TNF B i & &
L7z, TNF &, fMBENEMES RO 7R b —
VADBSZIERWINE D T EHRBE N

FERIEMES A4 DA A ¥ TIRO BB RS0 ABI
7z. IFN & IL-10 13 45 # BOIS 1 o & 28 4 7 Tid 10 £5
PLECHML, HEABOSRICIA LTz RiEh o
IL-10 2894 LT\ 5 Z & 2SN B BUHEHE SO CTLE BT
H5. BWEFT N TR0 PHEMEROE 2 32 5872 1) i
S5L70T5E0HENHL PP, 11013, HEk A
MO MHC 7 5 A N OFEHZWI S, o0
VLR RBERE % WiF 2 EM 238 5. IL-10 1, TNF-0,
IL1B, I8 R DOREZFETHFA M AL 0k
FEEREHL, HMIERIMEST L. ErOHEIIBVT,
1L-10 1358 35 0 i & [mAR S A A SO 213384 L,
BEFIEEED 3pg/ml X VKo7, o2 ki, B
HE OB IL10 2828 L2 KE E LT, ZoH
A M IA X BRI E o722 LATRIBE L.
IFN-y (JEM S D e dr o 72 BETId 2 ¥ b a— VEERIE
HEHOI0FEU EORETH -7z IFNy 2 EFT 2 2
L TPKP %O IL 2B Tt olEbH B Y. £
w2, MWl OFEE O T IFN-y %% 100 pg/ml LI Eo
EETH 5 &1 PKP OffitsREE BRIiF 2 b 02T 5
LERDBLTHA.

IL17A 1, i 220 HESEREORR L 5
DNTWBLRIEFREES A b4 v TH 5B IL1TAR
F 72, DR K OB O R FE A ARG SO I B S- L T w
HEREESNZTY chsoiEIcks e, ILI7A
A L7213 9 AN B 2 MU 25 2 1) 12
W EDIBAK Y 3L -7z, LA L, Cunnusamy 5 i,
IL-17A AP O RPE S 2 MR T 5 7203 LHTH
D, IL-17A & CD4+CD25+ Tregs O [ o4 H A% F A3 s

ORMEBHETHE LS Z R E 20O LETH
5 LR LT BADRIZETY, IL-17A RGO
ROCHII L, $EHUSEE ISR LTBY, ZoH A b
4 ¥ OFERE R bz 2 E AR S .
SRIOFRICBITEREIZ20HIF5N, SHOE
Loz, F91HE, REBIENNT6»HEEL
=2 LT, 65 A IR CHEME RS A%k & 72 5B S
Do 2B Ao TWAZ L TH D, ENL b
BETCd 4 & [F USRS SN2 00T s L
Bbhiz, b9 18, RIS LBl
Lhro?=DT, A4 7 OIS IFREICEZRTE 2dh o
722l THDH fEKRIEIH, MiBE61HTIEINAD
METH -7z, ShokEss#(2, Thl, Th2 ko
SHOHA N AA L OWINE A E DTS A RIEHEKIG)
BIHETFUL, SRR OFERFIE 1T ) LELR D
bbb

WA b A VIBREE R TRE L Bz > TWw
B, SRIOWZEIC LY, HEHMSORHTZ Bk B A5
WENz ARBHICBY MO8 2 FHL, R0
AT A RS i MRS O F i G T &
ML, FIRER A COAFRIIEEL ) 5 TH S ).
fli % CRERFTETHEBHI A M h A v 2fiRb 2 L
T, PRPH#RTONA ) A 7 fEBIZ FETE, FHi
A M A4 v ERREICES 2 & T, PKP #OHMEG
PRI Z R TE S EEZ SN,

FISBRATRERE
AL
z £ X #

1. King W], Comer RM, Huddle T, Larkin DFP, George
AJT. Cytokine and chemokine expression Kinetics after
corneal transplantation. Transplantation 70: 1225-1233,
2000.

2. Pleyer U, Dannowski H, Volk H-D, Ritter T. Corneal
allograft rejection: current understanding. Ophthalmologica
215: 254-262, 2001.

3. Claesson M, Armitage W], Fagerholm P, Stenevi
U. Visual outocome in corneal grafts: a preliminary
analysis of the Swedish Corneal Transplant Register. Br
J Ophthalmol 86: 174-80, 2002.

4 . Xie L, Shi W, Guo P. Roles of tumor necrosis factor-
related apoptosis inducing ligand in corneal transplantation.
Transplantation 76: 1556-1559, 2003.

5. Funding M, Vorum H, Nexo E, Moestrup SK, Ehlers
N, Moller HJ. Soluble CD163 and interleukin-6 are



10.

11.

12.

13.

14.

15.

16.

BRI RO A b A A Y IREOMAT

increased in aqueous humour from patients with
endothelial rejection of corneal grafts. Acta Ophthalmol
Scand 83: 234-239, 2005.

. Niederkorn JY, Mayhew E, Mellon J, Hedge S. Role of

tumor necrosis factor receptor expression in anterior
chamber-associated immune deviation (ACAID) and
corneal allograft survival. Invest Ophthalmol Vis Sci 45:
2674-2681, 2004.

. Ritter T, Yang ], Dannowski H, Vogt K, Volk HD,

Pleyer U. Effects of interleukin-12p40 gene transfer on
rat corneal allograft survival. Transplant Immunol 18:
101-107, 2007.

. Fodor M, Gogolak P, Rajnavolgyi E, Berta A,

Kardos L, Modis L,Facsk A. Long-term kinetics of
cytokine responses in human tears after penetrating
keratoplasty. Journal of Interferon & Cytokine Research
29: 375-379, 2009.

. Maier P, Heizmann U, Bohringer D, Kern Y, Reinhard

T. Predicting the risk for corneal graft rejection by
aqueous humor analysis. Molecular Vision 17: 1016-
1023, 2011.

Niederkorn JY. Immunology and immunomodulation
of corneal transplantation. Int Rev Immunol 21: 173-196,
2002.

Reinhard T, Bocking A, Pomjanski N, Sundmacher
R. Immune cells in the anterior chamber of patients
with immune reactions after penetrating keratoplasty.
Cornea 21: 56-61, 2002.

Ventura ACS, Engelmann K, Dahinden C, Bohnke M.
Endotoxins modulate the autocrine function of organ
cultured donor corneas and increase the incidence of
endothelial cell death. Br J] Ophthalmol 81: 1093-1098,
1997.

Torres PE, De Vos AF, van der Gaag R, Martins
B, Kijlstra A. Cytokine mRNA expression during
experimental corneal allograft rejection. Exp Eye Res
63: 453-461, 1996.

van Gelderen BE, van der Lelij A, Peek R, Broersma
L, Treffers WF, Ruijter JM, van der Gaag R. Cytokines
in aqueous humor and serum before and after corneal
transplantation and during rejection. Ophthalmic Res
32: 157-164, 2000.

Sano Y, Osawa H, Sotozono C, Kinoshita S. Cytokine
expression during orthotopic corneal allograft rejection
in mice. Invest Ophthalmol Vis Sci 39: 1953-1957, 1998.

Yamagami S, Kawashima H, Endo H, Tsuru T, Shibuta
H, Kagawa Y, Hori J, Yamagami H, Isobe M. Cytokine
profiles of aqueous humor and graft in orthotopic

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

(i L - A1) — 159 —

mouse corneal transplantation. Transplantation 66:
1504-1510, 1998.

Zhu S, Dekaris I, Duncker G, Dana R. Early expression
of proinflammatory cytokines interleukin-1 and tumor
necrosis factor-y after corneal transplantation. J
Interferon Cytokine Res 19: 661-669, 1999.

Shoji J, Kitazawa M, Inada N, Sawa M, Ono T,
Kawamura M, Kato H. Efficacy of tear eosinophil
cationic protein level measurement using filter paper
for diagnosing allergic conjunctival disorders. Jpn J
Ophthalmol 47: 64-68, 2003.

Ventura ACS, Engelmann K, Dahinden C, Bohnke M.
Endotoxins modulate the autocrine function of organ
cultured donor corneas and increase the incidence of
endothelial cell death. Br J] Ophthalmol 81: 1093-1092,
1997.

Torres PF, Kijlstra A. The role of cytokines in corneal
immunopathology. Ocular Immunol Inflammn 9: 9-24,
2001.

Yamagami S, Hamrah P, Zhang Q, Liu Y, Huq S,
Dana MR. Early ocular chemokine gene expression
and leukocyte infiltration after high-risk corneal
transplantation. Mol Vis 11: 632-640, 2005.

Pleyer U, Milani JK, Ruckert D, Rieck P, Mondino B]J.
Determinations of serum tumor necrosis factor alpha
in corneal allografts. Ocul Immunol Inflamm 5: 149-155,
1997.

Klebe S, Sykes PJ, Coster D], Krishnan R, Williams
KA. Prolongation of sheep corneal allograft survival by
ex vivo transfer of the gene encoding interleukin-10.
Transplantation 71: 1214-1220, 2001.

Gong N, Pleyer U, Volk HD, Ritter T. Effects of local
and systemic viral interleukin-10 gene transfer on
corneal allograft survival. Gene Ther 14: 484-490, 2007.
Chen B, Kapturczak MH, Joseph R, George JF,
Campbell-Thompson M, Wasserfall CH, Atkinson
MA, Tisher CC, Flotte TR, Agarwal A, Chen S. Adeno-
assoiated viral vector-mediated interleukin-10 prolongs
allograft survival in a rat kidney transplantation model.
Am J Transplant 7: 1112-1120, 2007.

Dallman M]J. Cytokines as mediators of organ graft
rejection and tolerance. Curr Opin Immunol 5: 788-793,
1993.

Li L, Huang L, Vergis AL, Ye H, Bajwa A, Narayan V,
Strieter RM, Rosin DL, Okusa MD. IL-17 produced by
neutrophils regulates IFN-gamma-mediated neutrophil
migration in mouse kidney ischemia-reperfusion injury.
J Clin Invest 120: 331-342, 2010.



— 160 —

28.

29.

Liao YH, Xia N, Zhou SF, Tang TT, Yan XX, Lv B]J, Nie
SF, Wang J, Iwakura Y, Xiao H, Yuan J, Jevallee H, Wei
F, Shi GP, Cheng X. Interleukin-17A contributes to
myocardial ischemia/reperfusion injury by regulating
cardiomyocyte apoptosis and neutrophil infiltration. J
Am Coll Cardiol 59: 420-429, 2012.

Loong CC, Hsieh HG, Lui WY, Chen A, Lin CY.
Evidence for the early involvement of interleukin 17
in human and experimental renal allograft rejection. J
Pathol 197: 322-332, 2002.

30. Yuan X, Paez-Cortez J, Schmitt-Knosalla I, D’Addio

3L

F, Mfarrej B, Donnarumma M, Habicht A, Clarkson
MR, Iacomini J, Glimcher LH, Sayegh MH, Ansari M].
A novel role of CD4 Th17 cells in mediating cardiac
allograft rejection and vasculopathy. J Exp Med 205:
3133-3144, 2008.

Cunnusamy K, Chen PW, Niederkorn JY. IL-17A-
dependent CD4+CD25+ regulatory T cells promote
immune privilege of corneal allografts. J] Immunol. 186:
6737-6745, 2011.

CERE26. 10. 95+, FH27. 1. 5%3)



