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Tumor Necrosis Factor-a in Tears of Patients with Sjogren Syndrome
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Abstract

Purpose : To determine the pathological role of
tumor necrosis factor alpha (TNF-«) in ocular sur-
face disorder of patients with Sjogren syndrome
(SS), TNF-« in the tears of patients with SS were
analyzed. In addition, the relationship between
TNF-« levels in the tear samples and the severity of
the corneal epithelial disorder was evaluated.

Material and Methods : Tear samples were ob-
tained from the 60 eyes of 30 patients with primary
SS and the 60 eyes of 30 normal subjects. Tear
samples were analyzed using a sandwich enzyme-
linked immunosorbent assay to detect TNF-«. Cor-
neal epithelial cell damage was examined with a
slit-lamp biomicroscope and scored by the van Bij-
sterveld scoring system.

Results : TNF-a was detected in the tears of
patients with SS at concentrations ranging from 8

to 1,500 pg/ml in 33 of the 60 eyes of the patients. In
contrast, TNF-a was not detected in the tears of
normal controls. The concentration of TNF-a was
significantly higher in the tear samples from pa-
tients whose clinical scores were two or three points
compared with patients whose scores were zero or
one point (Mann-Whitney U test : p<0.03).

Conclusions : TNF-« was detected in the tears of
patients with SS, and tear TNF-« levels showed a
significant correlation with the grade of corneal
epithelial damage, suggesting that TNF-« is a
potent mediator in keratoconjunctivitis sicca.
Nippon Ganka Gakkai Zasshi(J Jpn Ophthalmol
Soc 108 : 297—301, 2004)

Key words : Tumor necrosis factor alpha(TNF-«),
Sjogren syndrome, Tears

I &

¥ x =7V R, R © OB CIRE
FABHC ) > RBERDSRAE L, & i < BRrHRkms & i
2D HOMERE T, BREIC IR, R DD

Tl

WY UHZBER 2 s 370, WA IGEE SRR, RV
Ty, BERTL EPEHCES L Twa 2 LBl
NTELD, 19977 R =y 2L okt ah
Tea- 73RV UDBEEBOEHOHIETH 3 LGS
n, BHEZ OBHCIUFICH T 2 B RIG & AR B ORE

HIRIFERSE - 173-8610 HFHMIERABO LR 30—1 HAKRFEFFMIRBYAE ZH K

(PR 15 4F 3 A 3 HE2AT, ¥R 15 4F 10 H 23 HET=H)
Reprint requests to :  Taiki Oshida, M. D.

Department of Ophthalmology, Nihon University School of Medicine.
30-1 Oyaguchi-Kamicho, Itabashi-ku, Tokyo 173-8610, Japan

(Received March 3, 2003 and accepted in revised form October 23, 2003)



298

EDORREICDOWTHIREIHED s Tnw b,

AR T OFFA 2R RE 1 AR L R o 1B 7,
N THREEDIRT, AF UFEBLOWD, RV LA
EThH 5V, IRERMEOEFMESBHE Uiz AR %3k
FTRAHZALFEHENTHRWD, HEETIZTHEZS
NTELEFT & U TITRET IO T HE D B2
R, RBOBREE LA CHEI MREELR ETH
%9,

ARy = — 7 v VEREERE T, fEBEICHB W Tin-
terleukin(IL)-1 @, IL-6, IL-8, tumor necrosis factor
(TNF)-a, transforming growth factor (TGF)-g81 %
I — N 9% messenger ribonucleic acid (mRNA) DFH
DHEFRL T2 2 e99%, FERFOIL-1 a, IL-6 $EE
DIMEH NI L T ER L TWa 2 ERHEMS T
BY, REBORKRMREBIZEICKEEY A Mo A 258
IS L TWwWB ZEBHEES N TS,

TNF-a 13% < OB 2 H 3 2 AR L AEMY A b
AV ThD, BERMRIEAMKIES &0, AKLE
Ke¥% & e bR, BN MG, MRAEEEE, &
EiffE, L CHEMlE e EIEE gL <, EZ2DfE
A b TiEE S, PiEYEEE, oMb - BEIEOHEE, %
EFHY, RIE, HBREELR ELIRICH %Y, TNF-«o
Dt b AR MG 2 FRIC DWW TR, RO
IS TEIGEIER 2B 3 5 2 L 2jiE L.

INETY = — 7V AERERE ORBEH TNF-a 7
BAREE LTS3 R <, TOREB L UEEICOWT
R ST, 22 THE, BrEFy -7 v
FEREEERE OIRKE T3 TNF-a WREFICHEHL, A
REECEG L Tws EDRMELT, Y-V
FEREREEE OIRIR T TNF-a B1FEET 202N, %
DRE X HEE L AR - EREOEER & ORIz DWW
TR L7 D THET 5.

n 7 %

1.8 =%

AWFEE, HAKRFEFMMHEZESB L UHAKRSY
R FER T AR R T e R B S OARD b &,
BRI L i R T o 1otk XEIC KL KR
BT, WRIZIT —o v SBEEE YRR L, fi
O HOCHREEEEBEPIIMERE G L T n—X %
V=7V EGEREE 0FI60RTH L. —F, IEE
SRR (DUF, IEWE) 3283w EN %<, EBIrEE Ut
DOIREEZ b1 WEFANF0RTHS, = —7
VAEREEE B L CEEFONREER L IR,

2, /5 &

1) R DOEHL

YV Rk (HEEE T, sHRREE v 3R
JEFEN I 5 SR A) CIRIZFIL, ¥ v~ 3R Bt (>
Vv RS, RS OHKD 2HANS 2K, ¥

HIR&3E 108% 55

£1 WROAER
Y x— 7V EERE EHEEE
(n=30) (n=30)
B/ Lok 3 %1/27 B 5 $11/25 #
£l 52.9+9.4 5% 40.5+19.3 &%
VOVl 4.4+3.6 mm 24.1£7.6 mm
Sl + AR

V= R %2 H 2 X2 mm i JIY) U TAEE R K 90 4l
PANTz®A 70T 2 —7WEEL —20°CTHEREL
72, FIBICELTII~Y A 70 F 2 — 7 NOBK 2 EET
B L7, YV EBE A 70y b THOIR
L, 20%, ~A7u0Fa—72R0OHL, B
15 50 ul ZRRfEE Lz,

2) TNF-a 3EEOHIE

W O TNF-a ¥ 3R 1 E % (ELISA) (k&
b TNF-a, #ERE ELISA ¥v F®, 2 XF « N4 %
1) GRIERREE <0.09 pg/ml) Z v CHIE L 7z,

3) ¥ TNF-a B0 E

BAER D TNF- EED S REF O TNF-o EEAD
BHFHFF LT ORHERN (1) 2w,
FHEH O TNFa =

D TNF o JE X AFEEX100/BUEE (1)
o2l wHUYEE=(V+90)/V
Vv~ fEiroE8H L RS

ZOROPTHPELRZ KD 2720 OREEE (V) £ &
VEE OBER, BIUYLVREHD 5D TNF-a
D BRI R CE LT O HETRD 2,

i) Y~ L REEE (V) & OBR

Bt &, 2, 3, 4, 5, 7, 10, 13, 15, 17, 20 xl)
DEFREKE >V~ B OSLhHC T « WIS 8
LV E RS URRE L YV~ EOMER 2 EH L 7.

i) ¥ ~HEBHKD 5D TNF-a OREIE
BRI (0, 31.3, 62.5, 125, 250, 500, 1,000 pg/
ml) ® TNF-a %W 5 ul % 3 v~ SRERHKIC RN X AL
2x2mm) LT, EHAHEAIOul ZANTzYA 70 F
2 —7WEREL, B LS 728 B35 50 ul Bk
ke L7z, 2hzrido ELISA v + ZFw T TNF-
a PR 2 HIE L EINGE R L7,

4) fapE b RREE, VoL~ E L OBIE

PR b R R ORI A 3B U 2 B R DG
B % van Bijsterveld ® 2 2 7% W T 0~3 O 4 By
WEBYEL, Y <fE, van Bijsterveld A 27 B L O
B D TNF-a 5 & ORI = #ET L.

|11 *

1. YIRELRRE (V) L OBER
¥ L BB FEI TR LRI S ¥ Je 4 Ak 0
KEL YV HOMGER 1 CRT, EHAekDORR



SERE 16 45 A 10 H Y — 7V AEEFEO R T TNF-o « ZHAfh 299
4a0r 1400 F______i______T
35+F .
.l 1200 |
E 251 £ 1000}
2 20 E: : :
_A\ 15 L M 800 [ °
A Ay
10+ LE | °
L 600 .
5t =
g s
oLé . . . . . R 400| . S
0 5 10 15 20 25 o .
42 TNEE (ul) 200 | $
X1 RREEILiEENEE. o
y=1.72 x—0.91 (FRHE 8 0.983) O IE OB 2 5 1L 0 § |
2. 0-1& 2-3&
(n=20) (n=13)

LYV fE E OBRIZEFR y=1.72 x—0.91 (EI/F 1%
$0.983) TREINAIEOHEB AN, ZDOZ LS
VIVl SRS W RREZFHELES 2 evb
molz,

2. TIVVERERED 5D TNF-a OEYNER

BEHIRE O TNF-a W o5ul 2H T L7z v ~Ek
B2 & O TNF-a ORINEKIL 62.5, 125, 250, 500,
1,000 pg/ml Tk ZZ i 8.9+3.7 (Ml + IEHERZ)
%, 9.513.8%, 9.1+3.2%, 10.6+£4.0%, 11.0+3.1
% CEREIWC L ZEINEICEIT R 2ET10.0:4.2%
ThH-72. 0, 31.3pg/ml TREEFELUTTH-> 7.

P EofiR» o, FioFtE=N (1)1 x 2RI
FWDOY V~EE LT

HRWHD TNF-a IEE=

fED TNF-a B X FHHUEEE X100/10
72 L, FHREER=(x+155.71)/(x+0.91)

&Y, ZoOFERXETHOTREFO TNF-o RE %25
=7,

3. IRk TNF-a BEDRIE

Vr— 7V EREEERE 30H 60 IRD 5 B, 19 £ 33
IRCREREH W TNF-o 284 L7 (8~1,500 pg/ml,
364360 (V-3 fE ¥R 72) pg/ml). — 75, IEERET
I RTHEREUTTH - 72,

4, AELFEE, I iEs bk

Vo — 7V UEBEREBEEICB W T van Bijsterveld O
A A7k D AR EEEEDEERE & FERS O TNF-a
B L OB{%RTlX, van Bijsterveld A 2 7 532 S E
OFEIF 1 AT OREL D KR O TNF-a IRESHRIC
BT H - 7z (Mann-Whitney U #5%€, p<0.03) (E12).

Vr— VR BEEREICBWT, YV HEERERT®
TNF-« #E & ORI IZMHBEBER X 205 72 (K 3).

AlE R REE DEEE (van Bijsteveld X 377)

2 AR EREE LIRAET tumor necrosis factor
(TNF) -« iBFE & DEAR,
Y — 7V UREREEEE I B W T van Bijsterveld &
A7 W2EUEOBTIIANTOR LY Rt
TNF-o BENERICEETDH 5.
%  Mann-Whitney U %€ p<0.03

1400
[
= 1200 1
€
N
8 1000¢ :
il o o °
28 800 °
5
L 600} *
pd [ ]
= . °
% 400 o . . o .
® o200p . .
00—‘—0-:—0—0—:—0—:—0—:—0—.-’—0—0—0—3—0—'
0 5 10 15
2 V< f&(mm)

X 3 TIVVEER&ER TNF-o BE.
Vr— 7V UERBEREZICBWTY IV EERERYT
TNF-« ¥ & ORIAHBERR IZ 2 (n=60).,

v % %

H OSSR B ORI R, KEEYA SH A o0
ST 2H2zoNTWE, KEEYA N4 >D
FillZ T TNF-a 1%, ¥ = —7 Vv U EEE, BTV
~F (RA), FEFZED BH MG CEENS LR LY, B
BHET Y 7 = F i B TIEBIEIFE T TNF-a 2365, »
DB FE A S N R TE R MR L v o 7B
WEZESEITEREDINTED, KERERICBY
ZEFEMENEHSMIZR > TWS, RAOH LWLIRERE L
LT TNF-« 2HE 3 29, TNF-a £/ 7 0 —F VLK



300

2k BIBENERbS R, ZOMERFEHONIS DD
b5,

SIEl, RS R EE A RBEOFEREE T 5y
— 7V EEREEE OIRKAE Tk TNF-a 2R 5
HL, ARBEREICEELTWS EDRHOD EI2y «
— 7'V ERFERE ORE T TNF-o 125 2 H1E U 72
R, 30FI60RD 5 5 19613308 T TNF-a Z# i L
7z INETY = =7V AEBREEEE ORWEH TNF-a
WERHE LRSI, YIDTEOFEVPHERS N
7.

—7, IEEBEORED 513 TNF-a B S ghro
7. BEAERRE LIZRBEHOY A A A 2D nT
X IL-1 @, IL-18, IL-6, IL-8 DEERIREDEI N T
W3, TNF-a OBRBEZHERELLTEENTEDY,
SEOFL OIEFEEE 30 1 60 R 2 M L2 fE S [T
Hoilz.

SEfT 5 72 RIE TNF-o EBEOHIE TR, EROH
BUE > v~ BB 2 U CERIT 2 Hikx vz, 2
DFiIE, RS W RER L v~ 1l L O HHBEIR
MK DT H, RS NIERORRE VIV~ E» 5
HTEL2ZEPRETHS, FHEE YV~ EE OMEE
TEIZ, TBESICL D T TIHERINTW 388, SEIE
KoOEETH 2z OMHEMESHER SN, £/, TNF-«
PR I IRIE B RN S 72 3L~ SRERAK % AR B A K 2 R
%L TNF-a 24 2% ELISA THIE L 72, ¥V~
B & D TNF-a BEORYKRIZ—EDEEGER Lz
e, FEE3) WRLEHERQO)MBEIIT 260
¥ L T ELISA OHIERERE D 5 R H O TNF-o 5 %
HiL7z, COvV~HBM2HERAL TRBEEZHIT %
FEZY = — 7V EEED & 5 R E DD 2 DR
EDORREZEHRNT 2B L HETHE ENZ B,

4lal, EHEH TNF-o ZIEFEEE» S ZmH s
T, Y-V UVEBRBHEREHErORHINTZ L IE
TNF-a AR BOREIRICBES L Tw b 2 e 3% 2
5hb., 20O TNF-a OHERIE, ¥ x—7 Vv EREHT
ZIMET D TNF-a OEEREFL TW3 2 LW, fi
T TNF-a #2— R34 2% mRNA 238558 U CHBL T
W3 ENIREII N TV A SEIZMHRE L TWhiRn,

4 138 F1 TNF-a Ot £ R o BaE e it
BB RN R I TN, R AR
f DIEFEDS RS TRMI L 72 TNF-a DR ICKTEL T
HEshz Zem» s, TNF-a ldt A EAEORE
FEAEMET B EMEE T 2 LHREOLT, SHOREERE
1%, R TNF-a & A EFEE - OMBERD 2 2 &
EHEZEEDLHDTH-T.

X5, FEEEZa7 L TNF-« BE LOMCEE
DENH SN Z L, TNF-a O _FREEE: OBG%%E
RTLDTh-o7z, LoL, EERFD TNF-« BED L
ADNEEY = — 7V SEREFICB T 2 A EEEED R

HIR&3E 108% 55

NThHsETHICX, TNF-a IBED FR D AREERESE
WCEDERTHLITREEL DY, SHS O THRFIHLE
ThHbrEEEZD,

V=7V UERBEREOKK T, IL-1a, IL-6,
IL-8, TGF-81% TNF-a %2 — N3 % mRNA #8458
LCHELY®, REZObDICEEN 25 IL-1a, IL-6
DOWEPEFE NCHB L TERIC AL TWwa e 2 e
WENINTED, SHOFBREARTI2HbDTH 5.
INSDYIA bAA DA EEHEOEE I » b %
YERIZ DWW i, IL-1 2% keratinocyte growth factor
(KGF), hepatocyte growth factor (HGF) D83 % 85
HRE 20, i F AR O BE 2 R S ¥ B ER 2 i
D2 b AR EEMEZIL-1 8 X IL-6 ZEERIC
BEE L THB D922 g b REE S U7 B
WX IL-1 %0 IL-6 OFEHEET 2 Z L9, IL-1 &
IL-6 13 A E R OEH MR & BB < &% 2
s TWw3, —7F, AR ORESE %% 3 2 K+
£ LTk TGF-B 23415 h T\ 320, TGF-8 13 IR#E 5
LT RCOABRBICFET 2 L SN TWE0, R
WHICHEET 2 b DIRIE E A ENED LS L EER
ELTHFELEERIZLIT L TH DL L3N TWBE,
Vesaluoma &3FHRERZFED 7 b © 1 KGR EH
DRI 51,000 ng/1 D TNF-a Z#HEL T 35,
fafE E R EE - OREEIC O W TR SN TV,

GBI IL L OEGITHRE T 5 L £ biZ, TNF-a
DGR BRI 3 2 B RS L ORI OV T
WS L CHZLERH L. & 512, oA EEEZ
KT HEBORMBE T TNF-o J2E E BEIEE L 2DV TH
R, Vr—VIERE L THEBRH T L3y = —
7V AEBEHOIRREORE L TNF-o £ OBE%E X D
ELEFET LD BETHLEHFZDL, iz, S5HED
FERIIBAERCKTY v~ F OIRFEE L L hT»
290 TNF-a Hif' 703y = — 7 v RS O AR
FREEDEFICE VT OBHATE S LfEEEN S,

X #

1) Fox RI, Kang H : Pathogenesis of Sjogren’s syn-
drome. Rheum Dis Clin North Am 18 : 517—538,
1992.

2) Haneji N, Nakamura T, Takio K, Yanagi K,
Higashiyama H, Saito I, et al : Identification of
a-fodrin as a candidate autoantigen in primary
Sjogren’s syndrome. Science 276 : 604—607, 1997.

3) Pflugfelder SC, Huang AJW, Feuer W, Chu-
chovski PT, Pereira IC, Tseng SCG : Conjunc-
tival cytologic features of primary Sjogren’s syn-
drome. Ophthalmology 97 : 985-991,1990.

4) Pflugfelder SC, Jones D, Ji Z, Afonso A,
Monroy D : Altered cytokine balance in the tear
fluid and conjunctiva of patients with Sjogren’s
syndrome keratoconjunctivitis sicca. Curr Eye



R 16 4£5 5 10 H

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

Res 19 1 201—211, 1999.

Jones DT, Monroy D, Ji Z, Atherton SS, Pflug-
felder SC : Sjogren’s syndrome : Cytokine and
Epstein-Barr viral gene expression within the
conjunctival epithelium. Invest Ophthalmol Vis
Sci 35 1 3493—3504, 1994.

Solomon A, Dursun D, Liu Z, Xie Y, Macri A,
Pflugfelder SC : Pro- and anti-inflammatory
forms of interleukin-1 in the tear fluid and con-
junctiva of patients with dry-eye disease. Invest
Ophthalmol Vis Sci 42 : 2283—2292, 2001.
Tishler M, Yaron I, Geyer O, Shirazi I, Naf-
taliev E, Yaron M : Elevated tear interleukin-6
levels in patients with Sjogren syndrome. Ophthal-
mology 105 : 2327—2329, 1998.

Cubitt CL, Lausch RN, Oakes JE : Differential
regulation of granulocyte-macrophage colony-
stimulating factor gene expression in human cor-
neal cells by pro-inflammatory cytokines. J Im-
munol 153 © 232—240, 1994.

Vilcek J, Lee TH : Tumor necrosis factor. New
insights into the molecular mechanisms of its
multiple actions. J Biol Chem 266 : 7313—7316,
1991.

Funamoto H, Iwata M, Sawa M : Antiprolifer-
ative effects of IFN-gamma and TNF-alpha on
corneal epithelium. Invest Ophthalmol Vis Sci
34(4) : S 1411, 1993. Abstract nr 3503.

Vitali C, Bombardieri S, Moutsopoulos HM,
Balestrieri G, Bencivelli W, Bernstein RM, et
al : Preliminary criteria for the classification of
Sjogren’s syndrome. Results of a prospective con-
certed action supported by the European commu-
nity. Arthritis Rheum 36 : 340—347, 1993.
AT, BExeR, BARSE, KEH8— =4
B, EEERME REEE) YT RBECBY RE
W IL-1 5. HRAC 48 1 1363—1366, 1997.

van Bijsterveld OP : Diagnostic tests in the sicca
syndrome. Arch Ophthalmol 82 : 10—14, 1969.
AH B UHREF: BEREEY A b1 B
PRIGEE 47 : 327—334, 1999.

Feldmann M, Brennan FM, Maini RN : Role of
cytokines in rheumatoid arthritis. Annu Rev Im-
munol 14 : 397—440, 1996.

I, BElE<B), HFIESEEHEHY v
F ORHIEFE, P TNF-a ik, #11L-6 Z&MEH
R HOKEESE 60 © 439—441, 2001.

Shanahan JC, St. Clair EW : Tumor necrosis
factor-a& blockade : A novel therapy for rheu-
matic disease. Clin Immunology 103 : 231—242,
2002.

Nakamura Y, Sotozono C, Kinoshita S : Inflam-
matory cytokines in normal human tears. Curr

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

¥ x =7V AR ORI TNF-a » ZH 301

Eye Res 17 : 673—676, 1998.

Chedid M, Rubin JS, Csaky KG, Aaronson SA :
Regulation of keratinocyte growth factor gene
expression by interleukin 1. J Biol Chem 269 :
10753—10757, 1994.

Tamura M, Arakaki N, Tsubouchi H, Takada H,
Daikuhara Y : Enhancement of human hepato-
cyte growth factor production by interleukin-1
and -1 and tumor necrosis factor-a by fibro-
blasts in culture. J Biol Chem 268 : 8140—8145,
1993.

Boisjoly HM, Laplante C, Bernatchez SF, Sales-
se C, Giasson M, Joly MC : Effects of EGF, IL-1
and their combination on iz vitro corneal epithe-
lial wound closure and cell chemotaxis. Exp Eye
Res 57 : 293—300, 1993.

IRAER, BHHET, HE £, WAEL, FH
8%t bAEEE RSO IL-1ESE. £/ 70
— ik E Az ELISA 12 L 8. ARAC 41 :
505—510, 1990.

IRAHER, EED, TEUFE, SHES, H
Z B ARAKELEMCEZ vy —ag x>
6BIUA vy —ua g Fr1adfEE HIEEEES
1 728—732, 1991.

Wilson SE, He YG, Lloyd SA : EGF, EGF recep-
tor, basic FGF, TGF beta-1, and IL-1 alpha
mRNA in human corneal epithelial cells and
stromal fibroblasts. Invest Ophthalmol Vis Sci
33 1756—1765, 1992.

Becker J, Salla S, Dohmen U, Redbrake C, Reim
M : Explorative study of interleukin levels in the
human cornea. Graefes Arch Clin Exp Ophthal-
mol 233 : 766—771, 1995.

Sotozono C : Second injury in the cornea. The
role of inflammatory cytokines in corneal dam-
age and repair. Cornea 19 : 155—159, 2000.

AT % AR LR Al BE. IRAD 47 761
—769, 1996.

Nishida K, Kinoshita S, Yokoi N, Kaneda M,
Hashimoto K, Yamamoto S : Immunohistoche-
mical localization of transforming growth factor-
B1, -B2, and -8 3 latency-associated peptide in
human cornea. Invest Ophthalmol Vis Sci 35 :
3289—3294, 1994.

Kokawa N, Sotozono C, Nishida K, Kinoshita
S : High total TGF-8 2 levels in normal human
tears. Curr Eye Res 15 : 341—343, 1996.
Vesaluoma M, Rosenberg ME, Teppo AM,
Gronhagen-Riska C, Haahtela T, Tervo T :
Tumour necrosis factor alpha(TNF«) in tears
of atopic patients after conjunctival allergen
challenge. Clin Exp Allergy 29 : 537—542, 1999.




