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= Abstract=

Significance of IL-2, IL-2R, IL-6 and TNF-alpha as a Diagnostic Test
of Acute Rejection after Renal Transplantation

Won Hyun Cho, M.D., Hyoung Tae Kim, M.D., Chang Yong Sohn, M.D.
Won Kyun Park, M.D., Sung Bae Park, M.D. and Hyun Chul Kim, M.D2

Departments of Surgery, Physiology', and Internal Medicine’, Keimyung University
School of Medicine and Institute for Medical Science, Taegu, Korea

In order to avoid unnecessarily heavy immunosuppression and the complications due to
misdiagnosing acute rejection, we checked the serial serum cytokine levels in 34 living
renal transplant recipients(excluding pediatric recipients, cadaver donor grafts and one
acute vascular rejection which was removed on the 7th post-transplant day) operated on
between January 1994 and June 1995, and we analyzed the relation between the cytokine
levels in these cases and acute rejection. Among the 34 recipients, 11 developed acute re-
jection within one month after transplantation, 8 of them being confirmed by renal biopsy;
however, all of these recipients showed excellent initial graft function. The elevation of
the cytokine levels, except IL-6, started from 1~3 days before either clinical suspicion of
rejection or increase of serum creatinine levels. Postoperative levels of IL-2, IL-2R, and
TNF-« were significantly higher in the rejection group than in the non-rejection group,
and these findings continued at least until the 15th post-transplant day. The group whose
rejection episodes developed within 2 weeks after transplantation showed highér cytokine
levels, except IL-6, than those of the group whose rejection episodes occurred after 2
weeks(P<0.05). These elevated cytokine levels returned to pre-rejection levels in the group
who responded to anti-rejection therapy, but maintained higher levels.in the no-response
group(P<0.05). In summary, these results suggest that during the early post-transplant per-
iod the serial checking of serum cytokine levels can predict the onset of acute rejection
earlier than the conventional method and tell us the status of the response to anti-rejec-
tion therapy. However, the absolute significance of the cytokine levels and the cost of
daily laboratory test for cytokine should also be considered.
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Aol AlE EJHEE A7|oiA el A o]AA7) ] A¥ut
< g Fole W, AXubdd oy =74
R 27] AX7L o|A A & %S vAdE A
Z iRl AbAdelch. o471 AFuEL dF
A bgo R Q¥ A9 ¥F3 JFAELY 3, A
JAEE] W 5o 2 Q) mA¥dd o] A7)
I FFFAAEe] Fu|gory 229 HALE of
7184 e}, o)y ARukgel O =713A4L oln|
Z dejx glow aFolle oAR9Y U4F, HEI
Z& o)gH AAdhr) 2WF A, HITF F 2
A ZYelAd X9 F7} F AHAMA &£AE s
A "ok a2y AelEF2AEY 53 e W)
A2l ApgolFels ook EAHA AZe] vepd
A e A7 Wb Aol o#ge] Utk o]
Aol ojs] 22 AL AAFHE JHF G4 AgE
A Uoy FHAtlA AFAA E40] HI o]
7)o 53] 0|44l gdoy AERSH 59 &
¥3E do & ot HT oderhR] o)A #o
e AGAEES SAFo2A AL Z7)4
Aksl Bals o] glm?4 Y I Fe4 Th-1
Axoja FulgE= cytokines} Th-2¢14 Eulsle
cytokine 9 % =+ A7)EHY A9 &
A, dgRLfE W fAol Th-24Ze BA?,
CD4/CD84]-&, 8% % 23 neopterin'®, g
I Y FHIede IL-1558 $A% 2N 4 AY
ubg-o] z7)AIGe|v WA S AFEIE da
ek, oj9}FL cytokined WAL M X o A
s FEYREzA O Az $4AE F8 A
43cn <2 gk 22y IL-2RE u| &% cy-
tokine®] &Ao] o]AA7)8 ARurE Ade) =&
FA Xyt Bax Qo A dxe d4dy
Aedako] THZ) BAsLE AT cytokined] A
A Adatcd FHHE TS AR cytokine
o] o]AE A7]9 ARy JFHA FLH AL
AHAol3, E o] cytokined A&EHo B 2HFPo =
A ARubg M2} § wpolea X5e oY a3w
Aol =gl HI A,

ARES Alo]Ag AAY A ¥F IL-2,

o L

IL-2R, IL-6 ¥ TNF<® o|AF ¥z 24se)
ARgEH WAPRETANG APYE w3,
AR A7lel e W) o] % A¥we Aw
of N weol B Wslerte B4 o4z
7 ARg ARAAZAL oolg dolus] e
A7E A5t

g

19943 149%E 19959 647t &4 A7]o]AH
oA A A1gE AAate]e] Aol @RLF Aol W ALA
ol AgaLE AT 34He oz oA AR o
A 7Y YL AR 2cc HE] AL
ey —70°CelM dEERBAsAt o5 AL
ztzt ELISA¥ o & IL-2, IL-2R, IL-6, TNF-a%
A8l ARubgo 2 FAd 19 YA #4215
< ulzegct. ZE #AES dYdAE cyclos-
porin ¥ steroid ¢|F8¥ o2 3% cyclospo-
rin®] £F& o)A F 1AY7A HAAEF A7} 250
ng/dl AF7t He& {FAFHct Axakge] At
Y3 FdolAdR7} 349 ol AEHHU F71E B
WA AW Ax, AdbE 2764 $3¥ AxeH
g Al FAkaAe] g = R, 8ddAE =3
Aoz FAstgel. 2447 ] 9 dE cyclos-
porin®] HAY¥F A2 cyclosporin 54& 7HHstd
t}. ARukgAle 250 mg 2] methylprednison &
14 23], 347 F4F A=kl g vhgo] fxd o
= A o =& OKTIE 1097 AH-4-3h3ic).

724 7+ cytokineX| ¢] BA A2l Student’s t-
test2 4 AFHQ Ao = Chi-square
testZ Al#3lgos Pghe] 0.05 <]t A$F 54
oz oA kel

1) IL-2, IL-6, TNF-a2] #4]

Amersham Life ScienceAt(Buckinghamshire,
England)®] IL-2, IL-6, TNF-« ELISA system
& o483l FANIA A LMt 4 AHAbkit
= ZFAY 9 AL A FEuE F8 A
AW 9l cytokined ¥ AL/} EFA|%e Fxo
vl & A el =Hel 93, o]F 450 nmE =A™
2324 7)(spectrophotometer)s F3 A4
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EZF cytokineZ A4 A3t #zte] cytokine
g AAs}gch

2) IL-2R2| #4

Predicta Interleukin-2 receptor kit(Genzyme
Corporation, Cambridge, USA)E o]43 kit
wellel & IL-2R FAE FUst 4k €309 IL-
2R7} A#¥EA ¥ % peroxidase labeled strep-
tavidin reagents #7134 kit well|9] biotin
o B2 7k, TMB substrate® #713l4 per-
oxidase enzymeo] & +HE FYo 2 JAZ £
b Hrbsled @Yoz W3AAA 450 nme 3}
el A 7t well?] F3F=5 S ZETAA
AbE it

4 =
1) 41%0]|Al% cytokine2| B3}

ARk 5 Aol ol AF Ade| cytokine
< el ¥ls 150~200%°] F71E EQR olEe
ARukgo]l U™ FAME 3~4dol AH FAHXZ
Fohdtth. 1eu ARuETdAE A&4AHA 71
2ok Ak 4] IL-2, IL-2R 9 TNF-e4
£ Z7 81.51U/ml, 2253.0 IU/ml, 62.3 pg/ml&

A7 A2 A IL-2, IL-2R, IL-6 ¥ TNF-29] °]2-

A olAAe] w3 VAY F7HE BRI °]EF AY
kg Agel wgo]l A" F& 1FUF cyto-
kineX|7} 79 Ao 2 Folgtort whge] A=
T 3} @AY el Agheh(P<0.05). IL-6
£ &I 2 AolE RelA okste}(Table 1)
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Fig. 1. Changes of cytokines and serum creatinine
before and after rejection.
(r: day of clinically diagnosed acute rejection)

Table 1. Changes of cytokines before and after transplant and rejection

Rejection group

No-rejection group

Recipients 11 24

Mean age’ 329+13.1 30.3+185

Cytokines® IL-2 IL-2R IL-6 TNF-a IL-2 IL-2R IL-6 TNF-«

Pre-transplant 208+ 7.8 2895+ 483 138+4.1 223+ 6.4 21.7+11.2 2708+ 68.4 12.1+3.8 20.6+4.8

Post-transplant 409+21.1 637.5+1894 22.6+95 27.2+6.4
day 1I° 33.1+ 9.7 599.8+101.6 21.9+8.7 61.2+18.7

At rejection® 81.5+24.1 2253.0+811.3 9.9+43
After rejection Tx®
RG*

NRG**

61.1+253 436.7+112.8 2.1+0.8
743+284 12405+463.2 8.7+34

62.31+23.5

19.8+ 5.3
76.8+20.6

* results are expressed as mean+SD

» P<0.05 between post-transplant day | and rejection day.
% P<(0.05 between response group and no respone group.
*RG: response group to antirejection therapy. **NRG: no response group.
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Fig. 2. Changes of cytokines between rejection group and non-rejection group.

—e— means cytokine levels of recipients with one or more rejections during first month after tranplantation.
—s— means cytokine of recipients without rejection during first month after transplantation.
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Fig. 3. Changes of cytokines according to the onset of rejection.

—e— Mmeans cytokine levels of recipients whose rejection episode developed within 2 weeks of transplantation.
—a— means cytokine levels of recipients whose rejection episode developed after 2 weeks of transplantation.
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Axukgog DAY 1199 ¥H 2geld
e W3E 2SS 3o cytokinedt wm3tFuY
IL-2, IL-2R, TNF-o= A#elAd9 A5 JAET)
1~3d A(r-1, r-3)5H $7127& Bgov IL-6=
543 $AE el A dotch(Fig. 1).

3) H¥eHE 770l o cytokine2 3}

o]AlF x7]9] cytokine HIr} FF A&
AT F d& AWE golr7] A8 o|AF 1744
7z Axubge] golets 3N FH YUYW T2
2 roiA vz A o]AF 10dA7=] IL-6F
A 8)%t x7] cytokineo] A¥uk-g-FolA 2 2JglA =
A st} (P<0.05)(Fig. 2).

4) Aut8 WHA7|0l o cytokineo| B3}

ARukgo] o]AF 23 ool WY ¥ 2F o
Fol WY Fo2 ol 2+ #9 cytokine2] M3}
£ B9ty o)A F 7o AHFubgo] AR Fof 2
Z o)Fo) WAF FHr} cytokined F7tEo &
7}717}e] Aok (Fig. 3).

a &

olAR7)e) ARutge olAF7Ie] JE E B
& w3 oWl W7 AQ] 2AHE}E do] WA
ARutgste e FA4AMEEE A A8 A A
kg JAAY AzA o8 Az U ol
& ARubge 27)4 pEstn Agdddes AL A
RO EYE Folx, BUay W] HAAAA T
A5 WAE F A& Pohu, o] FAEA A% #
HEE U5 AAA olAAV AEEE B 7
Ak webA ARbge] #eddte A2 42U T
AE) BAsHE 0471 927HA cytokines &
A& Ajurge) 27129, o] ARl i P17
ARD, ARukg AAE A4 dFe F ApkE A
824 5o 5& dASAe) vehpr] Aol AAT
A Hols, 2§ AFabgeld e AsAape”
€ 45 WA # Fh 9710 °]8-2 cytokineE

W

73224 IL-2, IL-2R, IL-6 ¥ TNF-29 99—

< I Y L2 gAML o]o] S
374 =HlEed ¥HE ]84 T-cell ScienceAls)
ELISA®3# Abbott DiagnosticsAte] A 2-& v]4)
4AHE o447 Ea HAEAYY, 2| YA o4
A7lel 22 PCRE 38 A% = dhAgdkxes
A= uhy 0] o] &EH 3 grh

xR TAHAZE AIF7HA R A 4L F
Z <97 ¢4 59 HLA ¥A4E A AxE 4
Ue €84 7M. By FEAIEF HEAHL 9
213 Al Z (immunostimmulatory cell)7} o}d &,
AA] 2 AARe 2 FFolA] W] B8] oy
A @t olAAI|He ol AE7} glow
Eolgt TFd] 37} Rt olFel] 9
3 M2 AT S g, old HEEE: FF

9] HLA ¥% 2% S8 g} g 3

429575 WAz ¥Asle HYHAAHZ(immu-
nocompetent cell)$] o]A A7 A=A Y=
9] o|FE FAY F U, o|AzAe] FAAE
(dendritic cell)ell ¢j3} 221}, o] F4£FEL o]
AzAW AEe HEAH &l A& obrlsgAY, &
F ARAR} A9 T4 AY = ASHE F
2959 98 e A o] o]
o g F4dF Fol olAd Arle A¥uteg &
AsHA e}, o|9hEe A¥uEEo] Ao o A7
= I4A gAFAelt 2719 7% A A LA
o|Estu A Mzl Qe Ql whga Al Xt dlA 9
W ATz o x7)d AL 5 SlA =
ok, ARubge] 27t a7l o|yzAYR
o] Agtolch. zejx 439 T Jut77F 18 o)y
A71e 454 e F5AsL = A& 2 Wy
&A e F Ao,

T 84358 4FAZAAH FulsEe 493 sHR9
FAEo] AEet AX Alo]lg Fo Fo3 AL
o G RAR, olFA oA 7Yl A HAH cyto-
kineo| FFo)AA7]o T S8t HguhgL do
e 9 9%¢ Iz BAHEz ok o) cyto-
kineE2 =Azg-o| A7} 3h4d, 22 cytokineo]
o2 AEo] didfdE o 2HEE Jehle Ao
deiA ok 7R 2z T AE9 ofyFele
Th-15} Th-24%7} Sledl Z42e IL-1, IL-2, IL-

2R, IL-4, IL-6, Interferon gamma, Tumor
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Necrosis Factor 5& ®u)sld Ax3FA o A
ZEA Ao F83 g otz ok F Th-
1o+ #u]=Elx IL-24} gamma Interferon &°|
ARut-e-g 22A)71= 9, Th-241Ee) 2§ IL-4,
5 10 52 A¥EE JAsE Aoz Busy 3l
t}. o] cytokine2 Al#, s, 7+ R AR o|AF ¢
Aste ARubge] oA zA Fuiziele AfAle] ¥
AZ1HE oA dA o, ol cyto-
kine®] AA}(transcript)E #3tjzle o] cyto-
kineo] olAA7|HelAd Aigti= &F& A
$14ich. o8 %9317) 98 Langs'@e AA ¢£8¥
Aol 49}t o) A=A Yo 42 cytokined u]a3tH
i o]& %38 Th-2 cytokinedl IL-4, 5, 102 °]4]
F AgatFol o3 ojAA A ARt A
< ¥k aed AHAIRE cytokined] Aibekare ul
<9 7 @} e Aoz &FL}. oW AAL
Th-23 cytokineEol <47 HAlo 24 ¥
AR = 794 M2 24 Adds d&E
2u|d}, o)7L BEHo2 ThAZHE IL-4, 5,
108 A4 = sle 98 $F7] Axd o8 A9€
4= aleh.

o]t A7Z WAL o5 cytokineo] #A7]o|AF
Axubg3 ofd FAE HAETE doliy] % &
He 4 ol EAY HA Y9 3] 9 oA
71N X2 AR 0. o]gde2ye A4l
ol Yol 42] o]F cytokineX| &AL §Fxl} o)
AR 7)) v Aol AR whyelty. et o]
A Ao A A EA7F ® R °)E cytokined]
2717} HiEA] Ak Ant F7iEEs Ro] o
& Aot AAR g RuEo] vle|gjant e
glolo)l &3t A= F7E vk Bastn e,

AA 2 7+ cytokined] Wi A7 AHAE nd, IL-
2& B ¥ TA=Z dit-& AFAA 32 E A
227 Fed ¥837] e o] IL-29] FHo2
AFo| A gzte] WARHE AR o] AUA
o} 23 o9} cytokines] ¥AIEI} AlEto
3= IL-2 8 A (IL-2R)ol A=} AP 3 o]
A IL-2R7} dAYE Eu|ge: o] IL-2Re 24
w3 wditeel zde]l o] F Ao AzEHY
I, o]& o|&sA IL-2Rel wg & S T
Axo FZA& AqAHA o] Ale ARub-gE U

244 9 54

o}z SoulillouS®e] Rufch 283 o529 A
& AA Yt 75Ed oA 712N E Y B8y
A4 A Aol A¥Es} 3, ® dAHAR
A&A o2 FHsE Aol It Aste A
ARk 9A AREEE AR F e AHelgn
SimpsonE®o| B §c},

IL-2R9 &A4& 5§ 7] AXukge] AL o]
1980 Fykel] AAE, 20 AR 2 S, A
599 o|AdA AxHANL AAZ AT YA =
28 gkor} AEAT wlo|zx(cytomegalovirus)
9| zteist e A4 dFuAldE F7187] dE
o o]F oA 7EE AWt EAFHLZ dol 9l
o} HZ zho)AlF wrA§ whego} Y wpolz|a 7hod
A IL-2R& ¥W8E z=A1g Rossi®'®o Bug By
IL-2R7} wtelelo} iAol Lot Aldlel TAH
o] & wslr} glsle} ulelgjx FhdAle= 21l
27185, o] F717) B3] Aol@AlelA FEe A
olZ1 2 Aolrl Aqlel wis| "Agutge] FriEE AR
#o| gtz B3 Qi) olejxre zrdme] zHEE
Aol A& Cornaby5®L Ale|A@zle EF ¥ X
% IL-2, IL-2RE& ZANA ARuEA 45 2571
ZF718tn 3 F71Fe| AE Adulelzx AR}
H4A gst& BusdA, o]EAlele] sy A4
A2 AEZAE AXEFE ARugAle gEEs
AlA| 22} g9l F2%H(antihuman globulin)9 2
ol EAAe|x, AE Adujelzla PR AAE
el wlolzjx~e) Rsi(viral inclusion)o} Jehiz,
Alo]22AZ e EXAE el FEEYUL Aol
YeltA 98¢ 4A =Hsich =% Perkins 592
IL-2Re] Z7134e] ARub-gAlE Ao ARl
o] ALR A7) AR FE3 FHE wE, AT
Adjulella Ztge] A 2ge] D=7 7~10
d AFE ooglAl F71 RS ke AelE
2337l Frh ozt cytokine® AFuHEA]
WalEL tole} Aal, 2R o]AFE AFHEZe] ¥
A A7 Axr)t %L 92 Muths0e B
AL, 2 A= oAH Fd wlH AubgAd
£ 25%~200%9 F718 Rcty Yok ¥ A7oA
T ARukeFdA cytokinex e F7171 e AL
EE olAF 2F olulol WY ARurEFo] 1 o)F
ol Y ARHLSFEYG ¥ FAF Heln ® 1
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271 23 ASHUTh o) R oAz YFAY
gAA ) mse} o|AR7) 71 HlEAE Fo] 45
22 A4y B4 gloy AW Kutukculer
50 RaoAe} uprlA 2 o]AF AfurgE o
o7 APAol ¥& FAE vE] Feld ¥ de 5
A& AAsa Aot

IL-6= BAIXs} AE54 THES £318 233
o IL-2R9| ¥ E do ity dejx gu™®), AA
2 Ago|NFo] ARubs-Fo YA} v ALNEE
o ulsl oA Frhgctm . 2} ojezt
< cytokine?] W3ls} o|AAFolE o|XA7]9) 7%
3 ¢S A TAA sl AAZ AR A=
o= ARBAZ A JehdA gevhes Al T
Aol Ao AFH ZAle]H EIEHJRY, o]RL
olAlF x7]o) Foste oyt BGAA e} FA A
A% de B4l HAEY el o]AF =
7] 2~39%<¢t IL-68 £§¥ cytokinex|7} 7t
AL ol A UXgcty AYz=hd, IL-67F
o2 cytokined= 2] AFubg HAYQR A7)
el Holg WslE Holx] 9 Aol disiMde HY
¥ AgE sy) ST}An ok AR kity AN
o] Al 5= n#sojol & o2 Azt et AA
2 Ae AEAZ AMgst de 2HZolE:
cytokineZF oA x 53 IL-1 beta, IL-28 744
7l & E8 ¥4 OKT3+ IL-2, TNF-alpha,
Interferon gamma, IL-10 52} 1| &233c}=
B35 9loja] olEE AHEFal A diFt A
s} e},

Tumor Necrosis Factor(TNF)ax kA Xl
A AEFAQA £ AE5YHEE 713 cyto-
kinee 24, A F2 A3E dHHAE E==
AN E o8 FARy g FHT Uz
x84 THZ} 48 + ke B3z Yo
o] TNF9] o}AA7] Afut-gd g ¢ Maury
% Teppo”, Imagawa$®®d| s MuEglen,
AAZ Axakge] Al 7o) Jdehlr)d |
~294e] olu] vehdtin dtgior} o] a] zhedo]
UgAl o] g AREL M= o)A F
B ARurs-Fe TNF-ef #X& v|ARuks-Fol
Hla] foz o2 FolA o] PAE Roj FAA
€ 2 ARG dde] U ez sz

AdzA2 A IL-2, IL-2R, IL-6 % TNF-29 9j<]—

dulsjol & o2 QZEU} o)™ cytokined] &
A& ol&#A Maurys®e § TNFo#AE o
Zo 2 At o7 HEEE FHYL Bx
et

AAEe] Ao 2 F 344)8) Ao| A A o)A F:
1719 Ftel AFEFo dudE, 2249 59
74 Ade dslevt AEAY nlele|2d 9% 7
de goA Axurga vmAES 717 4t
a2} ol B wie} o] AW cytokine
o] Wzt ARubET e ojAARr)e doubge =
7| Aot A ¥ €A, = AREEE
ANaFd FAe Mo AT 2FAFAY Fo T §
4354 AH4E 5 ok AZEdR, AMEACY wle]
22 59 7 7hEE A8 oA A EulHe
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