Detection and Clinical Usefulness of Urinary
Interleukin-6 in Various Renal and Urinary Tract
Diseases and Kawasaki Disease
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FRESPDAERBOBEELZOREXRBRLTED, £ 2080 2 RERIGCHES T2 5BOM
BMIzHELTWE LD EBbh. &5 I/IBRORNRSOER T, SEHIZRP IL-6 EEOEHL £
BEnEp 5N, % Fd Nacetyl-8-D-glucosaminidase (NAG) &, Rpg -3 7or7ar) VEDQL
BEbyRHoNT. TORRD» S, IBKOAEBETRIBREI—EETIEIH 3 NRAEEELHE XD

BEORENRTFEL TS I LERERT200Ebhiz.
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Abbreviations : APAAP, alkalihe phosphatase monoclonal anti-alkaline phosphatase; Be-
mg, [ .-microglobulin; Cr, creatinine; CRP, C-reactive protein; IGF-], insulin-like growth
factor-I ; IL-1, interleukin-1; IL-6, interleukin-6 ; KD, Kawasaki disease ; MCNS, minimal
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Table 1.Enrolled patients
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I. WRE & VR

XERIL, MRENRRE & CEEMRRICERED 2 Wik
ARPOBET, ZOBRMIUIZTH -T2, £
3HARMPON2FET, FHBFTH-72. HHIZEF
6748, LFROKT, Bl :1.2. ERBTIE,
A BEXIE U0 LT 25 REREKRB61E, FREBERLE
48 (BEER, HMmEBENES), MOMmRO&TEE
RERMTTH 32, HEOEECRBRMBRFEELR
ELDBLEMNFEDLNL TV ZES (VIR 114, 34
BORMIMAR (Nutcracker B&, BH L v v ARAE) 3
B, EBAEEGR 8 4, JIIBR22E, L TEEE (R
FTRIER) 2848, #hIcxiBE L TREBRAEG B
Wiz (F1).
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MaNTH3a, ZRALNORRBERIBERIC X

Diagnosis

Number of Patients

Glomerular disease

Mes-PGN (IgA nephropathy)

Mes-PGN (non-IgA)
Purpura nephritis
Lupus nephritis

(I-b: normal glomeruli)

61
28
7
8
5

(V-a: membranous glomerulonephritis)

Membranoproliferative glomerulonephritis
Poststreptococcal acute glomerulonephritis
Minimal change nephrotic syndrome
Membranous nephropathy

Urinary tract infection
Pyelonephritis
Hemorrhagic cystitis

Microscopic hematuria

Non-glomerular bleeding

Nutcracker phenomenon

Hypercalciuria
Orthostatic proteinuria
Kawasaki disease
Respiratory tract infection
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Mes-PGN : mesangial proliferative glomerulonephritis.

change nephrotic syndrome ;

MCP-NAG, m-cresolsulfonphthaleinyl NAG: Mes-PGN,

mesangial proliferative glomerulonephritis : MPGN, membranoproliferative glomerulonephritis :
MTT, 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide ; NAG, N-acetyl-g8-D-
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DHEBEACBF AN TV S . REGRYES R R
#12T o0 =—$H10%/ml Bl E, Nuteracker B& i3
MBS B COEERIRO TE B L CEFR
BTOEEFREOEEY, &4 L 7 LREIFKSP
BNy AHEEE S dmg/kg/ BEALE®, EMEESR
HENEAOEEERALE D 2 THE ARRRIC
T IIER I E A SN ISR [IEHZE O
FA| x| (19844 9 HYET AP 2 TR ZNEBHL
7z

BRI SEBERSER & L I ABEE CRRERE 2 REE
OU 20 LEE%, E R & IR L 7 HE
IDAELEGS. RISERE (SXME, /) 108
BB CHILOBICEMEL 2. £ ORIER L MiE &
56°C, 309D BULEIZ £ - TIE@MEL 2%, Y B
1 4 M 15 /K (phosphate-buffered saline, PBS) (pH
7.4yT24RER, 2 [E., B X U RPMI 1640 &
(Gibco laboratories, Grand Island, New York, U. S.
A) T, 24B5ME, 1EEE, 0.45um BYIEAT 4
A —wfL 7R HA(AEXIVETYIF v P, ®
B) CTHGAL, WEE T-20CTHEREREL 2.

e BANEY, B R B AEN IL6 EEICE LD
FEIRErFDLLOIN LMo

1. IL-6 EtEnflE

IL-6 EME, L6 RTFHERTVANAT Y F =77
o—>TH% MH60-BSF2 (KIA¥ESEEEHE
FEHERHE, AE-AREBEREZHZLIOHE) 2
BF 2 MRERENED RIEE L LS AT v A ik
ZEOWHEIELS. $bBI6R 7L — b (Coming
Glass Works, New York, U. S. A) 12, #fEZ v UL
33 ¥+ 4 +IL-6 (recombinant IL-6, rIL-6) (KFRKZ
EfEERETIFEEEE, RE=AREFEZH
Broms) o2 EFEREFIEEHRLI. £ IT,
MH60+-BSF2 ##t 3 B E OREUETHERIZH 5 b D ER
BL, #eik IL-6 2 & auiEERtT6 KM @D
maE CHilICEe L IL6 RRELLER, BUZ
NSO EEL LY — PO&IRIZ 1 X 10" E
FOMEL 2. T~ M IZREEA A BERRET TA8EH
L.

MH60-BSF2 o #8513, 3-(4, 5-dimethylthiazol-2-
yD)-2, S-diphenyltetrazolium bromide (MTT) (Sigma
Chemical Co., St. Louis, Missouri, U. S. A)) R\ 72
HEEREIZLINITo Y. Tihbb, HBEKRT 4

EERIATI MTT % PBS 12T Smg/mliZiREL , &%
Z20pl TOMELR. BEERTER, TV —b %200
G, 5AEELL, hEEE TR ROECHEER
ER—N—FANIITHREL:. 208, &7UIEE
fe4 Y 7oA 7 ra— (0.04 N HCl isopropyl
alcohol) # 100 1 ¥ DHML 2. TRIZEREIEHL
Thro, 20l DFF—Y = ME® (3% sodium
dodecyl sulfate KiEHE) #MNZ, 550nm 1255+ 2}t
Er@mEa Gl EREE ELISA Analyser EAR 400
(SLT-Labinstruments, Salzburg, Austria) {2 & D #iIE
L7, IL-6 i rIL-6 12k D 18 5 L7 Bidig s
L icEB U L6 OB EGEMEE IL6 RIGE
Epstein-Barr 77 4 1 A B RAMHKR T H 5 SKW6-CL-4
HFREOWRKRE TS X10°U/mg L3 Tw5.
BRE IL6 Ex, 71V 7 F = (creatinine,
Cr) 2 THIEL-EER W (U/gCr). RPp7L7¥
Z{flx, 7L TFE=VHEREY N (VT F =Y
-7 2 b7a-B  Jaffe i) (REMETE, KR <
THIEL .
m. R & ®» N-acetyl-g -D-glucosaminidase
(NAG) &M, 320007 v EESUE
BR, RO
RHENAG B, fr3zos a7 ) VEld, YR
BB A E 12 T # h £ 1 m-cresolsulfonphtha:
leinyl NAG (MCP-NAG) EEE® 77 v 7 AREL
BESIZTHEL, 2OBRERT 7 LT F = EL
THIEL. RPEE B L CEmoFMEEAREE
(= — A ARBERBR) (74 LA - ZHERASH,
BHE) IZTITo 7.
IV. AH¥ ¥ LmpamoesE & R IL-6 &
& OFAR
IgA BE, 3k IgA BE, FERUERRLOAYY
Y LREUBAOBRE T, RIEROFMEEL DAL
1ELN (5 » B) D BERMSMTL T, BE
RBOBRMIEEALFRELLL TRV L Bibhh 5286
DHBFRE, AV Fv aEOBEOEELY
“gzpE”  (“mild”), “PHE” (‘moderate”) , ‘8
BE” (“severe”) D 3 BEIZA, 7 ORFADORE LRF
IL-6 35t & QBB 21T - 7. 2 BHEEOBRER
FIGD A X ARSI 4 B ED Ay X7 Al
BRI SS B B 03 LRl 7 DFRE I3 88 ¢ KB
ERESABCEALTLS bOE “BE" (‘mid),

glucosaminidase ; PAF, platelet-activating factor; PBS, phosphate buffered saline; PDGF,
platelet-derived growth factor; PSAGN, poststreptococcal acute glomerulonephritis ; 1IL-6,
recombinant IL-6 ; RTI, respiratory tract infection ; sIL-6, serum IL-6; u-IL-6, urinary IL-6
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RREEMHMEPNEOB/MESER ZIE Sz A ¥
v AEOBEEL THu2 b0 % “BE" (“severe”) &
L, s z0RMEE “REE”  (“moderate”) :
L (1)

V. e b IL-6 ikx b bL - REHBFENRE

*

Ay EY AIESAEL IL-6 2ELEL T3 h
PIpERERT D, “PEE BO—flihBL
Rz TB >N —200CEERFOBHEBYIFZ, £/ 7
o—+) (monoclonal) ikt + IL-6 FifEE A7 K%
FREC L AHEBENRBEERITL AL, £/ 2
p—+ a4t b IL-6 Hiik (a -BSF2-60, IgM, kappa)
RARAXEFFESRETHFRREZ L5
7% ® % {#FE L, alkaline phosphatase monoclonal
anti-alkaline phosphatase (APAAP) 3™ 12 THAL
oo B, BELTVIER/~/7 07 7—YDRE
it CD14 Fifk (OKM14, IgG2a; Ortho Diagnostic
System Inc., Raritan, New Jersey, U. S. A.) #EAL
FU{ APAAP Bz THEL .

V. #ERRRE

FHEME L T L HERZE (mean+S. D) THL,
EREMEDLBBEEICIE ¢ test £V, p<0.0512T
BFEDEL L.

B i

I. mi&+s & VRHBPIL-6 FEMEIEF B
SEAT: IL-6 HHEREEORERE L 0.03U/

e

ml Lk (>6pg/ml) THo7. ¥ TIUHKED
Ueno 5% *BH ® 07— —TURLTHB LD
2, ZONRAFTveAKIzBT2 IL6 EHOBR
HEPRERIZ L DEREEATHS.
BEAAZLVESAIME L6 BHIZTRT
BEBELT (0.03U/ml LAF) Thot. /R
IL-6 &1L 5.6+7.70/g:Cr TH HIEHES (FiE
+ 2 XHEHRE) LLT2 9 21.0U/g-Cr AT & L7
I, EFWERICH 5K IL-6 &M
REREBLED S b AH ¥y AOHEHELSER
EThd IgA BIE, ¥ IgA BFE, EHRBELT
B, R IL-6 EHERIEREREN»>EEE2RT LD
ETHATH:. IHNDERICBIBAYFY
LARPEMR AL & OBIFIE (ERID ckdT 2. 0t
DM AREBL T, BEOEESREREE AN
RERABRATREMCEELRLUEERICIERLL
T8, FEEEEELAREERD 2HTIZVTH
bEEERL T, JFEEERREERTH 2 M
ZeBA 70— ¥ERE (ROHEO 2 7 0 — ¥ ),
N—7ABR (WHO OBEHD Ib: MAEHE AL
Vea: EEER) B X UCBEEBER XTI}, MOELR
A7 0—-EERBEO—HE2DZ KRS EHET
Hoix.

75, FEARBREHEMRCEUEERRS L UM4
ROEFITIE, —FlERuE2THEETH-T.
REBRETRILARENCEHELR L EER
EELELTOR. 2BBREHE & HMMEENA L O/

"Fig.1. Definition of mesangial hypercellularity. (MILD) "mild type” : mesangial hypercellularity is mild
and capillary lumina are well opened. (SEVERE) "severe type” : there is closure of capillary lumina due
to mesangial hypercellularity. ”"Moderate type” is intermediate between "mild type” and “severe type”.
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Fig.2. Urinary IL-6 activities in various disease conditions. Urinary IL-6 activities
in patients with each disease were indicated by closed circles. Mes-PGN:
mesangial proliferative glomerulonephritis. E3, normal range.

cHrERED oo (E2).
M. x#oF¥ynEmedsr Ry L6 BEELOD
RER

BB U7 & O CHEBEHFRR LR LB A V¥
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Eh o lER N L » ARCEURS IL-6 Fitz
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Mild Moderate Severe

Mesangial hypercellularity
Fig.3. Urinary IL-6 activity in various degree of
mesangial hypercellularity. The mean values *
a standard deviation were indicated by closed
circles with vertical bars. E3, normal range.
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Urinary IL-6 measurement

Fig.4. Time course of urinary IL-6 activity in 6
patients with “moderate” or "severe” mesangial
proliferative glomerulonephritis. Periods ranging
from the first (1st) to the second (2nd) urinary
IL-6 measurement ranged several months. [3,
normal range.
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Fig.5. Urinary IL-6 activities in 4 patients with”
mild” mesangial proliferative glomerulonephritis
(IgA nephropathy) at the acute phase (episode
of macroscopic hematuria with fever) and
convalescent phase. [, normal range.
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Fig.6. Serial urinary IL-6 activity in a patient with IgA nephropathy. A typical
result of urinary IL-6 activity seen during episode of macroscopic hematuria (MH)

with fever (>38°C) is represented.
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HAMEMENCRY IL-6 SHIEE*ELRFIRO
EEEL L LIZRP L6 FHELEELET L L) —
B/EDOEFENED SN (B5). B6ITIFANKRE
BloRBERLI:.

R IL-6 fEM L EGHR « MR L OEEIT IgA BIE
8Bz DWTIT 2 » 1. BHMBNNROEE FEIK
BT (&) 55 3+) LixBEs»hAEEREs R
o lzhs, EMENMRERNRVMROMIZIIEES
H o TABRNMERIZE T3 RE IL-6 FHESS
ot (B7). BEHREOBEFETIE, REAREDL L
CIHENRE EBREEICT (5) R (1) TRREF
IL-6 BHEIZEL, o EAREWZS (1+) ME
TEWEMIH - (K8). MEFr¥EWNIZI, (-) &
@3+) oM TEEENA SN,

AT LM L6 ZEELTVEDONES
PEBERT 270, “FEE BO—FL0BERC
THRSKLEGETF e + IL-6 fifkic & 2 sl

¥

[ 2

::mmi Z

Q

SR
Micro Macro
Hematuria

Fig.7. A correlation between urinary IL-6 activ-
ity and hematuria. There is significant differ-
ence between microscopic hematuria and
macroscopic hematuria (p<0.05). Each value
represents a mean value *+ a standard devia-
tion.

Significant difference ; *p<0.05. °

BFHHREE APAAP BRIz THTL 7. Z0ORE, #
B b IL-6 FURICTERRED X > ¥ L Fimny
sy, #BRELTHIEK/~ 27075
VOSRE ST R AREM b & D #T CD14 Hitkiz T v
BLTHEDN I —EHBRELOATH- (F9)
o THE N IL-6 I TRESTDR A S 2y
LR TH B LEZ LN,

V. g6 3RS IL-6 5EH%
EEMEBREES Z TSN 2 IBRTIL 2 0%
B ASEAOEATCREMICBELTLEERICRE
FL T (F2). NIFEORRIZ 1 HEFL0@ENE
5 100ERTERE TEEETHo 2D, ZOHLRE
IL-6 B OMIZH S LRI 2» o7, ZBRE
IL-6 {EEMNEREBEERLIBRED 2EH I v rh
LHIERCBREATED SR EFTH S,
NBSIc B 2R NAG B LRSI 8,3 70y
o7 U EE, fIELBIERNZD TIEH 3210
Y. ABMSOEAPTEE L bICHEEZRLTWA.
& S5IZRF NAG FHE, RF 370707y R
hOIL-6 3EME, M IL6 FMs & UmE CRP
(C-reactive protein) * &ZRANZHIE L, /IR OSE
I ENThOELERE L. 2088 ER1LC
RY. BFITH, O ThOoELFE 6~ THBCRSE

300 * \
© 100- /
B

Proteinuria

Fig.8. A correlation between urinary IL-6 activ-
ity and proteinuria. There is significant differ-
ence between (*) and (3+) (p<0.05). Each
value represents a mean value =+ a standard
deviation.

Significant difference ; *p<0.005.
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¥, miE CRP LR L T AHMLD b ELI» D
BHICEELL Twie.

V. Mm% IL-6 &t Rep IL-6 EME & D tb&
EEMERERE - 2R CIImE IL-6 B, &
tIL-6 EHE L IERETH> 120, RIARSEET
HBL TRERTIEME IL-6 HHEIBETH 312
byhpb S TRHP IL-6 EHEEETH- 2. BIZR
L6 EHESEETH-BABT, 2BHOLE
FEEHE-THR L GEFIZB LTI IL-6 FiH%
HEL TAHLBLTR L EETH - (M12). 2ok
SzRP IL-6 EMED BRI, Biicmhs SRpA
ORHETIEIFHHETETE - RERICB I 20 H» 05K

Fig.9. Immunohistochemical analysis of IL-6
producing cells in glomeruli. The biopsy
specimen from a patient with “moderate”
mesangial proliferative glomerulonephritis was
stained with monoclonal antibodies against
human IL-6 (upper) and CDI4 (lower) and
Counterstained red by APAAP technique.
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REBFOREO AT 4 21— 5 —(EEIb D RIEHE
BT5bDLEZHNTHBY. BE, 2BREBLED
FEERERZTAFCF LML Y A b A4 > L OBG
DEEHEN, EEAYCFY AMEAEBEVLERE L
DEETA M AL 2EDHEDA Y ¥y A4l
R HRFLHEEL THE DY, Bl £
¥ Y AMIEE S b PDGF®, IL-1%, IL-6"
IGF-PPAF %2 YO EA#EX*E T2 2B 2 &
KoTwd., EXZH4ERF -7 ) v EBERT
(autocrine growth factor) & L TOATEEMAIRE X 1
T3,

2Ty IL-612BL T Horiid i3, Bk 4 — b 2
U VIERERTF & LT OO, BRI A
SEYLARENSABEORTIIELTZOEME 2R

150+ 07 °
100+ .
- [ ]
S .
L0
-]
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B2-mg

NAG

Fig.10. Levels of NAG and 8 ,-microglobulin (8-
mg) in patients with Kawasaki disease at the
acute phase. [, normal range.
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Mabhh, »o*0BHEBEE /7 0—FLRE T
IL-6 k% Ay e g e TRk IL-6 %
SER L 7- 3E LT A . %7z Suematsu 2%, fF
#L7 L6 PTYAY 2= v TV R (transgenic
mouse) 3B\ THEBFERIZ XY EL/N1 L ]
EHBLTVWA I, S, IL6 3HEAR AT F T A
BREERE2EL TW3 LMEL T3,

BT, WHEEBLEZRI LD ELLEEE - R
RAEES L UREERERMES ZrTHSAB]IIE
FERVRFERERXET AL D HEEKEBCB VTR
th L6 EHEEEL, ZOBKNERICO VL TRE
LTHT.

RERAE BRI B 2 R IL-6 iR, IgA BE, #F
[gA BE, FHBEERRED, A v ¥ v ABHEN
B CERHERG S EHEERTH ETEX THOR
B, AV ET AMEOEEEELOBCENIZ LS
WERLE. &7, BEMEEEAREERTY AV
o AMBEOMIEEELRE B S d 8, BRI
R IL-6 EHREETH 7. UL, BEEE, 4
PEEBR 70— CERRBLUL—-7RABL @Y
L RE 5 T WHO 480 b, BEHEX 1 WHO 28
O V-a) Ok BIHEEEERRERBTE 1H 2R
TRPABEERRL T, 8D A F T LE

Fever

Pyuria
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Fig.1l. Serial serum and urinary levels of IL-6
activity in a patient with Kawasaki disease. A
typical result of serial serum and urinary levels
of IL-6 activity seen in a case of Kawasaki
disease is represented. sIL-6, serum IL-6;
ull-6, urinary IL-6.

R AREBLABREOBREREE /7 0—F e b
IL-6 Hifk® AL RERBRENRBICL D X3y
v AEESEBRAI N, INSOBE»S I,
Horii 5% 0% L [AREA Y > F ¥ 2480 IL-6 %%
S LURBICHRELTE Y RYT IL-6 B Ay ¥y
LA D HBEHELOBREEZMS ROEIRICEZ VB2
boEELZONL. BB, AV ¥ AMlEh SRS
ADOHHBFECEL TE A3 X7 AMEEER» S 2
NEL-EEESLEBL TREC W20 LEE
SN DD ZORLEE TR,
SEFEL B MRETIERS IL6 EEOLR
Bhmot, ZhASOEFABEERERBITL TR
25, B IL-6 SEME» 52D AV XU A0
MR LEBEME b O LS. FLHMIERE
37 o—VEREHEO—FITRT IL-6 EHELRERE
FRLTWE., ZOEFATCIAERICE TEERR
KT TH 20, FETRAERIZ AV > ¥ v Ak
OHENELEEDLZFLHD, TOL5 LREEA
TWATAEEMAS R & .

JEABRAM MR P B EEBRD & 5 RIERRER
BT, B IL-6 EHREEETRL TSV BRLD
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Abstract

Interleukin-6 (IL-6) plays a key role in inflammatory and immune responses in the host. In the
present study, the IL-6 activity in the urine from patients with various diseases showing abnormal
urinary findings was examined to elucidate the pathological and clinical significance of urinary IL-6.
In patients with mesangial proliferative glomerulonephritis including IgA nephropathy, the urinary
IL-6 activity tended to increase with the progression of mesangial hypercellularity. In four patients
with IgA nephropathy, urinary IL-6 activities increased markedly but transiently during episodes of
acute exacerbation plus upper respiratory tract infection. In addition, it was demonstrated that urine
from patients with other types of proliferative glornerillonephritis such as poststreptococcal acute
glomerulonephritis and membranoproliferative glomerulonephritis contained much IL-6. However,
the levels of urinary IL-6 activity were almost within normal values in non-proliferative glomerular
diseases such as membranous nephropathy, minimal change nephrotic syndrome and lupus nephritis
(WHO class I: normal glomeruli and V: membranous glomerulonephritis), non-glomerular
bleeding and orthostatic proteinuria. It should be noted that a marked increase in urinary IL-6 was
often observed at the acute phase in patients with urinary tract infection, These results indicated that
IL-6 in the urine may serve as an indicator of an active inflammatory process not only in the renal
parenchyma but also in the urinary tract and may be derived from various types of cells participating
for these inflammatory reactions. Furthermore, in most patients with Kawasaki disease, urinary IL-6
levels increased markedly in the acute phase and were related to those of N-acetyl- §-D-
glucosaminidase (NAG) and A 2-microglobulin. The results support the notion that Kawasaki disease
may be accompanied by some inflammatory process in the renal parenchyma, possibly including the
renal tubules.




