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Analysis of soluble interleukin 6 receptor in cerebrospinal fluids in inflammatory and
non-inflammatory condition

Introduction
In case of central nervous system inflammation, various cytokine such as IL6 can be
elevated in cerebrospinal fluid(1). We have also reported that IL6 can increase at the
initial phase of aseptic meningitis(2).
The IL6 receptor present as a soluble form in serum and urine(3,4) with molecular
weight approximately 5x10% dalton(4). The soluble IL6 receptor(sIL6R) can bind IL6
to form IL6-sIL6R complex(5). Then it induced the homodimerization of a non
binding signal transducer(gp130) and the tyrosin-specific phosphorylation of
gp130(6). So far as the sIL6R in CSF is concerned, there are few report describing
about it in detail(7). Thus, we decided to measure the sSIL6R and IL6 in CSF collected
in both inflammatory and non-inflammatory condition and discuss the role of sIL6R
in CSF.
Materials and Methods

Seventy three cerebrospinal fluid samples were collected from the patients
suspected of aseptic meningitis. They were divided into two groups; Group A:sixty
one samples with cell number higher than 5/ul; Group B: twelve samples with cell
number less than 5/ul; Group C: eight samples collected from patients without
meningitis (4 with ALL in remission, 1 with MELAS, 1 with epilepsy , 1 with ocular
myositis and 1 with necrotizing lymphadenitis) were used as normal controls. All
samples were used for laboratory examination including viral culture etc and the rests
were frozen at -20C until assay. None of them were positive for bacterial culture. IL6
and sIL6R in CSFs were measured by commercially available EIA IL6 or sIL6R assay
kit(R&D systems, aneapolls) Statistical analyses were performed by using Mann-
Whitney's U test.
Results

The value of sIL6R in CSF with significant pleocytosis (Group A) were 192-
2611pg/ml(mean=1295+604, n=61) and in CSF without significant
pleocytosis(Group B) were 88-1936pg/ml(mean=923+525, n=12). The sIL6R value
in control CSF(Group C) was 539-1555(mean=995+372, n=8).
There is no significant difference between Group A and Group B(p=0.053) and
between Group A and Group C(p=0.17)(Fig 1). When Group A is compared with
Group B+Group C(mean=952+460, n=20), significantly higher sIL6R level is
recorded in Group A (p=0,026). IL6 could be measured in 69 samples among 73
samples described above. The value of IL6 levels were 1.26 to 5866
pg/ml(mean=915+1205, n=69). There was weak but significant correlation(r=0.59,
p=0.0001) between IL6 level and cell number in CSF(Fig 2). There was no
significant correlation between sIL6R levels and IL6 levels, cell number, protein
concentration(Figure 3 a,b,c).
Discussion

Soluble IL6 receptor is present constitutively in CSF
Although normal range of CSF IL6 level is less than 10pg/ml, it increase up to

several thousand pg/ml under central nervous system infection(2). In contrast to IL6,
this study revealed that CSF sIL6R is constitutively present in CSF with or without
inflammation.

If both Group B and Group C represent normal CSF, the normal range of CSF sIL6
R level is 88-1936(mean=952+460, n=20). This is similar to the previous data
reported by Frieling et al(7), although our normal ranges are broader than that. It is
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of interest that in this study, sIL6R level in CSF with significant pleocytosis(Group
- A) is significantly higher than that without pleocytosis(Group B and Group C). This
may suggested that CSF sIL6R may increase in case of inflammation, although the
magnitude of increase of SIL6R level may much smaller than that of IL6 level. There
is no significant correlation between sIL6R levels and cell number, protein
concentration and IL6 level. These also suggest that SIL6R level may hadrly
influenced by inflammatory process. In summary, sIL6R present constitutively in
CSF and its levels dose not change markedly even when inflammation occur in CNS.
Soluble IL.6 R may be produced in the CNS system

The source of sIL6R in CSF is unclear. Judging from the data that sIL6R level in
CSF with inflammatory condition is higher than that with non-inflammatory
condition, cells which appear in CSF such as peripheral blood mononuclear
cells(MNC) may produce sIL6R to some extent(3). In spite of that, we thought that
infiltrated MNC in CSF is not the major source of SIL6R in CSF, because as
described above,there is no significant correlation between sIL6R and cell number in
SCF . On the contrary to sIL6R, it should be noticed that SCF IL6 level showed weak
but significant correlation to cell number(Fig 2). Therefore, it is most likely that the
main source of sIL6R in CSF may be cells in CNS. But, it may be possible that CSF
sIL6R simply reflect the serum sIL6R.
Role of sIL6R in CSF

It is well known that sIL6R can bind to IL6, then it become able to bind gp130 that
is expressed on the cell surface. As a result, IL6-sIL6R complex can transduce IL6
signal to cells that do not express IL6 receptor but express only gp130(5,8). Although
sIL6R assayed in this study is immunoreactive IL6, preliminary data suggest that
biological active sIL6R is also detectable(data not shown). Thus, it is most likely that
when IL6 increase in CSF, it bind to sSIL6R which already exist there and form IL6-
IL6R complex. Then they may affect cells in CNS. There is another possibility that
sIL6R bind to IL6 to block its biological activity or binding sIL6R to IL6 may
facilitate the elimination of IL6 from CNS.

Finally, we should address the source of sIL6R in CSF and its level in CSF in
bacterial infection. These efforts may help to elucidated the real biological role of
sIL6R in CSF and increase our understanding of the pathophysiology of CNS
infection.
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BEE D IL6 & solublelL6R DHELEFERXOBET

Bl P 12RO & U immunoreactive SILERASHE (2R o TREW 12 HE N9
BIGLIEAL ) APEPERFAT AL EENE LTUTOI L 24707,
1) intact®DsIL6RASEABILIL6 L KEEF 5 T & 2 F A L 72I%E % (biological
active sSIL6R) % FI\: T, BEMH DsIL6R %l L.  immunoreactive IL6iE
B L BURE.

2) BEWESVIEA L, BH L7248 EOFIZIL6-sIL6R complex 2SR & 1
5 B EIRET,

1) HEBLUHE

PEERD DN TR NMIES 2 H o 21 1) . BIU
MRS D 7z 0o 72iRAE, BIRDO BB S 5\ i3, ERETHR T + 0
=7y THROBEPORISN-REE (2 34 ICBIL T,
immunoreactive sIL6R, biological active sSIL6RE & UV IL6 % %€ L 720
immunoreactive sSIL6R B & U'IL613IR&Dsystemsft DEIAF v k. biological active
SIL6R |3 Immunotechtt DEIAF v b % AV 7z, BEMRMARITEREUL, LERK
EE#RT ILEETEHRGERFE L Tho b EMEH L 72,

IL63 5\ TSILGRDFFAEREN ERET T 4729, 3K % Superose 12 gel
permeation HPLCIZ 7 75 4 L. 7VIE#EHPLC 2 %M L. & H0HEH DIL6
EHOROONLGHE., b5 VIISILRIFEMDRD H N5 45 % e L 72,

AL, IL6AEER /R L2 B, IL6DIZHER (760pg/ml)d 5\ IZIL6
= E D FEH(750pg/ml) % STL6R & {H (300ng/ml) D BEHE . SIL6R DAEHEWR
(200ng/ml), » % « 2 MG(sigma, 0.Img/m) L RE L7z d D &AWz,

3) R 4
Biological active sSIL6R & immunoreactive sSIL6R & DI ERE R O I §HVIH
BB S N (r=0.62, p=0.0001) (1)
Superose 12 gel permeation HPLCO /8% — U B LILGTEMEDRD b 56 ¥
=7 RBTNVTIVEDGFEIVNES (RS TFEIL33x10% dalton T T AL
freeDIL6 X RLTWAEEZ LNz (K2, 3)e —H. SILLROE—7 17
V7 IV EDFFEIRE CHEESTFEIRL2x10* daltonTH o 720 F 72y
%ﬁn?@twﬁﬁiﬁTE—7@Wfﬂ@ﬁﬁﬁﬂﬁéﬁﬁﬁé&#ot
X 4) o

4) ZFE

BEE R IEERICTFAEL TN DI6R 1E, M6l HEAL I A Z20iEAT
§5< FERICEI T —HIrEEH LR L T\ 5
Biological active ZZsIL6R * #1354 R T DSIL6R DSRIBTE - &2 H |, B
FIZEE I T AsIL6RIT, IL6-SIL6R complexZTER L) A L Bbh 5,
L2 L. A EOFE T idimmunoreactive SILGRAE & | biological active 7 sIL6RE
EDRNCIE, FHVHBE=0.62) LPRD R o, TOEHE LT, sIL6R
DIL6AE B IEM I AR E THRIE L 2§V iimmunoreactive assay;2 CHIH & 1L
LUERERIZETHAILIEZ LN S,

¥ 72 FEBITIL6-sILOR complex DFFERRI  #RET L 724 R Tid. LB

L USIL6RD ¥ — 7 13K T & 724%, IL6-SIL6R complex L #EE E N B E— 2
BRHETE& 2D o7z, $Eo T, IL6ESIL6RE DFFMIMEL . B ICHEEET
AR, @ A \VIIIL6 & SIL6R & Dcomplexid, &40 T —&ITT £,
o TT7TIALIETHfee DD LPBRETE Lo WRERD D 5,

4



BIEIC, SILRO G TE T, MFERRPOSIL6R =S L 72 &G T3
5x10% dalton & SN TV 5, SEIOWI T, HEESTTFEIH12x104dalton T
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Legends (3. 4)

Elution profiles of IL-6 and sIL-6R in CSF on Superose 12 gel permeation
HPLC :
B CSF % Superose 120 F AT 754 LY VABHPLCE MLz, SBEH D
IL-6( @ )B X USSIL-6R( 0 )& TN ENDELISA(450 nm)TE=F — L7z, IL-61X34 min

12, sIL-6RIE29miniC ¥ — 7 Hta b, g H5FR kT h FNRIL-61X33000, sIL-6RE
120,000CH o7, :

Elution profiles of Superose 12 gel permeation HPLC
CSFHIDIL-68 & U'sIL-6R DFFAERER & AT < (. FROBMEQ-6) 21K L,
Superose 12 1 FAICT T T4 LYV ABHPLC 2 EML 720 £RIE, BEHEPOIL-6
’E:ELISA(450 ) CE=Y—LAbDTHb,
1: IL-6 45 3 (Behringer, 760 pg/ml)?D
2: IL-6HE ¥ (Behringer, 760 pg/ml) & sIL-6 B {ECSF(300 ng/ml)mﬁf-*?&
3: IL-6FEHE #(Behringer, 760 pg/mi) & M « 2MG(Sigma, 0.1 mg/ml)DIRA
4: IL-6 FHLCSF(750 pg/ml) & sIL-6EECSF(300 ng/m)DRAHK
- B: IL-GEflCSF (750 pg/ ml)<’:sIL-()'Rﬁﬁﬂgﬂi(llmnunomch, 200 ng/m)DRAT -
6: IL-6BMECSF(750 pg/ml)& fBB « 2 MG(Sigma, 0.1 mg/m)D IR A

o .
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BEE () RSBEONABEDP SRS N BT, ML TED
BULVHPILGRESHL LI LA L TWABARH B, D &it, IL6
EE AR ATE I R A I MR L C B KRR 720 Cid e K N R RS S 5 4
RTbH5IL2RRT 5, BE, PRMRRLZHBELTVWAMBO—DT
57 THBPILGEEREE L TWALZ EBREEINTWVEQR), LA L
AR RRE DRI ) TR B2 B AT v TR TIL6k AT 5
WCEBLDITOWTOFEMEBRETIEI 2V, 22T, 7Y THIFMS V. in
vitto T A WA B X O, B O B AL 53(lipopolysaccharide) 3 277 1) 7 MR 12
YER S CILOEEAE RGO WTHRE 21T 5 770

1) Ak | |

MIfEB LU A VA IR LC, glioma RIBIFKTI8G, B & Wastrocytoma
HIBIMRUTIMG(L FU3T3) R FVa 72, MIBIRSDEF NV L LT
lipopolysaccharide(LPS) , 7 A W ABHDEF )V & LT, HSVI¥ w7z,
HSVUAHIZ. HSVIEH VBRI R S 87215 MIHE % BUERLAR L cell
debris & W/OTHE L7 A VARE R Y 4 WV A B Ofilter® /L T
2T ANVAEBE . 74 Vv RFI % sucrose gradiantZ BV THIL L7 £ v
AR 2 BEE Wiz,

BN HEMRE. 24ROV —Micky } L, 13IZconfluentD IR
RIS o CRRT, BEWERHR LB mIE LTI kic, B
0.5ml % ZREL LU D ICLPSEM S 5\ i3, LPSHIEHIFIREEE Fi50.5ml % 1N
Rz EDRRERI EEO— AR L, BT L7z, BHELHHO
IL6DPE. B LV ZDMDT A b5 A ¥ DRFEREDIDY A 71 4 V4l
EX v MEIAE) BRIV,

LPSHIBMIRREE 1iE o ~/%) Uik MRS & Y BB E(MNC) & i
FERSGTE(PMN) % S8 L. 14 OEEEDLPS % 1l 2 TRPMI1640T 8 M2
L7, .

IL6BEAE RS DT : 24 K7 L — MZHEH L72TI8GH 5 V1T U3T3ITHSVI
#1.4x107pfud B M ILPSHIBCRAS ML 2 EiF 2/EA &2, OB, 1 0K
. 2 4 REMBORBERFOILGEE 2 HIE L1,

2) FER

TANWA, HBEWIILPSOILGEARIEICE 2 Bt

T98Gd % i3 U373 ICHSVIEH 2 N2 TR L 72 LIE P ON6HEEE # Jl%E L
TRER, TANVREET 4 V5 —THBELEZT A VABHETHE, KEDIL6
AU & N7z B5(figh). sucrose  gradiant CHREBE L 72w £ )b R WG I, IL60
EEURO LT (fg ], figDe LNLARE b YA VAR K2 4F
FIARE ISR D ™ A v AR (RERRZME) DRERR S hizo —JLPS FIBUCHT
T B UST3DILGEEREORET Tld. LPSHBERAEME 1T IL6EE & R AeHE o &
N5 EWRENT (fig3)o ,

lin MIDTL 624 [ % S0 ¥ 2 MBI ORRE

LPS(lug/ml)ifE T 8 REfIREEE L Z2MNCH % \ iFPMNA T D353 1% DIL6EE
HAEPEIL. LPS lug/ml DFEFE TSN B UST3DILGEATHME L 1) b Th
o7(figd)e F 722D, HHEGHBBICKE L7z 1x103-10MEOMNC T,
LPSHM L FROEE L 0RO LN NI LATRENT,

[FER DIRIEIHILPS 50ng/ml DFFFET T b B b N7 (fig S upper)
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LPSHBHERE FIEHOILL 8. TNF- ¢ . 118 DIllER R(fig S lower)

FRIRS N EERICBIT AMNCE L UPMNEEE FiEFOY A o4 V%
WE L7,

MNC, PMN¥EE FIEHICIIILLI B, TNF- ¢ . IL8DWTFR BB E iz, 1x107
EDOPMNE 72 1) DILL g & TNF- « DEAEEIIVT N D H 4 PBMC1x10%-1x10°

BErOEEINLIBIZEHE Lo, —HILSDEAEIIMNCIx107-1x108 12
EL ol

4) EF
T AW ARG, BEICHSVEREIZ X A 7)) THIBDILEEE A KBIZ 2T

7)) THIBLICHSV R BRSS9 T, IL6DEARIGYRE L. T4
LT, A% EBHSVIT A VADERD AT, IL6DEESN o712,
LU, DANVABBRIZEINAMO2ORBT, VA NVABRETTHEE
DIL6 ST END BT Lo 720 To T, HSVIATIZ. 7 4 IV A RRY:
o THWEND 2 KRB factor 5277 706 DILGEERIGDT| X & ¥
DTWAEHEEINE, —IRKEICIT T A WVARKEIZ L ) 7Y THIFED 5116
VEEINALEZLNTBYB). ZOHRHIHSVIY A4 VIR LD
OPEDPRESBOKRBHEO—DLEZ B,
FBE R BT BILPSD Y TR xS A IL6RE A H B DM ET

—77. LPSHIBODOARATT ) T b LEDILOHELE I NED, Fh,
MNC Z L7 BAICIE. SHICHEBENL ZEFHLMIENT, o T
EROEANTOMBREDH TiZ, ME» S EE I NLHMEBDOLPSDESE
T CREMBAITIEENTEFI 954 OmediatordSHE S, FOiERL
LT, LPSO 7)) THIEANDRIEABIEES N TWALWIRRKIEZ LN S,

BERD 5 Z LI, LPSHIEPMNSE DR FiF I b FFEOE I
SNz, RELZPMNSEFICRAL TWAMNCOESI1I0.1%BETH 5
T & %5 1x106-1x 107 DPMN HZ 1 #1x103-1x10* OMNCAHSREA L TV
HEERONL, COETIX, LPSEML IZIZFRSDIL6EATEM L R0
2\A(figd,5 )o HEo T, LPSHIBPMNEEE FiFHIZERY &b Nz IL6EE A TE i3
PMNIZHR T B DL ER LN B, —KIZIE, MNC A DY A+ A >~
YEEL, REZBHLTWAELEENS, LI L, BLDOERIZ. PMND
LPSHIE CIEMIL X L, MNCE FIRDILCEAEBR A HE I T AT LHFTE
L5 ERRBRL TS, INFE T, PMNDILI- B % tumor necrosis factor 27
A MIAVEEETAIETMEINTWAY, ZIFENLBRETZITIC
BboTWwh, i DRI, EBICPMNOEET BH AL Fh A4 37
%ﬁ-ﬂlﬂac:{’ﬁm L, IL6EEZTEEE LI BT LER L ATEREH D L

25,

Astrocytoma U37313. IL1- S FIBUIC X VIL6 R EEA T A L HE I T 5
@HDT, BHEINTILEAETEEOFAIRIL-pICHRT L EEbN S, EE
IZEBIZEA L 2LPSHIBPMN EIEFICDILI- s PR E R TV B Z &2 b
SFRERDEELE T BILIDZ DIERO—F 2o T b LB b D2, IL1-8
PN Dfactor DFEEDBETE L LS BRORITIPVETH 5,

¥R EHEATY .. ORI IIPMNDBER ISR T 5, B4 3B
HFOILGITFEER DTN LRBDOSNB 2 HEL TWAE(), o T, 4
D7 —% —id, EHEBERLTOPICTHNLALPMNL, 7 7TH5DIL6
EEFDIHES L TWEZER2RBELTWELEEZ B, 512, BLICBW
Th, FEOHMIPICIIPMNA T THEFEICEETALEZONLI LD
b, MW EEF % B L T\ AastrocytedS, FHARPICIRE L C & 72F P ERH
LR ENET A P IA VBN LTIL6ZELET S I EARBENT,
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T98G  HSV(filter/sucrose)

0 I 10 h - .24 h

Fig 1: HSV1 DA NVARBREIZ LD T98G 2*5 D 116 FEAKIG
DIRET

TOSGHIRL kR = filter JEB ™Y 4 W ABHE (B L 4EFR) &
sucrose gradiantiE (2 THREL L 727 AV A @EHs) (Bl *1EH
S, REMICEE FEDOILGEEZHIE L. BRI TT
WE TR L,

T A WABEOTIRIL6 LR ERO B, 7 4 WV ABEW()TH,
ORFLIZE AEE DL IV,

HSVIEGIC L MR ITWIN b RBEICBEINL TV S,

VEF & 72 BN 13 1.4x10 pfud ™y 4 W A BICTEE L 720
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U373MG lym/neu stimulated by LPS

3 R [ ymeL

Xy neu-L

neu+L
H sHsv

lym/néu 1*%6

LPS 10ug/ml

24h

Fig 2:HSV1 7 A W AREGH X U° LPS RIECRAS MR
BICE 5 U373 25 D IL6 A Kb

sHSV: fig 1 Tf#H L 7zsucrose gradianti: (2 CRERLL 727 4 WV A
lym, new: € h 2N 1x10%E 12 3% L 72 MNCB & UPMN

Fig 1 TA L7227 A V A HB(s) DR TRIL6D LA AFRD &
ey, LA L, LPSRIBHIERE LIECIIIL6EALFE S h
BT EMWRINT,
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U373MG  lym stimulated by LPS
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