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A Research on Inhibitor of Interleukin-6

Interleukin-6 (IL-6) is a key molecule in the immune system, acute phase reaction and hematopoiesis.
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For

the patients suffering from rheumatoid arthritis or AIDS, aberrant production of IL-6 has been shown to be

pathogenetically related to multiple myeloma and some autoimmune diseases, suggesting possible clinical uses

of inhibitors of IL-6 for the treatment of these diseases.

We have conducted the extensive researches on the inhibitors of IL-6; the genetically engineered soluble

human IL-6 receptor, modified soluble human IL-6 receptor, antibodies to human IL-6 receptor and genetical-

ly engineered soluble human gp 130 have been prepared and their effects to inhibit IL-6 activity evaluated.

Some of anti-human IL-6 receptor antibodies have been found to inhibit effectively the IL-6 activity.
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Fig. 2.

Structure of pGBS-4

The shaded region represents the EcoRT
-BamH I fragment of pBSF-2.38 (Hirano
et al., 1986) containing IL-6 cDNA. The
arrow indicates the cleavage site for throm-
bin, and the underling shows the thrombin
site. The open region represtn that deriv-
ed from synthetic oligonucleotide.
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SDS-PAGE analysis

The protein was analyzed by elec-
trophoresis on a 0.1% SDS/15%
polyacrylamide gel under reducing condi-
tion. Mw (kDa) of standards are shown to
the left. Lane 1, marker; lane 2, total pro-
teins obtained from E. coli RB791
transformed with pGBS-4; lane 3, the cen-
trifuged pellet after homogenization; lane
4, refolded extract by urea; lane 5, throm-
bin treated extract; lane 6, refolded extract
by guanidine; lane 7, the purified IL-6
after ammonium sulfate fractionation.
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Fig. 3 (A) IL-6 binds to IL-6 receptor and

mediates its function.
(B) sIL-6R inhibits the function of IL-6

(79)

(&)

58 EC

344
Leu Phe
CTC TTC

l

Leu

CTC TAG

ORI
SV40 Early Promoier
V40 Late Promoter

Fig. 4 (A) Insertion of stop codon into human IL-

-6R cDNA.
(B) Structure of pECEdhfr344.
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Fig. 5 Affinity HPLC pattern of concentrated
serum-free culture medium of 5E27 cells.
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Fig. 6 SDS-PAGE of purified sIL-6R.
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Fig. 7 IL-6-bound-IL-6 receptor associates

(a)
gp130 and mediates its function.
(B) IL-6-bound-soluble IL-6 receptor
associates gpl30 and mediates its func-
tion.
The mutant of sIL-6R inhibits the
function of IL-6.
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Fig. 8 Agonistic effect of shIL-6R in IL-
-6-mediated growth inhibiton of M1 cells.
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Table 1 Summary of soluble IL-6 receptor
mutants.
No. Mutation Binding to IL-6  Inbition for IL-6
d 30, 254 = -
d 30, 233 — —
d 30,147 ~ -
d 147, 161 = =
d 177,184 - —
d 194, 204 - —
d 204, 210 = -
d 216, 225 — -
d 227,239 — -
d 236, 243 — -
d 248, 255 — —
d 270,274 — —
dex3  d116, 148 = =
dex4 d160,212 - —
dex5  d220,267 = -
33 113VP>GT + -
35 126SP>18S — —
14 129DV>KL + —
36 135GP>ST + —
15 145 KA>RP + —
16 153 F>L + =
17 160DF>EL + =
18 162QE>LQ + —
39 169QE>LQ + -
19 174 F>1 + —
20 186SS>RP + -
21 200KF>HL + —
42 200KF>EL + —
43 20KT>RS + =
22 212GI1 >EF + -
23 220AN>VD + —
24 232 R>S + =
46 200DP>NA — -
47 24TSF>AV = —
25 250RL>S 1 = -
48 254EL>VH i -
26 254 Q>A + =
27 2600QR>AG + -
28 263KT>NA = -
29 271KD>RY + -
49 274QH>LQ - -
50 278V 1>GH = =
51 281DA>VD = =
52 288HV>YL + -
30 291 Q>K - -
54 203RA>GN o= -
55 297TEF>A1 - —
56 300GE>VD . =
31 306 EW>DR — -
57 3PE>LAQ + —
58 313TP>KL - -
32 321SP>NS + -
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(A) IL-6-bound-TIL-6 receptor associates
gp130 and mediates its function.

(B) Anti-IL-6 receptor antibody inhibits
the function of IL-6.
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Fig. 10 Structure of pdRsmIL6R324.
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Fig. 11 Purification of smIL-6R. Profiles of ab-
sorbance at 280 nm of following column
chromatographies are shown. (A) Affini-
ty HPLC pattern of concentrated
serum-free culture medium (8 liters) of
MR25 cells. (B) Anionic ion exchange
HPLC pattern of active fractions from an
affinity HPLC. (C) Gel filtration HPLC
pattern of active fractions from an anionic
ion exchange HPLC. An aliquot of each
fraction was assessed, and active fractions
are shown by
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Fig. 12 Agonistic effect of smIL-6R in IL-
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Fig. 13 Effect of anti-mIL-6R antibodies on IL-6

mediated growth inhibition of M1 cells.
M1 cells were cultured with indicated con-
centrations of rat anti-mIL-6R polyclonal
antibody (), control rat IgG (0), RS13
(m), and RS15 (O) in the presence of 20
ng/mé of hIL-6. The average values of
the duplicates are shown. Values in the
presence or absence of 20 ng/m¢ IL-6
without any antibodies are indicated as
dashed lines.
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Fig. 14 In vivo effects of anti-mIL-6R antibody on platelet counts. Data are expressed as the mean of five
mice. Bars, mean SD value; the broken line, platelet count of untreated mice; 3, not significantly dif-
ferent from mice without treatment; s, significantly different from rhIL-6 and control antibody-treated

mice (p<0.01 by Student’s t test).
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Fig. 15 In vivo effects of anti-mIL-6R antibody on the level of anti-DNP antibody. Anti-DNP antibody in con-
trol and treated mice was measured. Data represent the mean value of five mice and are expressed as %
of control (non-treated mice). Bars, mean SD value; the broken line, control value; 3k, significantly dif-
ferent from rhIL-6 with control antibody-treated mice (p<0.01 by y2 analysis). 3%, significantly below

the level of control mice (p<0.05 by x2 analysis).
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Fig. 16 (A) Soluble gp130 inhibits the function of
IL-6.
(B} Anti-gp130 antibody inhibits the func-
tion of IL-6.
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Fig. 17 Insertion of stop codon into human ¢pl30

cDNA.
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WCERM R v b n ERGIFRY 2T ALY,

Bga= Koo < biftic Xhol A M EHEALI, it
WT, Ay X2 LA F F 5 GAAATTGAAGC-
CTGAGCTCATAGTCGTGCCT 3" #MA\T, AT A
FhiCkY, 621FBNT I /B k- F32% DNA %
@il a K4S L, mpl8-gp620 E{FH L7z, Wi
mpl18-gp620 @ 2 A% DNA # Xhol, Sacl T
¢cDNA %4y 72 L, pECEdhfr (3 3®ER) cHAL,
pECEdhfrgp620 #{F# L7 (Fig. 17)
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Table 2 Influence of oxidation of Met residues on bioactivity and binding to IL-6 receptor.

Molar ratios of

Unmodified Met-

Relative activity

receptor-binding

Chloramine T 50 68 118 162 185 Ig-induction
[Chlo. T]/[IL-6] % % % % % % %
0 100 100 100 100 100 100 100
0.5 64 96 78 95 80 100 100
1.5 39 88 57 84 64 87 100
4.5 0 84 5 42 16 37 3
6.5 0 39 0 14 0 8 1
12 0 0 0 0 0 0

(87 )
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Fig. 18 (a) B-cell stimulatory assay of native
IL-6 (0), Metl62>Ala (@), Leuls®—Val
(A), Leul®6—-Val (¥), and Leuyl59 166
—Val (®) mutants, and mock control
(A). The concentration of IgM, which
is produced in the culture medium of
SKW6-CL4 cells, was determined by
ELISA. Data represent averages of
triplicate determination.

(8) Receptor-binding assay of native
IL-6 (0), Mét162—Ala (@), Leul®—Val
(A), Leul$6—>Val (¥), and Leu!5% 166
—Val (®) mutants, and mock control
(A). The quantity of native or mutant
IL-6, which bound to solublef IL-6
receptor, was spectrophotometrically
measured. Data represent averages of
duplicate determinations.
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RiICH 2, V) TRX7 VA F R g A R
EFREBC LY, 48BHOI2—-% 2+ IL-6 cDNA
EFR L, chEZThFhBWRBERE Ry 7 —
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Fig. 19 Serum level of IL-6 in HIV-infected pa-
tients.
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Fig. 20 Sandwich ELSIA for shIL.-6R (®) and

smIL-6R (0), shIL-6R and smIL-6R
(0.15 pg to 1000 ng/m0) was used to make
a standard curve. The average values of
the duplicate are shown.
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