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Introduction

We, and others, have shown that IL-6 is a major myeloma-cell growth factor in patients with ac-

tive disease, especially in patients with terminal diseasel!-?), These observations led us to make a clini-
cai trial with anti-IL-6 monoclonal antibodies (mAb) in a patient with terminal disease; it resulted in
a complete blockage of myeloma-cell proliferation for one-and half month in vivol?). In addition, the
production of C reactive protein (CRP), an acute-phase profein whose production b_\: human hepato-
cytes is totally controlled by IL- 6 in vitrol®!, was competely inhibited. At the end of the anti-IL-6
;treatxrient, high levels of an activity stimulating the proliferation of the B9 hybridoma was detected[?).

The present study was designed to explofe the mechanisms responsible for this phenomenon.

2 Materials and methods

@ HHEEHR



One patient with secondary plasma-cell leukemia was treated with anti-IL-6 mAb. The patient
was treated for two months, first with the anti-IL-6 B-E4 mAb for 6 days and subsequently with the
anti-IL-6 B-E8 mAb until day 67 following the beginning of treatment. On day 82, the patient re-
ceived a new chemotherapy regimen.

The anti-IL-6 mAb (B-E4, 1gG2b and B-E8, IgG1l) were prepared by J. Wijdenes by immuniz-
ing mice with recombinant IL-6{J. The two mAb recognize different epitopes on the IL-6 molecule
and the B-E8 mAb was about five times more potent than the B-E4 mAb in inhibiting the biological ac-
tivity of IL-604,

5,000 B9 cellst®? were cultured with serial dilutions of the sample in 96-well, flat-bottomed cul-
ture dishes in 100 ul of RPMI 1640 culture medium containing 5% FCS. After an incubation period
of three days at 37 in 5% CO,, the cells were exposed to MTT (Sigma, St Louis, MO) for 4 hours at
37061, One Unit of B9-stimulating activity (B9-SA) is defined as the amount inducing half-maximal
optical densities and corresponds to approximdtely 5 pg of recombinant IL-6.

Affinity chromatography

For the protein A-Sepharose column, the samples were run with 50 mM PBS, pH 8. 1. The
bound material was eluted with 0. 1 M glycine-HCI, pH 2. 4. For the other columns, the washing and
.eluting buffers were 50 mM PBS, pH 7. 2, and 0. 1 M glycine-HCl, pH 2. 3, respectively. Each frac-
tion was immediately neutralized with 1 M NaHCO; and was then assayed for B9-SA at different dilu-
tions.

A 4 ml sample was loaded onto a Sephadex G-200 column (100 cm x 2. 6 cm) and was chro-
matographed at 4°C with 50 mM PBS (pH 7. 2) as eluting buffer. To dissociate expected immune com-
plexes, the samples were dialyzed for 12 hours with a 0. 1M glycine-HCI buffer (pH 2. 3) and were
subsequently gel filtrated with the same acid buffer. Each fraction was neutralized with 1M NaHCO,
and assayed for B9-SA at different concentrations.

Mathematical procedure for determining the whole daily production of IL-6

The in vivo situation is modeled by a system comprising two compartments, as illustrated in Fig-
ure 1. For the anti-IL-6 mAb compartment, let y* =the influx of anti-IL — 6 mAb resulting from the
daily injection of mAb; y!=the efflux of free mAb; y?=the efflux of IL-6-bound mAb; mAb, =the
serum concentration of free mAb; mAb,=the serum concentration of IL-6 — bound mAb; mAb/day

=the amount of daily injected mAb; V=plasma volume. Under steady state conditions (hypothesis
lday
1): y*t =y, +yz (equation 1), mAbl and mAb2 are constant, and mAb/day = VJO y* di.

In addition, the influx and efflux of mAb can be expressed as; y1-=k,mAb, and y2 =k,mAb,
where k, and k; are constant. In the case of monomeric immune complexes (hypothesis 2), the clear-
ance of these complexes is similar to that of the free mAb{"], and then k,=k,. This hypothesis is veri--
fied for the B-E8 mAb k[‘] -and the present study). y2 ==y*+mAb;/(mAb,+mAb, ) (equation 2).
Concerning the IL-6 compartment, let x* =the influx of circulating IL-6 due to the production of IL-
6, x =the efflux of-circulation IL-6 in the form of immune complexes, [IL-6]=serum concentration

2



Lday
of IL-6, and IL-6/day =daily production of IL-6. Thus IL-6 /day= VJ-O zt dt. In the present study,

the anti-IL-6 mAb was injected in sufficient amounts to completely block the binding of IL-6 by the
cell surface receptor as well as its renal elimination . By assuming that there is no other route of elimi-
nation of IL-6 than in the form of immune complexes (hypothesis 3) and in case of steady state condi-
tions (hypothesis 1) ; x* =x =y, Thus, IL-6/day = I/'J.uhw:c+ dt = Vjolh'z'dt = Vjomvyz'dt. This e-
lday

quation combined with equation 2 gives;IL—G/day=VL y*dt mAb,/ (mAb;-+mAb,), or IL-6/day
= (mAb/day) mAb,/ (mAb, +mAb,). In the present study, mAb, + mAb, = total concentration of
mAb. In addition, as all the circulating IL-6 is bound to the anti-IL-6 mAb (as demonstrated in the
following) , one have [IL-6]=mAb,. Thus, IL-6/day= (mAb/day) [IL-6]/[mAb]

3 Results

3.1 Serum levels of B9-stimulating activity (B9-SA) in the patient treated with anti IL-6 mAb

No serum B9-SA was found prior to treatment. After injections of the anti-IL-6 B-E4 mAb, high
serum B9-SA levels were found and lasted for 6 days (Figure 1). This activity was completely neutral-
ized by the two different anti-IL-6 mAb which recognize different epitopes on the IL-6 molecule (Fig-
ure 2). No serum BS-SA could be detected throughout the treatment with the B-E8 mAbl*). When the
injection of B-E8 was stopped, very high serum B9-SA was detected again, especially on day 80,
when no more circulating anti IL-6 mAb could be detected (¥} and Figure 2).
3. 2 Evidence that the B9-SA present in day-80 and day-4 sera is IL-6 bound to the anti-1L-6 mAb

All the BO-SA present in the day-80 serum of the patient was retained on a protein A-sepharose
column. After gel filtration on a Sephadex G-200 column, all the B9-SA present in the day-80 serum
eluted in a-peak of 185,000 MW whereas natural IL-6, eluted in a 25,000 MW peak . When the
day-80 serum was treated with a pH2. 3 buffer and was chromatographed at the same pH, all the B9-
SA eluted in a 25,000 MW peak similar to natural TL-6 . These experiments indicated that the B9-SA
present in the day-80 serum was IL-6 bound to an immunoglobulin molecule. Since no more anti-1L-
6 mAb could be detected in this serum, we investigated whether the immunoglobulin molecule bound to
IL-6 was a human or mouse immunoglobulin. It was found that all the B9-SA contained in the day-80
serum was retained on anti-mouse IgG-sepharose. This clearly indicated that the TL-6 molecules con-
tained in the day-80 serum were bound to residual murine anti-IL-6 B-E8 mAb, which were in too
low a concentration to be detected by ELISA (Figure 1). Similar results (not shown) were obtained
for the B-SA present in the day-4 serum.
3. 3 TL-6 accumulated in the form of immune complexes throughout the anti-IL-6 treatment

Whereas no B9-SA was found in the day-26, day-40, day-60 sera of the patient (Figure 1), sig-
nificant B9-SA could be detected aftet acid treatment and gel filtration of these sera. Futthermore,
this B9-SA also eluted in a 25,000 MW peak. No IL-6 activity could be detected after gel filtration at
pH 2. 3 of the patient’ s serum before anti-IL-6 treatment (results not shown). The titration of the IL-

3



6 activity in the different fractions obtained after gel filtration' at acid pH made it possible to estimate
the total IL-6 activity bound to the circulating mAb in these different sera (Table 1). An approximate
50% loss of IL-6 activity due to acid treatment was also found in the day-80 patient serum.

Table 1 Estimation of the daily production of IL-6 in the patient treated with anti-IL-6 mAb

Days after beginning the treatment 4 40 60 80
Céncentration of anti-IL-6 mAb(ug/ml) 45W 7.5® 10® ND®

Serum IL-6 activity bound to anti-IL-6 mAb (U/ml1)¥ 624 960 1150 1020

Corrected serum IL-6 activity (U/ml)® 1248 1920 2300 2040
Serum concentration of IL — G(ng/m‘l)“"’ 7.43 11.43 13.63 12.14
Ratio of IL-6 bound mAb to free mAb(x1000)” 0. 55 4.9 4.4 NE®

Daily injection of anti-IL-6 mAb (mg) 40 10 10 0
Daily production of IL-6 (ug) NE® 15.2 13.6 NE®

B-E4 mAb; 2 B-E8mAb; 3 ND=not detectable;

The serum IL-6 activity was determined following gel filtration at pH 2. 3;

The serum IL-6 activity was multiplied by 2, since the loss of IL-6 activity due. to gel filtration
was estimated to be about 50% ;

6 we determined that 1 U of IL-6 activity in the B9 hybridoma assay corresponded to 5 pg of rh-IL-
6 (MW 21,000). Tt thus corresponded to 5 x (25,000/21,000) pg of natural IL-6 since the natu-
ral serum IL-6 was found to have a 25,000 MW.

7 The MW of the two anti-IL-6 mAbs was 160, 000 and we considered that one anti-IL-6 mAb

molecule has two potential IL-6 binding sites.
NE:non-valuable. '

. 4 Estimation of the total daily production of IL-6

Indeed treatments at pH 2. 3 an& gel filtration allowed measurements of IL-6 activity, bound to

w oo

the anti IL-6 mAb, to be made and, in consequence, allowed us to determine the ratio of IL-6-bound
mAb to free mAb in these sera (see detailed explanations in Table 1). This made it possible to establish
a minimal estimate of the daily production of IL-6 in the patients, according to the mathematical proce-
dure detailed in the ”Materials and Methods” section. One of the necessary three assumptions was that
the system was in steady state. This assumption was verified for the day-40 and day-60 sera since a
constant amount of anti-IL-6 mAb was injected daily and a stable serum mAb concentration was
reached. It was not verfied for the day-4 and day-80 sera (f2) and Table 1). In consequence, the esti-
mate was made only for the day-40 and day-60 sera; it ranged around 15 pg of IL-6 per day (Table
.

4. Discussion



Recombinant IL-6 has also a half-life of few minutes in the serum and ,similar to IL-2[*,is main-
ly bound by cell surface receptors (primarily in the liver )and is also eliminated by renal filtration[®).

IL-6 is o;/erproduced in patients with active MM. In the patientvwith terminal MM who was treat-
ed by anti-IL-6 mAb,the efficacy of the mAb in préventing IL-6 binding to its receptor in vivo was
demonstrated by the complete inhibition of CRP production and by the blockage of myc_zlonia-cell prolif-
eration?), This study shows that JL- 6 accumulated in the plasma of this patient in the form of
monomeric immune complexes(i. e: 185 kDa MW) as a consequence of this non-absorption by IL-6 re-
ceptors. Moreover, the formation of these monomeric immune complexes stopped IL-6 from being elimi-
nated by renal filtration.

This finding is of general interest for the in-vivo use of cytokinebinding mdleculcs,especially in
cancer patients. The fechnique may represent a potential danger by mobilizing high levels of cytokine,
in the form of complexes,close to tumoral subclones hypersensitive to the cytokine, and which,unlike
normal cells,may be able to dissociate these complexes. "This is all the more evident in the case of
monomeric immune complexes which should have a long hz;lf—life in vivo similar to that of the free B-
E8 mAb (3-4 days)[?, predicted by data of the literaturé[7J »and as directly demonstrated by one of us
by studying pharmacokinetic of radiolabeled IL-6 in animals Apg'etreated with the B-E4 or B-E8 mAb
(H. Brailly,unpublisﬁed observations). This may explain why the patient became resistant to the 2-
month anti-IL-6 treatment whereas serum CRP levels remained undetectable and in-vitro tumor prolif-
eration remained dependent upon IL-602). The present findings did not encourage us to pursue such an-
ti-IL-6 therapy in patients with MM using a single antibody. Alternative strategies that did not lead to
accumulation of monomeric immune complexes should be developed.

The second important point is the phenomenén was due to the decrease of the anti-IL-6 mAb
serum concentration to undetectable levels and ,as IL-6 was c_ontinuously produced in vivo, to the in-
crease of the ratio of IL-6-bound mAb to free mAb. This allowed the dissociation of these immune
complexes by the IL-6 receptors of the very sensitive B9 hybridoma. This again emphasizes the need to
maintain a high anti-IL-6 mAb serum. concentration during anti IL-treatment.

Finally, we show that this observatior_1 leads to a simple methodology for estimating the total in-vi-
vo production of cytokines. The extent of this production has never heen evaluated before. In particu-
lar, the serum level of these cytokines, when detectable, reflects only a mino; part of their overall syn-
thesis. The mathematical procedure which we developed is based on three assumptions; two of them be-
ing verified. First, the system is in steady state. As indicated above,this assumption was verified for
days 40 and 60 of treatment. Second, the half-life of the IL-6/anti-IL-6 mAb complexes should be
similar to that of anti — IL-6mAb. This assumption is verified for monomeric immune complexest™.
and that was the case of the IL-6/B-E8 mAb complexes which had a 185 kDa MW. Third, there
should be no route of elimination of IL-6 other than in the form of immune complexes. These assump-
tions were obligatory for the methodology and have possibly led us to.an. underestimation of the daily
production of IL-6, estimated to range around 15 pg per day. It is striking that this estimate is not too
far from the minimal daily dose of recgmbinant IL-6 known to be active in animals (1-5 ng/kg)tie-2),
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