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Abstract

This paper demonstrates and characterizes naturally oc-
curring antibodies to interferon (IFN) in human IgG prepa-
rations. In vitro neutralization of the antiviral effect of IFNca
and IFNp, but not IFNy, was observed in 12 of 15 normal
IgG preparations. The neutralizing capacity was higher
against rIFNca2A and rIFNa2C than against lymphoblas-
toid IFNcv and IFNfi. Fruhsommer meningoencephalitis
hyperimmune IgG and hepatitis-B hyperimmune IgG
showed potent neutralization, whereas anti-rhesus D-,
anti-rabies-, and anti-tetanus IgG showed weak neutral-
ization. Saturable binding of '25I-rIFNa2A was demon-
strated only in those IgG preparations found to neutralize
the antiviral effect of IFN. Significant correlation between
IFN binding and neutralization capacity was observed. The
antibodies bound with Fab to rIFNa2A with an avidity of

- 30 pM; the majority was of the IgG1 subclass. Maximum
binding capacity was 490 pg rIFNca2A/mg IgG. Cross-bind-
ing of rIFNca2C, IyIFNaN1 and IFNJ8 occurred with 10 and
100-200 times lower activities than that of rIFNa2A. There
was no cross-binding with rIFNy or rIL-6. IgG preparations
containing anti-IFN antibodies blocked the binding of 125I-
rIFNa2A to A549 cells. In conclusion, pharmaceutically pre-
pared human IgG preparations contain variable but signifi-
cant levels of high-avidity IFNa and IFNI3 neutralizing anti-
bodies. (J. Clin. Invest. 1995. 95:1974-1978.) Key words:
interferons * human immune globulin . IgG * autoantibody
* cytokines

Introduction

Based on antigenic properties, human interferons (IFNs) can
be divided into three main groups: IFNa, IFNf, and IFNy.
Because of the antiviral, antitumor, and immunoregulatory ef-
fects, IFNs have been used in a variety of diseases with varying
clinical responses. A significant therapeutic problem has been
the development of neutralizing antibodies in IFN-treated pa-
tients, which has been associated with response failure ( 1-4).
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The immunogenicity of rIFNa2A seems to be higher than that
of other IFNa preparations (5).

Antibodies to IFNs have been reported in a few patients
suffering from viral diseases, such as varicella zoster and viral
hepatitis, and autoimmune diseases, such as systemic lupus ery-
thematosus, chronic arthritis, and type I diabetes (6-11 ). Low
levels of antibodies neutralizing IFNa, IFN/3, and IFN'y in vitro
have also been reported in healthy blood donors (10, 12, 13).
It is not clear, however, whether these antibodies can be re-
garded as specific autoantibodies (aAb) to IFNs (13). Immuno-
globulin therapy has been reported to be beneficial in many
infectious and immunoinflammatory diseases, and various IEN
species may be pathogenetically involved in some of these dis-
eases (14, 15). Recently, a pharmaceutical preparation of nor-
mal human IgG was found to suppress the antiviral effect of
IFNa ( 12).

In this paper, we have characterized IFN-binding and -neu-
tralizing autoantibodies in normal and hyperimmune human IgG
preparations.

Methods

HumanIgG preparations. Five batches of normal human IgG from each
of three manufacturers were used. (a) 30 mg/ml Sandoglobulin® (S1-
S5) (Sandoz, Copenhagen, Denmark); (b) 50 mg/ml Gammagard®
(G1-G5) (Baxter, Aller0d, Denmark); and (c) 50 mg/ml Nordimmun®
(N1-N5) (Novo Nordisk, Bagsvmrd, Denmark). Sandoglobulin® was
produced from a plasma pool of over 8,000 Swiss donors and Gam-
magardS from over 8,000 North American donors, both by alcohol
precipitation. Nordimmun® was prepared by polyethylene glycol
(PEG)' precipitation of a plasma pool of at least 2,000 Danish donors.

FSME-Bulin® (Fruihsommer meningoencephalitis IgG; FSME),
100-170 mg/ml, and hepatitis-B-immunoglobulin (anti-HBsAg 200
i.e.), 100-170 mg/ml, were from Behring. Humananti-D immunoglobu-
lin, (Rhesuman Berna), 200 mg/ml, was from Institut Serotherapique
et Vaccinal Suisse Berne, Switzerland. Rabies immune globulin, 130
mg/ml, was from Pasteur Merieux Serums & Vaccins, Lyon, France.
All the above hyperimmune IgG preparations were donated by the State
Serum Institute, Copenhagen, Denmark.

Cytokines and antibodies. Recombinant IFNa2A (rIFNa2A; Rocer-
on®), rIFNy, and monoclonal antibodies (mAb) against rIFNa2A were
generously donated by G. Garotta and D. Gillesen (Hoffman La Roche,
Basel, Switzerland). rIFNa2A was titrated against Int. Std. GxAO1-
901-535, and rIFNy was titrated against Int. Std. Gg23-901-530. Recom-
binant IFNa2C (rIFNa2C) was kindly donated by G. R. Adolf, Bender,
Vienna, Austria and titrated against Int. Std. GxAO1-901-535. Lympho-
blastoid IFN Wellferon® (ly-IFNaN1 ) was generously donated by Well-
come Denmark and C. Brand (Wellcome Int., Beckenham, UK); it was
titrated against Int. Std. Ga23-901-532. Recombinant IFN,/ (rIFN/3)
was a kind donation from Dr. Rentschler Arzneimittel (Laupheim, Ger-
many). International standards were donated by the National Institute

1. Abbreviations used in this paper: ANB, antiviral neutralization bioas-
say; EMC, encephalomyocarditis; PEG, polyethylene glycol.
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of Allergy and Infectious Diseases, NIH (Bethesda, MD). Recombinant
human IL-6 (rIL-6) was donated by Sandoz (Basel, Switzerland).

Antiviral neutralization bioassay (ANB). ANBwas performed using
A549 cells (CCL 185, American Type Culture Collection, Bethesda,
MD) or human fibroblasts isolated from patients suffering from cutane-
ous T cell lymphoma after 4-mm punch biopsies according to standard
procedures. Encephalomyocarditis (EMC) virus donated by A. R.
Thomsen (Institute of Microbiology and Immunology, University of
Copenhagen, Denmark). In brief, cells were seeded in microtrays at a
concentration of 10,000 cells/well and incubated at 370C in a 5%CO2
air atmosphere. The IFNa and IFN/3 preparations were added at a con-
centration of 3 IU/ml; IFNy was used at a concentration of 10 IU/ml.
After 24 h of incubation, EMCvirus was added at a concentration which
caused 100% cell death after 26 h. After another 24 h, the antiviral
effect of IFN was measured using the 3-(4,5 dimethyl thiazol-2-yl)-
2,5-difenyl tetrazolium bromid (MTT) assay as described (16). The
IgG preparations were marginally toxic to both A549 cells and human
fibroblasts, but only at concentrations above 15 mg/ml.

Inhibition of IFN bioactivity by IgG. Screening for IFN neutralizing
activity was carried out in the ANB. IgG was diluted in HAMF12
medium. Neutralization was determined by tests of twofold dilutions of
IgG and quantitated as the reciprocal value of the dilution of 15 mgIgG/
ml causing significant reduction of 3 IU rIFNa2A/ml or corresponding
amount of other IFN preparations (> 3 times SD).

Binding of IFN to IgG. Radiolabeling of rIFNa2A was carried out
by the chloramine T method ( 13, 17), to a specific activity of 1-2 x I05
cpm/ng, titrated against the international standard GxAOl-901-535.
After iodination, lnI-rIFNa2A was chromatographed on Sephadex G75
superfine microcolumns to remove aggregates and salt fractions. Pre-
served receptor binding capacity and antiviral activity of '25I-rIFNa2A
were confirmed on A549 cells.

IgG preparations and the international standard IFNa2A mAbwere
diluted in 0.02 Mphosphate-buffered saline, pH 7.4 (PBS), containing
0.1% gelatin, 0.1% Triton X-100 (PBS-GTX), or in RPMI 1640 for
use in ANB, and coincubated with 1"I-labeled and unlabeled rIFNa2A.
Coincubation was carried out at room temperature followed by overnight
incubation at 4°C in 100 A1 containing 3,000 cpm of '`'I-rIFNa2A with
or without > 200 times excess of unlabeled rIFNa2A.

Binding of IgG to rIFNa2A was analyzed by molecular size chroma-
tography at 4°C by the use of columns containing 10 ml of Sephadex
superfine G75 (Pharmacia, Uppsala, Sweden) with a running buffer of
PBS-GTX or RPMI 1640 (12).

Binding of IgG to rIFNa2A was also investigated by use of IgG-
Fc affinity chromatography on columns with 500 is protein GSepharose
CL-4B (Pharmacia). Bound and free tracer were separated at 4°C with
PBS-GTX as running buffer. Elution of bound material was carried out
using 100 mMglycine-HCl, pH 2.4. Nonspecific binding was assessed
in the presence of 200 ng unlabeled rIFNa2A.

The binding potential was defined as the reciprocal value of the
dilution of 15 mg IgG/ml causing significant binding of 3,000 cpm/ 100
.I of '25I-rIFNa2A (> 3 times SD). Radioactivity was determined with
an error < 5% in a gammacounter (1272 CliniGamma, LKB, Wallac,
OY, Finland).

Avidities were measured as previously described ( 18). 125I-rIFNa2A
was used at concentrations from 40 to 400 pg/ml. Unlabeled rIFNa2A
was added up to a maximum of 50 ng/ml. '"I-rIFNa2A and unlabeled
rIFNa2A were titrated against the international standard. Fixed IgG
levels were titrated against varying tracer and competitor concentrations
using protein G chromatography.

IgG subclasses. IgG subclass-specific affinity chromatography of
IFNa antibody positive IgG preparations was carried out in microcol-
umns containing specific antibodies to human IgGI (SH161-28-P1),
IgG2 (SH162-59-P1), IgG3 (SH163-04-P3), or IgG4 (SH164-10-P3)
(Janssen Biochemica, Beerse, Belgium). These antibodies were coupled
to divinyl sulfone-activated agarose beads (Mini Leak0, Kem-En-Tec,
Copenhagen, Denmark) with 6% (wt/vol) PEG mw6,000 (Merck,
Darmstadt, Germany) in 0.3 MNaHCO3/NaOH, pH 8.6. Blocking of
excess active groups was done with 0.2 Methanolamine/HC1, pH 9.0.
The coupling yield was 65-90%. Column capacities were assessed by

investigating a serum pool (n = 22) with known IL-la antibody sub-
class distribution (19, 20). They were found to be 50, 140, 200, and
300 A1 serum, respectively. 5 ,ul of serum diluted in 50 IL running buffer
were applied on each column.

IgG Fab fragments. Papain-agarose (Sigma Chemical Co., St. Louis,
MO), 20 mg, in 10 mML-cysteine and 2 mMEDTA was incubated
for 2 h at 370C followed by washing with 2 nMEDTA. IgG preparations
S4, B5 and N5 were diluted to 25 mg in 1 ml of PBS, 2 mMEDTA,
and incubated for 18 h at 30'C. The supernatants were applied on

Sephadex G75 columns and eluted with PBS. Fractions containing mole-
cules above 30 kD were pooled and concentrated to the original volume
by dialysis against powdered PEG20,000.

Binding of IFN to A549 cells. A549 cells were grown to confluence
(- 600,000 cells/well) in six well microtiter plates (Nunc, Roskilde,
Denmark). FSME, S4 and NI were incubated for 1 h at 370C with
10,000 cpm of lnI-rIFNa2A in 750 ILI HAMF12. Gentle washing was
carried out 3 times at 40C in PBS, after which the cells were lysed in
2.5 MNaOH, 0.1I% Triton X-100. Controls without IgG were processed
in parallel.

Results

Inhibition of the antiviral effect of IFN by human IgG
Significant neutralization of IFNa was achieved with 12 of 15
normal human IgG preparations at concentrations from 0.6-15
mg/ml. The neutralizing activity could be reversed by addition
of excess rIFNa2A. Titrations on human fibroblasts gave similar
results.

To study the specificity of the IFN neutralization, rIFNa2A,
rIFNa2C, ly-IFNaNI, and IFN/3, at concentrations inducing
90% protection against challenge virus, were incubated with
serial dilutions of IgG preparation. Fig. 1, upper panel, shows
the results using FSMEat concentrations from 7.5 mg/ml and
twofold dilution to 50 Iug/ml. A 50% reduction in antiviral
activity was observed at IgG concentrations of 0.5 mg/ml (rIF-
Na2A), 1.5 mg/ml (rIFNa2C), 2.5 mg/ml (ly-IFNaNl), and
7.9 mg/ml (rIFN/3). FSMEdid not neutralize the antiviral effect
of rIFNy (not shown). A pool of normal human IgG showed
a similar inhibitory pattern, but higher IgG levels were needed
for neutralization (Fig. 1, lower panel).

Binding of IFN to human IgG. Molecular size chromatogra-
phy demonstrated binding of '251-rIFNa2A in the 12 IgG prepa-
rations that neutralized IFN activity. All batches of Gam-
magardl& and SandoglobulinO demonstrated significant binding
ranging from 47-90% (Fig. 2). Two batches of NordimmunD
showed positive binding, one was borderline positive, and two
showed no significant binding. Blocking antibodies were not
detected when investigating pools of anti-IFNa positive and
-negative IgG preparations, respectively.

Titrations of normal IgG preparations showed binding ca-
pacities between 0 and 40. FSMEbound significantly at a con-
centration of 75 jig/ml corresponding to a binding capacity of
200. Anti-HBsAg IgG had a binding capacity of 80 and the
anti-D and rabies IgG preparations contained low levels of anti-
rIFNa2A with binding capacities of 5 and 10, respectively.
Titrations using anti-IFNa mAb standard showed a detection
limit of binding to rIFNa2A of 0.45 international neutralizing
units (INU)/ml, binding 11% of the 3,000 cpm 125I-rIFNa2A
used for chromatography. 80% of the tracer was bound at a
concentration of 30 INU/ml, indicating that the most potent
normal IgG preparation, at a concentration of 15 mg/ml, pos-
sessed a binding capacity corresponding to 30 INU/ml of the
cytokine.

There was a highly significant linear correlation between
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Figure 1. Reduction of IFN-induced antiviral activity afforded by Fruh-
sommer meningoencephalitis IgG (FSME) or Sandoglobuling (S3+S4).
FSMEand the S3+S4 pool were tested against rIFNa2A (-), rIFNa2C
(A), ly-IFNaN1 (m), and rIFNP (o); each IFN preparation was tested
at the lowest concentration inducing 90%protection against EMCvirus.

the ability of normal IgG to bind and to neutralize IFNa (Fig.
3). More than 80% of the binding was achieved after 10 min
at 370C, whereas < 30% bound after 10 min at 40C. In the
presence of 500-fold excess rIFNa2A, dissociation of the anti-
gen/antibody complex was slow (T/2 > 48 h at 370C, n = 5).

IgG subclass distribution of IFNa binding antibodies. Af-
finity chromatography using protein-G columns demonstrated
recovery of > 90% as compared with Sephadex G75. IgG sub-
class-specific affinity chromatography, carried out on a pool of
anti-IFNa positive IgG preparations, showed that the majority
of antibodies was of the IgG1 subclass. Only traces of IgG2,
IgG3, and IgG4 were found (Fig. 4).

Binding of IFNa to Fab fragments of human IgG. After
papain treatment of IgG, - 50% of 251I-rIFNa2A binding was
recovered after Sephadex G75 chromatography. However, al-
most no binding was retrieved, if Fab fragments were excluded
from recovery by the use of protein G (see Fig. 4).

Specificity of the IFNa binding antibodies. Using IgG prepa-
ration S4 and '25I-rIFNa2A at a B/F ratio of 0.64, competition
with unlabeled IFN preparations revealed a clear pattern of
specificity. Unlabeled rIFNa2A, 0.1 ng/ml, reduced the B/F
value by > 50%, while 1 ng/ml was needed for the same reduc-
tion by rIFNa2C or ly-IFNaNI (Fig. 5). rIFNP also blocked
the binding of 1251I-rIFNa2A, but to a lesser extent than the
IFNa preparations. rIL-6 and rIFNy failed to affect the binding.

IgG induced blocking of IFN binding to A549 cells. FSME,
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Figure 2. Binding of '25I-rLFNa2A to human IgG measured by molecular
size chromatography on Sephadex G75 columns. '25I-rLFNa2A, 3,000
cpm in 100 ILI (=100%), and 10 mg/ml IgG were applied on each
column. S1-S5: SandoglobulinS preparations 1-5; G1-G5: Gammagard®
preparations 1-5; N1-N5: Nordimmun® preparations 1-5.

10 mg/ml, reduced the binding of '25I-rIFNa2A to A549 cells
by 78%, whereas the same concentration of S4 IgG inhibited by
60%. In contrast, the Ni IgG preparation, which was rIFNa2A
antibody negative, failed to interact with the binding.
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Figure 3. Linear correlation between binding and neutralization of IFNa
using normal IgG. Binding was measured by Sephadex G75 column
chromatography and neutralization by ANB. Spearman rank correlation:
r = 0.89; P < 0.0001.
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Figure 4. (Upper panel) IgG subclasses binding to '25I-rIFNa2A using
molecular size chromatography and affinity chromatography. G 75
(IgG), molecular size chromatography on Sephadex G75 using un-
treated IgG. Protein G (IgG), protein-G affinity chromatography of
IgG. G 75 (Fab), molecular size chromatography on Sephadex G75
using papain-pretreated IgG. Protein G (Fab), protein-G affinity chro-
matography of papain-treated IgG. IgGI-IgG4, anti-IgGl-, IgG2-,
IgG3-, IgG4-specific affinity chromatography of IgG. (Lower panel)
The serum pool was from 40 healthy adults and used as 50% (vol/vol)
in 100 Il.

Avidities and binding capacities of the antibodies to IFNa
As shown in Table I, the avidities of FSMEand three normal
antibody-positive IgG preparations varied only slightly: Kd t 30
pM. In contrast, the maximum binding capacities varied consid-
erably: from 27 to 490 pg/mg IgG (Table I). The avidities were
not influenced by varying the test concentrations of IgG to bind
from 100 to 1,000 pg/ml of 1"I-rIFNa2A.

Binding of IFNa to human serum. Molecular size and pro-
tein-G chromatography demonstrated low binding of '25I-rIF-
Na2A in a pool of 40 normal serum samples (see Fig. 4).
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Figure 5. Competition analysis using unlabeled IFN preparations and
'25I-rIFNa2A binding to IgG S4. Results are shown as suppression of
B/F, where the B/F value in the absence of unlabeled cytokine was
0.64 (=0% suppression). rLFNa2A (a); rIFNa2C (A); ly-IFNaNI
(-); rIFN/3 (0); rIFNy (A); rIL-6 (u).

Table l. Avidities and Maximum Binding Capacities
of IgG Preparations

IgG preparation IgG (mg/ml) Kd (pM) Bmax (pg/mg IgG)

Sandoglobulin® S4 6.5 23 31
Gammagard® Gl 10.8 43 27
Nordimmun® N5 9 22 30
FSME-Bulin® 2 28 490

Whenindividual sera were investigated, 8 of 40 serum samples
showed minimal specific binding, which did not exceed 20%
of 3,000 cpm of '"I-rIFNa2A added to each serum (50% serum
in 100 tl).

Discussion

More than 10 years ago, antibodies which neutralized IFNa,
but not IFNJ3 or IFNy, were reported in a patient with systemic
lupus erythematosus (7). Other case reports showed IFN anti-
bodies before treatment in a patient with herpes-zoster and in
two cancer patients (6, 21). High neutralizing capacity IFN
antibodies were detected in a patient with pure red cell aplasia,
and non-neutralizing antibodies to rIFNa2A of IgM and
IgG type were reported in patients with acute viral hepatitis
(11, 22).

Naturally occurring antibodies to IFNa and IFN/I have been
reported in Lou/c rats and in inbred mouse strains (23, 24).
Investigations of autoantibodies to various IFN species in
healthy humans have been conflicting. In 1990, naturally oc-
curring antibodies which neutralized the antiviral effect of dif-
ferent IFN preparations were reported (12). Saturability of
binding and Fab binding were not conducted and specific bind-
ing of immunoglobulin to the IFN species was therefore not
demonstrated. Natural antibodies to IFNy have also been re-
ported in sera of healthy donors with increased levels during
viral infection (10). These antibodies dose-dependently inhib-
ited rIFNy induced expression of Fc receptor and HLA-DR
antigens on U 937 cells, but did not neutralize the antiviral
effect of IFNy in a viral plaque-reduction assay using HeLa
cells challenged with EMCvirus (25). Again, saturability and
Fab binding were not demonstrated.

The problems concerning detection of autoantibodies to IFN
species and to other cytokines have recently been addressed ( 13,
18). For example, even though human serum immunoglobulins
suppress the antiviral activity of both type I and type II IFNs,
this suppression does not necessarily correlate with direct bind-
ing of IFN to serum factors or inhibition of IFN receptor binding
(12, 13). It appears, therefore, that serum immunoglobulins
may also interfere with the antiviral activity of IFN at the target
cell level.

The present study confirms the quantitatively minor specific
binding of the IFNs to normal human serum. In contrast, a
substantial and high-avidity binding to IFNa was observed in
12 of 15 preparations of pooled normal human IgG. The binding
was saturable and occurred primarily or exclusively through the
Fab fragments.

The highest concentration of IFN-specific IgG was observed
in Friihsommer meningoencephalitis hyperimmune IgG prepa-
rations. It is unknown but possible that IFN neutralizing anti-
bodies in such IgG preparations may neutralize the effects of
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IFNs in vivo and hence contribute to therapeutic failure. Differ-
ent production methods and/or ethnic and climatic differences
between the donor populations are also likely explanations for
the different levels of IFN antibodies in the IgG preparations.
The difference in the binding and the neutralizing capacities of
the IFN antibodies against different IFNa preparations corre-
lates with differences in IFN immunogenicity. Thus, it is gener-
ally accepted that treatment with rIFNa, particularly rIFNa2A,
induces higher levels of IFN antibodies than treatment with
leukocyte or lymphoblastoid IFN (25).

The discrepancy between the relatively high levels of IFN
antibodies in human IgG preparations and the finding of seem-
ingly low levels of specific anti-lENa IgG in only a few (20%)
of the individual human sera may be explained by the presence
in serum of IFNa/anti-IFNa IgG complexes which impede de-
tection of the specific antibodies by added radiolabeled IFNa.
It is also possible that the avidity of the anti-IFNa IgG mole-
cules in human IgG prepared from more than 1,000 donors may
be higher than that of anti-lENa IgG in individual donors due
to a higher degree of polyclonality. Finally, since there was no
sign of IgG-IgG interactions blocking the binding of rIFNa2A
to the antibody preparations, it cannot be excluded that non-
IgG blocking factors, for example IgM, exist in vivo and that
these molecules are removed during the purification of pharma-
ceutically prepared IgG.

Naturally occurring antibodies to IL-la and 1L-6 have been
demonstrated in healthy donors and in pharmaceutic IgG prepa-
rations; these antibodies, along with those against IFNa, may
be of clinical importance and help to explain the efficacy of
high-dose immunoglobulin therapy of certain immunoinflam-
matory and infectious diseases (14, 18, 26).

In conclusion, high-avidity antibodies to IFNa and, to a
lesser extent IFNI, are present in the majority of human IgG
preparations. The specificities of these autoantibodies reflect the
immunogenicity of the different LFNa preparations when used
for therapeutic purposes. The presence of these antibodies may
be beneficial in high-dose immunoglobulin therapy of condi-
tions with excessive FENa production. On the other hand, it
is theoretically possible that viral diseases may be negatively
influenced by these antibodies.
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