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ABSTRACT: Delivery of pharmacological doses of proteins to people has raised concerns
of inducing immune responses, especially when the protein is provided in multiple
doses over an extended period of time. Immune responses could impact the therapeutic
exposure and efficacy of the protein itself. In addition, there have been fears of ana-
phylaxis or autoimmunity. This review summarizes the available literature regarding
the measurement and evaluation of immune responses observed during clinical assess-
ment of recombinant human proteins. Immune responses have ranged from none at all
to inactivation and/or accelerated clearance. Presence of antibodies does not necessarily
impact therapeutic viability. While responses are related to frequency and route of
delivery, there is no clear relationship that enables one to predict the clinical experi-
ence. © 2001 Wiley-Liss, Inc. and the American Pharmaceutical Association J Pharm Sci 90: 1–11,
2001
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INTRODUCTION

The development and use of recombinant human
proteins has represented the greatest hope and
the most tangible success of biotechnology over
the last 20 years. Nearly 20 recombinant human
protein pharmaceuticals have been approved for
clinical use.

From the start, the prospect of delivering phar-
macological doses of a protein to people has raised
concerns of inducing immune responses, espe-
cially when that protein is provided in multiple
doses over an extended period of time. Whereas

an immune response to an administered protein
could impact therapeutic exposure and efficacy,
the greater concern has been the induction of a
severe hypersensitivity or anaphylactic response
posing a potentially substantial risk to patients.
Furthermore, induction of an immune response to
recombinant protein could result in an autoim-
mune reaction to the endogenous form of that pro-
tein, leading to long-term detrimental effects.
This review is intended as a summary of the ac-
tual reported observations regarding human im-
mune response to administered doses of recombi-
nant human proteins. For the most part, immune
response will be defined as detectable serum an-
tibodies specific for the protein of interest. Be-
cause some proteins can have profound and di-
verse biological effects, apparent immunologic re-
sponses could be based on the biological activity of
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the protein and not on an immune response
against that protein per se. For that reason, this
assessment of immune response is limited to an
overt presence of detectable antibodies.

The ability to detect and measure antibodies
specific for recombinant protein therapeutics is
an inherently flawed analytical exercise for sev-
eral reasons. First, there are rarely appropriate
positive controls. In most cases, it is impossible to
find human immune serum specific for a particu-
lar human protein. Therefore, development and
validation of assays for such antibodies are usu-
ally based on extrapolation from use of monoclo-
nal or polyclonal antibodies prepared in non-
human species. Second, the presence of circulat-
ing therapeutic protein or the endogenous form of
that protein can interfere with one’s ability to de-
tect antibodies because detection of serum anti-
bodies is usually based on the ability of the anti-
bodies to bind to recombinant protein used as an
assay reagent. Third, methods for expressing the
quantity of specific antibody can vary substan-
tially. Most often, the amount of antibody is ex-
pressed as a titer value. However, a titer value for
any one sample can vary based on the assay for-
mat and reagents. Furthermore, because there
usually are no appropriate standards or controls,
it is difficult, if not impossible, to normalize re-
sults in a meaningful way. Finally, a principle
concern with regard to serum antibodies to thera-
peutic protein is their ability, or inability, to neu-
tralize the biological activity, and thus efficacy, of
the therapeutic. Assessment of neutralizing activ-
ity of serum antibody is usually based on its abil-
ity to impact a quantifiable response in an in vitro
bioassay. Most cell-based bioassays are quite sus-
ceptible to variations in the assay conditions as
well as the duration of continued culture of the
cells used. For all of these reasons, it is difficult to
make quantitative comparisons between results
obtained in different studies with the same pro-
tein, and certainly comparison of results obtained
with different proteins is qualitative at best.

Although there is a robust scientific literature
providing detailed descriptions of immune re-
sponses to recombinant proteins used as vaccines,
the literature and information related to immu-
noreactivity of recombinant proteins used as
therapeutics is far less extensive. In general,
there is a desire to minimize the perceived ad-
verse response to a new therapeutic. Often in re-
ports of clinical trial results, information relative
to immunoreactivity of recombinant proteins is
contained in brief statements to the effect that no

antibodies were detected, with little information
regarding the details of the sensitivity or selectiv-
ity of the analytical methods used. Sometimes, a
report will indicate only that no neutralizing an-
tibodies were detected. Although such a state-
ment clearly indicates that no antibodies were de-
tected that could block a biological activity of the
protein under consideration, it remains unclear
whether or not there were detectable antibodies
that were not neutralizing. Such information is
important because it would indicate whether the
protein is at all immunogenic in humans.

In this review, consideration of the available
literature related to immune responses to thera-
peutic recombinant human proteins will be orga-
nized according to a broad categorization of pro-
teins: hormones, enzymes, cytokines, growth fac-
tors, antibodies, receptors, and antagonists. The
review will not attempt to be comprehensive, but
rather cover those recombinant human proteins
with the most extensive clinical experience.

HORMONES

Insulin

Insulin was one of the first recombinant human
proteins to gain regulatory approval and wide-
spread use. Of course, the path had been blazed
by years of use of insulin purified from animal
sources. Generation of anti-insulin antibodies in
diabetic patients receiving animal insulin was
quite common, yet in general, the antibodies did
not prevent efficacy and the therapeutic benefits
far outweighed the somewhat adverse response.
For these reasons, the first assessments of recom-
binant insulin (rh-insulin; Escherichia coli de-
rived) compared the immunoreactivities of hu-
man insulin to the other forms that had been
used. An entire supplement of Diabetes Care (Vol-
ume 5, Supplement 2, 1982) was devoted to the
then new subject of immune response to rh- insu-
lin. One of the first studies1 assessed the immune
response to rh-insulin administered by continu-
ous subcutaneous (sc) infusion in two diabetic pa-
tients who had previously been treated with por-
cine or bovine insulin. The investigators observed
a gradual decrease in circulating anti-insulin an-
tibodies detectable over the course of 3 months,
indicating a reduced immunoreactivity of the re-
combinant protein. A more extensive study 2 as-
sessed the immunogenicity of rh-insulin in dia-
betic patients who had never received insulin
treatment and in diabetic patients who had al-
ready been treated with monocomponent (single
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animal species) insulin. In both studies, re-
sponses to rh-insulin were compared with
matched control groups receiving other forms of
insulin treatment. After 6 months of treatment,
the amount of anti-insulin antibodies in those
patients who were treated with just rh-insulin
were significantly lower than those observed in
control patients treated with monocomponent or
conventional insulin. No significant difference in
the amount of insulin antibodies or immune com-
plexes was observed between patients who were
switched to rh-insulin and those who continued
monocomponent insulin. The authors conclude
that the immunogenicity of rh-insulin was lower
than that of monocomponent insulin. A larger
study compared immune response to rh-insulin or
porcine insulin in diabetic patients who had re-
ceived no prior insulin therapy.3 After 12 months,
the frequency of antibody positive subjects was
44% for those who receive rh-insulin and 60% for
those who received porcine insulin. Even in the
subjects treated with recombinant protein who
were positive for antibodies, the extent of insulin
binding was generally less than that seen with
serum antibodies to porcine insulin. In children,
the frequency of subjects who were positive for
anti-insulin antibodies was the same, whether
they received human or porcine insulin.4 How-
ever, the affinities of antibodies for binding to ra-
diolabeled insulin (log insulin binding values)
were somewhat lower in the human insulin-
treated group. In summary, rh-insulin elicits
anti-insulin antibodies, even in those subjects
that had not received previous insulin therapy. It
is possible that the frequency of dosing (at least
once per day) contributes to the ubiquity of the
immune response. In general, compared with
those who received animal insulin, antibodies to
human insulin have a lower affinity or binding
capacity for insulin than do the antibodies gener-
ated against animal insulin. Furthermore, even
when anti-recombinant human insulin antibodies
do occur, they are rarely in the form of immuno-
globulin E (IgE). Fireman et al.5reported that 2 of
31 subjects treated with rh-insulin developed IgE
antibodies, but their presence was transient and
no apparent allergic response developed.

One factor in the production and formulation of
insulin, and probably other proteins as well, is the
presence of protein aggregates that have been re-
ported to increase the frequency of elicited anti-
bodies.6

Growth Hormone

In the mid-1980s, the new recombinant form of
human growth hormone (r-hGH, E. coli derived)
was evaluated in children and other subject popu-
lations as therapy for deficiencies in GH produc-
tion or response. In a study of 36 children treated
with methionyl r-hGH administered intramuscu-
larly (im), 0.1 mg/kg three times per week for up
to 4 years, Kaplan et al.7 found that the incidence
of anti-GH antibodies was higher in subjects re-
ceiving r-hGH than it was in those receiving GH
derived from bovine pituitaries. However, they
also showed that when a more highly purified
preparation of recombinant protein was used, the
result was a reduction in the incidence of antibod-
ies. A high incidence of anti-GH antibodies was
also observed in a study that compared three dif-
ferent preparations of methionyl GH delivered
im.8 Interestingly, they observed that the anti-
body titers were inversely related to the purity of
the methionyl GH preparation. In later studies,
r-hGH was typically delivered sc, several times
per week, and use of N-methionine-free r-hGH
resulted in a much lower incidence of anti-GH
antibodies.9–12 In a large study of 395 children
with either GH deficiency or Turner syndrome
treated for up to 54 months, a systematic evalu-
ation was conducted of the anti-GH status every
2–3 months.12 Nine of the 304 growth deficiency
subjects developed anti-GH antibodies within the
first 24 months; however, only two of those had
antibodies for longer periods of time. There was
no indication that antibodies impacted clinical ef-
ficacy. Although comparison of the immunogenic-
ity of different sources of the same recombinant
protein is usually difficult, due to different dosing
regimens as well as assays, a study was con-
ducted specifically to compare six different prepa-
rations of r-hGH.13 The investigators used both a
solution-phase and a solid-phase assay to assess
immunoreactivity over the course of 24 months.
Of the 260 GH-deficient children treated, anti-GH
antibodies were detected in subjects treated with
three of the preparations. Most antibodies had
low binding capacities; however, one particular
source of GH yielded antibodies in 16% of its re-
cipients, and those antibodies tended to have
higher binding capacities. A biochemical compari-
son of the different preparations would certainly
be helpful in understanding the apparent differ-
ences in immunogenicity. As with insulin, the
presence of protein aggregates in the formulation
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of growth hormone has been correlated with in-
creased frequency of immune response.14

ENZYMES

Factor VIII

Recombinant factor VIII (mammalian cell ex-
pressed) has been developed to enhance the blood
coagulation capacity of hemophiliacs. Hemophili-
acs often have antibodies (inhibitors) against en-
dogenous factor VIII, so it would not be surprising
to observe antibodies that recognize exogenous re-
combinant protein. Shima et al.15characterized
the immunoglobulin G and M (IgG and IgM, re-
spectively) antibodies generated in three previ-
ously untreated hemophilia A patients who gen-
erated anti-factor VIII antibodies after treatment
with recombinant human factor VIII by infusion.
Only low levels of immunoreactivity and neutral-
izing activity were measurable. In a clinical com-
parison of recombinant factor VIII from two dif-
ferent sources, no allergic reactions or inhibitory
activity were observed.16 However, in a larger
study that lasted for 3 years,17 23.9% of subjects
developed inhibitors. The authors modeled their
results and predicted that in the study population
of severe hemophilia A, the fraction of inhibitor-
free subjects treated with recombinant factor VIII
would be 88.4% after 8 days of exposure to recom-
binant factor VIII, 73.6% after 10 days, and 61.6%
after 25 days. In general, the antibodies are of low
titer and are comparable to the response obtained
with human plasma-derived factor VIII.

DNase

Recombinant human DNase (mammalian cell ex-
pressed) has been delivered to cystic fibrosis suf-
ferers to reduce the pulmonary symptoms of that
disease. The drug is delivered as an aerosol to the
lungs. In a study designed to evaluate both posi-
tive and adverse responses to DNase,18 184 pa-
tients were treated with aerosol doses of DNase
twice a day for 14 days followed by a 14-day wash-
out period. This treatment regimen was repeated
for a total of six treatment cycles. Detectable anti-
DNase antibodies occurred in 16 of the 184 pa-
tients. The antibodies were all IgG, appeared to
have no impact on symptoms or efficacy, and did
not appear to cause an allergic response. In a
small phase I clinical trial of DNase in systemic
lupus erythematosus patients, subjects received

recombinant human protein by an initial intrave-
nous (iv) dose followed by 10 sc doses.19 Although
measurable levels of serum DNase were obtained,
no neutralizing anti-DNase antibodies were de-
tected. Because the sizes of the studies were very
different, as were the doses, it is difficult to make
any clear conclusion regarding the different
routes of delivery and the resulting immunogenic-
ity.

Tissue Plasminogen Activator

Recombinant human tissue plasminogen activa-
tor (rt-PA, mammalian cell expressed) is deliv-
ered as an iv infusion for acute treatment of myo-
cardial infarction. Several investigators have
evaluated the immune response to rt-PA.20–22

Reed et al.20 evaluated subjects treated with rt-
PA using two different antibody assays. Using an
immunoprecipitation assay, they found 3 out of
932 treated subjects became positive for low titer
antibodies against rt-PA. After a 2-year follow-up,
all subjects were negative. Another 754 subjects
were evaluated using an ELISA assay, and none
were found to be antibody positive. Cugno et al.22

demonstrated that previous treatment with the
recombinant protein can enhance the immune re-
sponse upon re-exposure. One subject, previously
treated with rt-PA was retreated 3 years later.
That subject yielded the highest and longest last-
ing anti-t-PA antibody titers in their study.

CYTOKINES

Interleukin 2

Interleukin 2 (IL-2, E. coli derived) has been de-
veloped for its anti-tumor activity. Because it is
itself immunostimulatory, it might be expected,
when delivered as a therapeutic, to promote im-
mune response against itself. Ardizzoni et al.23

evaluated efficacy and adverse response to recom-
binant human IL-2 administered by continuous
infusion. Cancer patients received continuous in-
fusion for a week at a time with 1-day to 1-week
breaks in between doses. Not unexpectedly, IL-2
induced multiple indications of an activated im-
mune system; however, no anti-IL-2 antibodies
were reported. In a larger phase I/II trial, 217
cancer patients were evaluated after IL-2 treat-
ment.24 They received IL-2 by continuous iv infu-
sion or by sc injection. Of those receiving infu-
sions, 52% developed antibodies, whereas 47% of
those receiving sc injections developed antibodies.
Of those generating antibodies, 6% of continuous
infusion patients and 10% of sc patients evi-
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denced neutralizing activity, as assessed by an
IL-2-dependent cell proliferation assay, but only
after a second cycle of treatment. The develop-
ment of antibodies did not appear to impact the
clinical course of test subjects. This study is one of
the most thorough evaluations of induced anti-
bodies. The investigators used a full spectrum of
assays to detect antibodies, assess neutralizing
activity, confirm immunoreactivity in an absorp-
tion study, and finally to isotype the detected an-
tibodies. They found that of all the subjects with
detectable antibodies to IL-2, 88–100% had IgG
antibodies and 24–38% had IgM.

Interleukin 3

Interleukin 3 (IL-3) has also been developed for
potential anti-cancer activity. In a study of 31 re-
fractory cancer patients,25 recombinant human
IL-3 was administered daily for 15 days by the sc
route, and dosing cycles were repeated at inter-
vals of 28 days. Eight percent of patients devel-
oped anti-IL-3 antibodies by day 29 of cycle 1, but
the antibodies were not neutralizing. The occur-
rence of antibodies did not increase with subse-
quent cycles of treatment. Recombinant human
IL-3 has also been constructed as a fusion protein
with granulocyte–macrophage colony stimulating
factor (PIXY321) for cancer therapy. PIXY321
was administered sc for 18 consecutive days of a
28-day cycle with or without carboplatin treat-
ment.26 After two cycles, 92% of the 49 subjects
treated with PIXY321 had developed anti-
PIXY321 neutralizing antibodies that suppressed
in vivo biological activity. Immunoreactivity to
the components of the construct was not synchro-
nous. After cycle 1, >80% of subjects had antibod-
ies to IL-3, but not to GM-CSF. However, by the
end of cycle 2, 64% had antibodies to GM-CSF as
well. This result represents one of the most glar-
ing examples of potent immunoreactivity in a re-
combinant protein product and one of the rare
cases in which immunoreactivity undermined the
therapeutic potential of that product. It is likely
that the construction of the fusion protein created
unique epitopes not represented in either of the
constituent proteins.

Interleukin 12

Interleukin 12 (IL-12) was evaluated in a phase
I/II clinical study of 60 hepatitis C patients.27 Pa-
tients were treated sc weekly for 10 consecutive
weeks. The authors report that “significant anti-

rhIL-12 antibody titers were not detectable in any
patient.”

ANTIBODIES

Anti-CD3

OKT3 is a murine anti-CD3 monoclonal antibody
that acts as an immunosuppressant by blocking
human T-cell proliferation. Being a murine anti-
body, it is highly immunogenic when adminis-
tered clinically.28 A humanized version of OKT3,
denoted hOKT3g4, has been evaluated in a phase
I clinical trial, administered as three biweekly iv
infusions, using doses of 50–1600 mg/injection.29

Of the 24 subjects in the trial, six developed anti-
idiotype antibodies in a nondose-dependent man-
ner. Four of six patients receiving multiple cycles
of therapy developed antibodies. None of the sub-
jects appeared to experience interference in the
T-cell activation by the antibody.

Anti-Her2

A humanized antibody, trastuzumab (mamma-
lian cell expressed), that blocks the Her2 receptor,
has been developed as therapy for breast cancer.
In a phase II clinical trial, anti-Her2 was evalu-
ated for efficacy and toxicity in 46 metastatic
breast cancer subjects.30 After an iv loading dose
of 250 mg, the antibody was administered as 10
weekly 100-mg doses. No antibodies were de-
tected in any of the subjects.

Anti-IgE

A humanized antibody against human IgE (rhu-
Mab-E25, mammalian cell expressed) is being de-
veloped as therapy for allergic asthma. In a phase
II clinical trial, no subjects developed antibodies
against the humanized antibody.31.

Anti-Respiratory Synctial Virus (RSV)

MEDI-493 is a recombinant humanized monoclo-
nal antibody (mammalian expression) to respira-
tory syncytial virus. The antibody has been tested
in several clinical trials. Unlike the other human-
ized monoclonal antibodies, MEDI-493 evidenced
a substantial frequency of elicited antibodies dur-
ing clinical trials.32 Ten of 62 subjects in one trial
and 13 or 56 subjects in another developed anti-
MEDI-493 antibodies with low titers of 1:10 to
1:40 after im administration. In the largest pla-
cebo-controlled phase III clinical trial, 14 of 500
placebo-treated and 12 of 1002 drug-treated sub-
jects developed low titer antibodies. Thus, the fre-
quency was higher in the placebo group. In this
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case, it is possible that the antibody assay was not
sufficiently discriminating.

Anti-IL-2 Receptor

Daclizumab (mammalian expression) is a human-
ized monoclonal antibody against the a subunit of
the IL-2 receptor. By blocking the receptor and
preventing IL-2-induced T-cell proliferation, it
functions as an immunosuppressant. In two
phase III clinical trials, 12 and 18% of treated
subjects developed anti-idiotype antibodies. How-
ever, there was no evidence to indicate that anti-
bodies impacted pharmacokinetics, saturation of
IL-2 receptors or immunosuppressive efficacy.33

RECEPTORS AND ANTAGONISTS

CD4

Soluble human CD4 was evaluated in a phase I
clinical trial for efficacy in 11 children suffering
from human immunodeficiency virus (HIV).34

The protein was administered at doses of 100,
300, and 1000 mg/kg per day for 12 weeks, fol-
lowed by another 12 weeks of dosing in combina-
tion with dideoxyinosine. Two of the 11 subjects
developed “low-level anti-CD4 antibodies”. As an
alternative approach to blocking CD4 receptors
on HIV virus, a construct of recombinant CD4–
IgG was evaluated in a phase I clinical trial with
16 subjects suffering from AIDS or AIDS-related
complex.35 The drug was administered weekly for
12 weeks at doses as high as 1 mg/kg by iv or im
routes. No antibodies were detected. In another
study of the fusion protein,36 CD4–IgG was coad-
ministered with zidovudine for 12 weeks. CD4–
IgG at 300 or 3000 mg/kg twice per week plus
zidovudine daily were administered to 41 AIDS
patients. After 12 weeks, no antibodies to the fu-
sion protein were detected. In this case, it is pos-
sible that the immunocompromised status of the
study populations may have impacted their abil-
ity to generate an immune response to the admin-
istered protein.

TNF Receptor

Lenercept, a recombinant TNF receptor p55-IgG
fusion protein, has been evaluated in a phase II
clinical trial with 168 multiple sclerosis pa-
tients.37 Subjects received iv doses of 10–100 mg
every 4 weeks for up to 48 weeks. More than 88%

of subjects developed anti-lenercept antibodies
that appeared to lead to enhanced clearance of
the drug. Antibody titers correlated with dose of
lenercept, particularly at the earliest time points.
In contrast, only 5% of placebo-treated subjects
had detectable immunoreactivity with lenercept.

Etanercept (mammalian expression) is a di-
meric fusion protein composed of the p75 portion
of the TNF receptor linked to the Fc portion of
IgG1. In clinical trials evaluating its utility in
rheumatoid arthritis, adult subjects received 10–
25 mg of the protein twice a week by sc injection,
with or without methotrexate, for up to 6 months.
Pediatric subjects received doses of 0.4 mg/kg.
Overall, 16% of subjects developed anti-
etanercept antibodies, although none were con-
sidered neutralizing.38 This is another case where
direct biochemical and immunochemical compari-
son of the two protein constructs could lead to
insights into the immunoreactivity of protein
drugs.

Interleukin 1 Receptor

A recombinant form of truncated human interleu-
kin 1 (IL-1) receptor was tested in a phase I trial
with 11 acute myeloid leukemia patients.39 Sub-
jects received iv loading doses of 500–2000 mg/m2

followed by 13 daily sc doses of 250–1000 mg/m2.
No antibodies were detected after the course of
treatment.

GROWTH FACTORS

PDGF

Recombinant PDGF-BB (yeast expression) plus
recombinant IGF-1 were tested in 38 human sub-
jects to assess the ability of those proteins to pro-
mote periodontal regeneration.40 Each growth
factor at 50 or 150 mg/mL were applied to the
periodontal lesion sites. No antibodies to either
protein were detected.

G-CSF

G-CSF (E. coli) stimulates hematopoiesis and is
used in patients suffering from neutropenia.. Lar-
icchia-Robbio et al.41 characterized pre-existing
and therapy-induced antibodies to human G-CSF
in untreated subjects as well as lymphoma pa-
tients. Fifteen of 135 untreated subjects con-
tained low concentrations of anti-G-CSF antibod-
ies, as did 5 of 40 umbilical cord blood samples.
Treatment with G-CSF lead to a rise in anti-G-
CSF antibody titers of both IgG and IgM types in
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the majority of subjects treated. However, the an-
tibodies did not appear to affect drug efficacy.

GM-CSF

Ragnhammar et al.42 investigated the induction
of antibodies in patients receiving recombinant
GM-CSF (E. coli). They found that, when admin-
istered to 28 cancer patients sc at 250 mg/m2/day
for 10 days every month for 4 months, 95% of
patients not receiving other chemotherapy gener-
ated anti-GM-CSF antibodies after the second
cycle. The antibodies appeared to alter GM-CSF
pharmacokinetics in the third and fourth cycles
and impact ability of the drug to enhance num-
bers of granulocytes and monocytes. The authors
looked for serum immune complexes but found
none. It is important to recognize that for GM-
CSF, and perhaps other proteins with mitogenic
activity, the activity of the drug could impact its
pharmacokinetics. The mitogenic activity of the
drug leads to an increase in target cells and their
mitogen receptors. This phenomenon has lead to
observation of inverse relationships between neu-
trophil count and serum levels of G-CSF43 or GM-
CSF.44 Thus changes in pharmacokinetics may
not be directly attributable to circulating anti-
drug antibodies. In another study,45 20 colon car-
cinoma patients were treated with GM-CSF plus
a colon carcinoma reactive antibody. The dosing
regimen was similar to that used in a previous
report,42 and as in that case, 95% of subjects gen-
erated anti-GM-CSF antibodies. However, only
40% of those with antibodies had neutralizing an-
tibodies, as assessed by an in vitro bioassay. Al-
though those with neutralizing antibodies evi-
denced a reduced expansion of leukocytes, neutro-
phils, and eosinophils, no such abrogation of
efficacy was seen in those without neutralizing
antibodies.

Erythropoietin

Erythropoietin (mammalian) has been developed
to stimulate erythropoiesis in anemic patients.
Multiple doses have been administered both iv
and sc to normal volunteers as well as sufferers of
renal disease. The lack of detectable anti-
erythropoietin antibodies has been reported in
several studies.46–48 Nonetheless, several papers
exist that report the development of assays for
anti-erythropoietin antibodies, suggesting that
they can occur.49 In addition, a few communica-

tions have reported sporadic, infrequent observa-
tions of anti-erythropoietin antibodies.50,51

INTERFERONS

Interferon a

Interferon a-2a (IFN a-2a; E. coli) and interferon
a-2b (IFN a-2b, E. coli) appear to be the most
notably immunogenic recombinant human pro-
teins. IFN a-2a has been developed for treatment
of hepatitis C and IFN a-2b has been developed
for leukemia therapy. Many papers have reported
on antibodies generated in subjects receiving
chronic treatment with IFN a-2a. Bonetti et al.52

looked in detail at antibodies generated against
therapeutic IFN a-2a in 60 patients with chronic
hepatitis C. Of the treated subjects, 61% gener-
ated anti-IFN a-2a within 6 months of treatment,
and the majority of the subjects with antibodies
evidenced a neutralizing effect of those antibodies
in an in vitro bioassay. Of those subjects that
showed no therapeutic response to interferon
therapy, 75% had detectable antibodies. In an-
other trial of interferon a-2a for hepatitis C,53

antibodies were detectable in 32%of the treated
subjects. Forty percent of nonresponders had an-
tibodies versus 14% of the responders, demon-
strating a correlation between presence of anti-
bodies and lack of efficacy. In a small study of
metastatic renal cell carcinoma patients treated
with IFN a-2a plus prednisone,54 8 of 26 patients
developed antibodies to IFN. Two of those pa-
tients had high levels of neutralizing antibodies
that coincided with low serum IFN levels, and in
one patient, the loss of responsiveness. In con-
trast to these results, Dianzani et al.55 specifically
evaluated 175 patients undergoing recombinant
IFN a-2b (rIFN a-2b) therapy in an attempt to
correlate antibody production to disease progres-
sion. IFN a-2b differs from the 2a variant by one
amino acid. IFN a-2a has Lys at position 23,
whereas IFN a-2b has Arg at that position. They
used a bioassay to quantify neutralizing antibod-
ies and found only one patient producing antibod-
ies. The authors conclude that rIFN a-2b has
minimal antigenicity, even when administered
for prolonged periods of time. In comparison,
other investigators conclude that long-term treat-
ment of CML with rIFN could be problematic be-
cause of the induction of neutralizing antibod-
ies.56 rIFN a-2b was tested for treatment of ma-
lignant carcinoid tumors.57 Although good
efficacy in tumor size reduction was observed, the
authors conclude that it is important to recognize
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that antibodies neutralizing IFN may develop in
some patients, with concomitant loss of anti-
tumor effects. Figlin et al.58 evaluated 19 renal
carcinoma patients treated with IFN a-2a im be-
ginning at 3 × 106 units and escalating to 36 × 106

units, 5 days/week for a total induction period of
14 weeks. Twelve patients developed measurable
anti-IFN antibodies and six of those were neutral-
izing. Yet, the presence of neutralizing antibodies
did not correlate with duration of response to
treatment, nor to clinical toxicity. In a review of
clinical experience with IFN a-2a in cancer pa-
tients, Jones and Itri59 reported that of the >1300
patients receiving treatment, ∼27% developed an-
tibodies to IFN a-2a. However, no adverse clinical
manifestations appeared to have been associated
with antibody development. Itri et al.60 include a
table summarizing the reported incidences of
anti-IFN a-2a antibodies through the late 1980s.
Subjects had typically been treated with a regi-
men of three im doses per week for 8 to 24 weeks.
Of 781 subjects, 24% had neutralizing antibodies.
However, there was no statistically significant
difference in antibody incidence between respond-
ers and nonresponders across the studies. In fact,
on average, patients with antibodies survived
longest.

These data and others suggested that IFN a-2a
was more immunogenic than was IFN a-2b; a sur-
prising observation given the minimal structural
difference between them. Another possibility,
however, was that the apparent differences in im-
munogenicity were a result of the differences in
assays used to assess immunoreactivity. Blood
samples from subjects treated with IFN a-2a were
typically assayed by an enzyme immunoassay
(EIA) or neutralizing assay that directly quanti-
fied antibodies that bound to IFN a-2a or blocked
its activity. Samples for antibodies to IFN a-2b
were typically assayed by an immunoradiometric
assay (IRMA), a competitive immunoassay that
assesses the ability of a sample to compete with a
radiolabeled monoclonal antibody for binding to
the recombinant protein.

Itri et al.60 compared responses in two different
antibody assays. They found that of 100 subjects
treated with IFNa2a that were antibody positive
by both an EIA as well as a neutralizing assay,
only 52 were positive by an IRMA assay. Further-
more, of 50 subjects that were antibody positive,
but neutralizing negative, all 50 were negative by
the IRMA. Because the IRMA assay is based on a
competition between serum antibodies and a la-
beled anti-IFN a-2 monoclonal antibody, the as-

say would not detect antibodies that recognize
epitopes distant from the epitope for the monoclo-
nal antibody. However, these findings were con-
tradicted in part by Spiegel et al.61 who evaluated
the serum samples from subjects treated with
IFNa2b in three different assays [IRMA, enzyme-
linked immunosorbent assay (ELISA), and bioas-
say]. They found that the incidence of antibodies
to IFN a-2b was consistently lower. Immunoreac-
tivity of IFN a-2b was even lower when adminis-
tered intranasally or intralesionally,62 and in
those with neutralizing activity, there was no dis-
cernible difference in the incidence or severity of
side effects or of clinical benefit. Hayden et al.63

observed antibodies and neutralizing antibodies
when IFN a-2a was administered intra-nasally.
Bekisz et al.64 directly compared treatment of
hairy cell leukemia subjects with either IFN a-2a
or IFN a-2b. They found the same low incidence of
antibodies, regardless of interferon variant.

In a Chinese trial of IFN a-2a in chronic hepa-
titis B patients, 39% of the treated subjects devel-
oped antibodies. Interestingly, antibodies were
more likely to develop in the low-dose group
rather than the high-dose group. High titer anti-
bodies were often associated with failure to re-
spond to therapy.65 In another study of IFN a-2a
in renal cell carcinoma patients,66 appearance of
anti-IFN antibodies occurred with a higher fre-
quency in patients receiving oligomeric protein
versus those who received monomeric protein. In
a more recent communication, McSweeney et al.67

observed anti-IFN a-2a antibodies in CLL pa-
tients treated sc three times per week for several
months. Over half of the patients developed anti-
bodies, some at high titers, which appeared to im-
pact clinical efficacy.

The basis for the discrepancy in apparent im-
munoreactivities between IFN a-2a and IFN a-2b
remains unresolved. Although the assays and pa-
tient populations are likely to be factors, direct
comparisons have suggested that at least to some
degree the differences are real. It would be sur-
prising for the Lys to Arg substitution to be the
cause. Formulation or contaminant profiles may
be playing a role in this case.

Interferon b

Interferon b (IFN b; mammalian expression) has
been approved for treatment of multiple sclerosis
and has been evaluated as a chemotherapeutic. In
clinical studies with cancer patients receiving re-
combinant IFN b, im administration was far more
immunogenic than iv administration.68 Twenty-
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four of 30 patients receiving both im and iv doses
developed serum antibodies to the recombinant
protein. However, only one of those had neutral-
izing activity. Antibodies did not appear to alter
the pharmacokinetics of IFN after iv administra-
tion, and the antibody levels decreased after dis-
continuation of IFN administration. When IFN b
administration was limited to im or iv routes, the
authors observed antibody development in only 2
of 36 iv patients versus 20 of 25 patients who
received im administration. No antibody-related
clinical manifestations were detected. They ob-
served a modest correlation between antibody ti-
ters and cumulative dose of IFN b. Also, some-
what uniquely, the authors attempted to correlate
a titer value with a concentration value. They es-
timated that their highest titer subject had a titer
of 15,000, equal to 750 mg/mL of serum IgG. Fur-
thermore, they took the added measure of looking
for anti-E. coli protein antibodies in an effort to
fully assess the sources of immunoreactivity
against administered therapeutic. They found no
anti-E. coli immunoreactivity within the con-
straints of their assay. Larocca et al.69 treated
335 patients by the iv route and 136 patients by
the sc route, three times per week. The frequency
of induced antibodies was 10 times greater in the
sc group. Furthermore, they determined that
anti-IFN b antibodies detectable by ELISA al-
ways appeared sooner than neutralizing activity
by an average of 3 months. In a rather unique
trial,70 malignant melanoma patients were
treated with natural IFN b plus recombinant in-
terferon g (IFN g). IFN b was delivered by either
the iv or sc route, whereas IFN g was always ad-
ministered by the sc route. Ninety-two percent of
the sc patients and 30% of the iv patients devel-
oped antibodies to IFN b. In contrast, no subject
developed antibodies to recombinant IFN g.

SUMMARY

Overall, antibodies to recombinant human pro-
teins have not been a major impediment to their
use as a class. The presence of antibodies has not
necessarily been detrimental to the clinical effi-
cacy of a protein. Certainly, some proteins have
proved to be more immunogenic than others, and
a minority have proved to be nonviable as thera-
peutics because of their immunoreactivity. How-
ever, early fears of significant anaphylactic re-
sponses to large doses of proteins have not been
borne out. No particular property of a protein has

arisen as an obvious predictor of immunogenicity
in humans. The generation of potentially unusual
epitopes, such as N-methionine for GH or the fu-
sion site for PIXY321, has been associated with
enhanced immunoreactivity. Yet the fusion pro-
tein etanercept has not suffered from the same
effect. The likelihood of an immune response is
increased following administration via sc, im, and
intranasal delivery routes compared with via the
iv route. Often, but not always, repeated dosing
leads to enhanced opportunity for an immune re-
action, yet it has not compromised the therapeu-
tic viability of recombinant human insulin and
growth hormone. There is no apparent correlation
between the expression system, E. coli or mam-
malian cell, used for production of the protein and
its immunoreactivity.

Elicited antibodies could effectively sequester a
protein from metabolic pathways and thereby re-
duce the clearance of the therapeutic agent. Such
mechanisms have been inferred for naturally oc-
curring autoantibodies to some cytokines and
growth factors, although the actual cause or role
for those antibodies has not been clearly eluci-
dated.71–73 No clear evidence of such an effect on
therapeutic proteins has been reported.

The occurrence and extent of immunogenicity
has been a matter of empirical observation. When
an immune response to administered human pro-
teins does occur, it appears to be largely in the
form of IgG antibodies. An assessment of neutral-
izing activity has been the best predictor of the
impact of elicited antibodies on pharmacokinetics
or efficacy, but there is no model or method that
can substitute at this time for direct clinical as-
sessment. A good indication of current thinking
on immunoreactivity of recombinant proteins in
the clinical setting can be gleaned from the tran-
script of the FDA Biological Response Modifiers
Advisory Committee meeting entitled “Immune
Reactions Against Therapeutic and Diagnostic
Biological Products” that occurred on July 15,
1999.74 The committee recognized that:

(1) it is not possible at this time to standardize
antibody assay formats;

(2) the occurrence of antibodies, even neutral-
izing antibodies, does not necessarily miti-
gate against the therapeutic viability of a
recombinant protein drug; and

(3) the most important criterion for assessing
the significance of antibodies against
therapeutic proteins is the correlation of
antibody incidence and amount with clini-
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cal pharmacokinetics, pharmacodynamics,
efficacy, and safety.
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