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Development of an Enzyme-Linked
Immunoassay for Sensitive Detection of
Native and Recombinant Human
Interferon-y Using Whole IgG
Fraction as Polyclonal Tracer

Cemalettin Aybay™

Department of Immunology, Faculty of Medicine, Gazi University,
Besevler, Ankara, Turkey

ABSTRACT

Monoclonal antibodies (mAbs) and polyclonal antibodies (pAbs) against
human interferon gamma (IFN-7y) were produced and used for develop-
ment of a sensitive enzyme-linked immunosorbent assay (ELISA) for
the detection and quantitation of native and recombinant human IFN-y
in tissue culture fluid and human sera. The human IFN-y ELISA was
constructed using mAb CAy-IFNgl11 as the capture antibody (Ab) and
biotinylated polyclonal mouse immunoglobulin G (IgG) as the tracer
Ab. The assay is completed within 4 hr at room temperature (RT). The
human IFN-y ELISA worked in tissue culture medium and human
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serum and was capable of detecting both recombinant and native human
IFN-v. The assay dynamic range extended from 16 to 1000 pg/mL and
the sensitivity level was less than 3 pg/mL of human IFN-vy with averaged
intra- and inter-assay variation coefficients less than 8% for both. The
results demonstrated that without the need of an antigen-affinity purifi-
cation, biotinylation of protein G-purified pAb, obtained from 1 mL of
mouse blood, was sufficient for constructing the tracer reagent for the
establishment of a highly sensitive ELISA (40,000 test) for the quanti-
tative detection of native and recombinant human IFN-vy in culture
supernatant and human sera.

Key Words: Human interferon gamma; Monoclonal antibody; Poly-
clonal antibody ELISA.

INTRODUCTION

Cytokines play a fundamental regulatory and signaling role in immune
responses. A growing number of cytokines can now be measured with bio-
assays using cytokine-dependent cell lines.!' —*! However, such bioassays are
laborious, time-consuming and difficult to standardize.'* Furthermore, they
might be sensitive to buffers or other cytokines present in the supernatants.
The development of an enzyme-linked immunosorbent assay (ELISA) for
the measurement of cytokines would have numerous advantages. In addition
to being rapid and easy to perform, allowing large-scale use, ELISAs are
highly sensitive and specific. Therefore, the ELISA has been used extensively
in laboratories for research and diagnostic purposes and is described in detail
in many laboratory technique textbooks."!

The sensitivity and specificity of the assay are of critical importance and
are controlled by the antigen-specific antibodies (Abs) used in the assay.!®
The analytical sensitivity of the assay is a limitation that controls the level
of our understanding of the biological system being investigated. Conse-
quently, many laboratories have sought to improve the sensitivity of the
ELISA, especially for those used for the measurement of cytokines which
are present in culture supernatants at extremely low concentrations and are,
therefore, very difficult to detect.

ELISA was frequently established with a monoclonal antibody (mAb) as
the capture Ab and a secondary mAb or polyclonal antibody (pAb) as the
tracer. Unlabeled pAb is used in conjunction with an enzyme-conjugated
Ab."”V However, pAbs are often used in a labeled form as well. The need to
purify pAbs is largely determined by the intended application of the Ab.
The key determinants, when choosing an Ab purification procedure, will not
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only be influenced by what is the intended use of the Ab, but also what are the
available laboratory resources.

Because there is specific antigen recognition by Abs, immunoaffinity
purification with immobilized antigen as affinity ligand is widely used for
the preparation of pAb for labeling."™”' However, the antigen affinity purifi-
cation of Abs might present several problems: first, there is a possibility
that very high affinity Abs stick onto the column and may not be eluted
from the matrix under conventional elution conditions and may, therefore,
be lost during the purification process.!'”! Different Abs might be eluted
from affinity columns under different conditions. This may cause an estab-
lished purification procedure to fail when applied to a certain Ab. In addition,
the elution conditions might be too harsh and irreversible inactivation of the
Ab could occur. Second, a large quantity of antigen (several milligrams)
must be available to construct immunoaffinity columns!'" for Ab purification
and this might be relatively very expensive. Third, care should be taken to
choose a well-suited Sepharose allowing for a specific coupling of the
peptide antigen to the matrix in order to avoid losses of peptide-specific Ab.
Since if the conjugation is done at a different amino acid, there is substantial
risk that atleast part of the peptide-specific Abs will not bind due to the change
in the epitope resulting from this conjugation reaction to the Sepharose.''* In
addition, antigen must be able to withstand harsh elution conditions and it
should have the ability to renature after equilibration so that it could be
reused as an immunoaffinity matrix. A good example for the last situation
would be the human interferon gamma (IFN-vy) that is very labile at pH
2.3V 1t could not resist harsh elution conditions at low pH ranges. Therefore,
an immunoaffinity column constructed with hIFN-vy seemed to be inconveni-
ent for the purification of IFN-+ specific pAbs.

Usage of the whole immunoglobulin G (IgG) fraction instead of antigen-
affinity purified IgG seemed to be more advantageous, atleast in some situ-
ations as mentioned above. Therefore, this study was planned to investigate
the performance characteristics of the whole IgG fraction from immune
serum and whether it would be sufficient for constructing the tracer Ab as a
component of a highly sensitive hIFN-y ELISA.

EXPERIMENTAL
mAb
mADb, specific for native and recombinant human IFN-vy, was purified

from the supernatant of CAy-IFNg111 hybridoma cells'**! that were cultured
in RPMI-1640 (Sigma, St. Louis, MO) supplemented with 10% IgG-depleted
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fetal calf serum (FCS) (FCS-gold, PAA Laboratories GmbH, Linz, Austria)
using a Hi-Trap Protein G column (1 mL MAbTrap G II Kit, Supelco
Bellefonte, PA)."">! The peak fraction was passed through Sephadex G-25
Fine-packed 1 x 30 cm column. Protein concentration was measured spectro-
photometrically and then used as the capture Ab.

Production of pAb

Mouse antiserum to human IFN-vy was prepared by immunizing a 10
week-old BALB/c mouse four times at 4-week intervals. A 10 ug of rhIFN-
v (PeproTech, Inc. Rocky Hill, NJ) was used for each injection. Human
IFN-vy was emulsified with complete Freund’s adjuvant (Sigma) at 1: 1 ratio
(v/v) and injected intraperitoneally plus subcutaneously at four different
sites in the abdominal region. Second and third injections of the antigen
were given after mixing with incomplete Freund’s adjuvant (Sigma) via the
same route. Five days after the last injection of antigen in PBS only, the
mouse was driven into general anesthesia with ketamine/xylazine cocktail
and then 1 mL of blood was collected and the serum was recovered. Whole
IgG fraction containing pAbs was purified from serum using Hi-Trap
Protein G column attached to a high-pressure liquid chromatography
system (Agilent 1100 Series HPLC system, Agilent Technologies, GmbH,
Waldbronn, Germany).

Biotinylation of Polyclonal Mouse IgG

Biotinylations of anti-human IFN-vy and anti-human tumor necrosis factor
alpha (TNFa) pAbs were performed using EZ-Link Sulfo-NHS-LC-Biotin
(100 mg, Cat No: 21335, Pierce Biotechnology, Inc., Rockford, IL 61105)
according to the manufacturer instructions. Free biotin was chromatographi-
cally eliminated using Sephadex G-25 Fine-packed 1 x 30 cm column.

Standard Antigen

The standard component of a commercially available hIFN-y ELISA kit
(Human IFN-vy ELISA, BioSource International, Camarillo, CA) was used as
the standard antigen. The standard antigen was dissolved in 20 mM phosphate
buffer (pH 7.2) containing 1% bovine serum albumin (BSA) (Fatty acid free,
Cat No: K41-002-500, PAA Laboratories GmbH, Linz, Austria) and 150 mM
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NaCl (PBS-1% BSA). Twofold serial dilutions from 1000 to 1pg/mL of
rhIFN-vy were prepared in PBS-1% BSA.

Production of Native Human IFN-vy

Heparinized human peripheral blood was collected. Peripheral blood
mononuclear cells (PBMCs) were separated using Ficoll-Hypaque centri-
fugation. Cells were washed three times with RPMI-1640 and then used for
experiments. These cells were cultured at 1 x 10°cells/mL per well using
24-well tissue culture plates (Costar, Corning Incorporated, Corning, NY) in
RPMI-1640 medium supplemented with 10% FCS and with or without the
presence of staphylococcal enterotoxin B (SEB) (Sigma) at the concentration
of 1 ng/mL at 37°C and 5% CO, atmosphere. Supernatant samples were taken
from cell cultures 24 hr later and used as the source of native hIFN-v.

Human Sera

Human sera were obtained from routine laboratory and kept at —75°C
until the day of study.

ELISA

High binding capacity ELISA plates (Costar, No: 3590, Corning Incor-
porated, Corning, NY) were coated with 50 pL of CAy-IFNglll mAb at
5 wg/mL in 0.05M carbonate—bicarbonate buffer (CBB) pH 9.6 by incuba-
ting overnight at +4°C. In order to block, 200 pL. of PBS-1% BSA was
added to each well and then incubated at room temperature (RT) for 2 hr.
The plates were then washed five times with washing buffer consisting of
PBS plus 0.04% Tween 20 (PBS-T). A 100 pnL of the standards or the
samples were added into the wells containing 50 pL of sample diluent
which consisted of 1% BSA, 1% FBS, and 1% heat-inactivated mouse
serum. Plates were incubated for 2 hr at RT. After washing three times with
PBS-T, 100 p.L of biotinylated pAb at 1 pg/mL was pipetted into each well
and then incubated for 60min at RT. After washing three times with
PBS-T, to each well was added 100 pL of streptavidine—horseradish per-
oxidase (Vector Laboratories Inc., Burlingame, CA 94010), followed by
incubation for 30 min at RT. After washing three times with PBS-T, the
reaction was revealed with 100 pL of 3,3’,5,5 -tetramethylbenzidine (TMB)
solution for 30 min at RT. After stopping the reaction with 50 pL of 1M
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H,SO,, the optical density (OD) of each well was measured with an ELISA
reader (LP400, Diagnostics Pasteur, France) at 450 nm.

Statistical Analysis

Regression—correlation analysis was performed. Inter- or intra-assay
coefficients of variation (CV) were calculated and used for the quality
control of the human IFN-y ELISA. Calculations were performed with
SPSS for Windows, version 10.0.

RESULTS

Effectiveness and Specificity of Biotinylated Polyclonal
IgG Fraction

A total of 4mg IgG fraction containing anti-hIFN-y pAb was purified
from 1 mL of blood. After eliminating free biotin using Sephadex G-25
Fine column, BSA was added to a final concentration of 2mg/mL. As
shown in Fig. 1, biotinylated pAbs were specifically reacted with the
antigen-coated solid phase in a concentration dependent manner. Dilution
experiments demonstrated that biotinylated anti-hIFN-y pAb conjugate
could be used at a concentration of 1 pg/mL. In preliminary experiments, it
was determined that 100 pL of conjugate per well, at a final concentration
of 1 pg/mL, produced optimum performance (data not shown).

Standard Curve

Figure 2 shows the comparison of the standard curves obtained from the
in-house ELISA and a commercially available ELISA. The standard antigen
used in this assay was the standard component of the commercial ELISA.
Standard recombinant hIFN-y was prepared at various concentrations,
ranging from 1 upto 1000pg/mL. Although both of the standard curves
produced a significant (p < 0.05) correlation, the OD levels obtained from
the in-house ELISA were higher than the commercial ELISA. The detection
limit defined as the minimal concentration of IFN-+vy that produces a signal
equal to the nonspecific background signal 4+2SD, of the in-house ELISA,
was measured to be less than 3 pg/mL. The in-house hIFN-y ELISA did not
demonstrate cross-reaction with recombinant mouse IFN-y (Sigma) up to
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Figure 1. Specificity of biotinylated anti-hIFN-vy polyclonal mouse IgG. Serial three-
fold dilutions of biotinylated anti-hIFN-vy (biotin anti-hIFNgamma pAb) and anti-
hTNFa polyclonal mouse antibodies (biotin anti-hTNFalpha pAb) were performed
in sample diluent and then added to wells (0.1 mL/well) of the microtitre plates coated
with either 50 wL of rhIFN-vy at 0.5png/mL (A) or thTNFa (PeproTech, Inc. Rocky
Hill, NJ) at 0.5ng/mL (B) in PBS. Each dilution was assayed in duplicate, and the
data reflect the mean values. Results demonstrated that biotinylated polyclonal IgG
conjugates specifically reacted with antigen.

100 ng/mL (data not shown). The inter- and intra-assay CV values of the
in-house ELISA at different concentrations of rhIFN-y were determined to
be less than 8% (data not shown).

Serum Dilution Study

When the recombinant hIFN-vy (PeproTech, Inc. Rocky Hill, NJ) was
added into pooled human serum at 1ng/mL and then threefold serially
diluted within the same serum, it was observed that the dilution curve
was very similar to those produced by the same antigen added into either
PBS-1% BSA or RPMI-1640 containing 10% FCS (Fig. 3). These results
demonstrated that the in-house hIFN-y ELISA is convenient for measuring
hIFN-+, not only in culture medium, but also in human serum samples.
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Figure 2. Standard curves of rhIFN-vy as determined by the in-house hIFN-y ELISA
and a commercial hIFN-y ELISA kit. Standard antigen used in this assay was the stan-
dard reagent included in the commercially available hIFN-y ELISA kit. In the in-house
ELISA, CAy-IFNgl11 was used as capture mAb and the detection reagent was the
biotinylated anti-hIFN-y mouse polyclonal IgG at 1 pg/mL. In the commercial ELISA
antigen was captured via a mAb and the detection reagent was a biotinylated anti-
hIFN-y mouse monoclonal antibody. Each datum point represents the average value of
duplicate determinations in a single microtitre plate and the equation of the regression
lines in the concentrations range from 16 to 1000 pg/mL was y = 0.0028x + 0.5119,
7 =0.8939 for the in-house ELISA and y = 0.0026x + 0.4523, r* = 0.9276 for the
commercial ELISA.

Measurement of Native hIFN-vy

As shown in Fig. 4, native human IFN-vy could also be effectively
measured with the in-house hIFN-y ELISA. Supernatant of PBMCs
stimulated with SEB at 1 ng/mL for 24 hr produced high amounts of hIFN-y
(nearly 8 ng/mL).
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Figure 3. Measurement of hIFN-vy in various samples with the in-house ELISA.
Recombinant hIFN-vy (PeproTech) was serially diluted in various samples and then
100 pL was added into CAy-IFNgl111-coated wells containing 50 p.L of sample dilu-
ent. Further steps of the assay were performed as described in Experimental section.
Similar dilution curves were obtained with various samples containing rhIFN-vy.
Each datum point represents the average value of duplicate determinations in a single
microtitre plate.

DISCUSSION

An increasing number of modern diagnostic and therapeutic technologies
are based on the interaction between Abs with high affinity and their specific
antigens. In vitro diagnostic procedures, like radioimmunoassay (RIA),
immunoradiometric assay (IRMA), ELISA, or special blot techniques with
radiolabeled antigens or Abs linked to radioactive isotopes, enzymes, fluor-
escence markers, or even to other immunoglobulins allow the detection of
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Figure 4. Measurement of native IFN-y with the in-house ELISA. Twofold serial
dilutions of culture supernatants from PBMCs stimulated with 1ng/mL of SEB or
without SEB and SEB itself at 1 ng/mL prepared in the same culture medium without
PBMCs and then measured for their native IFN-vy contents as described in Experi-
mental section. Stimulation of PBMCs with SEB at 1ng/mL for 24 hr resulted in
the production of large amounts of native IFN-vy and could be specifically measured
with the in-house ELISA. Each datum point represents the average value of duplicate
determinations in a single microtitre plate.

minimal amounts of proteins, nucleic acids, and complexes of carbohydrates
and lipids with a high degree of specificity in various media. Often, purity of
the immunoglobulins is critical because other substances in the source
material may interfere with the detection process. The first step is to describe
the basic scenario for the purification. General considerations answer ques-
tions such as: what is the intended use of the product? What kind of starting
material is available and how should it be handled? What are the purity issues
in relation to the source material and intended use of the final product?
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What has to be removed? What must be removed completely? What will be
the final scale of purification? If there is a need for scale-up, what con-
sequences will this have on the chosen purification technique? What are the
economic constrains and what resources and equipment are available? Most
purification protocols require more than one step to achieve the desired
level of product purity.

Because there is specific antigen recognition by Abs, immunoaffinity
purification with immobilized antigen as affinity ligand is widely used. This
method is of advantage if a specific Ab must be obtained from a mixture of
immunoglobulins with different specificities. However, immunoaffinity puri-
fication of Abs might present several problems as well: first, because the
humoral immune system is incredibly diverse and able to produce an unlim-
ited number of different immunoglobulins, every Ab is unique. This may
cause an established purification procedure to fail when applied to a certain
Ab. Second, high affinity Abs might be eliminated from the specific Ab
pool when a milder condition for the elution of bound Ab was chosen.
However, high affinity Abs reactive against various epitopes have important
merit in the ELISA system. When they are included in the preparation of
conjugate, the sensitivity and the specific signal to background ratio might
be significantly increased. Consequently, the analytical sensitivity of the
assay system would be increased. Third, the antigen must also be able to
withstand harsh elution conditions and it should have the ability to renature
after equilibration so that it could be reused as an immunoaffinity matrix.

The human IFN-y is very labile at low pH.""*! It could not resist harsh
elution conditions at low pH ranges. Therefore, an immunoaffinity column
constructed with hIFN-y seemed to be inconvenient for purification of
antigen-specific pAbs.

On the basis of an idea that, whether without the need of an antigen-
affinity purification, the Protein G-purified polyclonal murine IgG containing
high affinity Abs obtained from high-quality immune serum could be directly
labeled and used as a detecting reagent and would be sufficiently enough to
construct a highly sensitive hIFN-y ELISA that is comparable with its
commercial counterparts.

The data presented here show that a reliable and sensitive immunoassay
for hIFN-vy has been developed. By using 100 pL of sample, the detection
limit was less than 3 pg/mL and the assay dynamic range extends from 16
to 1000 pg/mL of hIFN-vy. Sample dilution experiments (Figs. 2 and 4)
showed that both recombinant and native IFN-y are recognized by the
assay. When the standard curves of the in-house ELISA and a commercially
available ELISA (BioSource) were analyzed, comparable values were
obtained. In order to assess the quality, i.e., reproducibility, of the in-house
ELISA, both intra- and inter-assay CV values were determined. Both were
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measured to be less than 8%, which indicated that the in-house ELISA is
highly reproducible at significant levels.

The proposed method in this study is highly sensitive, simple and rapid,
and can reliably measure hIFN-vy in the picogram range in cell culture super-
natants and human serum. Consequently, the in-house ELISA can be used for
research studies for human IFN-+ in various test samples.

Several studies in the literature concerning construction of IFN-y were
reported. Gallati et al.!'® described a hIFN-y ELISA with a detection limit of
300 and 60 pg/mL when performed at 2 and 16 hr assay formats, respectively.
In another study, the sensitivity of hIFN-y ELISA was reported as 1 ng/mL of
recombinant human IFN- y.m] With an enhanced ELISA protocol, the detection
levels attainable after double amplification were reported to be 20 pg/mL for
human IFN —y.“gl However, a very sensitive method was also described. When
chemiluminescence instead of peroxidase was used, the sensitivity of the assay
increased by a factor of 75, and 0.2 pg/mL of hIFN-vy could be measured."'”!
The in-house ELISA performed using total IgG fraction as a tracer Ab demon-
strated that the sensitivity levels were much better than many of those reported
in the literature and as precise as that of a commercial counterpart.

Because each step in the purification process will cause some loss of
product in quantity and also possibly in quality, total IgG obtained from a
high quality immune serum with single step purification method should be
given a chance of priority for analyzing its performance characteristics.
This kind of approach presents another advantage concerning the cost-
effectiveness.

These data demonstrated that, for a basic research laboratory, it seemed to
be possible to establish a research ELISA using total IgG fraction as the tracer
component. The methodology described in this study has a low investment
cost and meets all criteria for a research Kkit.

ABBREVIATIONS
ELISA Enzyme-linked immunosorbent assay
mAb Monoclonal antibody
pAb Polyclonal antibody
IFN-y Interferon gamma

CAy-IFNgl11 Anti-human IFN-y IgG1 mAb producing hybridoma cell
FCS Fetal calf serum

BSA Bovine serum albumin
SEB Staphylococcal enterotoxin B
PBMC Peripheral blood mononuclear cells

HPLC High performance liquid chromatography
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