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Abstract. Host cell-derived protein impurities may be present at low levels in biopharmaceutical
products. Antibodies to host cell proteins are present in individuals with no known exposure to these
products. In this study, antibodies to drug process-specific Chinese hamster ovary host cell-derived
proteins (CHO-HCP) were measured in unexposed individuals using a validated enzyme-linked
immunosorbent assay. Samples that tested positive for anti-CHO-HCP reactivity were further
characterized to determine the isotypes and IgG subclasses expressed in each positive individual. The
specificity of the detected anti-CHO-HCP antibody isotypes was confirmed by the competitive inhibition
assay and the uncoated plate specificity testing. These antibody characterization experiments revealed
that the prevalent anti-CHO-HCP antibody subclasses were predominantly IgG1 (present in 66.6% of
individuals) and IgG2 (60%), with 33.3% positive for IgG3 while IgG4 was detected in low abundance.
Forty percent (40%) of the individuals with IgG type reactivity were also identified as IgM-positive. Anti-
CHO-HCP-specific IgE was not detected in the assays used in this study. Some individuals exhibited
single isotype anti-CHO-HCP reactivity; others contained a combination of multiple antibody isotypes.
Data presented in this study demonstrate the isotypic complexity and the high prevalence of anti-CHO-
HCP antibodies in human serum with no known exposure to CHO cell-derived therapeutic biologics.

KEY WORDS: antibody isotypes; Chinese hamster ovary cells; host cell protein; immunogenicity
response characterization; specificity.

INTRODUCTION

Biopharmaceutical products can be produced from
various host cell systems, including bacteria, yeast, insect
cells, and mammalian cells. Today, 60–70% of recombinant
protein pharmaceuticals and almost all currently approved
therapeutic antibodies are produced in mammalian cells due
to the advantage these cells have with regard to providing
more sophisticated protein folding, secretion, and posttransla-
tional modifications (1). Chinese hamster ovary (CHO) cells
have gained regulatory approval for commercial use and are
the most commonly used mammalian cell lines for protein
therapeutics production (2–4). In addition to the desirable
protein folding and posttranslational modifications, CHO
cells are amenable to genetic manipulations and volumetric
scalability, allowing for expression of recombinant biologics in
large scale. More than two decades of commercial production
proved CHO cells as safe host cells for the production of
biologics compatible and bioactive in humans (5).

The recombinant therapeutics produced from CHO host
cells, especially in scale-up production, can contain residual

components of the host cells. Some levels of the host cell
proteins (HCP) may potentially be associated with the
therapeutic products even after multiple steps of purification.
Since the HCP are foreign to humans, there is a potential to
induce an immune response to HCP in patients dosed with
the drug (6–8). Although many companies are taking
bioanalytical measures to test for the HCP levels in the final
products and release the batches with low impurity content,
there is no explicit requirement for the types of testing and
the acceptable levels of HCP in products (9). Recognizing the
complexity of each drug manufacturing process and the
variable levels of HCP associated with each process, the need
to characterize the anti-host cell protein antibody response in
humans may be considered under specific circumstances.
Antibodies to CHO-HCP were found present in normal
individuals with no known exposure to therapeutic drugs
(10, unpublished data). In this study, additional normal
human serum samples collected from unexposed individuals
were analyzed for the reactivity to CHO-HCP. The antibody
isotypes that constitute the reactivity were further character-
ized and confirmed in the specificity testing.

MATERIALS AND METHODS

Anti-CHO-HCP Antibody Detection

A validated enzyme-linked immunosorbent assay
(ELISA) was used to screen normal human serum samples
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collected from healthy donors (Bioreclamation INC.) for the
anti-CHO-HCP antibody reactivity. Briefly, 96-well microtiter
plates (Costar) were coated with CHO-HCP (Wyeth
Research) at a concentration of 0.5 μg/ml in 0.1 M carbo-
nate/bicarbonate buffer (pH 9.6). CHO-HCP was partially
purified from CHO cells grown under drug manufacturing
processes. After incubation at 4°C overnight, plates were
blocked with phosphate-buffered saline with 0.05% Tween-20
(PBST)/5% bovine serum albumin (BSA). After washing
with the Tris high-salt buffer (50 mM Tris, 1 mM glycine, and
0.5 M NaCl) containing 0.05% Tween-20 (THST), plates were
incubated with human serum samples at a dilution of 1:50 for
2 h at room temperature. A pool of sheep anti-CHO-HCP
serum (Wyeth Research) was used as the assay positive
control. Pooled normal human serum with low reactivity for
CHO-HCP was used as the assay negative control. After
washing with THST buffer, the bound anti-CHO-HCP
immunoglobulins (Igs) were detected with a mixture of
protein A and protein G horseradish peroxidase (HRP)
conjugates (Invitrogen). 2,2′-Azino-di-(3-ethyl-benzthiazo-
line-6-sulfonate) (ABTS, KPL) was used as an enzymatic
substrate for signal generation and colorimetric readout.
Plates were read at wavelength 405 nm in a plate reader.
Plate cut point ODs were calculated by multiplying the
negative control mean OD value on each plate by the
multiplication factor of 2. Samples with OD values above
the cut points were reported as positive. Samples with OD
values below the cut points were reported as negative.

Antibody Isotyping Detector Reagents Specificity Analysis

The specificity of the detector reagents for isotyping the
anti-CHO-HCP antibodies was tested by coating 96-well
microtiter plates (Costar) with purified Ig isotypes including
human myeloma IgG1, IgG2, IgG3, IgG4 (MP Biomedical),
IgM (Thermo Scientific), and IgE (Biodesign) for overnight
incubation at 4°C. The plates were washed, blocked, and
incubated with the detector reagents mouse anti-human IgG-
HRP (Southern Biotech, clone JDC-10), mouse anti-human
IgG1-HRP (Southern Biotech, clone 4E3), mouse anti-human
IgG2-HRP (Southern Biotech, clone 31-7-4), mouse anti-
human IgG3-HRP (Southern Biotech, clone HP6050), mouse
anti-human IgG4-HRP (Southern Biotech, clone HP6025),
mouse anti-human IgM-HRP (Southern Biotech, clone SA-
DA4), mouse anti-human IgE-HRP (Southern Biotech, clone
B3102E8), and biotin mouse anti-human IgG4 (BD Pharmin-
gen, clone JDC-14) for 1 h at room temperature, respectively.
For the biotin mouse anti-human IgG4 detector, a subsequent
incubation with avidin-D-HRP was applied. The plates were
developed in accordance with the standard procedures
described above.

Isotyping of the Anti-CHO-HCP Antibodies

The general assay procedure for isotyping of the anti-
CHO-HCP antibodies is similar to that for the anti-CHO-
HCP antibody detection in human serum. Briefly, 96-well
microtiter plates were coated with purified CHO-HCP at a
concentration of 0.5 μg/ml in 0.1 M carbonate/bicarbonate
buffer (pH 9.6). After incubation at 4°C overnight, plates
were blocked with PBST/5% BSA and washed with the

THST buffer. Human serum samples at a dilution of 1:50
were incubated on the plates for 2 h at room temperature.
After a washing with THST buffer, the bound anti-CHO-
HCP antibodies were incubated with the isotyping detector
reagents at a dilution of 1:1,000 for 1 h at room temperature.
The plates were developed in accordance with the standard
procedures.

For the detection of IgG4 and IgE type reactivity, a
method using the biotinylated anti-human IgG4 or IgE
antibody detectors was evaluated. In this method, the plate-
bound anti-CHO-HCP antibodies in human serum samples
were incubated with 1 μg/ml of biotin mouse anti-human
IgG4 or 1 μg/ml of biotin mouse anti-human IgE (BD
Pharmingen) for 1 h at room temperature. After washing,
the plates were incubated with avidin-D-HRP conjugate
(Vector) for 1 h at room temperature, then proceeded with
plate development.

Specificity Testing

Competitive Inhibition ELISA

The competition ELISA was performed essentially as
described for the ELISAs for detection of the anti-CHO-HCP
antibody and the antibody isotypes, except that samples were
pre-incubated with the purified CHO-HCP. The human
serum samples were spiked with CHO-HCP at concentrations
of 500, 100, 10, and 0 μg/ml, respectively. After 1-h incubation
at room temperature, the spiked and unspiked samples were
diluted to 1:50 and then added to the CHO-HCP-coated
plates for 2-h incubation at room temperature. The ability of
the varying amounts of the CHO-HCP in serum samples to
compete with the plate-bound CHO-HCP for binding to anti-
CHO-HCP antibody or antibody isotypes was evaluated
based on the amount of reduction of OD values.

Uncoated Plate Method

The antibody specificity was confirmed by demonstrating
that a signal generated by a sample with positive anti-CHO-
HCP signal on a CHO-HCP-coated plate decreases or scores
negatively when CHO-HCP was not coated onto the plate.
The CHO-HCP-uncoated plates were treated with the coat-
ing buffer (0.1 M carbonate/bicarbonate buffer (pH 9.6)) only
and blocked under the same conditions as CHO-HCP-coated
plates. Samples were analyzed on the uncoated and the
coated plates in parallel.

RESULTS

Prevalence of Anti-CHO-HCP Reactivity in Human Serum
Samples

A total of 83 normal human serum samples from 83
individuals with no known prior exposure to therapeutic
biologics were screened for the anti-CHO-HCP reactivity.
The anti-CHO-HCP antibodies present in human serum was
captured by the immobilized CHO-HCP and detected with a
mixture of protein A and protein G HRP conjugates to
ensure all human immunoglobulin isotypes be detected. The
sheep anti-CHO-HCP anti-serum (positive control) and the
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pooled normal human serum with low reactivity to CHO-
HCP (negative control) were included in the screening assay
to monitor the assay performance. As shown in Fig. 1a, b, the
tested normal human individual serum samples exhibited a
wide distribution of the anti-CHO-HCP reactivity, with OD
readings ranging from 0.086 to 3.433. The mean OD values of
the negative control ranged from 0.071 to 0.083. Based on the
defined plate cut point values (two times the mean of the
negative control OD values), 45 out of the 83 tested samples
(54%) scored positive for anti-CHO-HCP reactivity in the
conditions of the assay. The mean OD values generated from
the negative control were significantly different from the
mean values produced by individual normal serum samples
since the negative control was selectively pooled from the
serum samples that have low reactivity to CHO-HCP. Based
on the ANOVA (single factor), the p value was 0.04. Given
the high prevalence of samples with specific anti-CHO-HCP
reactivity, application of a statistically defined floating cut
point (11) was not considered suitable for this study.

Confirmation of the Specificity of the Positive Anti-CHO-HCP
Reactivity in Normal Human Serum Samples

To confirm that the positive anti-CHO-HCP reactivity
detected in the normal human serum samples is specific for
CHO-HCP, samples and the assay positive control were
tested in the competitive inhibition assays and/or on the
uncoated plates. In the competitive inhibition assays, individ-
ual normal serum samples or the positive control (sheep anti-
CHO-HCP anti-serum) were pretreated with CHO-HCP to
compete with the plate-bound CHO-HCP for binding to the
anti-CHO-HCP antibodies present in the positive control and
normal serum samples. As shown in Table I, the maximum
OD and the log titer of the assay positive control were
decreased gradually with the increasing concentrations of the
spiked CHO-HCP. The signal generated by the anti-CHO-
HCP-positive control fell below the assay cut point value in

the presence of 500 μg/ml of CHO-HCP, indicating that the
spiked CHO-HCP had specifically inhibited the anti-CHO-
HCP reactivity of the positive control in the assay. Sample
HS-23, which previously tested negative for the anti-CHO-
HCP reactivity based on the calculated cut point in the
screening assay, was used as negative control in the specificity
testing. After being spiked with the purified CHO-HCP,
sample HS-23 still remained negative for the anti-CHO-
HCP reactivity, with OD values below the cut point. In the
positive anti-CHO-HCP samples, addition of the CHO-HCP
inhibited the anti-CHO-HCP reactivity in a dose-dependent
manner. The extent of signal inhibition in the anti-CHO-
HCP-positive serum samples was similar to that in the
positive control (Fig. 2), indicating that the positive reactivity
detected in normal human individual serum samples was
specific to CHO-HCP.

The specificity of the anti-CHO-HCP reactivity was
additionally verified using the uncoated plate method. The
anti-CHO-HCP-positive and -negative samples were tested
on the coated and uncoated plates in parallel. The OD values
of the samples with negative reactivity to CHO-HCP were
similar on the coated and uncoated plates. The OD values of
the samples with positive reactivity to CHO-HCP decreased
to below the cut point OD on the uncoated plate (Table II).
The test results obtained from the competitive inhibition
assay and the uncoated plate method were comparable. Both
confirm that the antibodies detected in normal human serum
samples are specific for anti-CHO-HCP reactivity.

Fig. 1. Prevalence of anti-CHO-HCP reactivity in normal human
serum (HS) samples. A validated ELISA was used to detect the
reactivity to the drug process-specific CHO-HCP in 83 serum samples
collected from individuals with no known prior exposure to ther-
apeutic biologics. a Frequency of normal individual serum samples
with anti-CHO-HCP reactivity. b Anti-CHO-HCP reactivity distribu-
tion. Mean negative control OD=0.0762. Plate cut point ODs equal
to two times the plate mean negative control ODs

Table I. Confirmation of Anti-CHO-HCP Reactivity in the Assay
Positive Control (Sheep Anti-CHO-HCP Anti-sera)

CHO-HCP

0 (μg/mL) 10 (μg/mL) 100 (μg/mL) 500 (μg/mL)

PC Log Titer 3.97 3.39 1.87 <1.7
PC Max. OD 1.600 0.675 0.218 0.077

Positive control was pre-incubated with purified CHO-HCP at
concentrations of 0, 10, 100, and 500μg/ml, respectively, prior to
being tested in the anti-CHO-HCP ELISA
PC positive control

Fig. 2. Confirmation of the positive reactivity to CHO-HCP in normal
human serum (HS) samples—competitive inhibition specificity testing.
Normal human serum samples were pre-incubated with purified CHO-
HCP at concentrations of 0, 10, 100, and 500 μg/ml, respectively, prior
to being tested in the anti-CHO-HCP ELISA. The anti-CHO-HCP-
negative sample HS-23 was used as negative control for the testing.
Observation of the dose-dependent readout signal inhibition in the
tested samples indicates specific reactivity to CHO-HCP
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Specificity of the Antibody Isotyping Detector Reagents

The isotypes of the anti-CHO-HCP antibodies found in
the normal human serum samples were identified using
specific anti-human Ig isotype antibody detectors. The cross-
reactivity of the antibody isotyping detector reagents with
various purified myeloma Ig isotype proteins (IgG1, IgG2,
IgG3, IgG4, IgG, IgM, and IgE) was tested. As shown in
Table III, each of the anti-Ig isotype antibody–HRP con-
jugates only produced strong signals in reaction with the
corresponding Ig isotype. No cross-reactivity with other Ig
isotypes was observed.

In addition, the IgG4 type anti-CHO-HCP reactivity was
identified using the biotin mouse anti-human IgG4 antibody
detector. The specificity of biotin mouse anti-human IgG4 was
tested in conjunction with avidin-D-HRP conjugate. The
biotinylated mouse anti-human IgG4 antibody only bound to
the coated IgG4 isotype protein; no cross-reactivity with other

Ig isotypes was observed. Therefore, all the isotyping detector
reagents were confirmed specific for the corresponding Igs.

Isotyping of the Anti-CHO-HCP Antibodies in Normal
Human Serum Samples

Normal human individual serum samples with various
levels of anti-CHO-HCP reactivity were further tested to
identify the anti-CHO-HCP antibody isotypes present. Due
to the lack of isotype-specific anti-CHO-HCP-positive con-
trols, for example the IgG1 type anti-CHO-HCP antibody,
sample readout signals were reported as OD values instead of
antibody titers or concentrations. Samples that scored below
the cut point during the anti-CHO-HCP reactivity screening
were used as negative controls in the antibody isotyping
assays. The negative control sample OD values measured
with each antibody isotyping reagent are shown in Table IV.
Cut point values for each of the isotyping assays (isotypic cut
points) were calculated by multiplying the negative sample
(NS) mean OD value by the multiplication factor of 2.
Samples with OD values greater than the corresponding
isotypic cut point value were considered positive for the
presence of anti-CHO-HCP antibody of that isotype. Samples
with OD values lower than the corresponding isotypic cut
point OD were considered negative for the presence of anti-
CHO-HCP antibody of that isotype. Of the 15 anti-CHO-
HCP-positive individual samples tested (Table V), all samples
exhibited IgG class anti-CHO-HCP reactivity, while 40% (6/
15) of the samples exhibited specific IgM class reactivity in
addition to IgG. Presence of anti-CHO-HCP-specific IgE was
not detected. In further isotyping for the IgG subclasses,
66.6% (10/15) of samples tested positive for IgG1, 60% (9/15)
of samples tested positive for IgG2, and 33.3% (5/15) of
samples tested positive for IgG3. The magnitude of the
isotypic reactivity detected from each sample varied from
low (cut point <OD <0.5), medium (0.5<OD<1.0), to high
(OD>1.0). Some samples exhibited single isotypic reactivity
(e.g., IgG2 type antibody for samples HS-35 and HS-27);
others hosted a mixture of multiple IgG subclasses (e.g. IgG1,
IgG2, and IgG3 type antibodies for sample HS-40). IgG1 and
IgG2 appeared to be the predominant antibody isotypes that
mediate the anti-CHO-HCP reactivity in human serum.

Table II. Confirmation of Anti-CHO-HCP Reactivity in Normal
Human Serum Samples—Uncoated Plate Specificity Testing

Human serum (HS)

Mean OD

Reported asCoated Uncoated

HS-23a 0.119 0.099 Negative
HS-36a 0.121 0.087 Negative
HS-48a 0.117 0.121 Negative
HS-15a 0.115 0.115 Negative
HS-39 2.426 0.086 Positive/Specific
HS-44 0.564 0.079 Positive/Specific
HS-53 0.816 0.087 Positive/Specific
HS-3 2.500 0.113 Positive/Specific
HS-13 1.133 0.098 Positive/Specific
HS-35 1.634 0.080 Positive/Specific
HS-40 4.000 0.107 Positive/Specific
HS-43 2.778 0.105 Positive/Specific
HS-8 0.394 0.162 Positive/Specific
HS-27 1.990 0.087 Positive/Specific

cutpoint OD is defined as two times mean of the negative sample OD
aTested negative for anti-CHO-HCP reactivity

Table III. Antibody Isotyping Reagents Specificity Testing

Coat
Reagent

OD values

Anti-lgG-HRP Anti-lgG1-HRP Anti-lgG2-HRP Anti-lgG3-HRP Anti-lgG4-HRP Anti-lgM-HRP Anti-lgE-HRP
Biotin anti-lgG4
and avidin-D-HRP

lgG1 2.694 3.264 0.125 0.080 0.079 0.073 0.069 0.141
lgG2 3.532 0.077 1.927 0.082 0.069 0.072 0.066 0.115
lgG3 0.501 0.070 0.063 2.561 0.070 0.073 0.066 0.079
lgG4 3.191 0.154 0.084 0.104 3.864 0.084 0.073 3.039
gM 0.101 0.079 0.069 0.072 0.071 3.893 0.065 0.076
lgE 0.098 0.076 0.067 0.090 0.067 0.073 2.313 Not tested

The reagent specificity of the isotyping detectors including mouse anti-human IgG1-HRP, mouse anti-human IgG2-HRP, mouse anti-human
IgG3-HRP, mouse anti-human IgG4-HRP, mouse anti-human IgG-HRP, mouse anti-human IgM-HRP, mouse anti-human IgE-HRP, and biotin
mouse anti-human IgG4 were confirmed by coating the microtiter plate with various purified antibody isotypes (IgG1, IgG2, IgG3, IgG4, IgM,
and IgE) at 1.0μg/ml and detecting with the corresponding isotyping detectors, respectively. Avidin-D-HRP was used in conjunction with
biotin-mouse anti-human IgG4
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IgG4 type anti-CHO-HCP reactivity was not detected in
the tested human serum samples when using mouse anti-
human IgG4-HRP as a detector. Modifications of the assay
conditions, such as reduction of the assay MRD and increase
of the concentrations of the capture material and the detector
reagent did not result in detectable IgG4 type antibody signal
generation. To further assess the presence of the IgG4
reactivity, an assay based on the use of biotinylated mouse
anti-human IgG4 in conjunction with the avidin-D-HRP was
developed. Similar to the assay strategy described above, the
anti-CHO-HCP-negative samples were used as assay negative
controls in order to calculate IgG4-specific isotypic cut point
value. Samples were tested at 1:10 and 1:25 dilutions. The cut
point values were calculated by multiplying the corresponding
negative sample mean OD values by the multiplication factor
of 2. The cut point values were calculated as 0.274 (1:10

dilution) and 0.198 (1:25 dilution; Table VI). Of the 13
individual samples that tested anti-CHO-HCP-positive, three
samples generated OD values above the IgG4 isotypic cut
point and were identified as positive for the presence of anti-
CHO-HCP IgG4 antibody (Fig. 3). Sample HS-41 was further
confirmed non-specific for anti-CHO-HCP reactivity in the
confirmation assays described below. Overall, a low level of
IgG4 type anti-CHO-HCP reactivity was detected in the
normal human serum samples when compared with the
presence of other IgG subclasses or IgM class reactivity.

The IgE type reactivity was assessed using two sets of
detector reagents, mouse anti-human IgE-HRP, and the
biotin mouse anti-human IgE in conjunction with avidin-D-
HRP. Various assay conditions were evaluated. No IgE type
anti-CHO-HCP reactivity was detected in the human serum
samples tested in this study.

Table IV. Anti-CHO-HCP Antibody Isotypic Cutpoint Determination

Anti-CHO-HCP negative samples

Anti-CHO-HCP isotypic reactivity (OD)

Anti-CHO-HCP (OD)lgG1 lgG2 lgG3 lgG4 lgG lgM lgE

HS-6 0.074 0.071 0.074 0.090 0.104 0.158 0.126 0.079
HS-7 0.091 0.068 0.071 0.066 0.091 0.110 0.068 0.074
HS-17 0.071 0.067 0.071 0.078 0.110 0.171 0.068 0.076
HS-23 0.077 0.071 0.081 0.091 0.095 0.282 0.070 0.095
HS-B12 0.073 0.110 0.088 0.090 0.146 0.270 0.071 0.146
HS-B14 0.090 0.076 0.088 0.110 0.134 0.202 0.074 0.156
NS mean OD 0.079 0.077 0.079 0.087 0.113 0.199 0.079 0.104
SD 0.009 0.016 0.008 0.015 0.022 0.067 0.023 0.037
cutpoint OD 0.158 0.154 0.157 0.175 0.226 0.397 0.158 0.208

Six human serum samples with negative reactivity to CHO-HCP were tested as negative controls of the assays. The cutpoint ODs for each of
the isotyping assays were defined as two times the mean of the anti-CHO-HCP negative sample (NS) ODs obtained in each of the isotypic
assays
NS negative samples

Table V. Isotyping the Anti-CHO-HCP Antibodies in Normal Human Serum (HS) Samples with Positive Reactivity to CHO-HCP

Anti-CHO-HCP-positive samples

Anti-CHO-HCP isotypic reactivity

Anti-CHO-HCPlgG1 lgG2 lgG3 lgG4 lgG lgM lgE

HS-39 +++ − − − +++ − − +++
HS-44 − − − − + +++ − +
HS-53 + ++ − − +++ − − ++
HS-13 +++ − − − +++ − − ++
HS-35 − + − − +++ − − +++
HS-40 +++ +++ + − +++ − − +++
HS-43 + +++ − +b +++ + − +++
HS-8 − − +++ +++b +++ + − +
HS-14 − − − − ++ − − +
HS-B3 +++ + − − +++ + − +++
HS-B2 ++ +++ + − +++ − − +++
HS-B8 + + + − +++ ++ − +++
HS-B17 ++ − + − +++ + − +++
HS-27 − + − − +++ − − +++
HS-3 +++ + − − +++ +++a − +++

The anti-CHO-HCP antibodies were isotyped using various mouse anti-human Ig isotype antibody–HRP conjugates. Samples with OD values
greater than the corresponding isotypic cutpoint were considered positive for the isotype tested. Samples with OD values lower than the
corresponding isotypic cutpoint were considered negative for the isotype tested
+++: OD>1.0; ++: 1.0>OD>0.5; +: 0.5>OD> cutpoint; −: OD below cutpoint
aTested non-specific for anti-CHO-HCP reactivity
bTested positive using anti-human lgG4-biotin and avidin-D-HRP (Reference Figs. 3, 5); tested negative using anti-human lgG4-HRP

102 Xue, Johnson and Gorovits



Confirmation of the Specificity of Anti-CHO-HCP Antibody
Isotypes in Normal Human Serum Samples

Specificity of the isotypic anti-CHO-HCP reactivity in
the normal human individual serum samples was verified
using the uncoated plate and the competitive inhibition
methods. In the competitive inhibition assays, purified
CHO-HCP was spiked into individual serum samples at
varying concentrations to compete for binding to the anti-
CHO-HCP antibodies. The plate-bound anti-CHO-HCP anti-
bodies were detected with the antibody isotyping detector
reagents mouse anti-human IgG1-HRP, mouse anti-human
IgG2-HRP, mouse anti-human IgG3-HRP, mouse anti-human
IgM-HRP, and/or biotin mouse anti-human IgG4 in conjunc-
tion with avidin-D-HRP, respectively. As shown in Fig. 4, the
OD values of the anti-CHO-HCP-negative sample HS-23
remained below the isotypic cut points in the presence of the
spiked protein as expected. The isotypic reactivity of the
majority of the anti-CHO-HCP-positive samples was
inhibited by the spiked CHO-HCP in a dose-dependent
manner. Different samples required different amounts of the
competing protein to achieve substantial signal reduction. All

of the detected IgG1, IgG2, and IgG3 type antibody-contain-
ing samples were confirmed specific for interaction with
CHO-HCP. The specificity for the IgM antibody-based
reactivity was not confirmed in the sample HS-3 because the
assay readout signal was not inhibited by the spiked CHO-
HCP up to 500 μg/ml. The CHO-HCP specificity of the IgM
antibody-based reactivity was confirmed in other IgM-pos-
itive samples (HS-8 and HS-44).

In the uncoated specificity plate method, the same set of
samples that was tested in the competitive inhibition assays
was analyzed on the CHO-HCP-uncoated and -coated plates
in parallel. Observing very low signal or no signal on an
uncoated plate compared to a coated plate would indicate the
anti-CHO-HCP specificity of the tested antibody isotypes. As
shown in Table VII, the OD values of the anti-CHO-HCP-
negative sample HS-23 remained below isotypic cut points on
the coated and uncoated plates as expected. The OD values
produced by the IgG1, IgG2, and IgG3 type anti-CHO-HCP
reactivity-containing samples were substantially decreased on
the uncoated plate, suggesting that these identified antibody
isotypes are specific for CHO-HCP reactivity. In concert with
the results obtained from the competitive inhibition assays,
the IgM antibody reactivity was confirmed non-specific to
CHO-HCP in sample HS-3 because similar IgM type OD
values were observed on the coated and uncoated plates. The
OD values produced by other IgM type reactivity-containing
samples (HS-8 and HS-44) fell below the IgM isotypic cut
point values on the uncoated plate; therefore, the IgM type
reactivity present in samples HS-8 and HS-44 was confirmed
specific for CHO-HCP.

The specificity of the IgG4 type anti-CHO-HCP reac-
tivity identified using the biotinylated mouse anti-human
IgG4 antibody detector was evaluated. The IgG4 type
reactivity present in sample HS-41 was confirmed non-specific
for CHO-HCP due to the lack of signal inhibition upon

Table VI. IgG4 Cutpoint Determination in the Assays Using the
Biotin Mouse Anti-human IgG4 Detector

Anti-CHO-HCP negative samples

lgG4 (OD)

1:10 1:25

HS-6 0.181 0.140
HS-23 0.077 0.074
HS-B14 0.086 0.078
HS-63 0.163 0.119
HS-B13 0.249 0.094
HS-B20 0.131 0.094
HS-B12 0.120 0.107
HS-B16 0.094 0.084
Mean NS OD 0.137 0.099
SD 0.058 0.022
cutpoint OD 0.274 0.198

The cutpoint OD was calculated by multiplying the mean of the anti-
CHO-HCP negative sample (NS) ODs obtained in the IgG4 assay by
a multiplication factor of 2. Samples were tested at dilutions of 1:10
and 1:25
NS negative sample

Fig. 3. Identification of the IgG4 type reactivity in anti-CHO-HCP-
positive serum samples using the biotin mouse anti-human IgG4
detector. IgG4 isotypic cut point OD is defined as two times the mean
of the negative sample OD. Samples with OD values greater than the
IgG4 cut point were considered positive; samples with OD values
lower than the IgG4 cut point were considered negative. Samples
were tested at dilutions of 1:10 and 1:25. *Identified positive for IgG4
reactivity

Fig. 4. Confirmation of the specificity of the anti-CHO-HCP anti-
body isotypes in normal human serum (HS) samples—competitive
inhibition specificity testing. Serum samples were pre-incubated with
purified CHO-HCP at concentrations of 0, 10, 100, and 500 μg/ml,
respectively, prior to being analyzed in the antibody isotyping assays
using the mouse anti-human Ig isotype antibody–HRP conjugates
detectors
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sample pretreatment with CHO-HCP in the competitive
inhibition assay and observation of similar high OD readings
on the uncoated and coated plates. On the contrary, the IgG4
type reactivity present in samples HS-8 and HS-43 was
confirmed specific for CHO-HCP in both methods (Fig. 5
and Table VIII).

Taken together, the specificity testing results obtained in
the competitive inhibition assay and the uncoated plate
testing were consistent. The specificity of the various anti-
CHO-HCP antibody isotypes present in human serum
samples was confirmed by both methods.

DISCUSSION

Assessment of unwanted immunogenicity of therapeutic
biologics in humans is an important aspect of drug safety
evaluation (12). A risk-based immunogenicity assessment
approach is recommended and generally accepted by the

industry. Besides the detection of neutralizing antibodies and
identification of anti-drug antibody (ADA) binding epitopes
for the high-risk category drugs, additional characterization of
the ADA isotypes in humans may assist in evaluating the
immune response progression and provide mechanistic
insight for the immunogenicity response development (8,13).
For example, an IgA anti-drug antibody response might be
observed after the administration of some inhaled therapeutic
proteins (14). Repeated, long-term antigenic stimulation with
T cell-dependent antigens may lead to a marked IgG4
antibody response (15). The IgG responses to a variety of
allergens are predominated by IgG1 and IgG4. With several
allergens, during the antibody response to desensitization/
immunotherapy, initially mainly IgG1 was formed, whereas
IgG4 became more prominent after 1–2 years (16,17). IgG2 is
predominantly produced in response to polysaccharide anti-
gens (18).

Circulating human antibodies reactive with animal pro-
teins have been observed in normal humans. The prevalence
of people positive for anti-mouse antibodies (HAMA) and
antibodies to other species varies widely ranging from 0.3%
to 80% (19). The causes of anti-animal antibodies include
blood transfusion (20), vaccination against infectious diseases
(21,22), maternal transfer across the placenta to the unborn
child (23,24), keeping of animals as pets (25), and so on. The
human anti-animal antibodies can be of the IgG, IgA, IgM,
or, rarely, the IgE class (19,26–28).

The presence of antibody reactivity to CHO-HCP was
observed in high prevalence (54%) in normal individuals with
no known exposure to therapeutic biologics. Although the
origin of such anti-CHO-HCP antibody reactivity in humans
is unclear, characterization of the antibody isotypes may
provide insight for the composition of the anti-CHO-HCP
reactivity. The anti-CHO-HCP antibody isotyping and specif-
icity confirmation experiments were performed sequentially.
The specificity of the isotyping reagents, mouse anti-human Ig
isotype antibody–HRP conjugates, and the biotinylated
mouse anti-human Ig isotype was confirmed upon the reagent
specificity testing. No cross-reactivity with other than the
designated Ig isotype was observed.

Table VII. Confirmation of the Specificity of the Anti-CHO-HCP
Antibody Isotypes in Normal Human Serum Samples—Uncoated

Plate Specificity Testing

Human serum lg Isotypes

Mean OD

Reported asCoated Uncoated

HS-23a a-lgG1 0.080 0.099 Negative
a-lgG2 0.076 0.066 Negative
a-lgG3 0.084 0.119 Negative
a-lgM 0.276 0.183 Negative

HS-39 lgG1 1.791 0.092 Positive/Specific
HS-40 lgG1 2.721 0.100 Positive/Specific

lgG2 3.043 0.076 Positive/Specific
HS-3 lgG1 2.069 0.088 Positive/Specific

lgG2 0.367 0.069 Positive/Specific
lgM 1.037 1.248 Positive/Non-specific

HS-8 lgG3 1.211 0.144 Positive/Specific
lgM 0.476 0.084 Positive/Specific

HS-44 lgM 1.378 0.132 Positive/Specific

Samples were analyzed on the CHO-HCP-uncoated and -coated plates
using the mouse anti-human Ig isotype antibody-HRP detectors
aTested negative for anti-CHO-HCP reactivity

Fig. 5. Confirmation of the specificity of the IgG4 type anti-CHO-
HCP antibody in normal human serum (HS) samples—competitive
inhibition specificity testing. Serum samples were pre-incubated with
purified CHO-HCP at concentrations of 0, 10, 100, and 500 μg/ml,
respectively, prior to being analyzed in the antibody isotyping assays
using the biotin mouse anti-human IgG4 antibody detector in
conjunction with avidin-D-HRP

Table VIII. Confirmation of the Specificity of the IgG4 Type Anti-
CHO-HCP Antibody in Normal Human Serum (HS) Samples—

Uncoated Plate Specificity Testing

Human serum

Mean OD

Reported asCoated Uncoated

HS-8 2.517 0.121 Positive/Specific
HS-41 0.573 0.598 Positive/Non-specific
HS-43 0.477 0.144 Positive/Specific
HS-6a 0.127 0.147 Negative
HS-23a 0.080 0.071 Negative
HS-63a 0.119 0.124 Negative
HS-B13a 0.094 0.084 Negative
HS-B14a 0.079 0.081 Negative

Samples were analyzed on the CHO-HCP-coated and uncoated
plates using the biotin mouse anti-human IgG4 antibody detector in
conjunction with avidin-D-HRP
aTested negative for anti-CHD-HCP reactivity
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The presence of IgG type anti-CHO-HCP reactivity
suggested the maturity of the anti-CHO-HCP antibodies in
the human individual serum samples tested in this study. IgG
is predominantly involved in secondary immune response,
and IgM is the first antibody to appear in response to an
initial exposure to an antigen. The anti-CHO-HCP reac-
tivity was not isotypically restricted. Some serum samples
exhibited single isotypic anti-CHO-HCP reactivity, while
others contained a mixture of multiple anti-CHO-HCP
antibody isotypes.

The use of the biotinylated mouse anti-human IgG4
antibody in conjunction with the avidin-D-HRP detector
system provided output signal amplification so as to increase
the IgG4 detection sensitivity. For this reason, two out of the
15 anti-CHO-HCP-positive human serum samples tested
positive for IgG4 reactivity when using the biotinylated
mouse anti-human IgG4 and avidin-D-HRP detector system,
but negative when using the mouse anti-human IgG4-HRP
one step detection. Overall, IgG4 reactivity was detected in
low abundance compared to other IgG subclasses. Low
binding affinity and the potential monovalency of IgG4 may
have reduced the chance of the IgG4 type anti-CHO-HCP
reactivity detection (15,29). The IgG4 detection reagents
(anti-human IgG4-HRP and biotin-anti-human IgG4) were
not considered accounting for the low level of IgG4 detection
because both detectors produced strong IgG4-binding signals,
comparable with those from the detection of other IgG
subclasses in the reagent specificity testing.

Despite the multiple assay conditions evaluated, IgE
type anti-CHO-HCP reactivity was not detected in the tested
human serum samples using the one-step mouse anti-human
IgE-HRP detection nor the two-step detection with biotiny-
lated mouse anti-human IgE. IgAwas not tested in this study.

It is understandable that IgG1 type reactivity (66.6%)
prevails in the normal individual serum samples tested, and
33.3% of the samples tested had specific IgG3 type reactivity.
IgG1 and IgG3 are the most frequently presented isotypes in
the antibody response to protein antigens. The remarkable
observation is the high prevalence (60%) of the specific IgG2
type anti-CHO-HCP reactivity. The IgG2 subclass is gener-
ally, if not exclusively, restricted to the anti-carbohydrate
antibodies evoked by the polysaccharide antigens in a T cell-
independent manner (18). It is postulated that the individuals
that exhibit IgG2 type anti-CHO-HCP reactivity must have
prior exposure to the carbohydrate components of glycopro-
teins or carbohydrates from other sources that are homolo-
gous to the CHO-HCP. The competitive inhibition assays
conducted by pre-incubating samples with the soluble CHO-
HCP confirmed the IgG2 isotypic specificity to CHO-HCP in
the tested samples given that the dose-dependent signal was
substantially reduced. This does not rule out the possibility of
the anti-carbohydrate reactivity having originated from
exposure to glycoproteins or carbohydrates unrelated to
CHO-HCP.

In general, manufacturing processes for therapeutic drug
products are developed to minimize the level of CHO-HCP
that patients receive during drug administration. As the CHO
proteins are composed of a broad spectrum of proteins, the
exposure to any individual protein is much lower. It is
considered a low-risk event for the trace amount of CHO-
HCP associated with a drug product to induce anti-CHO-

HCP immune response post-drug administration. In a study
reported by Ingerslev et al. (30), anti-CHO cell lysate
antibodies were detected in hemophilia A patients prior to
and post the recombinant human factor VIII (Recombinate)
treatment, though the source of CHO-HCP and other
reagents, assay formats, assay conditions, and the data
analysis method were different from what were used in our
study. No adverse events associated with the development or
presence of anti-CHO cell lysate antibodies was reported in
hemophilia patients. The presence of anti-CHO-HCP anti-
bodies may become a practical issue when the level of an
individual CHO-HCP associated with a drug product is above
levels associated with induction of immune responses or
levels expected to cause significant reactivity with these pre
existing antibodies. In this regard, understanding the preva-
lence and the isotypic complexity of the endogenous anti-
CHO-HCP antibodies in normal humans may aid in evaluat-
ing the potential impact of these antibodies after adminis-
tration of a CHO cell-derived therapeutic protein.

CONCLUSIONS

The antibody reactivity to CHO-HCP has been
characterized and confirmed in normal human serum
samples. Data presented in this study suggest the preva-
lence and the isotypic complexity of the anti-CHO-HCP
reactivity present in normal humans. Understanding of the
prevalence and isotypic complexity of the anti-CHO-HCP
reactivity in normal humans may be beneficial to charac-
terizing the immunogenicity response to CHO cell-derived
therapeutic biologics.
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