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ABSTRACT

Aim: The aim of this work was to investigate the correlation between anti drug antibody
(ADA) induction and how different manufacturing processes of biopharmaceuticals affect
the immunogenicity of the protein. This was done by testing four different batches of the
same recombinant human protein in transgenic (Tg) mice.

Methodology: Wild type (Wt) and human protein-transgenic (Tg) mice were challenged
by repeated subcutaneous injections of four batches of a drug candidate protein, obtained
by different purification methods. Differences between drug-specific IgG1, 1gG2a, 1gG2b,
lgG3 and IgM antibody patterns produced in Tg vs. Wt mice were investigated and
compared to the plasma cytokine profiles. A conventional ELISA was used as a reference
method for ADA detection.

Results: ADA responses detected in Tg mice were mainly of the IgG1 subclass and
occurred only in significant response to the batch containing the highest level of proteins
originating from the recombinant host cells. Wt mice, on the other hand, showed a
combined 1gG1/IgG2b response to all drug batches, except to the batch with the highest
purity. The most pure batch failed to induce significant ADA in both Wt and Tg animals,
suggesting host cell derived impurities to be a strong contributing factor to the antibody
responses observed.

Conclusion: Thus, an isolated IgG1 response in drug-tolerant Tg mice may serve as a
potential biomarker of an immunological reaction to process-related impurities of the
protein drug. In contrast, a combined 19G1/IgG2b-profile, as observed in immunoreactive
Wt mice, more likely reflects a xeno-response.

Keywords: ADA; biopharmaceuticals; manufacturing process; tg mice; Ilg subclasses;
cytokine profile; batch variation.

1. INTRODUCTION

Many pharmaceutical companies all over the world expand their pipeline with
biopharmaceuticals as a result of their many advantages. High molecular weight drugs, e.g.
monoclonal antibodies and other therapeutic proteins are highly target specific, with no toxic
metabolites and therefore cause fewer side effects compared to chemically synthesized low
molecular weight (LMW) drugs [1]. Further, the specific binding properties of
biopharmaceuticals often exclude off-target interactions that are commonly observed with
LMW drugs. However, recombinant proteins may carry species-specific epitopes or post-
translational modifications that can trigger an immune response in the host [2] through one
of several potential mechanisms [3]. These include, but are not limited to, increased uptake
by antigen-presenting cells, antibody binding and increased uptake by B cells, or the
generation of novel T cell epitopes [4]. As a consequence ADA may be generated. Presence
of these antibodies can perturb the pharmacology the drug and even inhibit its efficacy [5].
ADA may even disturb normal function of the endogenous protein counterpart leading to
autoimmunity [6]. Moreover, ADA-mediated hypersensitivity reactions can also occur [7,8].

Class- or subclass determination of ADA is not compulsory in pre-clinical drug development
studies today [9], while clinical studies indeed require these analyses as part of the
characterization package required for drug approval [10]. Filling this gap by identifying
potential ADA- subclass responses already at the preclinical stage of drug development may
permit an understanding of immunogenicity issues for a therapeutic protein before entering
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the clinical development phase. In fact, a combination of defining structural elements of the
drug making it immunogenic as well as understanding biological function and pathogenic
effects of ADA [11,12] may more efficiently aid safer drug development.

Human IgG1 and IgG3 fix complement and respond to protein antigens; the corresponding
antibody subclasses in mice are IgG2a and IgG2b [13], induced by Th1 cells [14]. IgG4
responses in humans are mainly seen as ADA responses in patients treated for chronic
diseases [15,16], e.g. Hemophilia a patients treated with human recombinant FVIII [17].
Human IgG4 is functionally similar to murine IgG1 [18] and is induced by Th2 cells [19]. To
our knowledge an attempt to correlate various structural modifications of a
biopharmaceutical to ADA subtype profiles has previously not been reported.

Today, several of the biopharmaceutical drugs tested in preclinical studies are fully human
with respect to amino acid sequences, e.g. interferons [20], erythropoetin [21], monoclonal
antibodies [22] and coagulation factors [23]. As expected, animals will mount an immune
response against species-specific determinants on human proteins — a so called xeno-
response. However, human protein sequences may be immunogenic in humans as well, and
give rise to ADA suggesting that additional structural determinants besides the peptide
sequence determine immunogenicity [24]. By using Tg animal models some of the species-
specific xeno responses may be avoided and thereby facilitate the drug development
process. Tg mouse models expressing the human protein developed as a drug candidate,
could potentially allow for studying ADA in a more subtle environment. Additionally, such a
Tg model could also be a useful tool when investigating relative immunogenicity during batch
process development/optimization. In these cases, Tg models could help monitor and
assess factors that could potentially promote development of ADA later in clinical trials.
Today, data on immunogenicity is not part of the criteria for clinical batch selection in
regulatory studies. ADA data is only used to help explaining observed toxicities and
deviating pharmacological effects of the drug.

Production of recombinant therapeutic proteins is highly complex and various factors during
the upstream and downstream processes (Table 1) can affect the structure of the drug and
thereby its immunogenicity. Further, factors hitherto unknown may also affect immunologic
properties of the drug.

Table 1. Chemistry, manufacturing and control (CMC)-related factors contributing to
the increased risk of immunogenicity of biopharmaceuticals

Upstream process (Expression systems)
» Selection of host cell and strain types
— various glycosylation patterns
»  Culture conditions, temperature, pH
Downstream processing and purification
* pH, salt concentration, extraction steps,
purification and concentrations steps, impurities,
host cell proteins, endotoxins
— Aggregation
— Oxidation (Loss of activity)
— Deamidation (Loss of activity)
— Loss of glycosylations
+ Storage
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Results from a previously published methodological paper described the development of the
current multiparametric bead analysis assay using the same protein but in Wt mice only [25].

Based on this analytical method we have for the first time compared the immune response
against a recombinant human plasma protein in Tg and Wt mice with regard to
immunoglobulin class and subclass profiles produced. Batch variations due to differences in
manufacturing methods as well as strain-specific responses were reflected by unique
immunoglobulin expression and suggest antibody profiles as potential biomarkers for
improved risk assessment of immunogenicity.

2. MATERIALS AND METHODS
2.1 Assays and Reagents

2.1.1 Batches of recombinant human protein candidate druq

The recombinant protein was produced in Chinese Hamster Ovarian (CHO) cells. Four
different batches of a recombinant human plasma protein were obtained from AstraZeneca’s
early process development. The recombinant human product was not aggregation prone.
Impurities detected by size exclusion chromatography (SEC) were mainly fragments and/or
degradation products (Table 2). Endotoxins were measured using the Limulus Amebocyte
Lysate (LAL)-method [26], host cell protein content was determined by an
immunoenzymetric method (Cygnus, Southport, North Carolina) and DNA content was
determined by a PicoGreen assay.

2.1.2 Wild type and immune-tolerant transgenic mice

The human protein expression construct was injected into the pronucleus of the one cell
stage embryo of B6CBA mice and was randomly integrated. DNA encoding the human
plasma protein was expressed under the phosphoglyceryl kinas promotor, a constitutive
promoter. In the chosen mouse line, expression of the recombinant human protein was
confirmed by analysis of plasma samples, and the expression level was 0,1-1 pg/ml plasma.

Further breeding of the chosen mouse strain was done in C57BL/6. Tg mice used in the
study were identified by genotyping and their Wt litter mates were the source of Wt animals.

Table 2. Characteristics of the recombinant protein batch 1-4 used in this study

Batch Endotoxin  Host cell DNA (ppm) Purity by No of
(endotoxin  protein (ppm) SEC (%) chromatography
units/mg) steps in purification
1 0.1 20 5 97.9 2
2 3 6 6 98.6 2
3 0.3 1 5 99.5 2
4 0.3 8 <0.05 97.7 3

2.1.3 Immunization

The mice were approximately 8 weeks at the start of dosing (Table 3). A total of 4
subcutaneous injections were given, distributed as single doses (1 mg/kg) every second

2514



British Journal of Pharmaceutical Research, 4(21): 2511-2524, 2014

week in individualized dose volumes based on body weight. All animal experiments
described in this paper were performed in accordance with Swedish law regulating animal
experimentation.

Table 3. Number of animals included in each dose group in the immunogenicity assay
and the ELISA

Multi-parametic assay ELISA
Wi Tg Wi Tg
Batch 1 4 4 10 10
Batch 2 4 4 10 10
Batch 3 4 4 4 7
Batch 4 4 4 10 10

2.1.4 Plasma samples

Blood samples were collected in K-EDTA tubes pre-dose and two weeks after the last
injection from the orbital plexus of Wt and Tg mice under isoflurane and oxygen (O,)
anaesthesia. The cells were spun down, the plasma collected and stored at -70°C until
testing.

2.1.5 Multiparametric bead analysis

ADAs were measured by a previously refined and validated multiparametric bead analysis
assay that allows detection of multiple antibody classes and subclasses in a single sample
using the Luminex-100® platform [25,27]. Shortly, polystyrene beads, dyed with various
ratios of fluorophores, are conjugated with anti-antibodies specific for IgG1, IgG2a, 1gG2b,
IgG3, IgA and IgM, making identification of a specific anti-drug antibody class possible.
Biotinylated drug is then added for the assay to distinguish between drug-specific and non-
specific antibodies after addition of streptavidin-phycoerythrin (PE) The readout is
fluorescence intensity (FI) allowing anti-drug antibodies of various subclasses and isotypes
to be semi-quantified in one single sample.

2.1.5.1 Positive and negative control

A commercial solution containing a known concentration of mouse monoclonal IgG1
antibodies specific for the protein was used as positive control. A pre-dose sample was used
as a negative control for each individual animal.

2.1.5.2 Verification of specificity by pre-incubation

Potentially positive samples having values above the cut point (described in section 2.3)
were further characterized by confirming the specificity of the reaction. This was done by
competitive inhibition of antibody binding to the drug by potentially positive serum samples.
A representative number of positive plasma samples from Tg animals immunized with
protein of all four different batches were diluted to their IgG1 cut-off titres, meaning the
dilution required to reach cut point. Plasma samples adjusted to the optimal titre were pre-
incubated with an optimal concentration of drug (200 pg/ml) as previously established [25].
True positive samples showed a reduction in signal strength or became negative, i.e. below
the cut point.
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2.1.6 ELISA

ADA titers in pre-/post-dose samples from the same Wt and Tg mice treated with the
recombinant human plasma protein have previously been measured with ELISA and the
antibody-responses to the different batches ranked according to relative titers. A commercial
screening kit (Organtec Diagnostica GmbH, Germany) specific for the drug was used, and
the procedure carried out according to the instructions of the manufacturer. Since the kit was
designed for human samples, the provided anti-human secondary antibody was substituted
with a secondary HRP-conjugated polyclonal rabbit anti-mouse antibody recognizing mouse
IgG1, 1gG2a, 1gG2b, IgG3, IgA and IgM (cat.no P0260; DakoCytomation, Copenhagen,
Denmark). The assay was performed on the ELI-8 system supplied by Tecan Nordic AB
(MéIndal, Sweden). Serum was diluted 1:100 and thereafter 1:5 until the concentration was
within the detection range of the kit. A standard curve with a range between 6.3 and 100
U/mL was used on each plate. The mean value (U/mL) of a total ADA response (all IgG, IgA
and IgM subclasses) from each dose group was ranked according to the response against
the different batches of protein drug, and compared with equivalent data generated from the
Luminex®-based assay described in 2.1.5.

2.1.7 Cytokine assay

A commercial mouse cytokine-specific analysis kit from Millipore (Solna, Sweden) was used
and included IL-12, IL-2, IFN-y for Th1 and IL-4, IL-5 and IL-10 for Th2 responses. The
procedure was carried out according to the instructions provided by the manufacturer.

2.2 Statistical Analyses

Fluorescence intensity (FI) was the read-out from the multi-parameter (Luminex®) assay and
data from the ELISA was generated as U/mL derived from optical density (OD) values. Log
transformed data showed normal distribution and the paired t-test was used to statistically
verify the differences between pre- and post-dose samples in the antibody subclass
screening and cytokine profiles. Differences were considered statistically significant if p-
values were <0.05.

The screening cut point was calculated based on background values of pre-dose samples
and set to 22.1 (equal to 10'%*) for Tg animals according to ref [28]. By using 95%
confidence interval when calculating the cut points, at least 5% false positive samples are
expected, thereby reducing the risk of missing false negative samples. Further, a second cut
point, known as the specificity cut point, is used to statistically confirm true positive samples.
The specificity cut point was set to 65.5% in Tg mice based on competitive binding of
negative plasma. Thus, 65.5% decrease in signal from potentially positive samples will be
required after pre-incubation with drug to be deemed as true positives. For details see ref
[28].

Tg Screening cut point= mean (12.9) + 1.645 x Standard Deviation (5.6)
Screening cut point= 22.1

Tg Specificity cut point was calculated accordingly;

y= mean of log transformed ratio (0.0767) — 3.09 x SD (0.174)
Specificity Cut point = 100 x (1- antilog value y), y= -0.462
Specificity cut point = 65.5%
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3. RESULTS

3.1 Antibody Subclass Distribution of ADA in Transgenic Mice Expressing the
Human Drug Protein Used for Immunization

Pre- and post-dose samples from Tg mouse plasma, in 100x dilution, were analysed for
drug-specific IgG1, IgG2a, IgG2b, IgG3 and IgM antibodies. IgG1 was significantly increased
(p=0,05) as an effect of immunization with batch 4 (Fig. 1a and Table 4). A majority of the
animals, 11/15 (73%), were scored as positive for IgG1 to any of the batches used for
immunization. The proportion of animals with a positive response to a given batch is shown
in (Table 4). All positive samples were further pre-incubated with excess of drug and drug-
specificity was confirmed. No significant changes or positive responses were observed with
respect to lgG2a, IgG2b, 1gG3 or IgM.

Transgenic Mice
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Fig. 1a. ADA response in Tg mice. Logarithmic mean value +SD from each dose group
are shown. IgG1 was significantly increased (p=0,05) after administration of batch 4

3.2ADA in Wild Type Mice Immunized with the Human Drug Protein,
Multi-parametric Bead-analysis

In the same way as for Tg mice, pre- and post-dosing samples, in x100 dilution, were
analysed for drug specific IgG1, IgG2a, 19G2b, 1gG3 and IgM antibodies in Wt mice. A
significant increase in IgG1 was observed against batch 1 (p<0,05), batch 2 (p<0,05) and
batch 4 (p<0,0001) of the administered drug (Fig. 1b and Table 4). A majority of Wt animals,
13/14 (93%), were scored as positive for IgG1 and 9/14 (64%) were scored as positive for
IgG2b. The proportion of animals with positive results to a given batch is shown in (Table 5).
All positive samples were further pre-incubated with excess of drug and drug-specificity was
confirmed. No significant changes or positive responses were observed with respect to
IgG2a, 1IgG3 or IgM.

3.5 Multi-parametric Vs. ELISA Data

Multi-parameter bead analysis data was further validated using ELISA as a reference
method. The results, as demonstrated in (Fig. 2 and Table 6), show that the antibody
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response patterns are similar irrespective of which assay is used. Both assays identified
batch 4 as being most immunogenic in Wt mice and batch 1 as being most immunogenic in
Tg mice in the validation study.

Wild Type Mice

BEBatch 1

O Batch 2

B Batch 3
O Batch 4

pre post

18G1

Fig. 1b. ADA response in Wt mice. Logarithmic mean values +SD of each dose-group
are represented. IgG1 was significantly increased after administration of batch 1
(p<0,05), 2 (p<0,05) and 4 (p<0,0001)

Table 4. Statistical evaluation (p-values derived by student’s paired t-test) of
increases in ADA as an effect of repeated s.c immunization (n=4) with four different
batches of a human recombinant protein in Tg and Wt mice, respectively. Significant
increases are shown in bold text

Tg Wit
IgG1 IgG2a I1gG2b 1gG3 IgM IgG1 IgG2a 1gG2b I1gG3 IgM
Batch1 0,06 0,23 0,91 0,25 0,83 <0,05 0,22 0,14 0,17 0,33
Batch2 0,09 0,65 0,55 0,75 0,27 <0,05 0,07 0,43 0,28 0,16
Batch3 0,40 0,27 0,28 0,37 0,77 0,10 0,08 0,45 0,43 0,11
Batch4 0,05 0,78 0,78 0,47 0,31 <0,0001 0,30 0,06 0,09 0,14

Table 5. Proportion of positive animals per each batch of protein

_Tg Wit
IgG1 IgG1 IgG2b
Batch 1 3/3* 3/3* 3/3*
Batch 2 3/4 3/3* 1/3*
Batch 3 1/4 3/4 1/4
Batch 4 4/4 4/4 4/4

Groups marked with * had animals excluded due to a methodological error, and therefore results from
these groups were calculated on three animals instead of four

3.6 Cytokine Profile
To examine whether the drug-induced response was Thi- or Th2-mediated, and also to

investigate potential differences in cytokine patterns and correlate these with the different
antibody responses in Wt and Tg animals, cytokine analyses were performed. The
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expression levels of individual cytokines differed between Wt and Tg mice as well as
between different batches of the protein drug (Table 7). Cytokine levels were in general
higher in Wt mice, both pre- and post-dosing. This correlated with the higher levels of
induced drug-specific antibodies seen in Wt mice compared to Tg mice post-dosing. Wt-mice
responded with significant down-regulation of IL-12 and up-regulation of IL-4 and IL-5 when
injected with batch 4; the same batch inducing a significant ADA response in these mice. Tg
mice also responded with significant down-regulation of IL-12 after treatment with batch 4.

Table 6. Ranking of antibody subclass response; based on total drug-specific (ADA)
Ig titers. Grading goes from the least to the most immunogenic batch in each mouse
strain as measured by the multi-parametic assay and ELISA, respectively

Multiparametric assay Conventional ELISA
Batch no Batch no
Wild type mice 3<2<1<4 2<3<1<4
Transgenic mice 3<2<4<1 2<3<4<1
Multiparametric ADA-assay Conventional ELISA
100000
10000 I F
I
100 - .
T I _E_ mWile type
1 L — = Transgenic
10 -
Bztch 1 Batch 2 Batch 3 Eakch 4 Batch 1 Betch 2 3atch 3 Betch <

Fig. 2. Mean protein-specific (ADA) total Ig responses in wild type and transgenic
mice as determined using multi-parametric bead analysis and ELISA

4. DISCUSSION

Responses against therapeutic proteins are in most cases not translational between species,
and hence the predictive value of pre-clinical immunogenicity studies for relevance in
humans is considered low [29]. However, we think transgenic mouse models, in which
human proteins are expressed, can be part of a solution to overcome problems, e.g. xeno-
responses, with translating data obtained in the mouse to the human situation [30]. Tg
mouse models, expressing human therapeutic proteins, may allow detection of drug-specific
antibody responses induced by similar or identical mechanisms as expected in patients
receiving the drug [31]. This may be so because in both cases, an ADA-response requires
breaking tolerance against self [32]. It should be emphasized though, that also a human
protein expressed in the mouse may carry post-translational modifications that are not seen
on the protein endogenously expressed in man. Thus, there may still be species-specific
differences in the antibody response towards a human protein in man and a Tg mouse
expressing the human protein (e.g. Toll-like receptors [33] and major histocompatibility
complex (MHC)). Nevertheless, transgenic models may help elucidate mechanisms of
human protein immunogenicity such that improved predictive tools can be developed.
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Table 7. Cytokine expression in wild type and transgenic mice after a total of four s.c injections with a recombinant human
plasma protein. Results are presented as mean concentration (pg/ml) cytokine expression pre- (in brackets) and post-dose.
Statistically significant changes (student’s paired t-test) are shown in bold text

Tg wit
Batch 1 Batch 2 Batch 3 Batch 4 Batch 1 Batch 2 Batch 3 Batch 4

THA1 IFN-y  (0,0) 0,0 (0,0) 0,0 (0,0)1,5 (1,3) 0,0 (13,2) 19,9 (47,8) 24 8 (10,0) 20,0 (23,7) 15 6

IL-2 (0,0) 0,0 (0,3) 0,0 (0,6) 0, 1 (1,1) 0,0 (5,1) 9,7 (12,1)7 (4,38) 0,0 (6,57) 6

IL-12  (4,9) 0,7 (5,4) 6,7 (6,8) 4 (6,0) 3,0 (29,1) 20,4 (29,6) 116 8 (22,5)184 (36,1) 21 ,6
TH2 IL-4 (0,0)1,0 (0,0) 2,2 (0,4) 1 (0,8) 0,0 (0,0)1,5 (1,1) 62,7 (1,9 1,4 (0,65) 11,8

IL-5 (9,5) 17,4 (8,6) 11,6 (15,0) 13 1 (8,9) 12,2 (9,2) 14,7 (14,0) 34,7 (12,7) 13,3 (9,21) 38,6

IL-10  (1,0) 2,2 (2,6) 0,6 (1,7) 2 (2,4) 0,3 (38,1) 40,9 (45,2) 82,3 (36,0) 34,1 (56,8) 70,2
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We have previously developed an assay that allows identification and semi-quantification of
several classes and subclasses of ADAs in a small volume of mouse plasma [25]. Today
regulatory bodies require that antibody subclass identification is done as part of
immunogenicity studies in clinical trials when ADA reactions are identified, but not in pre-
clinical studies. To investigate the value of filling this gap, we set out to validate the use of
our assay in Wt and Tg mice subcutaneously challenged with a human protein drug.

Our results showed that both Tg mice and Wt mice, injected with a recombinant human
plasma protein, induced ADA of subclass IgG1. However, Wt mice presented a positive ADA
response also of subclass IgG2b, according to the statistically calculated cut point, even
though significance between pre- and post-dose samples could not be shown by evaluating
the intensity of this response. These results suggest that the IgG2b response seen in Wt
mice is more of a species-specific, mouse anti-human response, while the IgG1 response,
seen in both Wt and Tg mice, more reflects a direct product-related and batch-specific
response.

Immune-tolerant mouse models have continuously been generated [34,35,36] for studying
immunogenicity against structural changes of recombinant human proteins. However,
antibody-subclass profiling as a tool to estimate relative immunogenicity related to batch
quality of an identical drug is not commonly, if at all, investigated. Subclass profiling is
recommended in clinical trials of biopharmaceuticals, and for establishment of clinical
significance. Since subclass discrimination is obviously of importance in human trials [10],
we suggest that murine subclasses and their clinical relevance In vivo must be further
explored. Improved knowledge on murine ADA-classes and -subclasses could reveal their
possible value for prediction of drug immunogenicity in human.

When investigating ADA responses against the different batches of the recombinant human
protein, results showed that the batch with the highest purity (No 3) was the only one that did
not induce significant levels of ADAs in Wt mice, and this was even more pronounced in tg
mice, suggesting that impurities in the remaining batches indeed were a contributing factor
for induction of immunogenicity [37]. Interestingly, despite the extra purification step for
batch 4, this particular formulation still induced relatively high levels of ADA. Specific
components causing this immunogenicity may be host cell-related, since 8 ppm still was
present in this formulation. Also, the 97.7% purity seen with this batch was the lowest among
the tested batches allowing also other non-detected hitherto unknown impurities as
candidates for causing immunogenicity.

Plasma cytokine profiles were determined in order to indirectly delineate the ADA response
at the T cell level. Results showed a significant up-regulation of Th2 (IL-4 and IL-5) related
cytokines in Wt mice, together with down-regulation of Th1 (IL-12) in both Wt and Tg mice
after treatment with batch 4. Cytokine profile results together with the significant ADA
response against batch 4, in all strains, further strengthen the hypothesis that host-related
impurities in batch 4 are responsible for the immunogenicity. However, since the half-life of
cytokines is short their potential for acting as biomarkers is weak and cytokine data is
preferable used only to support other findings but not as stand-alone markers.

To verify results from the multi-parameter bead analyses, identical plasma samples were
measured with regard to total I9gG, IgA and IgM responses using ELISA. The results from the
ELISA and the multiparametic-bead analysis were similar and both assays identified batch 4
as most immunogenic in Wt mice. However, the multiparametic-bead analysis requires 20
times less volume to screen for five classes of ADA compared to a conventional bridging
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ELISA, making it possible to include immunogenicity screening with the Luminex®-based
assay in preclinical toxicological and efficacy studies. Fewer animals can thus be used and
more information extracted in immunogenicity studies relying on the detection and semi-
quantification of ADA with the Luminex®-based assay.

5. CONCLUSION

In conclusion, different batches of a recombinant human plasma protein induced different
patterns of ADA subclasses in Wt (IgG1 and IgG2b) as compared to immune-tolerant Tg
mice (IgG1 only). The proportion of ADA-positive animals in each treated group could serve
as a marker for batch impurities as both Tg and Wt animals correctly identified the same
batch as least pure. The multi-parameter bead assay used in this study generated data that
also could be confirmed by ELISA.

As a new approach for elucidating mechanisms associated with immunogenicity to
biopharmaceuticals we have investigated ADA-subclasses and their potential as biomarkers
for immunogenicity of human recombinant protein drugs, comparing Wt and immune-tolerant
Tg mice as models.

CONSENT

Not applicable.

ETHICAL APPROVAL

Not applicable.

COMPETING INTERESTS

Authors have declared that no competing interests exist.
REFERENCES

1. Leader B, Baca QJ, Golan DE. Protein therapeutics; a summary and pharmacological
classification. Nat Rev Drug Disc. 2008;7:21-39.

2. U.S Department of Health and Human Services Food and Drug Administration (FDA).
Guidance for Industry. Immunogenicity Assessment for Therapeutic Protein Products.
Accesses February 2013.
Available:http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnform
ation/Guidances/UCM338856.pdf

3. Sauerborn M, Brinks V, Jiskoot W, Schellekens H. Immunological mechanism
underlying the immune response to recombinant human protein therapeutics. Trends
Pharmacol Sci. 2010;31(2);53-9.

4. De Groot AS, Martin W. Reducing risk, improving outcomes: Bioengineering less
immunogenic protein therapeutics. Clin Immunol. 2009;131(2):189-201.

5. Shankar G, Pendley C, Stein KE. A risk-based bioanalythical strategy for the
assessment of antibody immune response against biological drugs. Nat Biotechnol.
2007;25(5):555-61.

6. Lofgren JA, Wala I, Koren E, Swanson SJ, Jing S. Detection of neutralizing anti-
therapeutic protein antibodies in serum samples containing high levels of the
therapeutic protein. J Immunological Methods. 2006;308(1-2):101-8.

2522



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

British Journal of Pharmaceutical Research, 4(21): 2511-2524, 2014

Schellekens H. Immunogenicity of therapeutic proteins: Clinical Implications of future
Prospects. Clin Ther. 2002;24(11):1720-40.

Scherer K, Spoerl D, Bircher AJ. Adverse drug reactions to biologics. J Dtsch
Dermatol Ges. 2010;8(6):411-26.

International conference on harmonization of technical requirements for registration of
pharmaceuticals for human use. Preclinical safety evaluation of biotechnology-derived
pharmaceuticals S6 (R1). Assessed June 2011.
Available:http://www.ich.org/fileadmin/Public Web Site/ICH Products/Guidelines/Safe
ty/S6 R1/Step4/S6 R1 Guideline.pdf.

European Medicines Agency (EMA). Guideline on Immunogenicity Assessment of
Biotechnology-derived Therapeutic Proteins. Assessed December 2007.

Available: https://www.tga.gov.au/pdf/euguide/bmwp1432706en.pdf.

Soundararajan S, Kikuchi Y, Joseph K, Kaplan AP. Functional assessment of
pathogenic IgG subclasses in chronic autoimmune articaria. J Allergy Clin Immunol.
2005;115(4):815-21.

Lee HA, Kwon B, Hur GY, Choi SJ, Nahm DH, Park HS. Isotype and IgG Subclass
Distribution of Autoantibody Response o Alpha-enolase Protein in Adult Patients with
Severe Asthma. Yonsei Med J 2008;49(6):929-30.

Hussain R, Dawood G, Abrar N, Toossi Z, Minai A, Dojki M, et al. Selective Increases
in Antibody Isotypes and Immunoglobulin G Subclass Responses to Secreted
Antigens in Tuberculosis Patients and Healthy Household Contacts of the Patients.
Clin Diagn Lab Immunol. 1995;2(6):726-32.

André S, Meslier Y, Dimitrov JD, Repessé Y, Kaveri SV, Lacroix-Desmazes S, et al. A
cellular viewpoint of Anti-FVIII immune response in hemophilia A. Clin Rev Allergy
Immunol. 2009;37(2):105-13.

Buttler 1C, Chamberlain P, Chowers Y, Ehmann F, Greinacher A, Jefferis R, et al.
Taking immunogenicity assessment of therapeutic proteins to the next level.
Biologicals. 2011;39(2):100-9.

Sethu S, Govindappa K, Alhaidori M, Pirmohamed M, Park K, Satish J.
Immunogenicity to Biologics: Mechanisms, Predicition and Reduction. Arch Immunol
Ther Exp (Warsz). 2012;60(5):331-44.

Whelan SF, Hofbauer CJ, Horling FM, Allacher P, Wolfsegger MJ, Oldenburg J, et al.
Distinct characteristics of antibody responses against factor VIII in healthy individuals
and in different cohorts of hemophilia A patients. Blood. 2013;121(6):1039-48.

Reipert BM, Ahmad RU, Turecek PL, Schwarz HP. Characterization of Antibodies
Induced by human Factor VIII in a murine Knockout model of Hemophilia A. Thromb
Haemost. 2000;84(5):826-32.

Wu H, Reding M, Qian J, Okita DK, Parker E, Lollar P et al. Mechanism of the Immune
Response to Human factor VIII in Murine Hemophilia A. Thromb Haemost.
2001;85(1):125-1383.

Van Beers, MM, Gilli F, Schellekens H, Randolph TW, Jiskoot W. Immunogenicity of
recombinant human interferon beta interacting with particles of glass, metal, and
polystyrene. J Pharm Sci. 2012;101(1):187-99.

Mytych DT, Barger TE, King C, Grauer S, Haldankar R, Hsu E, et al. Development and
characterization of human antibody reference panel against erythropoietin suitable for
the standardization of ESA immunogenicity testing. J Immunol Methods. 2012;382(1-
2):129-41.

Tatarewicz S, Miller JM, Swanson SJ, Moxness MS. Rheumatoid factor interference in
immunogenicity assays for human monoclonal antibody therapeutics. J Immunol
Methods. 2010;357(1-2):10-16.

2523



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

British Journal of Pharmaceutical Research, 4(21): 2511-2524, 2014

Casademunt E, Martinelle K, Jernberg M, Winge S, Tiemeyer M, Biesert L, et al. The
first recombinant human coagulation factor VIl of human origin: Human cell line and
manufacturing characteristics. Eur J Haematol. 2012;89(2):165-76.

Tovey, MG, Lallemand C. Immunogenicity and other problems associated with the use
of biopharmaceuticals. Ther Adv Drug Saf. 2011;2(3):113-128.

Granath B, Holgersson J, Brenden N. Refined analysis of antigen-specific antibody
responses- a new one-step tool in immunogenicity studies. Eur J Pharm Sci.
2011;44(3):187-193.

Ketchum PA, Novitsky TJ. Assay of endotoxins by limulus ameboyle lysate. Methods
Mol Med. 2000;36:1543-1894.

Bio. Plex Manager™ 2.0 User Guide. 2001. Bio-Rad Laboratories. Available:
http://www.bio-rad.com/webroot/web/pdf/lsr/literature/Bulletin 10003414 rev a.pdf.
Shankar G, Devanarayan V, Amaravadi L. Barrett YC, Bowsher R, Finco. Kent D, et
al. Recommendations for the validation of immunoassays used for detection of host
antibodies against biotechnology products. J Pharm Biomed Anal. 2008;45(5):1267-
81.

Stas P, Lasters |. Strategies for preclinical immunogenicity assessment of protein
therapeutics. IDrugs. 2009;12(3):169-173.

Murders M, Ghoreschi K, Suckfuell M, Zimmermann W, Enders G. Studies on the
immunogenicity of hCEA in transgenic mouse model. Int J Colorectal Dis.
2003;18(2):153-159.

Brinks V, Joskoot W, Schellekens H. Immunogenicity of therapeutic proteins: The use
of animal models. Pharm Res. 2011;28(10):2399-85.

Van Beers MM, Sauerborn M, Gilli F, Hermerling S, Brinks V, Schellekens H, et al.
Hybrid transgenic immune tolerant mouse model for assessing the breaking of B cell
tolerance by human interferon beta. J Immunol Methods. 2010;352(1-2):32-7.

Bussiere JL, Martin P, Horner M, Couch J, Flaherty M, Andrews L, et al. Alternative
strategies for toxicity testing of species-specific biopharmaceuticals. Int J Toxicol.
2009;28(3):230-53.

Sauerborn M, van Beers MM, Jiskoor W, Kijanka GM, Boon L, Schellekens H, et al.
Antibody response against Betaferon® in immune tolerant mice: Involvement of
marginal zone B-cells and CD4+ T-cells and apparent lack of immunological memory.
J Clin Immunol. 2013;33(1):255-63.

Van Beers MM, Sauerborn M, Gilli F, Brinks V, Schellekens H, Jiskoot W. Aggregated
recombinant human interferon beta induces antibodies but no memory in immune-
tolerant transgenic mice. Pharm Res. 2010;27(9):1812-24.

Van Beers MM, Sauerborn M, Gilli F, Brinks V, Schellekens H, Jiskoot W. Oxidized
and aggregated recombinant human interferon beta is immunogenic in human
interferon beta transgenic mice. Pharm Res. 2011;28(10):2393-402.

Schellekens H. Factors influencing the immunogenicity of therapeutic proteins.
Nephrol Dial Transplant. 2005;20:63-69.

© 2014 Granath et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php ?iid=788&id=14&aid=6780

2524




