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Cell-based bioassays are used to determine the biological activity of complex
biotherapeutic products, to assign potency and to assure the quality and consistency
of the manufacturing process. Clinically, these assays are used to assess bioactivity in
patient samples, particularly for the detection of antidrug neutralizing antibodies.
Owing to their versatility, cellular assays that measure endogenous gene expression
by quantitative reverse transcription PCR offer a rapid and automatable alternative to
assays measuring functional, late-stage responses. Notably, detection of immediate
early gene expression represents a direct response of the cell to receptor ligation
by the biotherapeutic. We review current developments in the use of this approach
and demonstrate its application to the detection of receptor-binding autoantibodies
using, as a case study, the detection of autoantibodies to the thyroid-stimulating

hormone receptor.

Biotherapeutic medicines, including prod-
ucts such as recombinant proteins, mono-
clonal antibodies and nonprotein products
derived from living organisms, are used in
the management of a wide range of condi-
tions including rheumatoid arthritis, mul-
tiple sclerosis, Crohn’s disease, infertility and
cancers.

Produced by engineered cells or bacteria,
or purified from a biological source such as
blood, urine or animal tissue, biotherapeu-
tic products are larger and more complex
than chemically synthesized medicines and
their biological activity is dependent on the
nature of the source material, manufactur-
ing conditions, downstream processing and
formulation. Such complexity and heteroge-
neity necessitates the comprehensive char-
acterization of biotherapeutic medicines in
order to achieve consistent quality, better
safety and efficacy during drug development
and production, as mandated by regulatory
agencies [1-3].

In vitro cell-based biological assays
usually rely on the quantification of a mea-
surable response to a biotherapeutic prepara-
tion in a clonal cell line in order to determine

biological potency relative to a standard
preparation. Being a critical requirement for
biotherapeutic product development, biologi-
cal assays are used to assess the bioactivity of
a ligand of interest in a clinical specimen, for
example, to monitor therapy or to detect neu-
tralizing antibodies (NAbs) through inhibi-
tion of the response. Here, we provide an
overview of the range of responses measured
in such assays and discuss the advantages of
developing biological assays that measure the
induction of endogenous genes in responsive
cell lines using quantitative reverse-
transcription PCR (qRT-PCR). Further-
more, we describe the potential applications
of this approach, notably, in the quality con-
trol of biological medicines, the detection of
NAbs in patient serum and the assessment
of receptor-stimulating autoantibodies that
characterize some autoimmune disorders.

Cell-based bioassays

The development of a cell-based biological
assay requires the identification or engineer-
ing of a responsive cell line in which the
nature, magnitude and the stability of the
response reflects the mode of action, dose
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Biological assay or bioassay: A procedure to determine
the biological activity of a substance relative to a standard
preparation.

Potency: A measure of the biological activity of a
substance in a bioassay.

Quantitative reverse-transcription PCR: The
measurement of gene expression by the quantitation
of mRNA through the synthesis of a representative
population of cDNA and the amplification of a specific
sequence of DNA by the PCR.

Immediate early gene: Genes which are transcribed
rapidly in response to a stimulus without prior protein
synthesis.

Neutralizing antibody: An antibody that inhibits or
neutralizes the biological effect of an antigen.

Immunogenicity: The ability of a substance to induce an
immune response.

and exposure time of the ligand [4]. The mode of
action of the biotherapeutic is readily demonstrated
in bioassays that measure a late-stage response such as
cell proliferation, antiviral activity or protein expres-
sion. Examples include the proliferative response of
the human acute myeloid leukemic cell line, UT-7,
to stimulation with erythropoietin (EPO) [5] or the
expression of the human leukocyte antigen, HLA-DR,
in the human colorectal adenocarcinoma cell line,
COLO 205, in response to IFN-y [¢]. Commonly,
however, a detectable response requires incubating
cells with the product for several days, prolonging the
requirement for maintaining a sterile environment and
increasing the risk of imprecision due to evaporation
and edge effects. In addition, assays involving clini-
cal specimens may be susceptible, over such extended
incubation times, to interference from nonspecific
factors in the clinical sample.

Early-stage responses occur rapidly after the binding
of the biotherapeutic product to the receptor, provid-
ing measurable responses such as receptor phosphory-
lation, the generation of second messenger molecules
and modifications in patterns of gene expression.
Examples include the use of antiphosphotyrosine anti-
bodies to detect phosphorylation of the IGF-1 recep-
tor [7] and the measurement of cAMP accumulation to
assess thyroid-stimulating hormone (TSH) bioactivity
in the rat thymocyte cell line, FRTL-5 [8,9]. The signal
amplification of such intracellular signaling cascades
has led to the wide adoption of reporter gene assays,
whereby a cell line is engineered to express a read-
ily detectable reporter gene such as firefly luciferase,
driven by a promoter that is responsive to the applied
stimulus. Such responses can significantly reduce the
incubation time to hours or minutes, and convenient

detection further decreases the time to result. How-
ever, this approach requires substantial commitment
to the development and maintenance of transfected
cell lines and many such lines are not then made
widely available.

The need to improve sensitivity, reliability and speed
has driven advancements in biological assays, exem-
plified by the development of bioassays to quantify
the bioactivity of preparations of therapeutic type I
interferons (IFN) described in the case study, below.

Case study: advances in biological assays for
recombinant IFN-B

Recombinant IFNs are used to treat infectious and
autoimmune disease, and in the treatment of some
cancers [10]. The bioactivity of preparations of IFNs is
quantified using a variety of cell-based biological assays
measuring responses such as antiviral activity, inhibi-
tion of cell proliferation and immunomodulation [11].

The conventional biological assay for IFN-f is the
cytopathic effect bioassay in which samples are prein-
cubated with cells that express the IFN type I receptor
to stimulate an antiviral response. Subsequent infec-
tion with a virus allows quantification of this response
by measuring cell viability. Although assays based on
various cell line and virus combinations have been
developed, the inhibition of the replication of encepha-
lomyocarditis virus in the human lung carcinoma cell
line, A549, is the established method to determine
IFN-B bioactivity [12]. However, the assay is laborious
and time consuming, and requires prolonged periods
of sterile culture and the facilities to handle cultures
of live virus. The inherent variability in infection and
replication of the virus can also lead to poor assay
reproducibility.

In an effort to simplify bioassays of IFN and to
improve reproducibility, alternative cell-based bioassays
for potency measurements have been developed. Files
and co-workers demonstrated that the expression of the
cytoplasmic GTPase, MxA, in A549 cells in response
to stimulation with type I IEN could be used to assess
IEN bioactivity and to detect anti-IFN NAbs [13].
Subsequently, and in response to lack of available anti-
MxA antibodies, assays quantifying mRNA encoding
MxA were developed [14-16]. Other genes, such as the
endogenous early IFN-inducible 6-16 gene (/FI6) have
also been shown to be induced in a dose-responsive
manner to IFN-f3 and also to IFN-ala stimulation [17].
The 6-16 gene is induced through activation of the
Jak-STAT?3 signaling pathway and there is evidence
that IFN-induced 6-16 expression is associated with
both antiviral and antiapoptotic processes that agree
with the known biological mode of action of IFN prod-
ucts [18,19]. Reporter gene assays minimize the process-
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ing steps following IFN treatment of cells by provid-
ing a readily detectable signal through the expression
of a reporter gene such as luciferase under the control
of a inducible promoter in a IFN type I responsive cell
line. Several such systems have been developed [20-22],
as reviewed by Meager (23], and the use of division-
arrested frozen cell lines allows some wider use of these
mainly proprietary cell lines [24].

Cell-based bioassays based on the
measurement of endogenous, early gene
expression

Cell-based bioassays have been developed that mea-
sure endogenous immediate early gene expression
stimulated by the ligand of interest and quantified by
measurements of mRNA by qRT-PCR. Using this
technique, the amplification of target mRNAs, rep-
resented as reverse-transcribed cDNA fragments, are
detected in real time as the PCR reaction progresses
(25.26]. Clinical applications of qRT-PCR technology
include the detection and quantification of pathogens
27], the prenatal detection of chromosomal abnormali-
ties 28] and in oncology, the detection, diagnosis and
stratification of disease [29,30].

Immediate eatly genes, also known as primary
response genes, are expressed in response to stimula-
tion without the need for de novo protein synthesis,
as reviewed by Fowler ez al. 31). Their function is to
direct the response of the cell to the stimulus and many
encode transcription factors and are proto-oncogenes.
Thus, immediate early gene expression represents a
response that is attributable to the nature and duration
of an applied stimulus and, if also dose responsive, has
the potential to provide a rapid and robust measurable
response in a cell-based biological assay as depicted in
Figure 1. Here, we review proof-of-concept, cell-based
bioassays that quantify specific immediate early genes
by gqRT-PCR for use in the assessment of biothera-
peutic potency and stability and in the monitoring
of neutralizing antibody levels in patient sam-
ples. In addition, we demonstrate that this approach
can be applied to the detection and measurement
of receptor-binding autoantibodies in autoimmune
disease.

Assessment of potency & the quality control of
biotherapeutic medicines

The potency of a biotherapeutic product is a measure
of its bioactivity relative to a standard preparation in a
biological assay. Determination of potency is a regula-
tory requirement in order to ensure the correct clinical
dose and to assess stability, batch-to-batch consistency
and the effect of any changes to the manufacturing
process. The measurement of endogenous early gene

expression in such biological assays has been demon-
strated for potency measurements of VEGF and its
inhibitors [32]. In this study, the expression of IL-8
mRNA was detected in human umbilical vein endo-
metrial cells after stimulation with VEGF for 45 min.
The expression of IL-8 mRNA was dose responsive
and the potency values obtained were comparable with
bioassays that measured later responses such as cell pro-
liferation and the production of IL-8, IL-6 and tissue
factor proteins. As well as reduced total assay time,
the authors demonstrated that this approach showed
improved flexibility and had the potential for auto-
mation and assay interruption to enable the archiving
of samples. Thus, this approach could be used dur-
ing the production of a biotherapeutic medicine as an
in-process assay to monitor changes in product quality
and performance.

Silva and co-workers also demonstrated that this
approach could contribute to the quality assessment of
biotherapeutic preparations using, as a case study, an
assessment of preparations of IFN-a-2a and IFN-a.-2b
that had been stored under accelerated stress condi-
tions [33]. Using qRT-PCR, the quantification of
mRNA encoding MxA in the human lung carcinoma
cell line, A549, detected loss of bioactivity in prepara-
tions of IFN-a-2a and IFN-a-2b stored at 37°C for
9 weeks.

The 6-16 gene was also shown to be induced in a
dose-dependent manner in A549 cells stimulated for
4 h with IFN-a and IFEN-f thereby allowing both the
bioassay and qRT-PCR detection to be performed in
one day [17]. Comparable results were also obtained
using branched DNA technology, which uses a series
of hybridization steps to anchor the mRNA of interest
onto a solid support to permit further hybridization
steps to bind an enzyme-conjugated probe for detec-
tion. Although expensive, this technology measures
the mRNA directly without the need for extraction,
reverse transcription and amplification.

Detection of NAbs

NAbs are part of an adverse drug reaction in which
the biotherapeutic product elicits an immune response
resulting in the generation of antidrug antibodies.
Antidrug antibodies may be binding antibodies that
do not interfere with the biological activity of the
biotherapeutic medicine but can alter its pharmacoki-
netic profile, or they may be NAbs. NAbs inhibit the
bioactivity of the product, either through binding to
epitopes at the active site or through steric disruption
of receptor binding [34.35]. Factors that can contribute
to the immunogenicity of a biotherapeutic prepara-
tion include contaminants, impurities, glycosylation
profile or aggregation state [36] and an assessment of
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Figure 1. Cell-based bioassays based on the measurement of endogenous gene expression by quantitative
real-time PCR using primers specific for the gene of interest. Gene expression is quantified by the increase in
fluorescence signal with cycle number. The melt curve (insert, bottom right) of the rate of change of fluorescence
with temperature as the DNA denatures demonstrates the amplification of a single PCR product. The gene
expression of each sample, normalized to the expression of a housekeeping gene, is expressed as fold change over

control, unstimulated cells.
gPCR: Quantitative real-time PCR.

immunogenicity is required for the approval of a new
biotherapeutic medicine (37.38]. Hence, the establish-
ment of cell-based bioassays to detect NAbs is an
essential component during preclinical and clinical
development and after regulatory approval, particu-
larly when introducing changes to the manufacturing
process, formulation or route of administration. Clini-
cally, detection of NAbs in patient serum is important

for diagnosis and monitoring of treatment. Detection
requires the quantification of a reduction in the bio-
activity of the biotherapeutic in a cell-based bioassay.
Severe adverse reactions can occur if NAbs cross-
react with the endogenous equivalent of the biother-
apeutic product, as seen in the development of pure
red cell aplasia in patients with NAbs to therapeutic,
recombinant, human EPO [39]. These are quantified
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by the reduction in EPO bioactivity as determined
by a cell proliferation bioassay, commonly detected
by measuring the incorporation of *H-thymidine into
newly synthesized DNA [40-42]. False positives occur if
nonspecific serum factors interfere with cell prolifera-
tion over the 3-day incubation period and strategies to
investigate these matrix effects have been developed.
These include the construction of the proprietary,
murine 32D-EPOR cell line [40], which will proliferate
in response to either EPO or IL-3. Serum containing
anti-EPO NAbs will inhibit proliferation in response
to EPO but cells will still proliferate in response to
IL-3. Conversely, the presence of nonspecific inhibi-
tory factors in a patient sample will inhibit the prolif-
eration of 32D-EPOR cells in response to both EPO
and IL-3. An alternative approach to investigating
false-positive samples is to deplete NAb from serum
samples using Protein G and Protein L, which will
restore EPO-stimulated cell proliferation if the inhibi-
tion is mediated by NAD but not if it is due to non-
specific factors [43]. Addressing matrix effects has been
highlighted as a key consideration in a recent White
Paper on the design of NAb assays [44].

A NAD assay based on measuring endogenous, early
gene expression greatly decreases the time that cells are
in contact with patient serum from days to hours or
minutes. This was demonstrated by the rapid, EPO-
stimulated induction of the immediate early gene,
EGRI, in the EPO-sensitized, human acute myeloid
leukemic cell line, UT-7/EPO [45]. The induction of
EGRI was inhibited by preincubating cells with serum
from a patient with antibody-mediated pure red cell
aplasia and the inhibition could be reversed with a
50-fold increase in exogenous EPO [46]. Further-
more, the fold-change in EGRI gene expression upon
stimulation was routinely greater than 50-fold. Such a
robust cellular response allows a low stimulatory con-
centration to be selected for the detection of NAb in
dilutions of patient sera. This increases the sensitiv-
ity of the assay, thereby allowing greater dilutions of
patient serum, which could further reduce the effects
of any nonspecific factors [47].

The chronic use of IFN-f biotherapeutics for the
treatment of relapsing—remitting multiple sclerosis
can also result in the generation of NAbs, with some
recombinant treatments and routes of administration
resulting in a reported prevalence of NAb positivity
of greater than 40% [48-50]. To monitor patients, the
biological assays for IFN- products, described in the
case study above, have been adapted for the detec-
tion of NAbs [21.24,51-54], including assays measuring
IFN-stimulated accumulation of MxA mRNA by
gRT-PCR. Bertolotto and colleagues demonstrated
that bioassays measuring MxA mRNA were less vari-

able than both the cytopathic effect and MxA protein-
based assays for IEN-B [15]. The authors attributed this
improved precision to the close correlation of receptor
binding and the expression of the gene encoding MxA
and the standard practice in qRT-PCR of normalizing
the level of expression of the gene of interest to the
level of expression of a housekeeping gene that mini-
mizes imprecision resulting from cell counting, cell
growth rates or cell clumping.

As the patents protecting many of the origina-
tor biotherapeutic products expire, standardized and
widely available assays to detect NAb will be impor-
tant as non-innovator products are developed, some
of which may be marketed without undergoing such
extensive regulatory evaluation as approved biosimi-
lar or innovator products. Cell-based biological assays
that measure endogenous, early gene expression in
responsive cell lines provide a convenient approach to
the assessment of immunogenicity of new biothera-
peutic products or formulations without the extensive
development required to establish cell lines that are
stably transfected with receptors and reporter gene
constructs.

Detection of stimulatory autoantibodies
Autoimmune diseases are characterized by the devel-
opment of autoantibodies that bind cell surface or
internal cellular components. Analysis of the serum
autoantibody profile of patients with these condi-
tions is integral to the clinical diagnosis, prognosis
and monitoring of treatment. A number of conditions
are characterized by autoantibodies that bind to cell
surface receptors either agonistically or by blocking
the action of an endogenous ligand.

Graves’ disease is characterized by the development
of circulating stimulatory autoantibodies directed
against the TSH receptor (TSHR). Stimulatory auto-
antibodies (TSAb) mimic the action of TSH, activat-
ing the cAMP-dependent G-protein coupled TSHR,
resulting in hyperthyroidism [ss]. Additional compli-
cations of the condition include Graves’ opthalmopa-
thy [56] and Graves’ dermopathy [s57]. Patients may also
develop blocking antibodies (TBAbs), which prevent
the binding of TSH to TSHR and neutral antibod-
ies, which recognize the TSHR without affect-
ing the binding of TSH but that may contribute to
antibody-mediated destruction of thyrocytes [s8].

The detection of TSAb is used to distinguish
Graves’ disease from other hyperthyroid conditions
and to establish the severity and risk of recurrence

Autoantibody: An antibody which binds to the cells or
tissues of the individual in which it is produced.
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during treatment (59.60]. Current, solid-phase assays
to detect TSHR autoantibodies use competitive bind-
ing technology in which serum from autoantibody
positive patients prevents the binding of either TSH
(second-generation bioassays) or a TSHR-stimulatory
monoclonal antibody, M22, (third-generation bioas-
says) to immobilized TSHR ([61-63]. The sensitivity
and specificity of the second- and third-generation
of TSAD assays has prompted proposals for the wider
use of these tests in clinical practice [64.65]. Binding
assays, however, do not distinguish between TSAbs
and TBAbs. This is important both for accurate diag-
nosis and in cases such as during pregnancy, when
the distinction between TSAb and TBAD has clinical
consequences [66,67].

Early approaches to measuring stimulation of the
TSHR used radioimmunoassays to detect cAMP
activity in the rat thyrocyte cell line, FRTL-5 [89],
or in cell lines stably transfected with TSHR [68,69].
These late-stage bioassays were cumbersome and
expensive and have now been replaced with reporter
gene assays using CHO cells stably transfected with
both the TSHR and a reporter gene construct com-
prising the luciferase reporter gene controlled by a
cAMP response element [70,71]. The reporter gene assay
has been refined further by the development of a cell
line expressing a chimeric TSHR/rat LH receptor that
has a comparable TSAb-stimulated cAMP response as
the native receptor but has a decreased background
response to TSH [72].

We report here, a proof-of-concept study demon-
strating that measurement of endogenous early gene
expression by qRT-PCR in the widely available TSH-
sensitive cell line, FRTL-5, can be used to detect
TSAb. As described in Figure 2A & B, both TSH and
preparations containing TSAb were shown to stimu-
late the dose-dependent expression of the Nrdal
gene after an incubation of 2 h and quantification
by qRT-PCR. To normalize for differences in tissue
loading, Nr4al gene expression was quantified relative
to the expression of a housekeeping gene, rat B-actin
(Actb), the expression of which had been shown previ-
ously not to change with TSH-treatment of FRTL-5
cells. The Nrdal (Nur77, NGFI-B) gene [73,74] is a
member of the NR4A subgroup of immediate early
genes that are expressed in response to changes in the
cellular environment induced by physiological and
physical stimuli (as reviewed by Maxwell and Mus-
cat [75]). The Nr4al gene encodes a ligand-dependent,
nuclear transcription factor that has homology with
the cytoplasmic thyroid/steroid hormone receptors
(76]. Expression of Nr4al was shown to be induced
by TSH through a cAMP-dependent mechanism in
canine thyrocytes [77]. In the FRTL-5 cell line, Cale-

biro and coworkers used microarray analysis to dem-
onstrate the induction of Nr4al after stimulation of
cells with TSH for 30 min [78].

The TSAD preparations investigated using this bio-
assay were the first and second WHO International
Standards (IS) for TSAb, coded 90/672 and 08/204,
respectively, which were established for the calibra-
tion of TSAD assays. The first WHO IS, 90/672, con-
tained TSADb from a plasmapheresed human donor
with Graves’ disease. It was assigned a unitage of
100 mIU/ampoule following a collaborative study in
which participating laboratories measured both recep-
tor-binding and thyroid-stimulating activities. The
second WHO 1S, 08/204, which replaced the first
WHO IS in 2010, comprised an ampouled prepara-
tion of the human TSAb monoclonal antibody, M22.
The second WHO 1S was calibrated in terms of the
first WHO IS, 90/672, by receptor-binding assays and
assigned a potency of 113 mIU/ampoule [79]. However,
when determined by TSAb bioassays, the geometric
mean potency of second WHO 1S, 08/204, in terms
of the first IS, 90/672, was 242 mIU/ampoule. This
twofold difference suggests that the patient-derived,
first WHO IS contains a heterogenous population of
autoantibodies with stimulating, neutral and inhibi-
tory functions. When tested in the cell-based bioassay
measuring endogenous Nr4al gene expression, a simi-
lar ratio of bioactivity between the first and second IS
was observed (Figure 2B). The lower limit of detection
for the monoclonal TSAb was around 0.4 mIU/ml,
which compares with current TSAb binding assays
and bioassays [61].

To ensure that the response was not due to back-
ground serum levels, FRTL-5 cells were incubated
with pooled human serum at concentrations up to
50% (v/v) (Figure 2C). Increasing human serum con-
centrations resulted in minimal (<fivefold) stimula-
tion of Nrd4al gene expression, indicating that the
dilution of patient serum samples at 1:2, as used in
current TSAb assays, would not have an adverse effect
on the specificity of the assay. Furthermore, TSH-
stimulated Nr4al gene expression was inhibited in a
dose-responsive manner by preincubation of FRTL-5
cells with 1-1000 ng/ml K1-70 [80], a human mono-
clonal TBAb, confirming that stimulation of the
TSHR is required for the induction of Nr4al gene
expression (Figure 2D).

Here, we provide proof of principle that the mea-
surement of endogenous, early gene expression by
qRT-PCR can be used to detect stimulatory activity
to the TSHR in patient samples without the need to
develop an engineered cell line. This approach could
be readily applied to the detection of agonistic auto-
antibodies for other conditions such as systemic scle-
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Figure 2. Dose-responsive, immediate early gene expression stimulated by thyroid-stimulating hormone

or thyroid-stimulating antibodies. The Nr4al gene was expressed in FRTL-5 cells stimulated for 2h with

(A) 0-100 mIU/ml TSH (NIBSC code 03/192) and (B) 0-50 mIU/ml of the human TSAb monoclonal antibody M22
(NIBSC code 08/204) and 0-50 mIU/ml TSAb from a plasmapheresed human donor (NIBSC code 90/672) as measured
by quantitative reverse-transcription PCR and presented as the fold change of normalized Nr4al expression over
unstimulated FRTL-5 cells. (C) Nr4al gene expression was not stimulated by 0-50% (v/v) pooled normal human
serum. (D) Preincubation of FRTL-5 cells with 1-1000 ng/ml K1-70, a TSHR blocking mAb, inhibited TSH-stimulated
expression of the Nr4al gene. Details of the biological assay, RNA preparation and quantitative RT-PCR can be found

in the Supplementary Material.
TSH: Thyroid stimulating hormone.

rosis, which is characterized by stimulatory autoanti-
bodies to the platelet derived growth factor receptor
(81.82], dilated cardiomyopathy in which autoantibod-
ies to the B,-adrenergic receptor are involved [83,84] and
preeclampsia, which is associated with the develop-
ment of antibodies that bind and activate the major
angiotensin II type I receptor [85.8¢].

Conclusion & future perspective
The use of endogenous gene expression as a
measurable readout in a cell-based biological assay has

potential for use in both biotherapeutic development
and quality control, and in the monitoring of patients
who have developed NAbs to a biotherapeutic medicine
or autoantibodies with receptor binding activity. The
use of QRT-PCR to detect gene expression in clinical
samples (whole blood, peripheral blood mononuclear

Endogenous gene expression: The transcription of
genes that are present in the genome of the cell and
which have not been inserted or modified.
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cells and isolated T cells) is becoming accepted in clini-
cal laboratories to detect biomarkers of diseases such as
cancers, cardiac conditions and autoimmune disorders.
Detection of o-fetoprotein mRNA in peripheral blood
has been suggested to correlate with the clinical stage of
hepatocellular carcinoma [87.88] and CE-marked kits are
available for o-fetoprotein mRNA detection. The FDA-
approved Allomap® (XDx Inc., Brisbane, Australia) kit
measures the expression of 20 genes in peripheral blood
mononuclear cells by gRT-PCR to identify patients with
a low probability of heart transplant rejection. Although
in both these examples, the biomarkers are not expressed
through cell stimulation, ex vivo, these demonstrate
that approved procedures have been developed for the
accurate measurement of mRINA.

The approach described in this review requires the
careful selection of a responsive cell line and the iden-
tification of a dose-responsive gene, as well as optimi-
zation of the assay and qRT-PCR conditions. However,
without the need to generate cell lines stably-transfected
with a receptor and a reporter gene construct, the length
of time required to develop an assay is considerably
reduced. As such, this approach could be beneficial dur-
ing the preclinical development of a biotherapeutic med-
icine, to assess the impact of changes to manufacturing
processes and biotherapeutic formulations on bioactivity
and immunogenicity. Furthermore, the immediate early
genes induced by a biotherapeutic medicine will be an

early and direct response of the cell to the stimulation,
thereby truly representing the mode of action of the
biotherapeutic in the chosen cell line.

The use of qRT-PCR to measure endogenous early
gene expression provides sensitive and reproducible
measurements of bioactivity and stability. The stan-
dard practice of normalizing the expression of the gene
of interest to that of a housekeeping gene corrects for
any variations in cell density in each sample. Measure-
ments of bioactivity, stability and neutralization are
comparable to alternative early and late-stage bioassays
but do not require stably-transfected cell lines or the use
of virus or radioactivity that are commonly required
for late-stage assays. Already, the technology presented
here provides biological assays that can be performed
in one day. Further improvements to both total assay
time and hands-on operator time can be made using
kits that obviate the need for a separate RNA isolation
step (e.g., Ambion® Cells-to-CT™; Life Technologies,
Paisley, UK and FastLane Cell DNA; Qiagen, Craw-
ley, UK) and also, by the use of closed, automated,
high-throughput systems that comply with regulatory
requirements.

Supplementary data

To view the supplementary data that accompany this paper
please visit the journal website at: www.future-science.com/
doi/suppl/10.4155/B10.14.98

Executive summary

Cell-based bioassays

biotherapeutic medicine.

Detection of neutralizing antibodies

¢ Cell-based bioassays to determine the bioactivity of a biotherapeutic product often measure late-stage
responses such as cell proliferation, antiviral activity and protein synthesis.

Bioassays based on the measurement of endogenous, early gene expression

e Immediate early genes are expressed rapidly in response to the binding of a biotherapeutic product to its
receptor and can be measured by quantitative reverse-transcription PCR.

e A dose-responsive, immediate early gene provides a readout in a bioassay that does not involve the use of live
virus, radioactivity or the construction of stably-transfected reporter cell lines.

Assessment of potency & the quality control of biotherapeutic medicines

e Assays based on the measurement of endogenous gene expression can be used to characterize a

e Such assays can be developed rapidly and allow in-process archiving of samples prior to measurement.

e Bioassays to detect neutralizing antibodies measure a reduction in bioactivity but can be affected by
interfering factors in patient serum resulting in false positives.

e Arapid and sizeable fold change in endogenous gene expression could allow the use of greater dilutions of
serum and a reduction in the time it is applied to cells.

Detection of stimulatory autoantibodies

e Stimulatory autoantibodies contribute to autoimmune diseases, such as Graves’ disease in which antibodies
stimulate the thyroid-stimulating hormone receptor.

e Dose-reponsive induction of the immediate early gene, Nr4al, in the rat thyrocyte cell line, FRTL-5, could be
used to detect thyroid stimulating autoantibodies.

Future perspective

e Further improvements to reagents and equipment, including the use of automated technologies, lend support
to this approach becoming a valid alternative to current procedures.
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