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a b s t r a c t

Protein therapeutics may elicit an anti-therapeutic antibody (ATA) response in patients. This response
depends on a number of factors including patient population, disease state, route of delivery or charac-
teristics specific to the product. Therapeutics for immunological indications often target relatively young
and healthy patients with hyperactive immune systems who have periodic flares and remissions. The
hyperactive immune system of these patients can add several levels of bioanalytical complexity due to
the presence of cross reactive molecules such as autoantibodies. In addition, the long-term chronic dosing
regimen often necessary in this patient population can increase their risks of immunogenicity against
the therapeutic and lead to safety concerns. Therefore, development of a sensitive and drug-tolerant
ATA method is important. Bridging ATA assays are usually very sensitive and drug-tolerant methods
for immunogenicity assessment; however these methods are particularly vulnerable to any factor that
is able to bridge the conjugated therapeutics used as reagents and can generate false positive signal.
Although there are many potential interfering factors in serum, rheumatoid factors (RFs), autoantibodies
associated with rheumatoid arthritis (RA), are of particular concern in this type of assay. MTRX1011A
is a non-depleting anti-CD4 monoclonal antibody therapeutic that was clinically tested in RA patients.

This paper will discuss the bioanalytical challenges encountered during development of a clinical ATA
assay for MTRX1011A. These challenges highlight interference due to patient disease state, in this case
presence of RF in RA patients, as well as specific molecule-related interference caused by an engineered
mutation in the Fc region of MTRX1011A designed to enhance its binding to the neonatal Fc receptor
(FcRn). We will discuss the characterization work used to identify the cross-reactive epitope and our
strategy to overcome this interference during development of an effective ATA assay to support clinical

.
evaluation of MTRX1011A

. Introduction

Humanized antibody therapeutics are often a safe and effective
argeted approach for the treatment of a variety of diseases. Increas-
ng numbers of antibody therapeutics (many approved or under
evelopment), are targeting a younger patient population with
ebilitating diseases which are not necessarily life-threatening
uch as rheumatoid arthritis (RA), allergic rhinitis, and psoria-

is [1–3]. Therefore, there are more stringent safety and efficacy
equirements for these therapeutics [4]. Immunogenicity is one of
he major safety concerns in the treatment of this patient popula-
ion as they often have hyper-active immune systems and require

Abbreviations: ATA, anti-therapeutic antibody; CDR, complementarity deter-
ining region; DIG, digoxigenin; ELISA, enzyme-linked immunosorbent assay; FcRn,

eonatal Fc receptor; IgG, immunoglobulin gamma; RA, rheumatoid arthritis; RF,
heumatoid factor.
∗ Corresponding author. Tel.: +1 650 225 4153; fax: +1 650 225 1998.

E-mail address: Sallyk@gene.com (S.K. Fischer).
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chronic dosing. These factors increase their risks of developing
antibodies to the therapeutic. Therefore, sensitive drug-tolerant
methods are required as part of the therapeutic evaluation in
the clinical phases [4–6]. A tiered strategy is typically utilized to
assess immunogenicity and often comprises a screening method,
a confirmation/specificity step and a characterization step. Here
we describe our challenges with the development of a clinical
anti-therapeutic antibody assay (ATA) for MTRX1011A, which was
investigated as a potential therapeutic treatment for RA.

MTRX1011A is a humanized non-depleting anti-CD4 antibody
of the immunoglobulin G (IgG) 1 subclass based on a previ-
ously described TRX1 antibody [7]. An amino acid substitution of
asparagine 297 to alanine (N297A) was introduced to impair its
binding to Fc� receptors and consequently prevent Fc effector func-

tion [8,9], rendering the antibody non-depleting in vivo [10,11]. An
additional single amino acid substitution of asparagine 434 to histi-
dine (N434H) was made in the Fc portion of MTRX1011A to improve
its binding to the neonatal Fc receptor (FcRn), thereby prolonging
its half life [12–18].

dx.doi.org/10.1016/j.jpba.2011.03.008
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:Sallyk@gene.com
dx.doi.org/10.1016/j.jpba.2011.03.008
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Table 1
Summary of Fc mutations in the five antibodies used for assay characterization.

Antibodies Fc gamma mutation (N297A) FcRn mutation (N434H)

MTRX1011A Yes Yes
TRX1 (N297A) Yes No

F
(

042 J. Araujo et al. / Journal of Pharmaceutical

A human ATA assay was developed using a homogenous
ridging enzyme-linked immunosorbent assay (ELISA) format to
onitor patients’ immune response to MTRX1011A during clinical

rials (Fig. 1). To differentiate between a positive and a negative
TA response to MTRX1011A treatment, an assay threshold or cut-
oint needs to be established. The screening cutpoint is determined
ased on the signal variability from a drug-naïve target patient
opulation and it is set to have about a 5% false positive rate to
inimize the potential of false negatives in the study [19]. In our

nitial assessment, serum samples from RA patients demonstrated
aseline reactivities that were much higher and more variable than
hose observed in healthy subjects. The high signal variability was
ypothesized to be attributable to rheumatoid factor (RF) interfer-
nce in RA patient samples. RFs are characteristic auto antibodies
ssociated with RA. They recognize epitopes on the Fc region of
mmunoglobulin gamma (IgG) and are often of the IgM isotypes,
lthough IgG and IgA isotypes have also been reported [20,21].
F values in a normal population are very low and the preva-

ence is about 1–2%. However, in the RA population the RF values
an be significantly elevated and the prevalence can be as high
s 70–90% [22]. Initial observations indicated that RF in serum
rom RA subjects interfered in our bridging ATA assay method. Fur-
her characterization work revealed that this RF-Fc binding was
nhanced by the FcRn mutation introduced to the MTRX1011A
c domain. This paper describes our challenges with RF inter-
erence in MTRX1011A clinical ATA assay development, and our
trategy to characterize and overcome RF interference to identify
true” immunogenic response to MTRX1011A. We have success-
ully applied this strategy in Phase I exploratory clinical sample
nalysis.

. Materials and methods

.1. Reagents

MTRX1011A is a humanized anti-CD4 antibody with IgG1 heavy
hain and �1 light chain frameworks containing N297A and N434H

utations in the Fc region and was produced in Chinese hamster

vary cells at Genentech (South San Francisco, CA). Recombi-
ant monoclonal antibody X (rhuMAb X) is an irrelevant IgG1
olecule containing neither mutation; rhuMAb X (N297A) con-

ains the N297A mutation only; rhuMAb Y (N434H) is a different

H

biotin-MTRX1011A

ATA

*
DIG-MTRX1011A

SA-coated plate

(incubation overnight)

+

ig. 1. Homogeneous bridging ELISA: ATA bridges biotin and digoxigenin (DIG) conjugate
SA) coated plates. An HRP conjugated anti-DIG antibody was used as the detection reage
rhuMAb X No No
rhuMAb X (N297A) Yes No
rhuMAb Y No Yes

irrelevant IgG1 molecule which contains the N434H mutation only
(Table 1).

Individual RA serum samples with known RF values and indi-
vidual and pooled normal human serum samples were purchased
from Bioreclamation (Hicksville, NY) and BioChemed (Winchester,
VA). Roche StreptaWell high binding plates were acquired from
Roche Diagnostics (Indianapolis, IN); Costar polypropylene 96 well
round-bottom plates were purchased from Corning Life Sciences
(Lowell, MA). A complimentary determining region (CDR) spe-
cific mouse monoclonal antibody raised against TRX1 (therefore
also against MTRX1011A) was produced at Genentech. In addi-
tion, an affinity purified CDR specific rabbit polyclonal antibody
raised against TRX1 (and MTRX1011A) was generated at Genentech
and used as a positive control (PC) in the assay. IllustraTM Nap-10
columns were purchased from GE Healthcare (Buckinghamshire,
UK). Bovine serum albumin (BSA) was purchased from Equitech-Bio
Inc. (Kerrville, TX); CHAPS was from Research Organics (Cleveland,
OH); ProClin 300 was from Supelco (Bellfonte, PA), and affinity
purified rabbit anti-human IgM (anti-hu IgM) polyclonal anti-
body was purchased from Jackson ImmunoReserach (West Grove,
PA).

2.2. Biotin and digoxigenin conjugations of MTRX1011A

Prior to conjugation, MTRX1011A was buffer exchanged into
phosphate buffered saline (PBS) using an illustraTM Nap-10 column
according to the manufacturers’ instructions (GE Healthcare).

Buffer exchanged MTRX1011A was conjugated with biotin for

DIG labeling at a challenge ratio of 10:1 (biotin:MTRX1011A)
using EZ-Link SulfoNHS-LC-Biotin (Pierce, Rockford, IL), or with 3-
amino-3-deoxydigoxigenin hemisuccinamide, succinimidyl ester
(Invitrogen Carlsbad, CA) for DIG labeling at a challenge ratio of
10:1 (DIG:MTRX1011A). All conjugations were prepared according

RP-anti-DIG Ab

*

HRP

Wash 3x

H
R

P

d antibody therapeutics. This immune complex was then captured on a streptavidin
nt. Colorimetric signals were generated upon addition of an HRP substrate.
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Serum samples fro

ig. 2. Significant matrix interferences observed in rheumatoid arthritis (RA) patien
A patients and (b) normal human sera.

o the manufacturer’s instructions followed by a buffer exchange
tep into storage buffer (20 mM sodium phosphate, 0.35 M sodium
hloride, 6% sucrose, 0.25% polysorbate 20, 0.25% CHAPS, 0.05%
roclin 300, 0.5% BSA, pH 5.2 ± 0.2). The concentration of each con-
ugate was determined using a BCA protein assay kit (Pierce), prior
o addition of BSA.

.3. Clinical ATA assay

.3.1. Screening assay
A homogenous bridging ELISA was developed. Equal concentra-

ions (2 �g/mL) of both biotin- and DIG-conjugated MTRX1011A
ere pre-mixed (master mix) in assay diluent (1× PBS, 0.5% BSA,

.05% Polysorbate 20, 0.05% (15 PPM) Procline 300, pH 7.4) and
dded to polypropylene round-bottom plates (80 �L/well). Sam-
les and control preparations were diluted a minimum of 1/20

n assay diluent or sample diluent (assay diluent plus 100 �g/mL
nti-hu IgM as a blocker). Samples and controls (80 �L/well) were
hen added to the plate(s) containing master mix and allowed to
ncubate for 16–22 h at room temperature (RT) with gentle agi-
ation. The next day, samples/conjugate mix (100 �l/well) were
ransferred to a high binding streptavidin (SA) coated plate (Roche
iagnostics, Indianapolis, IN) and incubated at RT for 2 h with gen-

le agitation. Plates were washed three times with washing buffer

PBS, 0.05% Tween-20, pH 7.4) prior to addition of 100 �L per
ell of 1/2000 diluted (0.8 mg/mL stock) horseradish peroxidase

HRP) conjugated mouse-anti-DIG antibody (Jackson ImmunoRe-
earch) and incubated at RT for 2 h with gentle agitation. Plates
ere washed three times with wash buffer and 100 �L of tetram-
lthy indivuals and pools

les. Results from MTRX1011A clinical ATA screening assay comparing (a) sera from

ethylbenzidine (TMB) substrate (Kirkegaard & Perry Laboratories,
Gaithersburg, MD) was added to each well, and incubated at RT
for 15–20 min. The reaction was stopped by the addition of 100 �L
per well of 1 M phosphoric acid and absorbance was measured at
450 nm and at 650 nm for reference on a plate reader (Molecular
Devices, Sunnyvale, CA) (Fig. 1).

2.3.2. Confirmatory assay: characterization of screen positive
samples

Positive samples identified in the screening assay were pre-
incubated with various reagents, including assay diluent (as
control), various molecules with IgG1 framework or rabbit anti-
human IgM (Table 1) to achieve a final in-well concentration of
100 �g/mL for each antibody prior to analysis. Diluted samples
were incubated overnight with the mixture of 2 �g/mL of biotin-
and DIG-conjugated MTRX1011A; other assay procedures were the
same as the screening assay described above.

2.4. Characterization of high signal specificity observed in RA
population

Sera from three RA individuals as well as a positive control (PC)

were minimally diluted and incubated with a final in-well concen-
tration of 100 �g/mL of various molecules with IgG1 framework or
rabbit anti-human IgM (Table 1). Diluted samples were incubated
overnight with master mix; other assay procedures are the same
as the screening assay described above.
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Fig. 3. RF interference: (a) illustration of RF interference in the ATA assay. RF can
bridge with the Fc portions of biotin- and DIG-labeled MTRX1011A and generate
signal. (b) Correlation between RF and ATA assay signal (OD) in RA individuals. There
is a general trend of elevated signals with increased RF values.

Fifty drug-naïve RA serum samples
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Fig. 4. Cross-reactivity of RA serum in the MTRX1011A ATA assay was dramatically
reduced in the presence of anti-human IgM. RA serum samples (n = 50) were tested
in the clinical ATA assay in the absence and presence of rabbit anti-human IgM
antibody. Anti-human IgM antibody effectively blocked unspecific signals.
iomedical Analysis 55 (2011) 1041–1049

2.5. Direct RF binding ELISA: preferential binding of RF to
MTRX1011A

A direct binding ELISA with a colorimetric detection system was
used to demonstrate preferential binding of RF to MTRX1011A com-
pared with TRX1 in human serum. A microtiter plate was coated
overnight with 100 �L of 3 �g/mL of a CDR specific monoclonal
antibody recognizing both MTRX1011A and TRX1. After a wash step
MTRX1011A or TRX1 at 1 �g/mL (100 �L) were added to columns
1–2 and 3–4 of a microtiter plate, respectively and buffer (100 �L)
was added to columns 5–6 and 7–8 and incubated for 1 h. The
plate was washed and RF (prepared in PBS) (Bio-Rad Life Science,
Hercules, CA) at a starting concentration of 4 IU/mL (in well con-
centration) was added to the first row of columns 1–6 followed by
seven subsequent 1:2 dilutions. As a control condition 100 �L of
normal human serum pool, at the minimum dilution of 1/25 was
added to the first row of columns 7–8 followed by seven subsequent
1:2 dilutions. After a 1 h incubation plates were washed before
addition of a HRP conjugated anti-human IgM antibody (Jackson
ImmunoResearch) to the plate for detection following a wash step,
TMB substrate was added to each well (100 �L), and incubated
at RT for 10–15 min. The reaction was stopped by the addition of
100 �L per well of 1 M phosphoric acid and absorbance was mea-
sured at 450 nm with 650 nm as background signal on a plate reader
(Molecular Devices, CA).

2.6. Assay parameters evaluated

The final cutpoint multiplication factor for the assay was estab-
lished using a panel of 72 drug naïve RA individual serum samples
treated with 100 �g/mL of rabbit anti-hu IgM to eliminate interfer-
ence from variable pre-existing RFs in the RA patient population.
The floating cutpoint methodology was used to set the screen-
ing cutpoints. The determination of the screening cutpoint factor
follows the guidance described elsewhere [6]. The assay signal
values were normalized to the plate’s negative control and log
transformed. Statistical outliers were removed using the box-
plot method. The Shapiro–Wilk test on the data with the outliers
removed did not detect a departure from normality so a paramet-
ric approach was used to compute the cutpoint factor. The cutpoint
multiplication factor was obtained using the formula:

10(mean+1.645 standard deviation).

The cutpoint of each run was calculated by multiplying the
mean of the NC of the plate with the cutpoint multiplication factor.
Samples with signals equal to or above the cutpoint were deemed
positive; otherwise they were considered negative.

Assay sensitivity and drug tolerance are summarized in Section
3.1.3. Other assay parameters, such as matrix effect, hook effect, and
target inference, were also evaluated during assay development
according to recommendations described elsewhere [6] but will
not be discussed in this paper.

2.7. Phase I clinical trial in RA patients

The Phase I clinical trial was a randomized, double-blind,
placebo-controlled, single ascending-dose (SAD) stage and multi-
ple ascending-dose (MAD) stage as described previously [18]. The
SAD stage enrolled patients with stable RA without pre-specified
disease activity who were on stable therapy. The SAD stage con-

sisted of single IV and SC dosing. Serum samples from selected
patients in the intravenous (IV) dose groups (0.3 and 1 mg/kg) at
baseline, day 15 and day 36 post dose as well as the subcuta-
neous (SC) dose groups (1.0 mg/kg) at baseline and day 15 and
for 3.5 mg/kg at baseline were evaluated in the ATA assay in the
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Fig. 5. Characterization of the epitope recognized by IgM. (a) Anti-human IgM and human IgG bind to and prevent RF from bridging the MTRX1011A conjugates in the ATA
a uding
r ability
v

p
h
o
a

3

3

3

w
(
i
t
p
b
i
a
e
t
v
b
g
h

ssay eliminating false positive ATA signals. (b) Various monoclonal antibodies incl
huMAb Y (N434H) as well as anti-human IgM (anti-hu IgM) were tested for their
arying RF values (196, 216 and 469 IU/mL) as well as a positive control (PC).

resence and absence of 100 �g/mL of affinity purified rabbit anti-
u IgM antibody. Samples that screened positive in the presence
f anti-hu IgM blocker were further evaluated in the confirmatory
ssay.

. Results

.1. MTRX1011A clinical ATA assay development

.1.1. RF interference observed during assay development
Clinical screening and confirmatory ATA assays for MTRX1011A

ere developed on the homogenous bridging ELISA platform
Fig. 1). Initial screening data revealed unexpected high reactiv-
ty of samples from the drug naïve RA population as compared to
he drug naïve normal healthy donor samples (Fig. 2a, b). In the RA
opulation the signal ranged between 5- and 50-fold above assay
ackground, whereas the normal population had very low signal

n the assay (<0.1 OD) as expected. Assay optimization work such
s various minimum dilution or more stringent assay buffers were
valuated and found to be ineffective in eliminating the high reac-

ivity observed in RA samples (data not shown). The high signal
ariability observed in RA population was suspected to be caused
y the binding of RF to the Fc regions of the MTRX1011A conju-
ates thereby forming a bridge in the assay (Fig. 3a). To verify our
ypothesis, a panel of 16 RA serum samples with known RF values
MTRX1011A (N297A + N434H), TRX1 (N297A), rhuMAb X, rhuMAb X (N297A) and
to inhibit RF interference in the ATA assay in sera from three RA individuals with

was evaluated in our assay. A general trend between the RF values
(IU/mL) and assay signal (OD) was observed (Fig. 3b).

3.1.2. Anti-human IgM eliminated RF interference
To ensure that the assay cutpoint was independent of RF levels

in the RA population, steps were taken to eliminate signals due to RF
interference. Since the majority of RF are of IgM isotype, 100 �g/mL
of an affinity purified rabbit anti-human IgM antibody was included
in the sample diluent to overcome the cross reactive IgM antibody
interference in RA samples. When compared side by side, the anti-
hu IgM proved to be an effective blocker to eliminate all cross-
reactivity in the RA individuals (Fig. 4). Therefore anti-hu IgM was
included in the qualified MTRX1011A clinical ATA assay.

3.1.3. MTRX1011A clinical ATA assay qualification parameters
The final MTRX1011A clinical ATA assay conditions are

described in Section 2.3.1. The assay cutpoint multiplication fac-
tor was established based on signals from a panel of drug-naïve
RA patient serum samples (n = 72) in the presence of 100 �g/mL of
rabbit anti-hu IgM to eliminate the RF dependence of the cutpoint

factor calculated to be 1.58. Based on this cutpoint multiplication
factor, a false-positive rate of approximately 9.7% was determined
for the population tested. The relative sensitivity of the assay is
estimated to be 17 ng/mL in the absence of drug and in the pres-
ence of 100 �g/mL of MTRX1011A the sensitivity is calculated
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ig. 6. Direct binding ELISA evaluating differential binding of MTRX1011A (N297A
onoclonal antibody (MAb) to MTRX1011A and TRX1. RF recognizes the Fc portion

o be 552 ng/mL using an affinity purified polyclonal rabbit anti-
TRX1011A antibody.

.2. Characterization of specific RF binding to the Fc epitope on
TRX1011A

.2.1. RF binds to wild type and mutant Fc IgGs with different
ffinities

Addition of either anti-hu IgM or Fc mutant IgG with high affin-
ty for RF can potentially inhibit RF bridge formation in the ATA
ssay as illustrated in Fig. 5a. The extent of the signal inhibi-
ion depends on the level of RF binding for the added reagents.
o determine the specificity of RF binding to the MTRX1011A
c epitope, sera from three RA individuals with varying RF lev-
ls (197, 216 and 469 IU/mL) as well as a PC to MTRX1011A
ere evaluated. Samples were spiked with either assay diluent,
TRX1011A (N297A + N434H), TRX1 (N297A), an unrelated mono-

lonal antibody rhuMAb X, rhuMAb X (N297A), a second unrelated
onoclonal antibody rhuMAb Y (N434H) or with anti-hu IgM.
esults from this study showed that in all three sera, a significant
ecrease in signal (immunodepletion) was achieved only in the
resence of anti-hu IgM and the two antibodies containing the FcRn
utation N434H (Fig. 5b). As expected, the PC was only depleted
ith MTRX1011A or TRX1 and not the other molecules or anti-hu
H) and TRX1 (N297A) to RF. MTRX1011A or TRX1 are captured by an anti-idiotype
RX1011A and TRX1. The bound RF is detected by HRP conjugated anti-human IgM.

IgM. These experiments suggest that N434H mutation generates a
neo-epitope for RF of IgM isotype to the Fc portion of MTRX1011A.

3.2.2. Preferential binding of RF to N434H mutation on
MTRX1011A

A direct ELISA was utilized to compare the RF binding to
MTRX1011A (N297A + N434H) and TRX1 (N297A) as depicted in
Fig. 6. The data clearly shows increased binding of RF to MTRX1011A
as compared to TRX1. This data further confirms N434H as the crit-
ical residue in generating a neo-epitope for RF binding to the Fc
epitope on MTRX1011A.

3.3. Immunogenicity assessment of Phase I exploratory study
samples

Representative samples from patients in the Phase I single dose
study at baseline, day 15 and where possible day 36 were obtained
and evaluated in the clinical MTRX1011A ATA assay. All samples
were evaluated in the presence and absence of 100 �g/mL of anti-

hu IgM (Fig. 7a). Consistent with what we had observed during
assay development, there was significant signal reduction in the
presence of anti-hu IgM. During assay development an assay cut-
point was determined using the signal obtained in the presence
of anti-IgM using a panel of drug naïve samples. Based on this
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Fig. 7. Evaluation of clinical samples. (a) Clinical study samples screened in the presence and absence of anti-human IgM. (b) Two positive samples were identified based
on the cutpoint calculated in the presence of anti-human IgM. (c) Characterization of the two positive samples indicated that sample S1606 was a false positive as the signal
was not reduced to below the cut point by the addition of MTRX1011A (N297A + N434H). The signal was only reduced to below the cut point in the presence of the blocker
anti-human IgM. However, sample S1605 was a confirmed positive for ATA as only addition of MTRX1011A (N297A + N434H) reduced the signal to below the cut-point.
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Table 2
A common RF epitope is recognized between the gamma subclasses. The FcRn muta-
tion N434H on MTRX1011A is immediately adjacent to the critical RF epitope 435.

Isotype Motif Recognition

Amino acid positions 433-434-435-436-x-438-x-440 N/A
IgG1 H-N-H-Y-x-Q-x-S +
IgG2 H-N-H-Y-x-Q-x-S +
IgG3 H-N-R-Y-x-Q-x-S −
�IgG3 H-N-H-Y-x-Q-x-S +
048 J. Araujo et al. / Journal of Pharmaceutical

utpoint two positive samples were identified in the screening
ssay during the exploratory clinical sample evaluations (Fig. 7b).
hese two samples were further characterized in a confirmatory
ssay by immunodepletion with MTRX1011A, anti-hu IgM, and
huMAb Y (N434H). Sample 1606 (S1606) at day 15 (D15) was
ot confirmed as a “true” positive response as only addition of
nti-hu IgM but not MTRX1011A reduced the signal to below the
ssay cutpoint (Fig. 7c). This result illustrates that the “positive”
ignal observed was due to the presence of RF of IgM isotype in
he sample and not specific antibodies generated in response to

TRX1011A treatment. However, we were able to confirm sam-
le 1605 (S1605) at D15 as a “true” positive, as only MTRX1011A
as able to immunodeplete the signal to below the assay cut
oint.

. Discussion

Multiple types of molecules have been identified in serum and
lasma capable of causing significant interference in bioanalytical
ethods used to evaluate protein therapeutics. RF as well as multi-
eric soluble targets are of particular concern in immunogenicity

ssessment using a bridging assay format. In this format the anti-
ody therapeutic is used as both the capture and detection reagent.
ridging assays are widely used for immunogenicity assessment
s this format can measure total antibody response regardless of
sotype.

RFs, the characteristic autoantibodies associated with RA rec-
gnize epitopes located in the Fc region of IgG molecules [23],
nd can activate complement and inflammatory responses that
ead to tissue damage [24]. High RF levels are associated with
oor prognosis, systemic symptoms and erosion of the joints
25]. RFs predominantly belong to the IgM isotype and generally
isplay low to moderate affinity for IgG Fc [26,27]. In subjects
ith severe disease, the RFs may include IgG and IgA antibodies

28].
MTRX1011A is a humanized non-depleting anti-CD4 antibody

f the IgG1 subclass that was clinically tested in RA patients. Unex-
ected elevated signals were observed in drug naïve serum samples
rom an RA population as compared with normal human sera dur-
ng early development of the ATA assay for MTRX1011A (Fig. 2).
urther analysis of a set of RA samples with known RF values
evealed that there was a clear trend between RF values (IU/mL) and
ssay signals (OD) (Fig. 3b). This suggested that the elevated signals
bserved in RA samples were attributable to the binding of RFs to
he MTRX1011A conjugates (Fig. 3a). Since IgM is the predominant
sotype of RFs in the RA patient population, an affinity purified rab-
it anti-human IgM (anti-hu IgM) polyclonal antibody was added
o the RA samples as a blocker to greatly reduce or eliminate the
F interference (Fig. 4), allowing for the development of an assay

ree from RF interference. However, addition of the anti-human IgM
locker would prevent us from detecting antibody of IgM isotype

n patient serum. Our strategy for the detection of antibodies of IgM
sotype was to screen all samples with and without the blocker and

onitor increase in titers during treatment time course. If there is
n increase in titers without the blocker and samples screen nega-
ive with the blocker this may indicate the presence of antibody of
gM isotype. If there is increase in titer without blocker and sam-
les screen positive with the blocker the signal may be due to both
ntibodies of IgM or other isotypes. The positive samples from the
creening assay would be further characterized in the confirmatory

ssay as described in Section 2.3.

This assay approach was used to evaluate a subset of samples
rom a Phase I study (Fig. 7a, b). Two screen positive samples (S1605
t D15 and S1606 at D15) were identified with one of the two
S1605 at D15) confirming as a “true” positive through further char-
IgG4 H-N-H-Y-x-Q-x-S +
MTRX1011A H-H-H-Y-x-Q-x-S ++

acterization. However, this was a transient positive response as the
sample tested negative on day 36 post-dose.

Although we had previously experienced RF interference in ATA
assays developed for other monoclonal antibody therapeutics tar-
geting the RA population, the baseline signals were much lower. In
one assay developed previously, RA samples with RF levels ranging
from 1 to 1000 IU/mL generated signals between 0.01 and 0.1 OD at
450 nm in the assay (data not shown); however, the signals ranged
from 0.1 to 4.0 OD in the MTRX1011A ATA assay (Fig. 3b). We have
found limited literature focusing on RF interference in ATA assays.
There has been one other case reported [29], in which RF interfer-
ence in an ATA assay was specifically attributable to the presence of
aggregates in the conjugated detection and capture antibodies. In
this paper eliminating aggregates in the conjugated reagents effec-
tively reduced the RF interference. However, reagent aggregation
was not an issue in our MTRX1011A ATA assay.

Our observation of an unusually high OD signals in the RA popu-
lation with our ATA assay, suggested a stronger interaction between
RF and the Fc region of MTRX1011A compared with the previ-
ous molecules we had evaluated. To understand the high baseline
signals (OD up to 4.0) observed with MTRX1011A, further char-
acterization work was performed. As mentioned previously, there
were two mutations introduced in the Fc portion of MTRX1011A.
An amino acid substitution of N297A was introduced to impair its
binding to Fc� receptor and an additional single amino acid substi-
tution N434H to improve the binding of the molecule to the FcRn.
To investigate which of the two mutations were responsible for
the high signal observed, caused by RF binding to MTRX1011A,
a series of immunodepletion experiments were performed with
three individual sera containing known RF levels as well as a posi-
tive control (Fig. 5b). A decrease in signal was only observed with
anti-hu IgM and the two molecules containing the N434H mutation
(MTRX1011A and rhuMAb Y). No immunodepletion was observed
with antibodies containing either no mutation (rhuMAb X) or with
the N297A mutation alone (TRX1 and rhuMAb X (N297A)). The sig-
nal of the positive control was only reduced with MTRX1011A and
TRX1 as expected and not with other molecules or with anti-hu
IgM. The stronger interaction between RF and the N434H mutation
in the Fc portion of MTRX1011A was further confirmed by compar-
ing MTRX1011A and TRX1 side-by-side in a direct binding ELISA
(Fig. 6).

But why is N434H mutation so critical in RF binding? The crys-
tal structure of human IgM Fab binding to IgG Fc [23] reveals a
conserved epitope in human subclass IgG1, 2 and 4 but not IgG3
Fc region (Table 2) that is recognized by RF. IgG3 differs from the
other isotypes by a change from a histidine to an arginine residue
at position 435. The importance of this residue in RF binding has
been previously established [30,31]. Mutation of this residue from
an arginine to a histidine restores the binding of RF. Therefore,

we hypothesized that the N434H FcRn mutation on MTRX1011A
which is adjacent to the critical RF epitope at residue 435, creates
a neo-epitope for RF. This proximity seems to be enhancing the
recognition and/or binding affinity of RF to MTRX1011A.
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. Conclusion

Our results highlight the complexities associated with bio-
nalytical method development to support antibody therapeutic
valuations. These challenges are not only attributable to the
atient population, disease state, and route of delivery but also due
o characteristics specific to the product, in this case the unforeseen
haracteristics of an engineered molecule designed to improve its
alf-life.
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