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ABSTRACT

Clinical successes of antibody-based

drugs has led to extensive (pre-) clinical
development of human(ized) monoclonal
antibodies in a great number of diseases.
The high specificity of targeted therapy
with antibodies makes it ideally suited for
personalized medicine approaches in which
treatments needs are tailored to individual
patients. One aspect of patient stratifica-
tion pertains to the accurate determination
of target occupancy and target expression
to determine individual pharmacodynam-
ic properties as well as the therapeutic
window. The availability of reliable tools to
measure target occupancy and expression
on diseased and normal cells is therefore
essential. Here, we evaluate a novel human
antibody detection assay (Human-1gG
Calibrator assay), which allows the flow
cytometric quantification of therapeutic
antibodies bound to the surface of cells cir-
culating in whole blood. This assay not only
permits the determination of the number of
specific antibody binding capacity (SABCQ),
but, when combined with quantification of
exogenously added mouse antibody, also
provides information on binding kinetics
and antigen modulation. Our data indicate
that the calibrator assay has all proper-
ties required for a pharmacodynamic tool
to quantify target occupancy of chimeric,
humanized and human therapeutic anti-
bodies during therapy, as well as to collect
valuable information on both antibody and
antigen kinetics.
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INTRODUCTION

In antibody based therapy, efficient anti-
body binding kinetics and sufficient target
occupancy are critical for achieving and
maintaining clinical efficacy. Monitoring
these parameters in a standardized man-
ner, can be employed to evaluate and tailor
therapeutic regimes to achieve maximal
effects for individual patients in personal-
ized medicine approaches. Measuring both
antigen surface expression and therapeutic
antibody target occupancy on malignant
and normal cells, thus provides valuable
information on: 1. Target occupancy, which
can be predictive for the optimal use of de-
sired antibody-mediated effector functions
[1-4]; 2. Antigen surface expression, which
can serve as a diagnostic tool [5-10]; and 3.
Antigen modulation during therapy, which
can be indicative for durable therapeutic
efficacy [11-18],

A widely accepted approach to quantify
antibodies bound to cells or cell surface
proteins is the use of quantitative flow
cytometry (QFCM), which allows quanti-
fication of the number of molecules of a
defined antigen expressed on the surface
of cells. Two QFCM methods can be distin-
guished into direct and indirect immuno-
fluorescence. Direct QFCM makes use of a
fluorochrome-conjugated primary antibody,
whereas indirect QFCM makes use of a flu-
orochrome-conjugated secondary antibody
to detect and quantify the primary anti-
body bound. Both QFCM methods employ
the use of calibration beads to convert flu-
orescence intensity of a sample into a value
corresponding to the number of antibody
molecules bound, either in Molecules of
Equivalent Soluble Fluorochromes (MESF)
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or specific Antibody Bound per Cell (sABC)
[19-21]. As the direct fluorescence approach
requires conjugation of primary antibodies
for the conversion of MFI to MESF or sABC,
this method can only be used in in vitro or
ex vivo settings. For the indirect fluores-
cence approach no pre-conjugation of the
antibody to be detected is required, and
hence can be employed to study the thera-
peutic agent in real time during the course
of the treatment.

The field of QFCM measurement has taken
a huge leap over recent years; on the one
hand due to the enforcement of regulations
and standards set by regulatory authorities,
on the other hand owing to the increased
commercial availability of standardized
kits and reagents [22,23]. Various studies
have reported on the validity [5], accuracy
[24] and inter-laboratory variations [25] of
QFCM. Here we explore the potential of
incorporating QFCM into the clinical setting,
where it is used to determine maximum
and actual target occupancy by a therapeu-
tic antibody on cells in patient-derived ma-
terial, such as whole blood or bone marrow.
We have studied these characteristics for
the human 1gG calibrator assay. This newly
developed quantitative indirect fluores-
cence immunoassay can detect and enumer-
ate antibodies that contain human constant
domains including chimeric, humanized and
fully human antibodies, bound to target
cells. The clinically validated target CD20

(@ B-cell specific membrane tetra-spanning
protein) is used to examine target occu-
pancy on normal and malignant B-cell lines
by two FDA/EMA approved monoclonal
antibody (mAb) products: rituximab (RTX),
a chimeric 1gG1 mAb [26] and ofatumumab
(OFA), a human 1gG1 mAb [27].
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MATERIAL AND METHODS

Blood samples and cell lines
Peripheral whole blood (WB) from healthy
donors was drawn, with informed consent,
into sterile lithium heparin or K3-EDTA
tubes.
The Burkitt lymphoma cell lines Raji and
Ramos were obtained from American Type
Culture Collection (ATCC) and Daudi from
Deutsche Sammlung von Mikroorganis-
men und Zellkulturen (DSMZ). Cells were
grown as suspension cultures in RPMI-1640
medium supplemented with 10% heat-inac-
tivated fetal calf serum, 2 mM L-glutamine,
1 mM sodium pyruvate, 50 U/mL penicillin
and 50 pg/mL streptomycin. The human
chronic B-cells leukaemia cell line MEC-
1 was obtained from DSMZ. The culture
medium for MEC-1 was IMDM, supplement-
ed with 10% heat-inactivated fetal bovine
serum, 2 mM L-glutamine, 1 mM sodium
pyruvate, 50 U/mL penicillin and 50 yg/mL
streptomycin.
Cells were propagated at 37°C with 5% CO,
in @ humidified incubator.

Antibodies
The primary mAbs used are detailed in
Table 1.
The secondary antibodies mouse-IgG ab-
sorbed goat anti-human IgG FITC (BioCytex)
and human-IgG absorbed goat anti-mouse
1gG FITC (BioCytex) were used as conjugates
for the human IgG calibrator assay and the
mouse 1gG calibrator assay, respective-
ly. The pre-absorption on mouse 1gG of
anti-human I1gG and on human IgG of an-
ti-mouse 1gG removes all potential cross-re-
activity between the two species.
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TABLE 1 mAbs used in this study.

mAb Target Isotype
rituximab (RTX) CD20 Chimeric 1gG1
ofatumumab (OFA) CD20 Human 1gG1
HulgG1-7D8 CD20 Human 1gG1
MulgG1-7D8 CD20 Mouse 1gG1
MulgG2a-7D8 CD20 Mouse 1gG2a
Clone B9E9 CD20 Mouse 1gG2a
Clone 4H10 KLH Mouse 1gG2a
Clone 2H11/2H12 DNP Mouse 1gG1
Clone J4.119 CD19 Mouse IgG1

Immunostaining
Before immunostaining, red blood cells
(RBC) from WB samples were lysed (lysis
solution from BioCytex) for 10 min at 4°C
and washed in wash buffer (PBS - 0.1%
BSA - 0.09% sodium azide; BioCytex). When
notified, lysis step was performed after
immunostaining step.
All immunostaining incubation steps, unless
otherwise indicated, were performed for
10 min at 4°C. After each incubation step,
samples were washed with wash buffer.
For the determination of antibody binding
sites, samples (white blood cells from WB
or cell lines) were incubated with either a
concentration range of primary anti-CD20
antibody, to determine the amount of
bound antibodies at specific primary anti-
body concentrations, or with a saturating
concentration of primary antibody (30 ug/
mL) to determine the density of antigen.
An optional acidic wash with cold acetic
acidic solution (0.5M Nacl, 0.2M acetic acid,
pH=2.6) for 2 min at 4°C was included after
the primary antibody incubation, to deter-
mine baseline expression. Efficacy of acidic

QiFi to determine antigen/antibody kinetics

Form Source
Purified Roche
Purified Genmab
Purified Genmab
Purified Genmab
Purified Genmab
Purified Beckman
Coulter
Purified BioCytex
Purified BioCytex
Purified, Beckman
PC5-conjugated Coulter

wash and reprobing were tested by adding
an incubation step of respectively buffer
or saturating concentrations of primary
antibody (30 pg/mL).

To assess the CD20 occupancy, samples
were first incubated with a concentration
range of primary antibody, and washed.
When specified, an acidic wash was per-
formed. Subsequently, by adding saturating
amounts (30 yg/mL) of primary antibody
or buffer, the levels of maximum of binding
capacity (Max ABC; sample with additional
saturating amount of primary antibody)
and bound primary antibody (Bound sABC;
sample with buffer addition) can be deter-
mined. Background and baseline expression
were determined using the acid wash step.

For the dissociation and internalization
measurements, saturating amounts of
primary human antibody were incubated
with the samples for 10 min at 37°C. After
washing with wash buffer, a 100 fold-ex-
cess amount of mouse antibody was added
to prevent human primary antibody rebind-
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ing and samples were measured at different
time points.

After binding of the primary antibody,
samples were washed in wash buffer and
mADbs bound to the surface were stained
for 10 min on ice with FITC-labelled goat
anti-human IgG (BioCytex) or FITC-labelled
goat anti-mouse 1gG (BioCytex). In parallel,
calibration beads were also treated with
FITC-labelled goat anti-human 18G or FITC-
labelled goat anti-mouse 1gG for 10 min on
ice. Samples and beads were washed. An
additional step of counterstaining was run
for WB samples. Anti CD19-PC5-coupled
mAb was added to samples from WB to
identify B-cells. After 10 min at 4°C incu-
bation, WB samples were washed. Samples
and beads were fixed overnight at 4°C
with a 1% paraformaldehyde solution and
analyzed by flow cytometry using FC500 or
Gallios cytometers (Beckman Coulter).

Sample analysis
For analysis of number of antibody bind-
ing sites (Figure 1), cell fragments and RBC
ghosts were removed by gating total leuko-

cytes or cell lines on a FSC/SSC plot. B-cells
from WB samples were isolated from total
leukocytes by gating on a CD19-PC5/SSC
plot. Gated cell lines or B-cells were then
displayed on a FL-1 histogram plot and an
interval cursor was set to cover the main
peak of FITC signal.

For the calibration beads, the MFI for each
bead population was determined by appli-
cation of separate interval cursors (M1, M2
and M3) and plotted against the number of
antibodies coated on the beads (a pre-
defined amount of an unrelated antibody
coated on the surface which was standard-
ized using radio immunoassays relative to
125|-coupled IgG [datanotshown]) allowing to
draw a calibration curve.

The MFI from cells is reported in the cal-
ibration curve obtained from the beads,
giving the ABC for the samples.

Calculations
Specific antibody binding sites (SABC) was
calculated by subtracting buffer or isotypic
negative control (anti-DNP or anti-KLH
mAbs) ABC from CD20 mAb of interest ABC
value.

FIGURE 1 The human IgG calibrator assay and the mouse IgG calibrator assay are based on the same
quantification of indirect fluorescence immunoassay principle.

Both assays quantify the number of antibodies bound to the target by correlating the fluorescence intensity
with that of a calibration curve.

In this study, CD20 is used as a target antigen. For the mouse IgG calibrator assay (A. right panel), the primary
antibody is an antibody which is detected by a secondary FITC-labelled goat antibody against mouse IgG. For
the human IgG calibrator assay (A. left panel), the primary antibody is a chimeric [RTX], humanized or human
mAb [OFA]) and the secondary antibody is a FITC-labelled goat antibody against human IgG.

The primary antibody is allowed to bind to cells, after which cells and calibration beads (containing a

known density of antibody) are labelled, in parallel, with a fluorescein-conjugated secondary antibody. The
MFI obtained for the beads coated with a low amount (M1), an intermediate amount (M2) or high amount

of antibody (M3) is then plotted against the actual amount of antibody molecules present on the beads.

This provides a calibration curve that shows a linear correlation between antibody molecule numbers and
fluorescence signal. The fluorescence signal obtained for each sample can then be converted to number of
antibodies binding capacity (ABC) by interpolation in the calibration curve.
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The apparent binding affinity constant Ky of
the therapeutic CD20 mAbs was determined
with Sigma Plot software (Systat Software,
INC., San Jose, CA, USA) from the antibody
concentration plot as determined with the
human or mouse IgG calibrator assay with
the following formula:

Brmax X X
Ka+x

Where vy is the sABC, X is the primary mAb
concentration, B,y is the maximal specific
binding observed and Kj is the ligand affin-
ity constant.

To determine the amount of occupied
antibody binding sites opposed to the
expressed amount of antibody binding
sites, an extra incubation step was included
with either buffer (Bound ABC converted in
Bound sABC) or a saturating amount or pri-
mary antibody (Max ABC converted in Max
SABC). Percentage of CD20 occupancy was
calculated using the following formula:

. Bound sABC
% occupancy = W x 100

EC50 and EC90 values were determined
from the occupancy experiment with Sigma
Plot software using a 4-parameter logistic
regression and using the following formula:

max - min
1 + 10 (I08EC50 - %) x hillslope

Yy =min +

Where vy is the observed response (%
occupancy), x is the log of the mAb concen-
tration, min and max are respectively the
minimal and maximal observed values.
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To study antibody and antigen kinetics the
occupancy of bound human and mouse
antibodies relative to the occupancy at

the start of the experiment (time = 0) was
determined according to formula described
below:

SABC (time=t
% binding (time=t)= # x 100
SABC (time=0)

The detection half-life t;,, and off rate Kq
were determined from the graph log (SABC)
plotted against time using Sigma Plot soft-
ware.

statistical analysis
To determine the significance of differences
in maximum sABC obtained for all mAbs
on cell lines and WB samples, a one way
analysis of variance was performed with a
Tukey’s multiple comparison tests as post-
test. Results obtained using WB samples
were subjected to repeated measures ANO-
VA (significant differences were defined by
P<0.05).

RESULTS

Determination of Antibody Binding

Sites
In a first set of experiments we studied
the number of antibody molecules bound
to cells by incubating Daudi cells with
a concentration range of primary anti-
body (either human (Figure 2A) or mouse
(datanotshown)). Plotting the SABC to
the antibody concentration resulted in
an s-shaped binding curve. Saturation of
binding sites was obtained at the highest
primary antibody concentrations. From
this plot we then determined both total
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FIGURE 2 The mouse and the human calibrator assays were used to enumerate the total number of
antibodies binding capacity using a concentration curve of human CD20 mAbs and mouse mADbs.

In panel A, a representative binding curve of human antibodies (hulgG1-7D8, RTX and OFA) to Daudi cells is
shown. By comparing the sABC obtained using saturating concentrations (30 ug/mL) of human mAbs (hulgG1-
7D8, RTX and OFA) and mouse mAbs (mulgG1-7D8 and mulgG2a-7D8) both calibrator assay were compared
on Daudi cells (B), MEC-1 cells (C) and B-lymphocytes from whole blood (D), (Bars represent an average of 3
measurements, error bars indicate SD). Statistical analysis indicate that the SABC obtained with OFA and RTX
are not significantly different whereas RTX sABC and OFA sABC differed significantly (*, p<0.05; **, p<0.01; ™,
p<0.001) from sABC for BO9E9 (a probable type 1l CD20 mAb) on Daudi and MEC-1 cells but not on WB.

To show that the detection in sABC is not hampered by sample matrix such as whole blood, blood was mixed
with Raji cells or Daudi cells and the amount of specific antibody binding capacity was determined with either
the human (E, in presence of hulgG1-7D8) or mouse calibrator assay (F, in presence of mulgG1-7D8). Both for
B lymphocytes and for Daudi and Raji cells the amount of sABC detected for mulgG1-7D8, mulgG2a-7D8 or
hulgG1-7D8 at saturating concentration of antibody was similar in original samples and in the sample in which
Raji cells were added to whole blood, indicating 1gG in the sample matrix or on the surface of cells do not

affect measurements.

bound antibody (in maximum sABC; at a
saturating mAb concentration of 30 ug/mL)
and ECsg; results are shown in Table 2 and
Table 3, respectively. Similar to Daudi cells
(Figure 2B), we also tested Raji (S1), Ramos
(S2), MEC-1 (Figure 2C) cells and B lympho-
cytes from WB (Figure 2D) for binding of a
concentration range of human and mouse
antibodies (Figures only depict results for
each primary anti-CD20 mAb at 30 pg/mL).
Different numbers of maximum sABC were
obtained for each specific cell line, correlat-
ed to the CD20 expression.

Secondly, we compared the newly devel-
oped human IgG calibrator assay to the
mouse 1gG calibrator assay by using vari-
ants of the CD20 mAb 7D8 with different
backbones (human 1gG1, mouse 1gG1 and
mouse 1gG2a). We observed for the B-cell
lymphoma cell lines Daudi (Figure 2B), Raji
(S1), Ramos (S2) and the chronic B-cell leu-
kaemia cell line MEC-1 (Figure 2C) that the
mouse and human calibrator assays gave
maximum sABC values of similar magni-
tude with mouse and human 7D8 antibody
irrespective of 1gG isotype. In contrast, the

QiFi to determine antigen/antibody kinetics

SABC obtained for mouse B9E9 was consis-
tently lower than that for the other CD20
mADbs. This was also reported by Winiarska
et al.28] and is thought to be relevant for a
type Il CD20 mAD, although B9E9 has not
been fully established as a type Il mAb.
Similar results were obtained for B lym-
phocytes in WB (Figure 2D). For detection
of B-lymphocytes in WB, we demonstrated
that the value of the sABC obtained was not
affected by the lysis procedure used (S3),
the use of EDTA- or heparin- based anti-
coagulant (S4), or by extracellular matrix
present. Daudi cells and Raji cells showed
similar sABC before and after spiking into
whole blood with both the human and
mouse calibrator assays (respectively Fig-
ure 2E, hulgG1-7D8 and Figure 2F mulgG1-
7D8 thus also excluded possible interfer-
ence of membrane bound immunoglobulin
(i.e. the B-cell receptor) in quantification

of antigen-bound human antibodies. RTX
and OFA showed similar numbers of SABC
both on cell lines as well as healthy donor B
lymphocytes tested (Figure 2B-D).
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CD20 occupancy
Next, we used the human calibrator assay
for determining target occupancy by the
CD20 antibodies on B lymphocytes in WB.
To establish the baseline level of antigen
expression, we incorporated an acidic wash
step to assess background and total mAb,
even after the target antigen was occupied
(e.g. during therapeutic treatment). Indeed,
we were able to remove bound RTX and
OFA quantitatively by acid stripping as rep-
robing of these samples with buffer led to
a background similar to initial background
determined before stripping (Figure 3A
third black bar and first open bar). Sim-
ilarly, the acid wash procedure did not
influence the amount of available receptors
for quantification of antigen as saturating
amounts of primary antibody led to similar
SABC levels as before stripping (Figure 3A
and 3B).
We then set out to determine target occu-
pancy in whole blood. Figure 3C and 3D
show the results for 2 representative do-
nors tested for occupancy with OFA. Bound
OFA (in ABC; closed circle; from a serial
dilution of OFA) and total OFA (maximum
ABC; closed squares; by adding an addition-
al saturating amount of OFA to a duplicate

sample) measured with the human cali-
brator assay are depicted. Stripping and
reprobing with a saturating amount of OFA
(total OFA after stripping, Figure 3C and 3D
open squares) or buffer (background, Figure
3C and 3D, closed triangles) mark the win-
dow of occupation.

Some donor variation exists, however this
does not affect the occupancy determina-
tions as is observed in Figure 3E. In these
figures, the occupancy for both OFA and
RTX is compared.

From the plotted occupancy of RTX and OFA
against the concentration of the mAb used
we deducted the ECsq for both antibod-

ies for CD20 expressed on human B-cells
(1.02 £ 0.37 yg/mL and 0.66 + 0.16 pyg/mL,
respectively).

Dissociation and internalization

measurements
In a final set of experiments, the apparent
dissociation rates of OFA and RTX were
determined by studying bound CD20 mAbs
over time in the presence of an excess
amount of mouse CD20 mAb mulgG1-7D8
to prevent OFA or RTX re-binding. The
binding half-life (t;,;) of RTX on B-lympho-
cytes in WB was 40 min (Figure 4A) while

FICURE 3 Both the background and maximal SABC detection can be assessed by incorporating an acidic
wash procedure in the quantification process at any time during a clinical trial.

Here bound CD20 antibody can be eluted without affecting CD20 re-detection on B-lymphocytes from WB.
CD20 expression or detection was not affected as shown for detection with RTX (A) or OFA (B). Figures are
summary of 4 independent assays and error bar represents SD.

Using the procedure described under material and methods section calculations the occupancy of OFA and
RTX on B-lymphocytes from WB is determined. OFA occupancy of 2 representative donors is shown (C and
D). In step 1 a serial dilution of OFA was used. In step 2 either buffer was added (Bound OFA, closed circles),
a saturating concentration of OFA (Total OFA, closed squares) or acidic wash procedure followed by buffer
(background, closed triangles) or a saturating concentration of OFA (Total OFA, after strip, open squares).
Using total antibody (ABC) and bound antibody (ABC) data obtained using RTX or OFA in WB, the occupancy
was determined and plotted in panel E.
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the t,,, for OFA was approximately 6 times
longer (248 min) (Figure 4B). Combining
the human calibrator assay with the mouse
calibrator assay in this experiment, al-
lowed us to obtain information on antigen
kinetics. Thus we observed that CD20
antigen, from which RTX was dissociated,
was quickly re-occupied by mulgG1-7D8.
However, at later time points, a decrease of
mouse antibody binding was seen despite
the excess of mulgG1-7D8 added. The sum
of human antibody and mouse antibody
occupancy can be used to determine the
total percentage of available binding sites.
Using this analysis, we observed that incu-
bation with RTX led to a "60% decrease in
CD20 binding sites over a 4-hour timeframe
(Figure 4C). For OFA we observed a rela-
tively sharp drop of % occupancy during the
first 15 minutes after which approximately
20% OFA dissociated in the next 4 hours in
line with a similar increase in mulgG1-7D8
binding (Figure 4D). The initial drop in OFA
SABC is not accompanied by an increase in
binding sites for the mulgG1-7D8 antibody
which indicates that it likely is not the
result of OFA dissociation. The effect may
therefore be due to a reduced detection of
OFA molecules by the secondary antibody
(e.g. steric hindrance) as a result of CD20
antigen clustering which is characteristic
following binding of type | CD20 mAb or
CD20 internalization.

The sum of human and mouse antibody
occupancy in the OFA experiment shows
that the number of CD20 binding sites after
this first initial drop remains relatively con-
stant. These data suggest that loss of CD20
antigen binding sites occur more slowly for
OFA than for RTX.
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DISCUSSION

Although CD20 directed immunotherapy
initially depletes all peripheral B-cells
inevitably malignant lymphocytes repopu-
late the periphery. This, together with the
fact that current dosing regimens might not
optimal [29] warrants novel approaches to
monitor therapeutic efficacy. Monitoring
CD20 expression and occupancy by ther-
apeutic antibody on malignant B-cells in
the clinic is critical for the development of
personalized medicine approaches. Thus
the probability of clinical efficacy can be
maximized by taking treatment-associated
factors that influence target surface ex-
pression or accessibility to the therapeutic
antibody into account [11,12,16,28]. One of
these factors is CD20 occupancy, which, in
part, determines the effector mechanism
employed by the antibody. Generally, it is
observed that ADCC is triggered at lower
occupancy than CDC as for example has
been studied in detail for CD20 and EGFR
antibodies [1,4,301. These dose-effect rela-
tionships are both antigen- and epitope-de-
pendent. Thus, type | CD20 antibodies such
as OFA and RTX are particularly efficient

in their ability to induce CDC, yet maximal
ADCC is achieved at lower occupancy than
maximal CDC [2,4]. The impact of epitope is
shown by the observation that RTX re-
quires a higher occupancy level than OFA
to achieve efficient CDC [1-3,31]. Decreasing
surface expression may thus result in a lev-
el of occupancy where antibodies can elicit
both CDC and ADCC to an occupancy where
only ADCC can be elicited and then to a
point where both are inactive. Thus precise
quantification of target cell occupancy of

a specific therapeutic antibody might be
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FIGURE 4 Occupancy of RTX and OFA.

The Occupancy of RTX and OFA in the presence of mulgG1-7D8 competitor was determined on B-lymphocytes
from WB (respectively Fig 4A and 4B) over the time. The sum of RTX and mulgG1-7D8 mAbs occupancies was
calculated allowing the determination of total occupancy of CD20 (Fig 4C). Similar curve with OFA is depicted
(Fig 4D). Results shown are means of 2 individual experiments with error bars indicating SD.

Results show that combining both calibrator assays results in the Koff measurements of human antibody and
antigen internalization with mouse antibody.

The time point where half of the initial amount of ofatumumab is detected (detection half-life) as being bound
to Daudi cells is 248 min, whereas for rituximab already after 40 min the signal was reduced to 50% (data not
shown).

MulgG1-7D8 binding was detected with the mouse 1gG calibrator assay. Initially mulgG1-7D8 replaces
dissociated RTX resulting in an increase of mulgG1-7D8 in time. However after all bound rituximab has been
replaced by mulgG1-7D8, we observed a decrease in detection of mulgG1-7D8 reflecting the internalization
of the antigen. In the presence of OFA only very limited amounts of mulgG1-7D8 could be detected indicating
that the measured reduction in binding signal reflects the internalization of antigen-antibody complexes rather
than the dissociation of OFA.
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correlated with mechanism of action knowl-
edge to predict and monitor therapeutic
efficacy.

Here, we describe a new quantitative

flow cytometry assay which is primarily
intended for quantification of chimeric,
humanized or human therapeutic antibod-
ies bound to the surface of (malignant) cells
(Figure 1). In addition, the assay can be
used to detect antigenic modulation by such
therapeutic agents as well as for studying
the kinetics of antibody binding.

In this study we have shown that the
human calibrator assay is as accurate in
determining surface antigen in SABC as the
well validated mouse calibrator assay.
Moreover, antibody characteristics were
comparable to previous observations.

First, saturating levels of antibody on WB
samples from healthy donors were consis-
tent with previous observations published
by Teeling [31].

Second, the antibody binding property such
as EC50 of RTX observed here (6.8 nM) is
similar to previous reported data by Reff
(5.2 nM) [32] and Li (4.9 nM) [331. The limited
variation between EC50 values is potential-
ly due to cell lines used.

Third, the half-life (t%2) (40 min for RTX and
248 min for OFA) correlated with Li [33] and
Teeling [311 (80 min for RTX and 70% OFA
still occupied up to at least 3 hrs).

Fourth, the decrease of available binding
sites for RTX we observed in this study
(after 4 hours only 60% of the binding

sites as measured at t=0 remained) was
similar to the recently described internal-
ization rate of RTX [11]. Interestingly, after
an initial decrease of 20% of OFA binding
sites detected after 15 min, we did not see
a further decrease of OFA binding sites
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presumably because the OFA-CD20 complex
does not internalize, although this will have
to be investigated further. The differences
in internalization rate between OFA and
RTX might partially explain the differences
found in CDC induction by these therapeutic
agents.

It is important to note that it is well estab-
lished that although all CD20 mAb compete
for binding, they do not all detect the same
number of CD20 binding sites. Thus, quan-
tification of CD20 using type | and type

Il anti-CD20 mADbs gives different results,
with type Il mAb consistently showing
about half the number of SABC compared to
type | mADb [31,34]. These differences may
be due to epitope and different orientation
of binding [3,35]. Thus, the quantification

of total and bound CD20 in terms of SABC
is directly dependent on the reporter mAb
that is used.

All in all, this assay provides a more correct
approach to calculate the off-rate for ther-
apeutic antibodies, as this assay may be
used to adjust for total CD20 at the surface
of the cell membrane, and thus for internal-
ization. The detection half-life thus reflects
the total amount of anti-CD20 molecules
remaining on the surface and is therefore
the result of both anti-CD20 dissociation
and CD20 internalization.

Taken together this new assay is able to
quantify chimeric, humanized or human
antibodies bound to their target cell surface
and can provide valuable information on
such antibodies both in a research setting
as in a clinical setting.

The human IgG calibrator can be applied to
study the kinetics of therapeutic antibody
binding in patient samples such as whole
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blood. This method, potentially together
with the acid stripping procedure, results
in the ability to measure antigen binding
of therapeutic antibodies in correlation to
antigen surface expression. Thus, it allows
evaluating, monitoring and adapting thera-
peutic regimens on an individual patient’s
basis and thereby adds to the development
of personalized medicine.
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