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The present invention relates to the development of novel of
free blood fluid IgE Immunoenzymetric assay that is specifi-
cally designed to evaluate the blood fluid of patients on thera-
peutic agents designed to reduce free serum IgE levels, such
as Omalizumab. The assay displays the robustness required
for clinical analysis of serum containing such agents as Oma-
lizamab.



Patent Application Publication  Aug. 19,2010 Sheet1 of 10 US 2010/0209947 A1

60

% Maximum Binding

Free IgE Concentration (kIU/L)

FIG. 1



Patent Application Publication  Aug. 19,2010 Sheet 2 of 10 US 2010/0209947 A1

100

80
3E gl
T8 ] Assay Working Range
43
<qg | 1
£E 401
£'s ]

4
10 100 1000
Free Serum IgE (1U/ml)
IEMA

FIG. 2



Patent Application Publication

Aug. 19,2010 Sheet 3 of 10

US 2010/0209947 A1

10000
T 1000;
=) ]
%555 -
E= 1001
2%
()]
w
2 ]
" 10'§
1
10000
i—é‘ o
S5 8 1000
QN E
e
Sté 100-
SE
‘sE ]
(e
T 10
i
{1 e
1
1

"0 100

Total Serum IgE (1U/ml)
IEMA

FIG. 3

1000

10000



Patent Application Publication  Aug. 19,2010 Sheet 4 of 10 US 2010/0209947 A1

-
-
- -
-

-
- -
-————— Emrm

- - ,~C7

-
L
I’d/ :

0.01 0.1 1 10 100 1000 10000

Human IgG anti- IgE Fc/ Human IgE Molar ratio

FIG. 4

-y



Patent Application Publication  Aug. 19,2010 Sheet 5 of 10 US 2010/0209947 A1

400

vO“*“--—--o._______ O -v"‘L
N
300 1
-
S
=
= 1 e
» 200 ¥ =z
o 1 S\ @ Tmemeeee— —g—— e \17
Q
-l
W
C. .
100 -
1 ~
p ~~
0- b LTS
r v e T

0 10 100 1000 10000 100000 1000000

Omalizumab (ng/ml)

FIG. 5



Patent Application Publication  Aug. 19,2010 Sheet 6 of 10 US 2010/0209947 A1

1200 Subject 1
+ 2.8 fold
1000 + 2.5 fold
. Total IgE
5 800 -
< ]
2 6001
3 ]
|
W 400
-
200 Free IgE
S~ 9% -98%
0 ] L4 T 1 ) 1 _-?
1200 _ Subject 2
10001
= ]
S 8001
=, ]
2 .
o 6001
s ]
S 400
2001  +3.570ld _ +4.1 fold
m% -50%
e
0 1 2 3

Months of Xolair Treatment

FIG. 6



US 2010/0209947 A1

Aug. 19,2010 Sheet 7 of 10

Patent Application Publication

V. '©Oli4
09 gg 0S°
&15 295 dsv n1o syg siT ery usy Tep oTI USy noT I8 IS USY Iyg

sy - o ge
nIO nID I9s ney x8s ATH usy STH oya dzxy sAT ayg zo5 x9S TEA NTH

o€ T4 (174
9Uyg 8yg usy usy ATH usy si) IYL NOT Iyl TeA usy nid A19 s&T syg

Sl . ot | g o
9TI bay usy diy oxg oag usy na7 195 TeA sA7 oxg s&T uro oxg Tea

‘ELON Al DAS :NOILINOS3IA FIONINDIAS  (1X)
ulejold :3dAL IINDITON (1)

L 'Old
123Uyl AD0T0dOL (Q)

. . . (Q) proeouwe 3441 (g)
8. 'Ol SpoB oujwe Z21 HIONTT (V)
'SOILSINILOVHVHO IONINDIS (1)

V. 'Old . -}:ON 01 DS YO NOILLYWHOSNI




US 2010/0209947 A1

Aug. 19,2010 Sheet 8 of 10

Patent Application Publication

09l
x&5 dsv

nId TeA

- 8&T neq

usy bay

56
TeA 1id

08
IhL TEA

naa

IYL

TV

0Lk

dzg,

eTvY

oxg

uTd

eTvY

scl

nio

A1

I9s

nid

eTY

oyl

usy

K19

STH

eIV

xog

s&q

gsl
TeA

dsy

sA)

uid

=7
nId

0lL
STI

siAT

STI

bay

06
na

usy

d/l 9ld

TeA IYL
A19 ayg

I98 OTT

0cl
b 3.5 A 7. % A

50}
neT eyg

nal Nnax

TeA UTd

STI

sy

gel

usy

°1I

nag

dxg,

uTd

usy

0si

STH

TeA

oxg

dsvy

0L
STH

GoL
neT

IAL

usvy

s&T

utd

58
a9g

utd

oxg

ayg,

nio

Ik

00}
AT

2yd

nro
Ato
L 7% 7
gLl

A

nto

TEBA

198

Ieg

ocl

dag,

dsy

IeN

nTd

nTo

Sl

dsvy

7. %

dxg,

TeA

nog

59
nid



US 2010/0209947 A1

Aug. 19,2010 Sheet 9 of 10

Patent Application Publication

¢6l

1442

96

8Y

09
A19 295 dsy n19 oyg skt
YOO IDVY DVD ¥V¥O ILL YYVY
Sy
nT9 nT9 I°s neoT xss Lo
OVD Y¥D YOI ILD D9V D99
oe
9yg 9yq usy usy ATD usy
Lididi OIL LYY OVVY 999 IVY
Sl
91I bay usy dx1 oxg ozg
YLY ¥OV¥ I¥V¥Y 991 ¥OD IDD

8 OlId

g8 'Old

v8 'old

V8 'Old
S5 05

BIY USY TeA STI USY NI 198 98 usy
00D I¥V 9I9 LIV IVVY OII IOV YOI 1YY
o 1
uUsy STH Syg di3 s&7 ayg xes zeos TeA
LYY DUD DIL 991 ¥YY DO¥ DI IOV JOI9
6z . 0z
s&D ayr neT ayz Tea usy nro Aro sAT
IOL YOV LID IOV OI9 IVV SYD W99 WYV
0L S
USY ne7 I35 TeA s&T oxg sAT uro oag
O¥Y¥ 91X JDI JID HYVY IOD VYY OYD IJD

¢1:ON al D3IS NOILDIYOS3A ION3NDAS  (1X)

916"} :NOIYDO1 (8)

SA0 ADIENWVYN (V)
NLvad  (w)

VYNQ@O :3dAL 3TINOF 0N (1)

leaul :A90170d401 (Q)

. 9ibuls :SSINQIANVYHLS (D)

pioeoiBNu :3dAl ()

sappogpnu 915 ‘HIONI1 (v)
‘SOILSIYILOVHVHD IONIND3IS (1)

*C‘ON Q] DS YO NOILYWHOINI

UL
o) 4

nio
o

9yqg
M A

TeA
LD



US 2010/0209947 A1

Aug. 19,2010 Sheet 10 of 10

Patent Application Publication

olg

08ty

A% 4

¥8€

gge

88¢

ove

IZAg,
LY

usy
o) 4 4

TeA
21D

x&g,
oYL

ost
oo

T®A
LD

naTg
oD

Bxy
) 4

nrd
P\ )

08
TeA
OoLd

neT
250

YL
) {0) 4

BTy
£LOD

90L&
g6

eIy
LOD

oag
LOO

utd
YO

eTY
009

g8 "Old

0LL

eTY sAT oTI

10D YWY VI
gsi

dx3 Tea si&T

995 DI WYY
ovi

YL

oV

usy
LYY

oTI
LW

gct

TeA YL °TI usy noT

\- 613

L1o
099

I9g
0oL

LOY LIV

ayyr s&o
9O¥ 191

Gggl
oxgd

O¥Y DID D22

oSt
7,4 4

OV¥L

b 9.9
oYL

YL
o) 4

Get

®TI usy
OLY DWW

oct

nTo
'y )
oLt
L19
I99

Ies
LOL

nTo
¥¥o

dsy
LYD

L1
199

s&ko
DOL

STH
L4

eTvy
209

utd
OWD

Iag
LOY

o
o) £

sk
)4 4

ahL x&g,
LYL LY.L
SoL
noT ayd
OID OLL

06

na7T NaT naT
ILD DID OID
472

usy TeaA uid
LYY LLD YYO

Sxy
99y

9TI
LW

noT
2L

dxg,
9591

uid
Y¥vYO

STH
YD

usy
o)A 4

sAT
44 4

T®A
LD

oxg

Q00
1]

I98 oyg

IOY DLL

dsy
) 3]

oL
STH ur® 84D
O¥D 95WD I9L

nio
O¥d

TeA
LD

sAT

x08
LO&L

Ios
LOV
ol

O9L

dsy
LD

IOH
oLV

n{d

OY.L

no
) )
1414
dsy
10)- (2]

IBA
2155

no7
940

g9
o



US 2010/0209947 A1

FREE HUMAN SERUM IGE
IMMUNOENZYMETRIC ASSAY AND
METHODS OF USE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to U.S. Provisional
Patent Application Ser. No. 60/680,887 filed May 13, 2005,
the entire disclosure of which is incorporated herein by ref-
erence in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to novel immunoassay
for quantitative measurement of free blood fluid level IgE
antibody in patients receiving a therapeutic agent for reducing
free IgE blood fluid levels.

BACKGROUND OF THE INVENTION

[0003] Human allergic disease has been managed using a
combination of allergen avoidance, pharmacotherapy and
immunotherapy (Naclerio, 1991; Norman 2004). In 2003,
Omalizumab, a recombinant humanized IgG1 monoclonal
anti-human IgE Fc (Xolair®), was licensed for use in the
United States to treat moderate to severe persistent allergic
asthma. Omalizumab binds circulating IgE, blocking IgE
binding to alpha chain of FceR1 receptors and down regulat-
ing the number of FceR1 on mast cells and basophils (Chang
et al, 1990; Saini et al. 1999; Davis, 2004). Reduced cell
bound IgE can result in a concomitant reduction in mediator
release and reduced allergy symptoms (Holgate et al 2004;
Lin et al. 2004). The best clinical results have been observed
in asthma patients receiving 0.016 mg of Omalizumab per kg
per KIU/L of IgE for a minimum duration of 12 weeks
(Bousquet et al. 2004).

[0004] Unfortunately, not all asthma patients receiving
Omalizumab experience the desired clinical benefits of
reduced usage of their rescue or controller medications,
improved lung function, decreases in asthma exacerbation
rates and/or enhanced quality of life. In these patients, the
treating physician needs to know whether the prescribed
Omalizumab dose has reduced free serum IgE levels into the
therapeutic range (>95%). To assess this issue, a serological
measurement of non-Omalizumab complexed “free” IgE is
needed, since the level of free IgE in serum identifies patients
who may have been under dosed and in whom non-com-
plexed IgE is free to continue to arm FceR1 on mast cells and
basophils. Presently, no CLIA-88 licensed clinical laboratory
measures free human IgE because documented serological
assays have not been available. It would be highly desirable to
develop a sensitive quantitative assay measuring free serum
IgE levels in patients receiving therapeutic agents which are
administered to patients for the purpose of reducing free IgE
serum levels, and consequently monitor the effectiveness of
the therapeutic agent.

SUMMARY OF THE INVENTION

[0005] The present invention relates to the development of
novel methods and assays for the quantitative measurement
of free blood fluid IgE, more specifically designed to evaluate
the blood fluid of patients treated with therapeutic agents
designed to reduce free blood fluid IgE levels, such as Oma-
lizamab.
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[0006] More specifically, the present invention relates to a
method of quantifying the free blood fluid IgE level in a
patient comprising the steps of a) contacting the patient’s
blood fluid with an IgE directed antibody immobilized on a
substrate under conditions suitable for formation of a IgE:
capture antibody complex; b) contacting the substrate of step
(a) with a detection labeled FceR1a receptor under condi-
tions suitable for formation of an IgE: FceR 1 receptor com-
plex; and c¢) determining the quantity of free blood fluid IgE
by measuring the amount of detection label in comparison to
known quantity level standards for IgE.

[0007] In a preferred embodiment, capture antibody is a
monoclonal antibody, and in particular,

[0008] wherein the monoclonal antibody binds to the Fc
portion of the IgE and does not bind to an epsilon heavy chain
antigenic determinant bound by the a-chain of the FceR1
receptor. In particular embodiments, the capture antibody is
the monoclonal murine IgM anti-human IgE Fc clone
HP6061 or the monoclonal murine IgG1 anti-human IgE Fe
clone HP6029. In still other embodiments, the patient’s blood
fluid is comprised of serum or plasma and other human body
fluids such as tear fluids, lavages of nasal and bronchial pas-
sages.

[0009] Further other embodiments include the FceRla
receptor protein (i.e., secreted extracellular domain of the
alpha chain) comprising at least a portion of a human Fc-e-R
alpha chain that binds IgE, particularly from the FceRla
receptor comprising the amino acid sequence of SEQ ID No.
1. Itis encoded by SEQ ID NO: 2. Specifically, the amino acid
sequence stretches from the 1st amino acid after the signal
sequence through amino acid 172 (where amino acid 1 is the
1st amino acid after the signal sequence).

[0010] The FceR1a receptor can be conjugated to a detec-
tion label selected from the group consisting of a radioactive
label, a fluorescent label, a chemiluminescent label, a chro-
mophoric label and a ligand or more particularly, a detection
label selected from the group consisting of fluorescein, a
radioisotope, a phosphatase, biotin, biotin-related com-
pounds, avidin, avidin-related compounds and a peroxidase.
[0011] In another preferred embodiment of the present
invention, the substrate comprises a material selected from
the group consisting of plastic, glass, gel, celluloid, paper,
particulate material and latex, polystyrene, nylon, nitrocellu-
lose, agarose and magnetic resin. Furthermore, the substrate
can comprise a shape selected from the group consisting of a
well, a plate, a dipstick, a bead, a lateral flow apparatus, a
membrane, a filter, a tube, a dish, a celluloid-type matrix and
amagnetic particle. Such substrates can be made as an ELISA
plate, a dipstick, a radioimmunoassay plate, agarose beads,
plastic beads, latex beads, immunoblot membranes and
immunoblot papers.

[0012] The present invention also relates to quantitative
determination of free blood fluid IgE levels performing
assays selected from the group consisting of enzyme-linked
immunoassays, radioimmunoassays, immunoprecipitations,
fluorescence immunoassays, chemiluminescent assay,
immunoblot assays, lateral flow assays, agglutination assays
and particulate-based assays.

[0013] Another embodiment of the present invention
includes a method of determining the efficacy of a therapeutic
agent that lowers a patient’s free blood fluid IgE level by
quantifying the patient’s free blood fluid IgE levels before and
after administration of the therapeutic agent comprising the
steps of: a) contacting the patient’s blood fluid with an IgE
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directed antibody immobilized on a substrate under condi-
tions suitable for formation of a IgE:capture antibody com-
plex; b) contacting the substrate of step (a) with a detection
labeled FceR1a receptor under conditions suitable for forma-
tion of an IgE: FceR1a receptor complex; ¢) determining the
quantity of free blood IgE by measuring the amount of detec-
tion label in comparison to known quantity level standards for
IgE; d) comparing the patient’s free blood fluid IgE levels
before and after administration of the therapeutic agent. In a
preferred embodiment, the patient’s blood fluid is serum,
capture antibody binds to the Fc portion of the IgE and does
not bind to an antigenic determinant of the a-chain of the
FceR1a receptor and the therapeutic agent is omalizumab.
[0014] The present invention also includes a kit for per-
forming methods of the present invention. In particular, the
invention relates to an assay kit for quantifying the free blood
fluid IgE level in a patient comprising an IgE capture antibody
and a detection labeled FceR1a., receptor.

[0015] Other aspects of the invention are discussed infra.

BRIEF DESCRIPTION OF THE FIGURES

[0016] FIG.1: The free Igk IEMA 5 point calibration curve
(open circles: 1000, 200, 50, 20, 2 kIU/L) and 10 point cali-
bration curve (closed circles: 1000, 500, 250, 125, 62.5,
31.25,15.625,7.813,3.906, 1.953 kIU/L) that were analyzed
in the same assay. The assay demonstrates parallelism as
shown by results of the two dilutions of low IgE control
(closed triangle; inter-dilutional % CV=3.7%) and a test
serum (open triangle, inter-dilutional % CV=3.0) that con-
tained free IgE levels close to the analytical sensitivity of the
assay.

[0017] FIG. 2. Precision profile analysis of the free serum
IgE IEMA. The intra-assay coefficient of the variation (CV)
of the interpolated dose (Y-axis) is plotted against the dose
(X-axis). The working range of the assay is defined from 10
kIU/L (twice the negative control binding) to 1000 kIU/L.
Over the working range of the IEMA, intra-assay precision is
<15% (n=180 duplicate measurements collected from 6
IEMAs).

[0018] FIG. 3: Top Panel: Regression analysis of free serum
IgE (Y axis) versus total serum IgE (X-axis) levels as mea-
sured by IEMA in serum from 33 adults with a spectrum of
total serum IgE levels prior to Omalizumab administration
[r*=0.98, Y=1.06X-0.05, n=33]. Bottom panel: Regression
analysis of the total serum IgE as measured in the same sera
in the Pharmacia ImmunoCAP 250 (Y axis) and IEMA (X
axis; bottom panel) [r*=0.99, Y=0.90X+0.32, n=33].

[0019] FIG. 4. Inhibition curves displaying the percentage
reduction in free human IgE in 6 sera with IgE concentrations
ranging from 55.7 to 240 kIU/L that had been incubated with
increasing concentrations of Omalizumab to produce [hu-
manized IgG1 anti-human IgE Fc] to [human IgE] molar
ratios from 0.22 to 9500. Reductions of Z90% were observed
at anti-IgE to IgE ratios from 2 to 200, indicating heteroge-
neity. The IgE concentrations of the sera in the absence of
Omalizumab were 55.7 kIU/L (open triangles), 121.2 kIU/L
(closed triangles), 236 kIU/L (closed circles), 222 kIU/L
(closed squares), 73.3 kIU/L (open circles) and 240 kIU/L
(open boxes).

[0020] FIG. 5. Free (close symbols) and total (open sym-
bols) serum IgE levels (kIU/L) measured in the free and total
serum IgE IEMAs (Y-axis), respectively, for two sera (circles
and triangles) in the absence and presence of Omalizumab
from 100 ng/ml to 1 mg/ml (X-axis). No significant change in
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the total serum IgE levels were detected, in spite essentially
complete decreases in free IgE levels which indicates that
Omalizumab binding to IgE does not interfere in the total
serum IgE IEMA.

[0021] FIG. 6 Changes in the total (closed circles-solid
lines) and free (open circles-dashed lines) IgE for subject 1
(top panel) and subject 2 (bottom panel) as described in Table
1 at baseline, 1 and 3 months post Omalizumab treatment.
Subject 1 displayed a 98% decrease in free IgE with increases
in measured total serum IgE of 2.5 to 2.8 fold. In contrast,
Subject 2 displayed a 50% decrease in free IgE after 3 months
of Omalizumab therapy with 3.5 to 4.1 fold increases in total
circulating IgE.

[0022] FIG. 7 represents the amino acid sequence of the
FceR1a receptor (SEQ ID No.: 1).

[0023] FIG. 8 represents the nucleic acid sequence of the
FceR1a receptor (SEQ ID No.: 2).

DETAILED DESCRIPTION OF THE INVENTION

[0024] An estimated 50 million people have allergic dis-
ease in America, with approximately 17 million suffering
from asthma. Since allergic asthma is an IgE-mediated dis-
ease involving the release of vasoactive mediators following
the exposure to airborne allergens, reduction of IgE levels on
effector cells should have beneficial effects. Unlike other
forms of therapy that either treat the symptoms with drugs or
modify the immune response following specific allergen
immunotherapy, Omalizumab reacts with the binding site on
the epsilon heavy chain and effectively blocks the binding of
IgE to high affinity cellular receptors on effector cells. The
consequence of this complex formation in vivo is a reduction
in IgE bound to mast cells and basophils, a concomitant down
regulation of FceR1 receptor numbers on these cells and a
reduction in the release of mediators following allergen expo-
sure (Saini et al, 1999; Lin et al, 2004; Soler et al, 2001).

[0025] Once administered, maximal decreases in free cir-
culating IgE have been reported when in vivo [IgG1-anti-IgE:
IgE] molar ratios in blood of 10 to 20 are achieved (Casale et
al, 1997). Because the efficacy of Omalizumab involves IgE-
anti-IgE complex formation and Omalizumab interference of
IgE binding onto FceR1, the level of free (uncomplexed) IgE
can be viewed as one indicator of the effectiveness of Oma-
lizumab administration. During the development of Omali-
zumab, a free IgF enzyme immunoassay was developed using
a human IgE receptor alpha chain-IgG chimera (Haak-
Frendscho et al, 1993). This chimeric reagent when insolu-
blized on plastic surfaces of microtiter plate wells bound
“free” IgE that was not complexed with Omalizumab. While
the human FceR1a-IgG chimera appears to be a useful
reagent for immunoassay measurement of free IgE, it is not
available for use by clinical laboratories. As an alternative, a
recombinant form of the extracellular domain of the alpha
chain of the FceR1 has been produced in a Baculovirus
expression system that appears to be a useful alternative
(Stedman et al, 2001). However, when purified FceR1a is
insolubilized on plastic surfaces, it appears to lose its reac-
tivity for IgE, most likely due to steric hindrance. For this
reason, we chose the reciprocal assay configuration of cap-
turing IgE with a solid phase anti-IgE and then detecting
bound free IgE with biotin labeled-FceR1c.. This assay
design has its strengths and limitations. It is able to capture all
IgE (whether free or Omalizumab-bound) which means that
sera with high total serum IgE levels can require that multiple
dilutions be analyzed to insure that the measurement falls in
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the working range of the assay. Since baseline IgE levels for
candidate Omalizumab patients are typically 30 to 700 krU/L,
this is not a serious concern because these levels are generally
within the working range of both the free and total serum IgE
IEMAs. However, analysis of sera from patients already
receiving Omalizumab may have to be diluted since the mea-
sured total serum IgE does increase five to six fold due to the
longer biological half-life of the complexes. The increases in
level oftotal circulating IgE reported (Casales et al, 1997) and
observed in this study following Xolair administration have
been ascribed to the molar excess concentrations of anti-IgE
that produce and retain small anti-IgE:IgE complexes in cir-
culation. This increases the biological half-life of IgE in
serum. One additional advantage of the IEM As’ design is that
total serum IgE can be monitored even in a serum that con-
tains Omalizumab since binding of the humanized IgG1 anti-
IgE to IgE does not appear to interfere in the measurement of
selected research and clinically-used total serum IgE immu-
noassays (FIG. 5) (Hamilton, 2006).

[0026] The free IgE level in serum when analyzed in tan-
dem with the total IgE provides a snapshot into the status of
IgE levels in patients on Omalizumab. Since not all patients
on Omalizumab experience the same discernable symptom
relief following Omalizumab treatment (Bousquet et al,
2004; Soler et al, 2001; Busse et al, 2001), the availability of
a free IgE measurement may be a useful analytical measure-
ment for verifying that a sufficient dose was administered and
that the concentration of the Omalizumab is not simply the
cause of an apparent lack of drug efficacy. In this study, two of
the twelve patients on Omalizumab exhibited only a 50%
reduction in free IgE despite an appropriate dosing based on
the subject’s weight and baseline total serum IgE level (Sub-
jects 2 and 11, Table 1). Both of these patients had among the
lowest baseline total serum IgE levels. In vitro studies with
total IgE levels in this range demonstrate some heterogeneity
in the amount of anti-IgE required to reduce free IgE levels
(FIG. 4). Whether this is a result of the blocking of Omali-
zumab binding to IgE by naturally-occurring IgG anti-IgE
antibodies (Lichtenstein et al, 1992; Ritter et al., 1991) is
unclear and may need further investigation. Sustained
increases in total serum IgE were observed even in these two
subjects, suggesting that Omalizumab was complexing with
their circulating IgE.

[0027] The present invention relates novels assays with
acceptable performance characteristics that allow the moni-
toring of changes in the levels of circulating free blood fluid
IgE that is not saturated with therapeutic agents which lower
free blood fluid IgE levels, such as Omalizumab and the IgE
peptide (Jansson, 2006). Analysis of the free IgE levels in
paired pre and 1 to 3 month post therapeutic agent treatment
sera may aid physicians in confirming adequate dosing and
monitoring immunological changes resulting from adjust-
ments in the dosing schedule of patients receiving the thera-
peutic agent who do not experience the anticipated clinical
benefit.

Capture Antibody

[0028] The capture antibody for binding total blood fluid
IgE has two primary characteristics: 1) the antibody binds to
the Fc region of IgE; and 2) the antibody does not bind to an
antigenic determinant of the alpha (ct) chain of the FceR1a
receptor. Preferably, the capture antibody has a relatively high
affinity for IgE, in the range of 10® to 10'° L/M (Hamilton et
al., 1989). The capture antibody can be a polyclonal or mono-
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clonal antibody with monoclonal being the preferred embodi-
ment. Suitable monoclonal antibodies for the methods and
assays of the present invention can be obtained from com-
mercial sources, or alternatively, they can be developed using
conventional hybridoma technology. Commercial sources of
monoclonal capture antibodies include EMD Biosciences
Corporation of La Jolla, Calif. and the Hybridoma Reagent
Laboratory of Baltimore, Md. Both mouse IgM anti-human
IgE Fc clone HP6061 and mouse IgG1 anti-human IgE Fc
clone HP6029 are available from these commercial sources.

[0029] As mentioned, other hybridomas producing anti-
IgE immunoglobulins can be developed using standard hybri-
doma technology. See, for example, Kohler & Milstein,
Nature 256:495 (1975); Coligan et al., sections 2.5.1-2.6.7;
and Harlow et al, ANTIBODIES: A LABORATORY
MANUAL, page 726 (Cold Spring Harbor Pub. 1988), which
are hereby incorporated by reference. Briefly, monoclonal
antibodies can be obtained by injecting mice with a compo-
sition comprising an antigen, verifying the presence of anti-
body production by removing a serum sample, removing the
spleen to obtain B lymphocytes, fusing the B lymphocytes
with myeloma cells to produce hybridomas, cloning the
hybridomas, selecting positive clones that produce antibodies
to the antigen, and isolating the antibodies from the hybri-
doma cultures. Monoclonal antibodies can be isolated and
purified from hybridoma cultures by a variety of well-estab-
lished techniques. Such isolation techniques include affinity
chromatography with Protein-A Sepharose, size-exclusion
chromatography, and ion-exchange chromatography. See,
e.g., Coligan et al., sections 2.7.1-2.7.12 and sections 2.9.1-
2.9.3; Barnes et al., Purification of Immunoglobulin G (IgG),
in METHODS IN MOLECULAR BIOLOGY, VOL. 10,
pages 79-104 (Humana Press 1992). Methods of in vitro and
in vivo multiplication of monoclonal antibodies is well-
known to those skilled in the art. Multiplication in vitro may
be carried out in suitable culture media such as Dulbecco’s
Modified Eagle Medium or RPMI 1640 medium, optionally
replenished by amammalian serum such as fetal calf serum or
trace elements and growth-sustaining supplements such as
normal mouse peritoneal exudate cells, spleen cells, bone
marrow macrophages. Production in vitro provides relatively
pure antibody preparations and allows scale-up to yield large
amounts of the desired antibodies. Large scale hybridoma
cultivation can be carried out by homogenous suspension
culture in an airlift reactor, in a continuous stirrer reactor, or
in immobilized or entrapped cell culture. Multiplication in
vivo may be carried out by injecting cell clones into mammals
histocompatible with the parent cells, e.g., syngeneic mice, to
cause growth of antibody-producing tumors. Optionally, the
animals are primed with a hydrocarbon, especially oils such
as pristane (tetramethylpentadecane) prior to injection. After
one to three weeks, the desired monoclonal antibody is recov-
ered from the body fluid of the animal.

[0030] Antibodies of the invention also may be derived
from antibody fragments isolated from a combinatorial
immunoglobulin library. See, for example, Barbas et al.,
METHODS: A COMPANION TO METHODS IN ENZY-
MOLOGY, VOL. 2, page 119 (1991); Winter et al., Ann. Rev.
Immunol. 12: 433 (1994), which are hereby incorporated by
reference. Cloning and expression vectors that are useful for
producing a immunoglobulin phage library can be obtained,
for example, from STRATAGENE Cloning Systems (La
Jolla, Calif).
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[0031] Inaddition, antibodies of the present invention may
be derived from a human monoclonal antibody. Such anti-
bodies are obtained from transgenic mice that have been
“engineered” to produce specific human antibodies in
response to antigenic challenge. In this technique, elements
of the human heavy and light chain loci are introduced into
strains of mice derived from embryonic stem cell lines that
contain targeted disruptions of the endogenous heavy and
light chain loci. The transgenic mice can synthesize human
antibodies specific for human antigens, and the mice can be
used to produce human antibody-secreting hybridomas.
Methods for obtaining human antibodies from transgenic
mice are described by Green et al., Nature Genet. 7:13 (1994);
Lonberg et al., Nature 368:856 (1994); and Taylor et al., Int.
Immunol. 6:579 (1994), which are hereby incorporated by
reference.

[0032] Antibody fragments of the present invention can be
prepared by proteolytic hydrolysis of the antibody or by
expression in E. Coli of DNA encoding the fragment. Anti-
body fragments can be obtained by pepsin or papain digestion
of whole antibodies by conventional methods. For example,
antibody fragments can be produced by enzymatic cleavage
of antibodies with pepsin to provide a 5S fragment denoted
F(ab"),. This fragment can be further cleaved using a thiol
reducing agent, and optionally a blocking group for the sulf-
hydryl groups resulting from cleavage of disulfide linkages,
to produce 3.58 Fab' monovalent fragments. Alternatively, an
enzymatic cleavage using papain produces two monovalent
Fab fragments and an Fc fragment directly. These methods
are described, for example, by Goldenberg, U.S. Pat. Nos.
4,036,945 and 4,331,647, and references contained therein.
These patents are hereby incorporated in their entireties by
reference. See also Nisonhoff et al., Arch. Biochem. Biophys.
89:230 (1960); Porter, Biochem. J. 73:119 (1959); Edelman
et al., METHODS IN ENZYMOLOGY, VOL. 1, page 422
(Academic Press 1967); and Coligan et al. at sections 2.8.1-
2.8.10and 2.10.1-2.10.4.

[0033] Other methods of cleaving antibodies, such as sepa-
ration of heavy chains to form monovalent light-heavy chain
fragments, further cleavage of fragments, or other enzymatic,
chemical, or genetic techmques may also be used, so long as
the fragments bind to the antigen that is recognized by the
intact antibody.

[0034] Forexample, Fv fragments comprise an association
ofVandV, chains. This association may be non-covalent, as
described in Inbar et al., Proc. Nat’l Acad. Sci. USA 69:2659
(1972). Alternatively, the variable chains can be linked by an
intermolecular disulfide bond or cross-linked by chemicals
such as glutaraldehyde. See, e.g., Sandhu, supra. Preferably,
the Fv fragments comprise V,; and V, chains connected by a
peptide linker. These single-chain antigen binding proteins
(sFv) are prepared by constructing a structural gene compris-
ing DNA sequences encoding the V,; and V; domains con-
nected by an oligonucleotide. The structural gene is inserted
into an expression vector, which is subsequently introduced
into a host cell such as E. coli. The recombinant host cells
synthesize a single polypeptide chain with a linker peptide
bridging the two V domains. Methods for producing sFvs are
described, for example, by Whitlow et al., METHODS: A
COMPANION TO METHODS IN ENZYMOLOGY, VOL.
2, page 97 (1991); Bird et al., Science 242:423-426 (1988);
Ladner et al., U.S. Pat. No. 4,946,778, Pack et al., Bio/Tech-
nology 11: 1271-77 (1993); and Sandhu, supra.
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[0035] Another form of an antibody fragment is a peptide
coding for a single complementarity-determining region
(CDR). CDR peptides (“minimal recognition units”) can be
obtained by constructing genes encoding the CDR of an anti-
body of interest. Such genes are prepared, for example, by
using the polymerase chain reaction to synthesize the variable
region from RNA of antibody-producing cells. See, for
example, Larrick et al., METHODS: A COMPANION TO
METHODS IN ENZYMOLOGY, VOL. 2, page 106 (1991).

FceR1 (High Affinity IgE Receptor)

[0036] According to the present invention, an isolated, or
biologically pure, FceR 1, is a molecule that has been removed
from its natural milieu. As such, “isolated” and “biologically
pure” do not necessarily reflect the extent to which the mol-
ecule has been purified. An isolated human FceR1 of the
present invention can be obtained from its natural source
(e.g., from a human mast cell), can be produced using recom-
binant DNA technology or can be produced by chemical
synthesis.

[0037] A FceRl1 of the present invention can be a full-
length protein, a portion of a full-length protein or any
homolog of such a protein. As used herein, a protein can be a
polypeptide or a peptide. A FceR1 of the present invention
can comprise a complete high affinity Fce receptor (i.e.,
alpha, beta and gamma chains of the FceR), an alpha chain of
the FceR1 (also referred to herein as FceR1a) or portions
thereof. Preferably, a FceR1 comprises at least a portion of a
FceR1 alpha chain that binds to IgE, i.e., that is capable of
forming an immune complex with an IgE epsilon heavy chain
constant region. Preferably, a FceR1a of the present inven-
tion binds to IgE with an affinity of about K, 10%, more
preferably with an affinity of about K, 10° and even more
preferably with an affinity of about K, 10*° L/M.

[0038] An isolated FceRla of the present invention,
including a homolog, can be identified in a straight-forward
manner by the FceR1a’s ability to form an immune complex
with IgE. Examples of FceR1a receptor homologs include
FceR1a proteins in which amino acids have been deleted
(e.g., a truncated version of the protein, such as a peptide),
inserted, inverted, substituted and/or derivatized (e.g., by gly-
cosylation, phosphorylation, acetylation, myristoylation,
prenylation, palmitoylation, amidation and/or addition of
glycerophosphatidyl inositol) such that the homolog includes
at least one epitope capable of forming an immune complex
with an IgE molecule.

[0039] FceR1ahomologs can be the resultof natural allelic
variation or natural mutation. FceRlow homologs of the
present invention can also be produced using techniques
known in the art including, but not limited to, direct modifi-
cations to the protein or modifications to the gene encoding
the protein using, for example, classic or recombinant DNA
techniques to effect random or targeted mutagenesis.

[0040] According to the present invention, a human FceR1
alpha. chain protein of the present invention is encoded by at
least a portion of the nucleic acid sequence of the coding
strand of a cDNA encoding a full-length FceR1 alpha chain
protein represented herein as SEQ ID NO 13 as set forth in
U.S. Pat. No. 5,945,294 It is encoded by SEQ ID NO:12.
Specifically, the amino acid sequence stretches from the 1st
amino acid after the signal sequence through amino acid 172
(where amino acid 1 is the 1st amino acid after the signal
sequence).
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[0041] Isolated FceRla protein of the present invention
can be produced by culturing a cell capable of expressing the
protein under conditions effective to produce the protein, and
recovering the protein. A preferred cell to culture is a recom-
binant cell that is capable of expressing the protein, the
recombinant cell being produced by transforming a host cell
with one or more nucleic acid molecules of the present inven-
tion. Transformation of a nucleic acid molecule into a cell can
be accomplished by any method by which a nucleic acid
molecule can be inserted into the cell. Transformation tech-
niques include, but are not limited to, transfection, electropo-
ration, microinjection, lipofection, adsorption, and protoplast
fusion. A recombinant cell may remain unicellular or may
grow into a tissue, organ or a multicellular organism. Trans-
formed nucleic acid molecules of the present invention can
remain extrachromosomal or can integrate into one or more
sites within a chromosome of the transformed (i.e., recombi-
nant) cell in such a manner that their ability to be expressed is
retained. Suitable and preferred nucleic acid molecules with
which to transform a cell are as disclosed herein for suitable
and preferred FceR1a nucleic acid molecules per se.

[0042] Suitable host cells to transform include any cell that
can be transformed with a nucleic acid molecule of the
present invention. Host cells can be either untransformed
cells or cells that are already transformed with at least one
nucleic acid molecule. Host cells of the present invention
either can be endogenously (i.e., naturally) capable of pro-
ducing a FeR1a receptor protein of the present invention or
can be capable of producing such proteins after being trans-
formed with at least one nucleic acid molecule of the present
invention. Host cells of the present invention can be any cell
capable of producing at least one protein of the present inven-
tion, and include bacterial, fungal (including yeast), parasite
(including protozoa and ectoparasite), insect, other animal
and plant cells.

[0043] Preferably, a recombinant cell is transfected with a
recombinant molecule of the present invention is a molecule
that can include at least one of any nucleic acid molecule
heretofore described operatively linked to at least one of any
transcription control sequence capable of effectively regulat-
ing expression of the nucleic acid molecule(s) in the cell to be
transformed, examples of which are disclosed herein.

[0044] A FceRl1o of the present invention can be contained
in a formulation, herein referred to as a FceR 1o formulation.
For example, a FceR1la can be combined with a buffer in
which the FceR1a. is solubilized, and/or a carrier. Suitable
buffers and carriers are known to those skilled in the art.
Examples of suitable buffers include any buffer in which a
FceR1a can function to selectively bind to IgE, such as, but
not limited to, phosphate-buffered saline, water, saline, phos-
phate buffer, bicarbonate buffer, HEPES buffer (N-2-hy-
droxyethylpiperazine-N'-2-ethanesulfonic acid buffered
saline), TES buffer (Tris-EDTA buffered saline), Tris buffer
and TAE buffer (Tris-acetate-EDTA). Examples of carriers
include, but are not limited to, polymeric matrices, toxoids,
and serum albumins, such as bovine serum albumin. Carriers
can be in mixed with FceR1a or conjugated (i.e., attached) to
FceR 1o in such a manner as to not substantially interfere with
the ability of the FceR1a to selectively bind to IgE.

[0045] The present invention also includes human FceR1a
mimetopes and use thereof to detect IgE. In accordance with
the present invention, a “mimetope” refers to any compound
that is able to mimic the ability of a FceR1a to bind to IgE. A
mimetope can be a peptide that has been modified to decrease

Aug. 19,2010

its susceptibility to degradation but that still retains IgE-
binding activity. Other examples of mimetopes include, but
are not limited to, carbohydrate-based compounds, lipid-
based compounds, nucleic acid-based compounds, natural
organic compounds, synthetically derived organic com-
pounds, anti-idiotypic antibodies and/or catalytic antibodies,
or fragments thereof. A mimetope can be obtained by, for
example, screening libraries of synthetic compounds for
compounds capable of binding to IgE. A mimetope can also
be obtained by, for example, rational drug design. In a rational
drug design procedure, the three-dimensional structure of a
compound of the present invention can be analyzed by, for
example, nuclear magnetic resonance (NMR) or x-ray crys-
tallography. The three-dimensional structure can then be used
to predict structures of potential mimetopes by, for example,
computer modeling. The predicted mimetope structures can
then be produced by, for example, chemical synthesis, recom-
binant DNA technology, or by isolating a mimetope from a
natural source. Specific examples of FceRlo. mimetopes
include anti-idiotypic antibodies, oligonucleotides produced
using Selex technology, peptides identified by random
screening of peptide libraries and proteins identified by phage
display technology.

[0046] Asused herein, the term “contacting” refers to com-
bining or mixing, in this case a putative IgE-containing com-
position with a human FceRla. Formation of a complex
between a FceR1a and an IgE refers to the ability of the
FceR1a to selectively bind to IgE in order to form a stable
complex that can be measured (i.e., detected). As used herein,
the term selectively binds to an IgE refers to the ability of a
FceR1a of the present invention to preferentially bind to IgE,
without being able to substantially bind to other antibody
isotypes (e.g., IgG, IgA, IgM and IgD). Binding between a
FceR1ouand an IgE is effected under physiological conditions
suitable to form a complex; such conditions (e.g., appropriate
concentrations, buffers, temperatures, reaction times) as well
as methods to optimize such conditions are known to those
skilled in the art, and examples are disclosed herein.
Examples of complex formation conditions are also disclosed
in, for example, in Sambrook et al., Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Labs Press, 1989,
the reference Sambrook et al., ibid., is incorporated by refer-
ence herein in its entirety.

[0047] As used herein, the term “measuring the amount of
detection label” refers to determining if any complex is
formed, i.e., assaying for the presence (i.e., existence) of a
complex. If complexes are formed, the amount of complexes
formed can determined. Complex formation, or selective
binding, between FceR1a and any IgE in the composition can
be measured (i.e., detected, determined) using a variety of
methods standard in the art (see, for example, Sambrook et al.
ibid.), examples of which are disclosed herein.

[0048] A complex can be detected in a variety of ways
including, but not limited to use of one or more of the follow-
ing assays: an enzyme-linked immunoassay, a radioimmu-
noassay, a fluorescence immunoassay, a chemiluminescent
assay, a lateral flow assay, an agglutination assay, a particu-
late-based assay (e.g., using particulates such as, but not
limited to, magnetic particles or plastic polymers, such as
latex or polystyrene beads), an immunoprecipitation assay, a
BioCore assay (e.g., using colloidal gold), Bioplex assay
(antibody coated microparticles in a flow cytometry platform)
and an immunoblotting assay (e.g., a Western blot). Such
assays are well known to those skilled in the art. Assays can be
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used to give qualitative or quantitative results depending on
how they are used. Some assays, such as agglutination, par-
ticulate separation, and immunoprecipitation, can be
observed visually (e.g., either by eye or by a machines, such
as a densitometer or spectrophotometer) without the need for
a detectable marker. In other assays, conjugation (i.e., attach-
ment) of a detectable marker to the FceR1a or to a reagent
that selectively binds to the FceRla or to the IgE being
detected (described in more detail below) aids in detecting
complex formation. Examples of detectable markers include,
but are not limited to, a radioactive label, a fluorescent label,
a chemiluminescent label, a chromophoric label ora ligand. A
ligand refers to a molecule that binds selectively to another
molecule. Preferred detectable markers include, but are not
limited to, fluorescein, a radioisotope, a phosphatase (e.g.,
alkaline phosphatase), biotin, avidin, a peroxidase (e.g.,
horseradish peroxidase) and biotin-related compounds or avi-
din-related compounds (e.g., streptavidin or ImmunoPure®
NeutrAvidin). Preferably, biotin is conjugated to the FceR1
alpha chain. Preferably, a carbohydrate group of the FceR1a
is conjugated with biotin.

[0049] In one embodiment, a complex is detected by con-
tacting a putative IgE-containing composition with a FceR1a
that is conjugated to a detectable marker. A suitable detect-
able marker to conjugate to a FceR1a includes, but is not
limited to, a radioactive label, a fluorescent label, a chemilu-
minescent label or a chromophoric label. A detectable marker
is conjugated to a FceR1c. or areagent in such a manner as not
to block the ability of the FceR 10 or reagent to bind to the IgE
being detected. Preferably, a carbohydrate group of a FceR1a
is conjugated to biotin.

[0050] Immobilization techniques are known to those
skilled in the art. Suitable substrate materials include, but are
not limited to, plastic, glass, gel, celluloid, paper, PVDF
(poly-vinylidene-fluoride), nylon, nitrocellulose, and par-
ticulate materials such as latex, polystyrene, nylon, nitrocel-
lulose, agarose and magnetic resin. Suitable shapes for sub-
strate material include, but are not limited to, a well (e.g.,
microtiter dish well), a plate, a dipstick, a bead, a lateral flow
apparatus, a membrane, a filter, a tube, adish, a celluloid-type
matrix, a magnetic particle, and other particulates. A particu-
larly preferred substrate comprises an ELISA plate, a dip-
stick, a radioimmunoassay plate, agarose beads, plastic
beads, latex beads, glass microbeads, immunoblot mem-
branes and immunoblot papers. In one embodiment, a sub-
strate, such as a particulate, can include a detectable marker.

Methods of the Invention

[0051] The present invention includes to a method of quan-
tifying the free blood fluid IgE level in a patient comprising
the steps of a) contacting the patient’s blood fluid with an IgE
directed antibody immobilized on a substrate under condi-
tions suitable for formation of a IgE:capture antibody com-
plex; b) contacting the substrate of step (a) with a detection
labeled FceR 1o under conditions suitable for formation of an
IgE: FceR1a.complex; and ¢) determining the quantity of free
blood fluid IgE by measuring the amount of detection label in
comparison to known quantity level standards for IgE.
[0052] In a preferred embodiment, capture antibody is a
monoclonal antibody, and in particular,

wherein the monoclonal antibody binds to the Fc portion of
the IgE and does not bind to an antigenic determinant of the
a-chain of the FceR1a receptor. In particular embodiments,
the capture antibody is the monoclonal murine IgM anti-
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human IgE Fc clone HP6061 or the monoclonal murine IgG1
anti-human IgE Fc clone 1326029. In still other embodi-
ments, the patient’s blood fluid is comprised of serum or
plasma.

[0053] Further other embodiments include the FceRla
comprising at least a portion of a human Fee R alpha chain
that binds IgE, particularly from the FceR1a receptor com-
prising the amino acid sequence of SEQ ID No. 1 or the
nucleic acid sequence of SEQ ID No.1 encoding the FceR1a
receptor.

[0054] The FceR1a can be conjugated to a detection label
selected from the group consisting of a radioactive label, a
fluorescent label, a chemiluminescent label, a chromophoric
label and a ligand or more particularly, a detection label
selected from the group consisting of fluorescein, a radioiso-
tope, a phosphatase, biotin, biotin-related compounds, avi-
din, avidin-related compounds and a peroxidase.

[0055] In another preferred embodiment of the present
invention, the substrate comprises a material selected from
the group consisting of plastic, glass, gel, celluloid, paper,
particulate material and latex, polystyrene, nylon, nitrocellu-
lose, agarose and magnetic resin. Furthermore, the substrate
can comprise a shape selected from the group consisting of a
well, a plate, a dipstick, a bead, a lateral flow apparatus, a
membrane, a filter, a tube, a dish, a celluloid-type matrix and
amagnetic particle. Such substrates can be made as an ELISA
plate, a dipstick, a radioimmunoassay plate, agarose beads,
plastic beads, latex beads, immunoblot membranes and
immunoblot papers.

[0056] The present invention also relates to quantitative
determination of free blood fluid IgE levels performing
assays selected from the group consisting of enzyme-linked
immunoassays, radioimmunoassays, immunoprecipitations,
fluorescence immunoassays, chemiluminescent assay,
immunoblot assays, lateral flow assays, agglutination assays
and particulate-based assays.

[0057] Another embodiment of the present invention
includes a method of determining the efficacy of a therapeutic
agent that lowers a patient’s free blood fluid IgE level by
quantifying the patient’s free blood fluid IgE levels before and
after administration of the therapeutic agent comprising the
steps of: a) contacting the patient’s blood fluid with an IgE
directed antibody immobilized on a substrate under condi-
tions suitable for formation of a IgE:capture antibody com-
plex; b) contacting the substrate of step (a) with a detection
labeled FceR 1o under conditions suitable for formation of an
IgE: FceR1a complex;

¢) determining the quantity of free blood IgE by measuring
the amount of detection label in comparison to known quan-
tity level standards for IgE; d) comparing the patient’s free
blood fluid IgE levels before and after administration of the
therapeutic agent. In a preferred embodiment, the patient’s
blood fluid is serum, capture antibody binds to the Fc portion
of'the IgE and does not bind to an antigenic determinant of the
a-chain of the FceR1 and the therapeutic agent is omali-
zumab.

Assay Kits

[0058] The present invention also includes kits to detect
IgE based on each of the disclosed detection methods. One
embodiment is a kit to detect IgE comprising a human
FceR1a molecule and a means for detecting an IgE. Suitable
and preferred FCe receptors are disclosed herein. Suitable
means of detection include compounds disclosed herein that
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bind to either the FceR1a or to an IgE. A preferred kit of the
present invention further comprises a detection means dis-
closed herein, an antibody capable of selectively binding to an
IgE disclosed herein and/or a compound capable of binding to
a detectable marker conjugated to a FceR1a (e.g., avidin and
streptavidin when the detectable marker is biotin).

[0059] All publications and patent applications cited in this
specification are herein incorporated by reference as if each
individual publication or patent application were specifically
and individually indicated to be incorporated by reference.

EXEMPLIFICATION

[0060] The following examples are offered by way of'illus-
tration, not by way of limitation. While specific examples
have been provided, the above description is illustrative and
not restrictive. Any one or more of the features of the previ-
ously described embodiments can be combined in any man-
ner with one or more features of any other embodiments in the
present invention. Furthermore, many variations of the inven-
tion will become apparent to those skilled in the art upon
review of the specification. The scope of the invention should,
therefore, be determined not with reference to the above
description, but instead should be determined with reference
to the appended claims along with their full scope of equiva-
lents.

Materials and Methods:
Reagents:

[0061] Pharmaceutical grade Omalizumab was purchased
from Genentech (South San Francisco, Calif.) and reconsti-
tuted as recommended in the package insert. The 147 mg/ml
stock was diluted further with phosphate buffered saline con-
taining 1% bovine serum albumin (PBS-BSA) to prepare
Omalizumab (anti-IgE) concentrations from 100 ng/ml to 1
mg/ml. These Omalizumab preparations were incubated
overnight with human serum containing known quantities of
IgE to prepare complexes at [IgG-anti-IgE:IgE] molar ratios
from 0.22 to 9500.

[0062] The anti-human IgE monoclonal antibodies used as
capture and detection reagents were produced from clones
HP6061 (mouse IgM anti-human IgE Fc) and HP6029
(mouse IgG1 anti-human IgE Fc) (Reimer, 1986), respec-
tively. Both clones were prepared using PS-IgE myeloma as
the immunogen and purchased as chromatographically puri-
fied antibody at 2 mg/ml in PBS from EMD Biosciences
Corporation (La Jolla, Calif.). Both purified monoclonal anti-
bodies were biotinylated using the biotin-hydroxysuccinim-
ide ester method (EMD Biosciences, La Jolla Calif.) and
stored frozen at 1 mg/ml in PBS-BSA.

[0063] A recombinant form of the extracellular domain of
the alpha chain of the human high affinity IgE receptor
(FceR1a) was purchased from Heska Corporation (Fort Col-
lins, Colo.). It was produced in a Baculovirus expression
system as previously described (Stedman et al. 2001) and was
subsequently purified by Q-Sepharose anion exchange chro-
matography and gel filtration. Purified FceR100. was biotiny-
lated with biotin hydrazide using the periodate oxidation
method.

Human Sera:

[0064] The human sera that were used to construct the
[IgG-anti-IgE:IgE] complexes were obtained from healthy
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adults with total serum IgE levels ranging from <2 to 100,000
kIU/L. Moreover, serum from 33 adults pre-Omalizumab
treatment were collected for correlation studies to compare
the free and total serum IgE IEMA results with total serum
IgE measurements obtained in the InmunoCAP 250 (Phar-
macia, Kalamazoo, Mich.) (Hamilton and Adkinson, 2004).
In the prospective Omalizumab treatment study, serum was
collected from twelve patients with allergic asthma before
Omalizumab treatment (baseline) and at 1 and 3 months
during Omalizumab treatment. All patients received 0.016
mg of Omalizumab per kg of body weight per IU/ml of
baseline total serum IgE for the management of their allergic
asthma (Table 1). All sera were used to examine various
aspects of the analytical performance of the free and total IgE
IEMAs in the absence and presence of Omalizuamb. Sera
were collected in accordance with procedures approved by
the Johns Hopkins Bayview Institutional Review Board.

Free Human IgE Immunoenzymetric Assay.

[0065] The concentration of (non-Omalizumab bound) free
IgE in human serum was measured using a solid phase IEMA
in which IgE was captured from serum with anti-human IgE
and detected with labeled-FceR 1a.. Monoclonal murine IgM
anti-human IgE Fc (Clone HP6061P) was adsorbed onto ster-
ile flat-bottom polystyrene 96 well Bacti plates (Nalge-Nunc
International, Rochester, N.Y.) by pipetting 0.1 ml per well of
a 10 microgram per ml solution in PBS (pH 7.4, 16-18 hrs at
2°-8° C.). The plates were washed once with PBS containing
0.05% Tween 20 and 0.01% thimerosal (PBS-Tween) and
blocked with 300 microliters per well of blocking buffer
(PBS-1% BSA, 0.01% thimerosal). Following 5 buffer
washes, 50 microliters of blocking buffer were distributed in
all wells. Then, 50 microliters of each total IgE reference
serum calibrators [11 two-fold dilutions of the 2000 kIU/L
calibrator from 1000 to 1 kIU/L and total serum IgE high,
medium and low control sera (Pharmacia, Kalamazoo, Mich.)
and test sera were pipetted into their respective wells. If serum
had to be diluted to insure the IgE level in the specimen was
within the working range of the assay, a serum from a non-
atopic blood donor (IgE level <2 kIU/L) was used as the
diluent. Plates were incubated 2 hours at 37° C. and then
without any buffer wash, biotinylated-FceR1a was pipetted
into all wells (3 micrograms per ml, 0.05 ml/well). The
serum—biotin-FceR1a mixture was incubated 1 hour at 37°
C. Following 5 PBS-Tween washes, avidin-horseradish per-
oxidase (Sigma Chemical Company, St. Louis, Mo.) was
pipetted into each well (1 microgram per ml, 0.1 ml/well) and
the plate was incubated 1 hour at 37° C. Following this final
incubation, the plates were washed 5 times with PBS-Tween
and ABTS substrate, containing 1 microliter of H,0, per ml of
ABTS, was pipetted into each well (0.1 ml/well). The enzy-
matic reaction was stopped with 0.1 ml of 1M sodium azide
per well when the top point of the reference curve reached an
optical density of 1.5 t0 2.0. Each plate was read in an ELISA
plate reader (MR4000, Dynatech Technologies, Maclean,
Va.) at 405 nm.

[0066] Optical density of the IgE calibrators was plotted
versus IgE concentration and test serum optical density val-
ues were interpolated into free IgE concentrations in kIU/L
from the calibration curve. Acceptance of each assay was
based on the low (16-28 kIU/L), medium (69-117 kIU/L) and
high (300-500) total serum IgE controls being in their target
range and the intra-assay CV for each specimen being <15%.
The interpolated IgE concentrations in the free IgE IEMA



US 2010/0209947 A1

were deemed to be “free” IgE levels because they were able to
bind labeled-FceR1a (Casale T B et al, 1997). Intra-assay
variation of the free IgE IEMA was assessed by precision
profile analysis in which 180 duplicate were performed in 5
different assays with sera containing IgE levels across the
working range of the assay (10 to 1000 kIU/L). Inter-assay
variation was assessed by analyzing sera containing IgE lev-
els across the working range of the assay in multiple assays
performed on separate days. Parallelism (linearity) was
assessed by computing the inter-dilutional coefficients of
variation of specimens analyzed in the same assay at multiple
dilutions.

Total Serum IgE Immunoenzymetric Assay.

[0067] Total serum IgE levels in the test sera were measured
using a previously reported monoclonal antibody-based
IEMA (Hamilton and Adkinson, 1992) and the ImmunoCAP
250 (Pharmacia, Kalamazoo, Mich.). The total serum IgE
ImmunoCAP is an FDA-cleared solid phase immunometric
assay in which anti-IgE that is attached to a CAP matrix binds
IgE from serum. Following a wash step, labeled anti-human
IgE is then added to quantitatively detect bound IgE. The total
serum IgE IEMA involved the identical procedure described
for the free serum IgE IEMA, except that the plate was
washed between the serum incubation and biotin-anti-human
IgE addition, and bound IgE was detected with biotinylated
monoclonal murine IgG1 anti-human IgE Fc (clone HP6029)
at 1 microgram per ml (0.1 ml/well). The monoclonal anti-
body pair (clones HP6061 for capture and HP6029-biotin for
detection) are reported to bind to different determinants on
the Fc region of the human epsilon heavy chain (Hamilton
and Adkinson, 1992). Neither antibody impedes the binding
ofIgE to the FceR 1o on basophils and both activate histamine
release in sensitized basophils. The total serum IgE IEMA in
this study was calibrated using commercially-available
human IgE standards (Pharmacia, Kalamazoo, Mich.) that
were traceable to the World Health Organization IgE Stan-
dard. Since baseline IgE levels will be measured in clinical
laboratories using one of several clinical assays such as the
ImmunoCAP, we chose to compare the total serum IEMA
results obtained in this study to those generated in the Immu-
noCAP-250 with the same sera.

Omalizumab (anti-IgE):IgE Complex Preparation in Varying
Molar Ratios.

[0068] The performance of the free IgE IEMA was evalu-
ated using a matrix of [human IgG1 anti-human IgF to human
IgE] complexes with molar ratios spanning the therapeuti-
cally reported range (1 to 20) (Casale et al, 1997). In the
present study, human sera containing IgE levels from 111.4 to
480 kIU/L were mixed with equal volumes of buffer (0 con-
trol) or one of 5 ten-fold concentrations of Omalizumab (100
ng/ml to 1 mg/ml). The final IgE concentration in the absence
of Omalizumab (buffer control condition) ranged from 55.7
to 240 kIU/L. Omalizumab to human IgE molar ratios ranged
from 0.22 to 9500, adjusting for the different molecular
weights of IgG and IgE. The [sera:buffer] or [serum:Omali-
zumab] mixtures were incubated at least 2 hours at room
temperature to allow complex formation prior to their analy-
sis in the free and total IgE IEMAs.

Data and Statistical Analyses

[0069] AllIEMA data were computed using a spline curve-
fitting algorithm in a Johns Hopkins University DACI Labo-
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ratory Immunoassay Data Processing program. Precision
profile analysis involving assessment of precision of the dose
as a function of the measured dose across the working range
of the assay was performed as previously described (Ekins,
1991). Coefficients of variation (CV) of replicate data and
linear regression analysis to assess relationships between the
free and total serum IgE levels of the various assays were
performed using commercial software (Microsoft Excel and
SPSS).

EXAMPLES
Example I
Free IgE IEMA

[0070] In preliminary experiments, various combinations
and concentrations of the available human IgE specific immu-
nochemical reagents were evaluated for their utility in the free
IgE IEMA. Monoclonal anti-human IgE (clones HP6029 and
HP6061) and FceR1o were used in different combinations
either as a purified reagent at 2.5, 5, 10, 20 micrograms per ml
on the plate to capture IgE or as a biotinylated human IgE
detection reagent at 0.5, 1, 2 and 4 micrograms per ml. To
mimic a previously reported free IgE assay configuration
(Casale et al, 1997), FceR1a was initially insolubilized on
plastic plates and used in combination with either clone of
biotinylated anti-human IgE monoclonal detection antibody.
However, purified FceR1a displayed poor IgE reactivity
when adsorbed directly onto a plastic surface. The optimal
free IgE IEMA configuration was anti-human IgE (clone
HP6061) adsorbed on the microtiter plate at 10 micrograms
per ml to capture IgE from serum and biotinylated FceR 1o at
3 microgram per ml to detect bound IgE that was free of
Omalizamub binding. Elimination of the wash step between
the addition of serum and the biotinylated-FceR1ow mini-
mized in vitro dissociation of the pre-formed [IgG anti-IgE:
IgE] complexes and maximized analytical sensitivity of the
free IgE IEMA (data not shown).

[0071] The assay in its optimal configuration displayed a
working range of 10 to 1000 kIU/L in the absence of exog-
enously administered Omalizumab (FIG. 1). Precision profile
analysis demonstrated acceptable precision with intra-assay
coefficients of variation <15% over the working range of the
assay (FIG. 2). Reproducibility was demonstrated with inter-
assay coefficients of variation <18%. Parallelism (linearity)
was shown with inter-dilutional CVs <20% (illustrated in
FIG. 1).

[0072] Regression analysis demonstrated that the free
serum IgE levels in 33 pre-Omalizumab treatment sera were
statistically correlated with the total serum IgE in the same
sera as measured in the [EMA and ImmunoCAP 250 (FIG. 3).
FIG. 4 displays the effect of increasing concentrations of
Omalizumab on the percentage reduction in free serum IgE.
The concentration of free IgE detected in the IEMA decreased
as the anti-human IgE concentration increased from 100
ng/ml to 1 mg/ml. Free IgE decreases >90% occurred at in
vitro-formed [IgG1-anti-IgE:IgE] molar ratios of 2 to 20.
Total serum IgE IEMA results in the absence and presence of
varying concentrations of Omalizumab were equivalent, indi-
cating that Omalizumab levels as high as 1 mg/ml did not
detectably interfere in the total serum IgE IEMA (FIG. 5).

Example 11

Free and Total IgE Measurements in Patients on
Omalizumab

[0073] Table 1 presents the demographics and free and total
IgE serological results at baseline and 1 and 3 months follow-
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ing continuous Omalizumab therapy in 12 subjects with

asthma. The patient group included 6 females and 6 males

with ages ranging from 41 to 75. Baseline (pre-Omalizumab
treatment) total serum IgE and free IgE levels as measured by

IEMA agreed well with each other. The total serum IgE

increased from 1.5 to 8.6 times baseline levels depending on

the individual and the time interval after initiation of Omal-
izmab treatment (Table 1). In contrast, levels of free IgE

(unbound with Omalizumab) decreased in all patients, but to

varying degrees. FIG. 6 displays the total and free IgE levels

at the baseline, 1 and 3 month time points in two patients

(Subjects 1 and 2) who displayed among the highest and

lowest decreases in free IgE following Omalizumab admin-

istration. Subject 1 achieved a 97 and 98% reduction in free

IgE levels at 1 and 3 months with a 2.5-2.8 fold increase in

total IgE levels over the same time period. In contrast, subject

2 achieved only a 49% (1 month) and 50% (3 month) reduc-

tion in the free IgE level from a baseline free IgE of 41 kIU/L.

Since minimal changes in free IgE were observed between the

1 and 3 month serum specimen, a 1 month post-treatment

serum specimens was considered satisfactory for monitoring

changes in free IgE levels in patients receiving Omalizumab
treatment.

[0074] All publications and patent documents cited in this

application are incorporated by reference in their entirety for

all purposes to the same extent as if each individual publica-
tion or patent document were so individually denoted. These
documents include U.S. Pat. Nos. 5,945,294 6,309,832; and

6,682,894 and U.S. Provisional Patent Application 60/646,

893. By their citation of various references in this document,

Applicants do not admit any particular reference is “prior art”

to their invention.

[0075] The following documents also are referred to herein

by reference to author name or otherwise and are also incor-

porated herein by reference.
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[0098] Although the foregoing invention has been
described in some detail by way of illustration and example
for purposes of clarity of understanding, it will be readily
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cations may be made thereto without departing from the spirit
or scope of the appended claims.
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<160> NUMBER OF

<210> SEQ ID NO

SEQUENCE LISTING

SEQ ID NOS: 2

1

<211> LENGTH: 172

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Val Pro Gln Lys
1

Phe Lys Gly Glu
20

Glu Val Ser Ser
35

Thr Asn Ser Ser
50

Glu Tyr Lys Cys
65

Leu Glu Val Phe
Val Met Glu Gly
100

Trp Asp Val Tyr
115

Tyr Trp Tyr Glu
130

Asp Ser Gly Thr
145

Glu Ser Glu Pro

<210> SEQ ID NO

Homo sapiens
1

Pro Lys Val Ser

Asn Val Thr Leu

Thr Lys Trp Phe

40

Leu Asn Ile Val
55

Gln His Gln Gln
70

Ser Asp Trp Leu
85

Gln Pro Leu Phe
Lys Val Ile Tyr
120

Asn His Asn Ile
135

Tyr Tyr Cys Thr
150

Leu Asn Ile Thr
165

2

<211> LENGTH: 516

<212> TYPE: DNA
<213> ORGANISM:
<220> FEATURE:

<221> NAME/KEY:
<222> LOCATION:

<400> SEQUENCE:

gtc cct cag aaa
Val Pro Gln Lys
1

ttt aaa gga gag
Phe Lys Gly Glu
20

gaa gtc agt tcc
Glu Val Ser Sser

aca aat tca agt
Thr Asn Ser Ser
50

gaa tac aaa tgt
Glu Tyr Lys Cys

Homo sapiens

CDS
(1) ..(516)

2
cct aag gte tee

Pro Lys Val Ser

aat gtg act ctt
Asn Val Thr Leu

acc aaa tgg ttc
Thr Lys Trp Phe
40

ttg aat att gtg

Leu Asn Ile Val

cag cac caa caa
Gln His Gln Gln

Leu

Thr

25

His

Asn

Val

Leu

Leu
105

Tyr

Ser

Gly

Val

ttg
Leu

aca
Thr
25

cac

His

aat
Asn

gtt
Val

Asn

Cys

Asn

Ala

Asn

Leu

90

Arg

Lys

Ile

Lys

Ile
170

aac
Asn
10

tgt
Cys

aat
Asn

gce
Ala

aat
Asn

Pro

Asn

Gly

Lys

Asp

75

Gln

Cys

Asp

Thr

Val

155

Lys

cct
Pro

aat
Asn

gge
Gly

aaa
Lys

gac
Asp

Pro

Gly

Ser

Phe

60

Ser

Ala

His

Gly

Asn

140

Trp

Ala

cca
Pro

999
Gly

age
Ser

ttt
Phe
60

agt
Ser

Trp

Asn

Leu

45

Glu

Glu

Ser

Gly

Glu

125

Ala

Gln

tgg
Trp

aac
Asn

ctt
Leu
45

gaa

Glu

gaa
Glu

Asn

Asn

30

Ser

Asp

Pro

Ala

Trp

110

Ala

Thr

Leu

aat
Asn

aat
Asn
30

tca

Ser

gac
Asp

cct
Pro

Arg

Phe

Glu

Ser

Val

Glu

95

Arg

Leu

Val

Asp

aga
Arg
15

ttce

Phe

gaa
Glu

agt
Ser

gtg
Val

Phe

Glu

Ala

Tyr

80

Val

Asn

Lys

Glu

Tyr
160

ata
Ile

ttt
Phe

gag
Glu

gca
Ala

tac
Tyr
80

48

96

144

192

240



US 2010/0209947 A1

Aug. 19,2010

-continued
ctg gaa gtc ttc agt gac tgg ctg ctc ctt cag gcc tet get gag gtg 288
Leu Glu Val Phe Ser Asp Trp Leu Leu Leu Gln Ala Ser Ala Glu Val
85 90 95
gtg atg gag ggc cag ccc cte tte ctec agg tge cat ggt tgg agg aac 336
Val Met Glu Gly Gln Pro Leu Phe Leu Arg Cys His Gly Trp Arg Asn
100 105 110
tgg gat gtg tac aag gtg atc tat tat aag gat ggt gaa gct ctc aag 384
Trp Asp Val Tyr Lys Val Ile Tyr Tyr Lys Asp Gly Glu Ala Leu Lys
115 120 125
tac tgg tat gag aac cac aac atc tcc att aca aat gcc aca gtt gaa 432
Tyr Trp Tyr Glu Asn His Asn Ile Ser Ile Thr Asn Ala Thr Val Glu
130 135 140

gac agt gga acc tac tac tgt acg ggc aaa gtg tgg cag ctg gac tat 480
Asp Ser Gly Thr Tyr Tyr Cys Thr Gly Lys Val Trp Gln Leu Asp Tyr

145 150 155 160

gag tct gag ccc ctc aac att act gta ata aaa gct 516
Glu Ser Glu Pro Leu Asn Ile Thr Val Ile Lys Ala

165 170
We claim: of aradioactive label, a fluorescent label, a chemiluminescent

1. A method of quantifying the free blood fluid IgE level in
a patient comprising the steps of:

a) contacting the patient’s blood fluid with an IgE directed
antibody immobilized on a substrate under conditions
suitable for formation of a IgE:capture antibody com-
plex;

b) contacting the substrate of step (a) with a detection
labeled FceR1a receptor under conditions suitable for
formation of an IgE: FceR1a complex; and

¢) determining the quantity of free blood fluid IgE by
measuring the amount of detection label in comparison
to known quantity level standards for IgE.

2. The method of claim 1, wherein the capture antibody is

a monoclonal antibody.

3. The method of claim 2, wherein the monoclonal anti-
body binds to the Fc portion of the IgF and does not bind to an
antigenic determinant of the a-chain of the FceR1.

4. The method of claim 2, wherein the monoclonal anti-
body is an IgG antibody

5. The method of claim 3, wherein the monoclonal anti-
body is an IgM antibody.

6. The method of claim 5, wherein the IgM antibody is a
monomer.

7. The method of claim 1, wherein the capture antibody is
the monoclonal murine IgM anti-human IgE Fc clone
HP6061.

8. The method of claim 1, wherein the capture antibody is
the monoclonal murine IgGl anti-human IgE Fc clone
H6029.

9. The method of claim 1, wherein the patient’s blood fluid
is comprised of serum or plasma.

10. The method of claim 1, wherein the FceR1a. comprises
atleastaportion of a human FceR 1 alpha chain that binds IgE.

11. The method of claim 1, wherein the FceR1a comprises
an amino acid sequence of SEQ ID No. 1.

12. The method of claim 1, wherein the FceR1a.is encoded
by the nucleic acid sequence of SEQ ID No.1.

13. The method of claim 1, wherein said FceR1a is con-
jugated to a detection label selected from the group consisting

label, a chromophoric label and a ligand.

14. The method of claim 1, wherein the FceR1a is conju-
gated to a detection label selected from the group consisting
of fluorescein, a radioisotope, a phosphatase, biotin, biotin-
related compounds, avidin, avidin-related compounds and a
peroxidase.

15. The method of claim 1, wherein a carbohydrate group
of said FceR1a is conjugated to biotin.

16. The method of claim 1, wherein said substrate com-
prises a material selected from the group consisting of plastic,
glass, gel, celluloid, paper and particulate material.

17. The method of claim 1, wherein said substrate material
is selected from the group consisting of latex, polystyrene,
nylon, nitrocellulose, agarose and magnetic resin.

18. The method of claim 1, wherein said substrate com-
prises a shape selected from the group consisting of a well, a
plate, a dipstick, a bead, a lateral flow apparatus, a membrane,
a filter, a tube, a dish, a celluloid-type matrix and a magnetic
particle.

19. The method of claim 1, wherein said substrate com-
prises an ELISA plate, a dipstick, a radioimmunoassay plate,
agarose beads, plastic beads, glass beads, latex beads, immu-
noblot membranes and immunoblot papers.

20. The method of claim 1, wherein said step of detecting
comprises performing assays selected from the group con-
sisting of enzyme-linked immunoassays, radioimmunoas-
says, immunoprecipitations, fluorescence immunoassays,
chemiluminescent assay, immunoblot assays, lateral flow
assays, agglutination assays and particulate-based assays.

21. A method of determining the efficacy of a therapeutic
agent that lowers a patient’s free blood fluid IgE level by
quantifying the patient’s free blood fluid IgE levels before and
after administration of the therapeutic agent comprising the
steps of:

a) contacting the patient’s blood fluid with an IgE directed
antibody immobilized on a substrate under conditions
suitable for formation of a IgE:capture antibody com-
plex;
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b) contacting the substrate of step (a) with a detection
labeled FceR1o under conditions suitable for formation
of'an IgE: FceR1a complex;

¢) determining the quantity of free blood IgE by measuring
the amount of detection label in comparison to known
quantity level standards for IgE;

d) comparing the patient’s free blood fluid IgE levels
before and after administration of the therapeutic agent.

22. The method of claim 21, wherein the capture antibody
is the monoclonal murine IgM anti-human IgE Fc clone
HP6061.

23. The method of claim 21, wherein the capture antibody
is the monoclonal murine IgG1 anti-human IgE Fc clone
HP6029.

24. The method of claim 21 wherein, the capture antibody
binds to the Fc portion of the IgE and does not bind to an
antigenic determinant that is bound by the o-chain of the
FceR1.

25. The method of claim 21, wherein the patients blood is
comprised of serum or plasma.

26. The method of claim 21, wherein the therapeutic agent
is omalizumab.

27. The method of claim 21, wherein the therapeutic agent
is a vaccine.

28. A assay kit for quantifying the free blood fluid IgE level
in a patient comprising a IgE capture antibody and a detection
labeled FceRl1a..

29. The assay kit of claim 28, wherein the FceR1a com-
prises an amino acid sequence of SEQ ID No. 1.

30. The assay kit of claim 28, wherein the FceRla is
encoded by the nucleic acid sequence of SEQ ID No.1.

31. The kit of claim 28, wherein said FceR 1. is conjugated
to a detection label selected from the group consisting of a
radioactive label, a fluorescent label, a chemiluminescent
label, a chromophoric label and a ligand.
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32. The assay kit of claim 28, wherein said FceR1la is
conjugated to a detection label selected from the group con-
sisting of fluorescein, a radioisotope, a phosphatase, biotin, a
biotin-related compound, avidin, an avidin-related com-
pound and a peroxidase.

33. The assay kit of claim 28, wherein a carbohydrate
group of said FceR1a. is conjugated to biotin.

34. The assay kit of claim 28, wherein the capture antibody
binds to the Fc portion of the IgE and does not bind to an
antigenic determinant of the a-chain of the FceR1.

35. The assay kit of claim 28, wherein the capture antibody
is the monoclonal murine IgM anti-human IgE Fc clone
HP6061.

36. The assay kit of claim 28, wherein the capture antibody
is the monoclonal murine IgG1 anti-human IgE Fc clone
HP6029.

37. The kit of claim 28, wherein said capture antibody is
immobilized on a substrate.

38. The kit of claim 37, wherein said substrate comprises a
material selected from the group consisting of plastic, glass,
gel, celluloid, paper, magnetic resin, polyvinylidene-fluoride,
nylon, nitrocellulose and particulate material.

39. The kit of claim 38, wherein said substrate material is
selected from the group consisting of latex, polystyrene,
nylon, nitrocellulose, agarose and magnetic resin.

40. The kit of claim 28, wherein said substrate comprises a
shape selected from the group consisting of a well, a plate, a
dipstick, a bead, a lateral flow apparatus, a membrane, a filter,
atube, adish, a celluloid-type matrix and a magnetic particle.

41. The kit of claim 28, wherein said substrate comprises
an ELISA plate, a dipstick, a radioimmunoassay plate, agar-
ose beads, plastic beads, latex beads, immunoblot membranes
and immunoblot papers.
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