cytoplasmic end of mey, (mepcm.cmy; CM: cytoplasm). The monoclonal antibody a20 and all
antibodies developed earlier were found to bind to an 8-a. a. peptidic region, RADWPGPP,
residues #45-52, at the C-terminal end of the 52 a. a. CemX domain.

SUMMARY OF THE INVENTION

This invention pertains to the development and identification of antibodies that are specific
for CemX domain of human mlIgE and that can bind to migE on human B lymphocytes. It also
pertains to the utility of these antibodies in treating allergic and other diseases that are mediated
by IgE.

In a first aspect, there is provided an isolated CemX-specific antibody or an antigen

binding fragment thereof, wherein the antibody is capable of Dbinding to

GLAGGSAQSQRAPDRVL (SEQ ID NO:2).

In a second aspect, there is provided an isolated antibody or antigen binding fragment

thereof, wherein the antibody cémprises the same hypervariable regions as antibody 4B12, and

~ wherein the hypervariable regions are set forth as 24-39 of SEQ ID NO:5, 55-61 of SEQ ID

NO:5, 94-102 of SEQ ID NO:5, 26-36 of SEQ ID NO:§, 51-66 of SEQ ID NO:8, and 98-106 of

SEQ ID NO:8.

In a third aspect, there is provided the use of the antibody or antigen binding fragment as

defined herein in the manufacture of a medicament for treating an IgE-mediated disease,

In studying the anti-CemX monoclonal antibody a20, which was developed by the research
group of Chang, it was found that a20 has good binding to mepcur-cmy gene- transfected cell
lines, such as CHO cell line or NSO cell line, that do not express Iga (CD79%a), Igh (CD75b),
CD21, CD19, CD81, and other proteins associated with B cell receptor (BCR). However, 2 20
was found to bind poorly to msycm-cvy gene- transfected cell lines that express Iga, Igf, and
other BCR-associated proteins, such as Ramos cell line. We hypothesized that the antigenic
epitope on CemX recognized by a20 may be blocked by certain BCR-associated protein(s).
Therefore, a20 monoclonal antibody and its chimeric or humanized versions would not be
suitable for use in human patients in vivo for the purpose of targeting migE expressing B
lymphoblasts and memory cells. '

If the peptidic epitope, RADWPGPP, is the only epitope for inducing antibody response,
monoclonal antibodies generated from hybridoma methodology using mice that are immunized
with human CemX-containing proteins would all be specific for this peptide region. However, if
this epitope is a dominant epitope, but not the only immunogenic epitope, monocional

- antibodies specific for other antigenic epitopes on CemX could still be developed. It is possible .
that there exists an epitope(s) on CemX that is not blocked by BCR-associated proteins for
antibody binding. If so, an antibody that binds to IgE on B-cells and that can be used for
targeting those B cells may still be developed.



In the following examples, we have successfully shown that although RADWPGPP is a
dominant epitope, it is not the only immunogenic and antigenic epitope on CemX. Furthermore,
we have discovered monoclonal antibodies, 4B12 and 26H2, that bind to CemX on antigenic
epitopes not located in the region of RADWPGPP. Those monoclonal antibodies do not compete
with a20 antibody in binding to CemX. They bind to mIgE on B cells much more strongly than a
20 and are much more effective than 220 in causing antibody-dependent cytolysis and apoptosis
of mlgE-expressing cells.

The examples indicate that monoclonal antibodies, such as 4B12 and 26H2, can bind to
migE on human B lymphocytes and are suitable for use to target mlgE-expressing B
lvmphoblasts and memory B cells for the down-regulation of IgE synthesis. The antibodies in
chimeric or humanized forms will be useful for use in patients affected with IgE-mediated
allergic diseases, such as allergic asthma, allergic rhinmitis, and afopic dermatitis. Since
neufralization of IgE by anti-IgE has been shown to effectively freat cold-induced urticaria,
chronic urticaria, cholinergic urticaria, chronic rhinesinusitis, systemic mastocytosis, cutaneous
mastocytosis, allergic bronchopulmonary aspergillosis, recurrent idiopathic angioedema, and
interstitial cystitis, or eosinophil-associated gastrointestinal disorders, antibodies, such as 4B12
and 26H?2, may also be applied to treat those various diseases.

2a




A098870036uUs01-5EQ-YIC
SEQUENCE LISTING

<110> CHANG, Tsewen

CHEN, Jiun-bo

wu, Pheidias C

HUNG, Alfur F
<120 ANTI-C(epSi10n)mX ANTIBODIES CAPABLE OF BINDING TO HUMAN mIgE
<130> A0988.70036US0L

<140> UuS 13/203,483
<141> 2011-08-25

<150> 61/155,224
<151> 2006-02-25

<150> PCT/CN2010/000232
<15%1> 2010-02-25

<160> 13

<170> PatentIn version 3.5

<210> 1
<21l> 8
<212> PRT

<213> Homo sapiens

<220>

<221> DOMAIN

<222> (1)..(8)

<223> residues 45-52 from the C-terminal end of the C(epsiton)mX domain
Tocated betwsen the CH4 domain and the C-terminal
mﬁmbranemanchoring segment of human membrane-bound (epsilon)
chain

<400> 1

Arg Ala Asp Trp Pro Gly Pro Pro
1 5

<210> 2

<211> 17

<212> PRT

<213> Artificial seguence

<220>
«<Z23> Ssynthetic sequence

<220>

<2Z21> PEPTIDE
<222> (1)..(17)
<400> 2

Gly Leu Ala Gly Gly Ser Ala Gln Ser Gln Arg Ala Pro Asp Arg val
1 5 .10 15
Leu

<210> 3
7a



<211> 20

<212> PRT .

<213> aArtificial sequence
<220>

<223> synthetic sequence

<2720>
<221> PEPTIDE
<222  (1)..(20

<400> 3

i

Pro His Pro Arg
20

<210> 4

<211 11

<212> PRT

<213> Artificial Seguence
<220>

<223> synthetic seguence

<220>

<221> PEPTIDE
<222> (1)..(11L)
<400> 4

Gly Ala Gly Arg Ala Asp Trp
1 5

<210> 35

<21i> 113

<212> PRT

<213> MuUs MUSCLIUS
<400> 5

Asp val bLeu Met Thr Gin Thr
1 5

Asp GTn Ala ser Ile Ser Cys
2
Asn Gly Asn Thr Tyr Leu Glu
35
Pro Lys teu Leu Ile Tyr Lys
50 55

Asp Arg Phe ser Gly ser Gly
65 70

AQ98870036UsS01-SEQ-YIC

Pro

Pro

Arg

Tro

40

val

Ser

Gly

Leu

Ser

25

Tyr

Ser

Gly

10

Pro
10

ser

10

Ser

Leu

Asn

Thr

Pro

Lauy

Gln

Gln

Arg

ASp
75

7b

Pro

Ser

Lys

Phe

60

Phe

val Ser

Ite val
30

Pro Gly
45

ser Gly

Thr Phe

Leu
15

Gin

val

Lys

His ser Gly &In Gln Gln Gly Leu Pro Arg Ala Ala Gly Gly Sgr val
5 1

Gly

Ser

ser

Pro

Ile
80



AQ9BE70036USLI-SEQ-YIC
Ser Arg val Glu gga Glu Asp Leu Gly val Tyr Tyr Cys Phe Gin Gly
90 95

ser His val Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu ITe Lys

100 105 110
Arg
<210> 6
«<211> 113
<212> PRT
<213> Homo sapiens
<400> 6

asp Ile val met Thr GIn Thr Pro Leu Ser Leu Ser val Thr Pro Gly
1 5 i0 15

Gin Pro aAla Ser Ile Ser Cys Lys Ser Ser Gln Ser Leu Leu His ser
20 25 30

Asp Gly Lgs Thr Tyr Leu Tyr Trp Tyr Leu Gln Lys Pro Gly Gin ser
3 40 45

Pro GIn Leu Leu Ile Tyr Glu val Ser Ser Arg Phe Ser Giy val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly ser Gily Thr Asp Phe Thr teu Lys Ile
65 70 75 80

ser Aarg val Gilu géa Glu Asp val Gly VST Tyr Tyr Cys Met Gln Gly
9 95

Tle Gln Leu Pro Pro Thr pPhe Gly Gly Gly Thr tys val Glu ITe Lys
100 165 110

Arg

<210 7

<211> 113

<212> PRY

<213> Artificial sequence
«<220>

<223> humanized mouse 4812 Tlight chain variable region

<220>

<221> DOMAIN

<222> (1)..(113)

<223> humanized mouse 4812 light chain variable region

<400> 7

Asp ITe val Met Thr GIn Thr Pro Leu Ser Leu Ser val Thr Pro Gly

7c



Glin

Asn

Pro

ASp

65

Ser

Ser

Arg

Pro

Gly

Gln

50

Arg

Arg

His

<2 10>
<211>
<212>
<213>

<400>

8

Ala

AsSnh

35

L.eu

Phe

va'l

val

117

P

RT

sSer
20

Thr
Leu
sSerp

Glu

Pro
100

Ile Ser

Tyr Leu

Iie Tyr

Gly Ser
70

Ala Glu
85

pro Thr

MuUs musculus

8

Asp val GIn Leu
1

Ser

Tyr

Met

Lys

65

Leu

Ala

val

Leu

ala

Gly

50

Ser

Gln

Arg

Thr

Ser
Trp
35

ser
Arg
L.eu

Met

val
115

l.eu
20

Asn
Ile
Ile
Asn
Gly
100

Ser

Gln Glu
5

Thr Cys
Trp Ile
ser Tyr
ser val

70

ser val
85

Tyr Asp

Ala

cys

GTu

Lys

Gly

ASD

Phe

Ser

Thr

Arg

Ser

55

Thr

Thr

Gly

AQJ98870036Us01-SEQ-Y3C
16

Arg Ser ser GIn Ser
25

Trp
40

val
Ser

val

Gly

Gly

val

GIn

40

Gly

Arg

Thr

Leu

Tyr

Ser

Gly

Gly

Pro

Thr

25

Phe

Ile

ASD

Glu

Ala
105

Leu

Asn

Thr

val

30

Gly

Gly
10

Gly
Pro
Thr
Thy
ASD
90

Tyr

Gin

Arg

AsSp

75

Tyr

Thr

Leu

Tyr

Gly

Gly

Ser

75

Thr

Trp

7d

Lys

Phe

60

Phe

Tyr

Lys

val

Ser

ASh

Tyr

60

Lys

Ala

Gly

Ile

PFD_

45

ser

Thr

Cys

val

Lys

Ile

Asn

Thr

His

val

30

Gly

Gly

el

Phe

Glu
110

Pro

Thr

30

lL.eu

Pro

GIn

Tyr

Gly

His

Gin

val

Lys

Gln

95

Iie

ser

15

ser

Glu

Ser

Phe

Tyr

Thr

ser

Ser

Pro

Ile

80

Gly

Lys

Gin

ASD

Trp

Leu

Phe

80

Cys

Thr



<210>
<211>
<212>
<213>
<400>
Gln val
1

Thr Leu

TYr Tyr

Met Ile
50

Lys Ser
65

Ley Lys

Ala Arg

<210>
<21i>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<A00>

1

Thr Leu Ser Egu Thr Cys Thr
Tyr Ala Tgp Asn Trp Iie Arg
3

Met Ile Ser ITe Sar Tyr Ser Gly
50 55

9
110
PRT
Homo

9

GlIn

ser

Trp

35

Ser

Arg

Leu

Tyr

10
117
PRT

sapiens

Ley

Leu

20

Gly

Ile

vai

Ser

Gln

5

Thr

Trp

TYyr

Thr

Ser

85

Gly

Glu

Cys

Iie

His

Ile

70

val

GIn

Ser

Thr

Arg

Ser

55

ser

Thr

Gly

artificial seguence

humanized mouse 4812

DOMATN
(1)..(117>
humanized mouse 4812

10

Gln val GIn Leu Gin Glu Ser
5

AQ98870036Us02-SEQ-Y3C

Gly

val

Gln

40

Gty

val

Ala

Thr

Pro

ser

25

Pro

sSer

ASp

Ala

Leu
105

Gly
10

Gly
Pro
Thr
Thr
Asp
90

val

heavy chain

heavy chain

Gly

val

40

Pro

Ser Gly
25

Pro

Gly
106

Pro

Leu val

Tyr ser

Gy Lvys

Tyr Tyr

60

ser Lys
75

Thr ala

Thr val

region

Leu val

Tyr Ser

Gly Lys

Lys

Ile

Gly

45

Asn

Asn

val

ser

Lys

Ije

Gly
45

Ile Thr Gly Tyr Asn
60

7e

Pro

ser

30

Leu

Pro

GIn

Tyr

Ser
110

Pro

Thr

30

tey

Pro

Ser Glu
is

Ser Gly

Giu Trp

Ser Leu

Phe ser

AT

Tyr Cys
9%

ser Glu
15
ser Asp

chu Trp

Ser Leu



AQB8870036UsS0L~5EQ-YIC

Lys Ser Arg val Thr Ile Ser val Asp Thr Ser Lys Asn Gln Phe Ser
65 70 75 80

Leu Lys Leu Ser ger val Thr Ala Ala gép Thr aAla vai Tyr Tgr Cys
5 9

Ala Arg Met Gly Tyr Asp Gly Leu Ala Tyr Trp Gly GIn Gly Thr Leu
100 105 110

val Thr val Ser Ser

i15
<210> 11
<21i> 80
«212> PRT
<213> Artificial seguence
«220>
<223> Synthetic Polypeptide
<400> 11

ser val Asn Pro Gly Leu Ala Gly Gly Ser Ala Gln Ser GlIn Agg Ala
1l 5 i0 1

Pro Asp Arg val Leu Cys His Ser Gly GIn Gin Gln Gly Leu Pro Arg
20 25 30

Ala Ala Gly Gly Ser val Pro Hgs Pro Arg Cys His C%s Gly Ala Gly
35 4 4

Arg Ala Asp Trp Pro Gly Pro Pro Glu teu Asp val
50 55 60

<210> 12

<211= 21

<2i2> PRT

<213> Artificial sequence
<220>

<223> Synthetic polypeptide
<400> 12

ser val Asn Pro Gly Leu Ala Gly Gly Ser Ala Gln Ser GIn Arg Ala
1 5 10 15

Pro Asp Arg val Leu
20

<210> 13

<211> 15

<212> PRT

<213» aArtificial sequence

<220>
<223> Synthetic Polypeptide

7



AD9BE70036Us01~SEQ-YIC
<400> 13

Gly Ala Gly Aarg Ala Asp Trp Pro Gly Pro Pro Glu Leu Asp val
1 5 i0 15

g



