-1- . ANTI GENI C EPI TCPES PRESENT ON MEMBRANE- BOUND . 7l )w?b —
BUT NeT - SE.QRETED IlgA  Fieldsof the Invention . The i nvent | at es
to i Mmune system enhancenent t hrough antibody bi'nding of epi topes Whl ch.
are present on B cell-bound but not secreted IgA ‘leading to increased |gA
production by such B cells. Background B 1 ynphocyt es produce five
cl asses of immunogl obul i ns;ziwhi ch- nediate different functions. 1gMis nost
effective if conplement fixation, |1gG causes opsonization and cellul ar
cytotoxicity and can cross the pI acenta. |1gA functions on the nucosal
surface and | gE nedi at es degranul ation _pf .mast cells and basophils. The
function of IgDis still not well understood. These antibodies are pr esent
in the bl ood ci rculation, with 1gG.:l,gA, and 1gM being the major serum

components. | N A3¢fid gﬂfttr@p 25! PRESERFRA0 MBMBRANE - BB URDCe! | s al so
express di fferen I'sotypes o NOT SECRETED IgA

Field of the Invention

The invention relates to immune system enhancement through
antibody binding of epitopes which are present on B cell-bound but not
secreted IgA, leading to increased IgA production by such B cells.

- Background

B lymphqcytes produce five classes of immunoglobulins, which
mediate-different functions. IgM is most effective in complefnent fixation,
IgG causes opsonization and cellular cytotoxicity and can cross the placenta.
IgA functions on the mpcdsal surface and IgE mediqtes degranulation of -
mast cells and basophils. The function of IgD is still not well understood.

" These antibodies are presént in the blood circulation, with IgG, IgA, and
IgM. being the majdr serum components. In addition to secreting
immunoglobulins, the | B cells also express different isotypes of the
immunoglobulins on their cell surfaces at different stages of maturation.
IgM and IgD are present on the surface of re_sting, uncommitied B cells,

while often only one of the five classes of immunoglobulins may exist on
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I mmunogl obulins on their cell surfaces at different stages of maturation.

| gM and: I gD.are present on the surface of resting, uncommtted B cells,
while often only one of the five classes of inmmunoglobulins may exist on

| ate stage, mature B cells, which secrete the sane imunogl obulin isotype
as expressed on their cell surface. Teale, J.M, et al., J. Immunol. 1126:
1952- 1957 (1981); Gathings, WE., et al., Immunol, Rev. 57:107-126 (1981);
Teale, J.M, Fed. Proc. 41:5-9 (1982). Nuner ous pat hogeni ¢

m croorgani sns, such as bacteria and viruses, enter the human and ani mal -
bodi es through the respiratory, gastrointestinal, and genitourinary tracts
during air inhalation, food and liquid intake, and sexual contact. The
potentially allergenic substances, e.g., tree, grass, and

2
late stage, mature B cells, which secrete the same immunoglobulin isotype
as expressed on their cell surface. Teb.lé, J.M,, et al., J. Immmunol. 1126:
1952-1957 (1981); Gathings, W.E,, et al,, Immunol. Rev. 57:107-126 (1981);
Teale, J.M., Fed. Proc. 41:5-9 (1982).

Numerous pathogenic microorganisms, such as bacteria and viruses,
enter the human and animal bodies throﬁgh the r_espi%atory, giistroiﬂtestinal,
and genitourinary tracts during air inhalation, fdod and liquid intake, and
sexual coﬁtact. The potentially allergenic subst.ances, &.g., tree, grass, and
flower pollens, dust mites, fungal particles and animal dander aIs_o enter the
body through the resﬁiratory tract. Secretory IgA antibodies help to defend
against these pathogens and allergens.

" "IgA is' produced by plasma cells located along the -.mu.cosai linings
of the aforementioned tracts, which are all exposed to the external
environment. The a chain and light chain immunoglobuli.ns'p._rodﬁceé by
plasma cells combine with a secretory component produced_b_y the epitheiial
cells in the mucosal tissues, forming secretory IgA molecules that ere
secreted to the surface of mucosal layers. See .generallv J. G. Nedruc 2t

al., "Adjuvants and the Mucosal Immune System", Tobics in Vaccine

Adjuvant Research, (Spiggs, D. E., Xoff, W. C., Eds.) CRC Prass, Ecaoz



fl ower pollens, dust mtes, fungal particles and ani mal dander al so enter
the body through the respiratory tract. Secretory |IgA antibodies help to
defend agai nst these pathogens and all ergens. | gA is produced by
pl asma cells | ocated al ong the ‘mucosal |inings of the af or ement i oned
tracts, which are all exposed.to the external envi rohment. The:a chain and
| i ght chain i nmunogl obulins produced by plasma.cells conbine with a
secretory conponent produced by the epithehal cells in the nucosal

ti ssues, formng secretory IgA nolecules that are secreted to the surface
of nucosal |ayers. See generally J. G Nedrud et al., "Adjuvants and the
Mucosal | nmune Systeni, Topics in Vaccine Adjuvant Research (Spi ggs, D.
E., Koff, W C, Eds.) CRC Press, -Ecca

-3- Raton, Fa. (1990). These secretory IgA nol ecul es blnd to 't he invading

3-
Raton, Fa. (1990). These secretory IgA molecules bind to the invading
pathogens and weaken their ability to penetrate the mucosal layer and to

enter the inner tissue and blood stream of the host. See generally J. G.

Nedrud et al.,, "Adjuvants and the Mucosal Immune System", Topics in

Vaccine Adjuvant Research, (Spiggs, D. E., Koff, W. C, Eds_.) CRC Press,
Boca Raton, Fa. (1990). IgA can also bind allergenic subét_ances, therebv

- preventing the allergens from binding IQE or activatihg the T cells
respounsible for delayed-type hypersensitivity.
| It has been found that individuals with low IgA production are more
prone to ;\rarious infectious diseases and h;we a higher ten_dency to develop
allergic diseases than those with normal IgA levels. Thus if the levels of
either total IgA or antigen- <pecmc IgA can be increased, the diseases or
allergies may be prevented |

It is also well known that various allergenic substances enter through =

inhalation and food ingestion, causing 1mmed1ate-type,'antmoay-mematec
hypersensitivities and delayed-type, cell-mediated hypersensitivities. In
sensitized individuals, the IgE-mediated reactions against, pollens, animal
danders, dust mites, and other allerge_mc antlgens cause the commcen

allergic symptoms, such as allergic rhimitis (“hay fever and extrinsic




pat hogens and weaken their ability to penetrate the nucosal |ayer and to
enter: the jnner tissue and bl ood stream of the host. See generally J. G
Nedrud et al., "Adjuvants and the Micosal |mune Systeni, Topics in
Vacci ne Adjuvant Research, (Spiggs, D.- E., Koff, W C, Eds.) CRC Press,
Boca Raton, Fa. (1990). IgA can also bind allergenic substances, thereby
preventing the allergens from binding IgE or activating the T cells
responsi bl e for del ayed-type hypersensitivity. ' It has been found
that individuals with low I gA production are nore prone to various

i nfectious di seases and have a higher tendency to develop allergic

di seases than those with normal I gA levels. Thus if the |levels of either
total IgA or antigen-specific IgA can be increased, the diseases or

al |l ergi es may be prevented. It is also well known that various

al l ergeni ¢ substances enter through inhalation and food ingestion, causing
i mredi at e-type, antibody-nedi ated hyper§ensitivities and del ayed-type,
cel | -nmedi at ed hypersensitiviti.es.

. n sensiéjéed i ndi vi 1qual S, %ﬁhf
| gE- medi at ed 8B JRsSUSH ALSEEIC F6FRQNISS, R| HETECTFFRIEF D€ JHLOSR 1AYETS and
ot her allergenic antigens cause the commpn allergic synptons, such_as

al | ergic rhi nftthe tespiagtoneracts)anghnagaddinings and bind to allergen-specific IgE

which is on the surface of basophils and mast cells. The binding of IgE
by the allergens on the basophils and mast cell surface causes cross-linking
of the underlying IgE Fc receptors, and triggers the release of histamines
and other pharmacologic mediators, resulting in various allergic symptoms.
"In the cell-mediated hypersensitivitiés,ﬂ- certain T helper cells responsible for
delayed-tyf)e hypersensitivity are activated. These T cells recruit and
activaté macrophages, causing inflammatory symptomis.

It has been shown that antibodies which bind to epitopes of B cell
membrane-bound immunoglobulins can be used to eliminate B cells
prdducing the immunoglobulins. In particular, antibodies specific for the
antigenic epitope located on the transmembrane anchoring pept_lffie_'_ of B ;eil

membrane-bound (but not secreted) IgE can be used for removing IgE

f

secreting B cells in patients suffering from IgE-mediated allergies, @

* described the published international PCT/US88/04706 patent applicatior.
filed Dec. 29, 1988.

Antibodies that belong to certain immunoglobulin ciasses azc

subclasses, such as murine IgG, and human IgG,, and that bind with 22



-4- asthma. In such allergic responses, the allergens enter the nucosal

| ayers of :the respiratory tracts and nasal |inings and bind to

al l ergen-specific Ige which is on'the surface of basophils and mast cells.
The binding of IgE by the allergens on the basophils and mast cell surface
causes cross-linking of the underlying |IgE Fc receptors, and triggers the
rel ease of histamnes and other pharmacol ogic nediators, resulting in
various allergic synptons. In the cell-nediated hypersensitivities,
certain T hel per cells responsible for delayed-type hypersensitivity are
activated. These T cells recruit and activate nacrophages, causing

I nfl ammat ory synptons It has b@en shown that antibodi es which bind
to epitopes of B c nb ane- b oun |nnun08§ﬁ§ullns cgn be use to
elininate B ?:%FI"IOQH“ ¥J mt”ﬂf SABIES ta{gﬁtr}g § iCeBI%e, thesei bodi es
specific for the enic e to e |l.ocated o t ransnmeppr ane anchori ng
peptide of BAE&FY Ceﬂerﬁ%?‘é(ﬁ%ﬁrb RAteChROvSo 1108 r‘l-‘Pct igsyipesuic 196 tasged f or

r emovi ng | gE . . . s
cells will cause cytolysis, and some in fact cause isotype switching,

proliferation, and increased or decreased antibody production. See Vitetta.
ED., et al, Immunol. Rev. 52: 211-231 (198); Cooper, M.D., et al.
Immunol. Rev, 52:29-53 (1980). In numerous studies, polyclonal antibodies

have also been shown to induce B cell proliferation. See Sell, S. and Gell,

P.G.H., J. Exp. Med. 122:423-44 (1965); Kishimoto, T., et al.. J. Immunoi.

115:1179-1184 (1975); Parker, D.C., Nature 258:361-363 (1975); Sieckmann.
D.G,, et al. J. Exp. Med. 147:814-829; Pure, E. and Vitetta, E.S., 1.

Immunol. 125:1240-1242 (1980). Unlike antibody-dependent celluiar

cytotoxicity and complement-mediated cytolysis, this proliferative response
does not seem to involve the Fc of the antibodies. It has been shown that
F(ab’), is more effective than whole antibody in inducing the proliferative

effect, Vitetta, E.S. et al.. Immunol. Rev. 52:211-231 (1980), indicating the

- absence of Fc involvement.
Numerous investigators have studied effects of anti-Ig antibodies <z

the actvity of B cells. ‘A review article, "Effects of anti-immunoglobuiin

sera on B lymphocyte function”, Immunol.Rev. Vol. 32, ed. by .Moller, .



secreting B cells in patients suffering fromI|gE-nedi ated allergies, as
descrdi bed t he published international PCT/US88/ 04706 patent application,
filed Dec. 29, 1988. Anti bodi es that belong to certain

i mmunogl obul i n cl asses and subcl asses, such as nurine Igderr], and human
lgderr], :and that bind with an appropriately high affinity
to surface antigens of target cells can |yse those target cells. However,
as noted above, not all antibodies specific for target <cells will cause
cytolysis, and sonme in fact cause isotype switching, proliferation, and

I ncreased or decreased antibody production. See Vitetta. E.D., et al.,

| mmunol . Rev. 52: 211-231 (198); Cooper, MD., et al., Inmmunol. Rev.
52:29-53 (1980). In numerous studies, polyclonal antibodies have also been
shown to induce B cell proliferation. See Sell, S. and CGeil. P.GH, J.

Exp. Med. 122:423-44 (1965); Kishinmoto, T., ét al., J. Immunol.
115:1179-1184 (1975),; Parker, D.C, Natuge 258:361-363 (1975); Sieckmann.

(1980), states that anti-Ig antibodies have a variety of effects on B cells,
including the ability to cause proliferation of B cells. In addition, anti-IgM
and anti-IgD antibodies appear to be able to switch the resting
uncommitted B cells to producers of IgG and IgA. These studies show that
divalent antibodies which cross-link the surface Ig are required to stimulate
B cell proliferation. These effects do not require Fc portions of :he
antibodies and, in fact,'the F(ab’), fragments appear to be more effective
than whole IgG in stimulating B cell proliferation.

Proliferating B cell with anti-Ig antibodies seem highly desirable for

enhancing antibody production in vivo. However, proliferation is difficult

to achieve. Because of the large concentrations of IgG, IgM, and IgA
antibodies in the circulation, anti-Ig antibodies which are administered will
bind to the circuiating Ig before they can bind to significant amounts of e
surface Ig on B cells. What is needed is a B cell proliferative agent wiich
reacts with membrane-bound immunogiobulins and causes proliferation or
B cell modulation without reacting with the secreted, circulatisg
immunoglobulins.

Summarv of the Invention

The invention includes the membrane anchoring peptidz of humsan



DG, et al., J. Exp. Med. 147:814-829; Pure, E. and Vitetta. E. S., J,
| mmunacl . 125: 1240- 1242 (1980). Unli ke antibody-dependent cell ul ar
cytotoxicity and conpl enent-nedi ated cytolysis, this proliferative response
does not seemto involve the Fc of the antibodies. It has been shown that
F(ab')ferr] is nore effective than whole anti body in inducing the
proliferative effect, Vitetta, E.S. et al., Inmunol. Rev. 52:211-231
(1980), indicating the absence of Fc involvenent. Nuner ous
i nvestigators have studied effects of anti-lg antibodies on the activity
of Bcells. Areviewarticle, "Effects of anti-inmmunoglobulin sera on B
| ynphocyte function”, Imunol.Rev. Vol :7-52, ed. by Mller, G
-6- (1980), states that anti-lg antibodies have a variety of effects on B
cells, inctwhiany amibadied iang tedatedupredpets| fof epivpesnonfthB eetdcellulam
addition, anti-IgM

segment of this peptide (designated herein as the extracellular migis-a

epitopes), and prophylactic and therapeutic treatments involving such

antibodies and related products. These extracellular peptide segments form,

entirely or in part, antigenic epitopes unique to membrane-bound but not

secreted IgA.

The membrane anchoring extracellular peptide segment for human

IgA has the amino acid sequence:

GSCS(or C)V-ADWQM-PPPYV . VLDL:PQETL- EEEPG- AN
Peptides including this sequence or an immunologically equivalent sequence
(or a epitope thereof) can be conjugated to protein carriers and used io
induce formation of endogenous antibodies to the extracellular migis-c

| epitopes. These endogenously produced antibodies modulate the synthesis
of IgA and, in particular, increase its synthesis. When the antibodies
specific for the extracellular migis epitopes are of eertain.immunogl-obulin
classes and subclasses, such as mouse IgG, or human IgG,, or in the form
of divalent antigen binding fragments such as F(ab’), the_\) can be

administered to directly enhance IgA synthesis.  Further, - peptides



and anti-1gD anti bodi es appear to be able to switch the resting
uncommtted B cells to producers of 1gG and | gA. These studi es show t hat
di val ent anti bodi es which cross-link the surface Ig are required to
stinmulate B cell proliferation. These effects do not require Fc portions
of the antibodies and, in fact, the F(ab')[err] fragnments appear to be
nore effective than whole IgGin stinmulating B cell proliferation
Proliferating B cell with anti-lg antibodi es seem highly desirable for
enhanci ng anti body production in vivo. However, proliferation is difficult
to achieve. Because of the |large concentrations of 1gG IgM and IgA

anti bodies in the circulation, anti-lg anti bodi es which are adm ni stered
will bind to the circulating Ig before they can bind to significant
amounts of the surface Ig on B cells. Wat is needed is a B cell
proliferative agent which reacts w th nmenbrane-bound i nmunogl obulins and
causes proliferation or B cell nodulatign w thout reacting with the
secreted, circulating imunoglobulins. Summary of the Invention

- The inventiongdpicddiifg 1M SFETBIDABE aRBBBAY specifie bt dRese! péBttRE, can be
used to stimuiate IgA production. The peptides and antibodies can be
used alone, or combined with vaccines or allergenic éntigens, to increase
IgA synthesis. The patient population includes those susceptible to

infectious diseases and those affected by allergic diseases.
Brief Description of the Figures

Figure 1 shows, for genomic DNA, the deduced amino acid sequence
and the nucleotide sequence of the membrane exon of two isoforms of

human 1 membrane anchoring peptide (one isoform including the amino

H

tn

acids shown in lower case letters) as well as about 1,700 bp of the
flanking sequence and about 500 bp in the 3’ untranslated region.
Figure 2A shows the nucleotide sequence of the membrane exor in
Fig. 1 for human all and a2, as well as the corresponding sequence from
murine « chain.
Figure 2B shows the amino acid sequences encoded by ize
membrane exons of Fig 2A, the proposed extracellular segments being

underlined.



-7- [err] chain, antibodies and related products to epitopes on the
extracel | ul-ar segnent of this peptide (designated herein as the
extracellular mgis-[err] epitopes), and prophylactic and therapeutic
" treatnents involving such antibodies and rel ated products. These
extracel lul ar peptide segnents form entirely or in part, antigenic

epi topes uni que to nenbrane-bound but not secreted |gA The
menbr ane anchori ng extracel |l ul ar peptide segnent for human |gA has the
am no aci d sequence: GSCS(or .C) V. ADWM . PPPYV . VLDL . PQETL .

EEEPG . AN Peptides including this sequence or an inmunol ogically

equi val ent sequence (or a epitope thereof) can be conjugated to protein
carriers and used to induce formation of endogenous antibodies to the
extracellular mgis-[err] epitopes. These endogenously produced anti bodi es
nodul ate the synthesis of IgA and, in particular, increase its synthesis.

Wen the anDebAfideDesehphibhi 6f itRE InbenSor rafeelisuMiniBrghfd ePidcepeprar e of
certain i : WH! Osine! asses. and subcl asses, such as nouse Ig{derr] or
human Iggerr], or in the form _

1. Membrane Anchoring Peptides of B Cell Membrahe-bound
Immunoglobulins ' '

The membrane-bound immunoglobulins expressed in the surface of
B cells differ from the sécrétory immunoglobulins synthesized by the same
cells in that the formef havé extra .peptidic segments extending from the C-
termini of the immunoglobuﬁn heavy chains which anchor the
immunoglobulins to the cell surface. These extra segments are unique for
different isotyj)es and are referred to herein as the membrane anchoring
peptides. |

The amino acid __seqx!mnée data of the eleven membrane-bound
immunoglobulins from several species have been determined. See Word,

CJ. et.al., EMBO J. 2:887-898 (_1983); Ishida, N. et al., EMBO J. 1:1117-

1123 (1982); Steen, M. L et al, 1. Mol. Biol. 177:19-32 (1984); Rogers,

J. et _al, CeHL 26:19-27 (1981); Yamawaki-Kataoka, Y. et al.,, Proc. Natl,
Acad. Sci., USA, 79:2008-2012 (1982); . Kamaromy, M. et al., Nucleic Acids

Res., 11:6775-6785 (1983);. Rogers, J. et al,, Cell, 20:303-312 (1980);

Bernstein, K.E., J. Immunol. 132: 490-495 (1984); Cheng, H. et al., Natre,



of divalent antigen binding fragments such as F(ab')[err], they can be
adm nistered to directly enhance IgA synthesis. Furt her, peptides

-8- representing IgMor 1gD, or antibody specific for these peptides, can
be wused to stimulate |IgA production. The peptides and anti bodi es can be
used al one, or conbined with vaccines or allergenic antigens, to increase
I gA synthesis. The patient popul ation includes those susceptible to

i nfectious di seases and those affected by allergic diseases. Bri ef

Description of the Figures Figure 1 shows, for genomi c DNA, the
deduced am no aci d sequence

-10-

296:410-415 (1982); Robbitts, T. H. et al, Nucleic Acids Res. 9:4509-4524.
Th_e.se séquences indicate certain common features of the membrane

: anqhbring peptides. As shown in Tablé 1, the membrane anchoring peptide
has thrée-segments which are distinguishable based upon their locations in
relation to the plasma membrane. Even though these peptideé are shorrt,
rangihg from 41 to 130 amino acid residues, and have often been referred
t0 .asl the "membrane-bound domain”, the peptides are not entirely in the ~

membrané_ lipid bilayer. In fact, only 25 amino acid residues, largely
hydrophobic residues and threonine and serine residues which are located
iﬁ the rﬁiddle part of the peptides, are in the lipid bilayer. The C-terminal;.
hjrdrophilic segménts_ df 3 to 28 amino acid residues are located on the
cytdplasmic side of ;hé memﬁrane. The segments toward the N-terminus,
which aré connmected to the third or fourth constant domains of the
irr_unﬁnogldbulin heavy chains (CH, or CH,) are very hydrophilic and are

on the extracellular side of the plasma membrane.



and the nucl eotide sequence of the nenbrane exon of two isofornms of human
[err] X menbrane anchoring peptide (one isoformincluding the amno acids
shown in | ower case letters) as well as about 1,700 bp of the 5 flanking
sequence and about 500 bp in the 3" untransl ated region. Fi gure 2A
shows the nucl eotide sequence of the nenbrane exon in Fig. 1 for human
[err]] and [err]2, as well as the correspondi ng sequence from nurine [err]

chai n. Figure 2B shows the ami no acid sequences encoded by the
menbr ane exons of Fig 2A, the proposed extracellular segnents being
under | i ned. - 9- Det ai | ed
Description of the Invention and Its Manner and Process of Making and Usi ng
1. Menbrane Anchoring Peptides of-1B Cell Menbrane-bound
| mmunogl obul i ns

Table 1. Key features and properties of peptidic segments unique to

membrane-bound immunoglobulins on B cells.

First Middle Last Total

segment segment segment
Immunoglobulin Length
Class/Subclass # Amino acid residues
Mouse IgA 26 25 14 65
Mouse IgE 19 25 28 72
Rat IgE 19 25 28 72
Mouse IgG, 18 25 28 71
Mouse IgG,, 18 25 28 71
Mouse IgG, 18 25 28 71
Mouse IgG, 18 -25 28 - 71
Mouse IgM 13 25 3 41
Human IgM 13 25 3 41
Human IgD 27 25 3 55
Mouse IgD .26 25 3 54
Properties Hydrophilic  Hydrophobic Hydrophilic

Highly acidic = No charged
residues

Physical On exterior In membrane On cytoplasmic
Location surface lipid bilayer surface
Abbreviated mb/ec mb/tm . .mb/ic
Symbols segment segment segment
* mb stands for membrane-bound;” ec for extracellular; im for

transmembrance; and ic for intracellular.



The nmenbr ane-bound i munogl obul i ns expressed in the surface of B cells
differs fromthe secretory i mmunogl obulins synthesized by the sane <cells in
that the fornmer have extra peptidic segnents extending fromthe G termni
of the inmmunoglobulin heavy chains which anchor the inmmunoglobulins
to the cell surface. These extra segnents are unique for different

i sotypes and are reférred to herein as the nenbrane anchoring peptides.
The amino acid sequence data of the el even nenbrane-bound i munogl obuli ns
from several species have been determ ned. See Wrd. C. J. et al., EMBO J.
2:887-898 (1983); Ishida, N. et al, EMBOJ., 1:1117- 1123 (1982); Steen,
M L. et al., J. Ml. Biol., 177:19-32 (1984); Rogers, J. et al., Cell.
26:19-27 (1981); Yamawaki - Kataoka, Y. et al., Proc. Natl. Acad. Sci.. USA,
79: 2008- 2012 (1982); = Kamarony, M et al., Nucleic Acids Res.,

11: 6775-6785 (1983); Rogers, J. et al., Cell, 20:303-312 (1980):
Bernstein, K E , J. Immunol. 132: 490-495 (1984); Cheng, H et al., Nature.

-12-

The shortest extracellular segments of the membrane-bound pieces
of the immunoglobulins (designated mb/ec segments) have 13 amino acid
residues (mouse and human g chains). See Table 2. The mb/ec
segments of all immunoglobulins contain high proportions of charged,
acidic, amino acid residues. The charged amino acid residues and polar
hydrophilic residues account for a very high percentage of the amino acids
in the mb/ec segment (Table 3). This indicates that all the mb/ec
segments are exposed and of sufficient le_ngth to be accessible by
antibodieé. The immunoglobulin heavy chains evolved before the various
mammalian species, including mice, rats, and humans. Thus, it is probably
the murine g.mb/ec to which the human e.mb/ec will be mos: related.

.The murine a.mb/ec has 26 amino acid residues, including 5 Glu and 2
Asp residues, both of which are acidic. This indicates that the proposed
similar human g¢.mb/ec segment also has acidic residues, and is exposed

and accessible to antibodies.



-10- 296:410-415 (1982); Robbitts, T. H et al, Nucleic Acids Res.

9: 45094524, + These sequences indicate certain common features of the
menbrane anchoring peptides. As shown in Table 1, the nenbrane anchoring
pepti de has three segnments which are distinguishable based upon their

|l ocations in relation to the plasma nenbrane. Even though these peptides
are short, ranging from41l to 130 amino acid resi dues, and have often been
referred to as the "nmenbrane-bound domain", the peptides are not entirely
in the nenbrane lipid bilayer. In fact, only 25 am no acid residues,

| argely hydrophobic residues and threonine and serine residues which are
| ocated in the mddle part of the peptidgs, are in the lipid bilayer. The
C-terminal, hydrophilic segnments of 3 to 28 amino acid residues are

| ocated on t heTaH¥tDPl asThe ashifle Rid sdficiREDbAMEe eXfaeiot §UFEDA SOft fMRIHC t he
N-term nus, which are connected to the third or fourth ‘constant” donmai ns of

the i munogl obul | n heauestiahdiGE e hichiRhnCHbaha bl okurind (0B 1 ©

and are on the extracel asma nenbr ane.

segments).
) Mb/ec segment
26 21 16 11 6 - 1

Mouse IgA E-RQEPL-SYVLL-DQSQD-ILEEE - APGAS

Mouse IgE . - ELDI-QDLCI-EEVEG-EELEE
Rat IgE | ELDI-QDLCT-EEVEG: EELEE
" Mouse IeG, GLQ 'LDETC- AEAQD - GELDG
Mouse IgG,, GLD-LDDVC-AEAQD-GELDG
Mouse IgG,, ' GLD-LDDIC- AEAKD - GELDG
Mouse 1gG, | ELE-LNGTC-AEAQD - GELDG
Mouse IgM | EGE- VNAEE - EGFEN
Human IgM EGE-VNAEE: -EGFEN

Human IgD YL AMTPL-IPQSK-DENSD-DYTTF-DDVGS .
‘Mouse IeD I VNTIQ-HSCIM-DEQSD-SYMDL-EEENG



Tabl e 1. Key features and properties of peptidic segnents unique to

menbr ane- bound i mmunogl obulins on B cells. First
M ddl e Last Tot al segnent segnent
segnent | mmunogl obul i n Lengt h O ass/ Subcl ass #
Am no aci d residues Muse | gA 26 25 14
65 Mouse | gE 19 © 25 - 28 72 Rat |IgE
19 25 .. 28 72 Mouse lgJerr] 18
25 28 71 Mouse IgJerr] 18 - 25 28
71 Mouse IgJerr] 18 25 28 71 Mouse
lgg err] 18 25 28 71 Mouse | gM
13 25 3 41 Hurman | gM 13 : 25
3 ' 41 Human | gD 27 25 3 55
Mouse 1 gD 26 25 3 54 Properties
Hydrophilic Hydrophobic Hydrophilic H ghly acidic No
char ged resi dues Physi cal On exterior
I n menbrane On cytoplasm c Location surface lipid bilayer
surface

Table 3. Composition of charged amino acid residues and polar,

hydrophilic amino acid residues in the exterior portion of
peptidic  segments unique to membrane-bound

immunoglobulins (mb/ec segments).

Acidic Basic  Polar Total Proportion

residues residues residues hydro- of hydro-
philic  philic
residues residues

# Amino acid residues

Mouse IgA 7 1 7 15 58
Mouse IgE 10 0 2 12 63
Rat IgE 10 0 2 12 63
Mouse IgG, 6 0 4 10 56
Mouse IgG,, 7 0 2 9 50
Mouse 1gG,, 7 1 1 9 50
Mouse IgG; 6 0 4 10 56
Mouse IgM 6 0 2 8 61
Human IgM 6 0 2 . 8 61
Human IgD 6 1 3 15 56
Mouse IgD 7 0.5 9 16.5 63
Acidic residues: E (Glu), D (Asp)

Basic residues: K (Lys), R (Arg), H (His); His is partially chargec.

Polar residues: S (Ser), T (Thr), C (Cys), Q (Gln), N (Asn)



Abbr evi at ed nb/ ec nb/tm nb/ic Synbol s segnment

segnment . segnent nb stands for nenbrane-bound; ec for
extracellular; tm for transmenbrance; and ic for intracellular.
-12- The shortest extracellular segnents of the nmenbrane-bound

pi eces of the inmmnogl obulins (designated nb/ec segnents) have 13 am no
acid residues (nouse and human [err] chains). See Table 2. The nb/ec
segnents of all imrunogl obulins contain high proportions of charged,

acidic, amno acid residues. The charged am no acid residues and- pol ar
hydrophilic residues account for a very high percentage of the am no acids
in the nb/ec segnent (Table 3). This indiscates that all the nb/ec segnents
are exposed and of sufficient length to be accessible by

4, The Amino Acid Sequence of the mb/ec Segment of Human IgA
(e.mb/ec segment)

The DNA sequence corresponding to the human a.mb/ec segment
was determined as set forth in the exemplificaﬁdn below. The nucleotide
sequence of the exon encoding the peptide segment and the amino acid
sequence of the segment are shown in Figures 1 and 2.

The a.mb/ec peptides of this invention include the amino acid
sequence shown in Figure 2, any immunologically active portion of the
sequencé or any epitopes contained in this sequence. In addition, the
a.mb/ec peptides include any modifications of the amino acid sequence of
Figure 2 in which amino acids have been added, inserted, deleted or
substituted without detracting significantly from the immunological activity
of the peptide. The immunological activity o.f. ti]é peptide includes
reactivity with antibody and the ability (alone or conjugated to a carrier)
to induce an immune response, including inducing an antibody response
which is crossreactive with both the a.mb/ec segment and with native IgA

on the cell membrane.

Such immunogenic peptides can be synthesized by conventional



anti bodi es. The i munogl obul i n heavy chai ns evol ved before the various
manmmal,i an species, including mce, rats, and humans. Thus, it is probably
the nurine [err].nb/ec to which the human [err].nb/ec will be nost rel ated.
The nurine a.nb/ec has 26 am no acid residues, including 5 Au and 2 Asp
resi dues, both of which are acidic. This indicates that the proposed
simlar human [err].nb/ec segnent al so has acidic residues, and is exposed

and accessible to anti bodi es. Table 2. The am no acid
sequences of the exterior portion of peptidic segnents unique to
menbr ane- bound i mmunogl obul i ns (nb/ ec segnents) .
Mo/ ec segnent 26 21 16 11 6 1 Mouse
| gA E RQEPL SYVLL DQSQD. | LEEE APGAS

-16-

techniques, such as with the Ramp system (DuPont DeNemours & Co.)
which applies Fmoc chenﬁstr;sr: Alternatively, these recombinant peptides
or immunoglobulin heavy chains containing epitopes of these peptides may

be biosynthesized by expressing in E. coli or mammalian cells the gene

segments containing coding sequences of the peptide.

5. Developing Antibodies to the mb/ec Segment

The a.mb/ec peptide can be used in the immunization of animals to
prepare polyclonal and monoclonal antibodies. It can also be used to
screen for specific monoclonal antibodies or characterize specific polyclonal
antibpdies. It can also be used to purify monoclonal andhpolyclonal
antibodies.

In the process of preparing monoclonal antibodies specific for
a.mb/ec peptide, it is not necessary to use the synthetic or recombinan:
a.mb/ec pepﬁdes in both immunization and antibody. identification. For
example, in immunizing mice for preparing immune spleen cells for fusion
with myeloma cells, the immunogen may be the membrane-bound IgA

isolated from plasma membrane of IgA-bearing myeloma cells, such as



Mouse | gE ELDI QDLCI. EEVEG EELEE Rat |gE
ELDI QDLCT EEVEG EELEE Mouse | g err] GLQ LDETC . AEAQD GELDG
Mouse 1 g err] GLD LDDVC AEAQD GELDG Mbuse lgJerr] G.D

igM

ECE. VNAEE. EGFEN Human | gD

LDDI C AEAKD CGELDG Mouse Igderr]

ECE. VNAEE. EGFEN Human | gM

. VNTIQ HSCIM DEQSD. SYMDL . EEENC

- 14-

-17-
DAKIKI lymphoblastoid cells, or it may be the IgA-bearing myeloma cells
themselves. Transfectomas, developed by transfecting mouse myeloma cells
with genes of human immunoglobulin heavy chains and light chains and
which eﬁpress on their cell surface membrane-bound immunoglobulins, may
also be used as immunogens. For initial monoclonal antibody identification

following immunization, the aforementioned synthetic peptide conjugated to

bovine serum albumin or ovalbumin with the techniques described below

are preferably used.
When using the synthetic or recombinant c.mb/ec peptides as
immunogens, it is more effective to conjugate them to a protein carrier, for

example, hepatitis B surface antigen, core antigen or preferably keyhole

lympit hemocyanin (KLH). If the peptidic segment lacks a Lysine residue

or if the Lysine residue is in the middle part of the segment, it is desirable
to add a Lysine residue at the C-terminal end. Because the N-terminus
already has an e-amino group, the modified synthetic peptidic will have two
amino groups for linking.

. Multiple molecules of peptides can be conjugated to éacr_x- molecule
bf the carrier protein. With KLH, a _preféfred ‘molar ratio for

peptide/KLH is 10. The method of conjugation is well established. Cross-

ELE. LNGTC AEAQD GELDG Mbuse
YL. AMTPL. | PQSK: DENSD DYTTF DDVGS Mouse | gD



Tabl e 3. Conmposition of charged am no acid residues and pol ar.
hydrophiliciamno acid residues in the exterior portion of

pepti dic segnent s unique to menbr ane- bound

i mmunogl obul i ns (nb/ec segnents). Acidic Basic Pol ar
Tot al Proportion : resi dues residues residues hydro- of
hydr o- ' .philic philic

resi dues residues _ # Ami no acid residues Muse |IgA
7 15 58 Mouse | gE 10 0 2 C12

63 Rat IgE 10 - 0 2 12 63 Mouse g err]
6 0 4 10 56 Mouse Igderr] 7 0

2 9 50 Mouse g err] 7 1 1 9

50 Mouse g err] 6 0 4 10 56 Mouse | gM

6 0 2 8 61 Hurman | gM 6 0 2
8 - 61 Human | gD 6 1 8 15 56 Mouse
| gD 7 0.5 9 1685 63 Acidic residues: E
(Au), D (Asp) Basic residues: K (Lys), R(Arg), H(Hs); Hs is

partial |y char daderfPaueh nesbidu

N (Asn)

tartarate (Catalogue #21579, 20591, Pierce Chemical Co., Rockford. IL), or
preferably glutaraldehyde, can be used.

The immunogen, e.g. the KLH conjugate', can be used to immunize
rabbits, goats, rats, or mice to prepare polyclonal antibodies specific for the
a.mb/ec peptide. Lymphocytes from the spleen or lymph nodes of immune
mice and rats can also be taken' to prepare hybridomas secreting
monoclonal antibodies specific t’or_ the a.mb/ec peptide. A preferred
protocol to prepare the monoclonal antibodies is to fuse immune spleen
cells of mice with non-secreting mouse myeloma cells, such as NS-1 or
SP2/0 cells; using polyethylene glycol.

A preferred immunization procedure for mice is to prime each
mouse by inmjecting 50 ug of the peptide-KLH conjugate in complete
Fruend’s adjuvant subcutaneously into each mouse. Two and four weeks
later, the same amounts of antigen are given subcutaneously in incomplete
Freund’s adjuvant. After about six weeks, the fourth antigen injection is
given intraperitoneally in saline. Mice are sacrificed 4 days after the las:
injection and the spleens are removed for preparing single cell suspension

for fusion with myeloma cells.

@ulfosucciBmiBd) ) subErftEhror, dBu(feysdcinifdidd n) ,



- 15- 4. The Ami no Acid Sequence of the nb/ec Segnent of Human | gA
([err]«nb/ec segnent) The DNA sequence corresponding to the human
[err].nb/ec segnent was determ ned as set forth in the exenplification
bel ow. The nucl eoti de sequence of the exon encodi ng the peptide segnent
and the am no acid sequence of the segnent are shown in Figures 1 and 2.
The [err].nmb/ec peptides of this invention include the anmino acid sequence
shown in Figure 2, any imunol ogically active portion of the sequence or
any epitopes contained in this sequence. In addition, the [err].nb/ec
peptides include any nodifications of the am no acid sequence of Figure 2
in which am no acids have been added, ipngerted, deleted or substituted

wi t hout detracting significantly fromthe immunological activity of the

peptide. The imung ﬁﬂﬁﬁ%bv’é@%}! ¥ad Vol behBsdepdi gxﬁnid?ﬁidiﬂﬁzsm{ Aghdvity

wi th antibody and the ability (alone or conjugate a carrier to i nduce

A R o R

cel | menbr AN%mmunogen is purified native human membrane-bound IgA (having an
attached membrane anchoring peptide) isolated from the plasma membrane
_of IgA-bearing human myeloma cells, such as DAKIKI lymphaoblastoid czlls,
or where the immunogen is recombinant & chain produced by genetically
engineered Bacteria.

The fusion procedure with polyethylene glycol and other various
procedures concefning cloning and hybridoma cuituring have been well
established. The preferred protocol is the well-known one described, for
example, by ﬁﬁdson, L. and Hay. F.C. (Practical Immunology, 2nd edition,
pp. 303-313, 1980, Blackwell Publishing Co., Boston)._

The screening of hybridomas for monoclonal antibodies (or the
identification of polyclonal antibodies) reactive with a.mb/ec peptide can
be performed with an enzyme 1in_!_~:;:__(_i immunosorbent assay (ELISA) using

- the synthetic or recombinant a..n;b/ec peptide as the solid phase. antig¢n.
An.alternative solid phase antigen is the conjugate of c.mb/ec peptice
with a carrier protein different frofn that used as the immunogen, such as

ovalbumin or bovine serum albumin.



Such i nmmunogeni ¢ peptides can be synthesized by conventi onal

-16- technjques, such as with the Ranp system (DuPont DeNenours & Co.)
whi ch applies Fnoc chemstry. Alternatively, these reconbinant peptides
or i mmunogl obul i n heavy chai ns contai ni ng epitopes of these peptides nmay
be bi osynt hesi zed by expressing in E. coli or mammalian cells the- gene
segnents contai ning codi ng sequences of the peptide. 5. Devel opi ng
Anti bodies to the nb/ec Segnent The [err].nb/ec peptide can be
used in the immunization of animals to prepare polyclonal and nonocl onal
antibodies. It can also be used to screen for specific nonocl onal
ant i bodi es or characterize specific polyclonal

-20-

Further characterization of the monoclonal and polyclonal antibodies
are shown in Table 5. The assays employed in these studies are also
indicated. The assays have been described in detail in the U.S. Patent
Application Serial No. 07/226,421, filed July 29, 1988, and U.S. Patent
Applfﬁation Serial No. 07/140,036, filed December 31, 1987, the teachings

of which are incorporated by reference herein.

Table §. The Reactivitv of Antibodies Specific for the a.mb/ec Peptide
- with Different IgA-Containing Targets

Reactivity - Assays
Sy;lthetic a.mb/ec peptide + ELISA
Soluble IgA - ELISA
DAKIKI myeloma cells ==+ .Immunoﬂuorescence staining

-f~

aq

IgA-bearing B cells Immunofluorescence stainin

Cells not expressing - Immunofluorescence staining
surface IgA

6. Exgeﬁments with Animal Models

The substances and methods are tested on animal model systems.

)

A number of experiments are designed to investigate whether peptides



antibodies. "It can also be used to purify nonocl onal and pol ycl onal

anti bodi es. . In the process of preparing nonoclonal antibodies
specific for [err].nb/ec peptide, it is not necessary to use the synthetic
or reconbinant [err].nb/ec peptides in both i munization and anti body
identification. For exanple, in immnizing mce for preparing i mune
spleen cells for fusion wth nyeloma cells, the i munogen may be the
menbr ane- bound 1gA isolated from plasma nmenbrane of | gA-bearing nyel ona
cells, such as DAKI KI | ynphobl astoid cells, or it nmay be the
| gA-bearing nyeloma cells thensel ves. Transfectonas, devel oped by
transfecting nouse nyeloma cells with,genes of hunan i mmunogl obul i n heavy
chains and light chains and which express on their cell surface

menbrane- bo?@ﬁonwn%%ﬁégﬂge 13BYy axf’dxé(?nﬁﬁuﬁb"g?&bxﬁﬁ:s'ziﬂﬁ'&ﬂg%%odfé%r

initial nonoc I cation
specific for epitopes on these ec/mb segments will enhance the production

of immunoglobulins of various isotypes in the animals. The péptides and
antibodies relating to a particular isotype may affect the synthesis of several
isotypes and subclasses. In the discussion below, we will primarily focus on
peptides and antibodies relating to a.ec/mb segment. The purpose of the

animal studies is to investigate:

a) Do the peptides and antibodies enhance antibody production?

b) Do the peptides and antibodies enhance secretory IgA
production in the mucosal surface?

c) Can the peptides and antibodies be used prophylactically in
preventing from infectious diseases?

d) Can the peptides and antibodies be used in patienté wiﬁ:-
immunodeficiency diseases?

e) Can the peptides and ant_ibodies be used in patients io preven:

or alleviate symptoms of allergic diseases?



foll owi ng i mmuni zation, the aforenentioned synthetic peptide conjugated to
bovi ne: serum al bum n or oval bumn with the techni ques described below are
preferably used. When using the synthetic or reconbinant [err].nb/ec
pepti des as imrunogens, it is nore effective to conjugate themto a
protein carrier, for exanple, hepatitis B surface antigen, core antigen or
preferably keyhole |lynpit henocyanin (KLH). If the peptidic segnent |acks
a Lysine residue or if the Lysine residue is in the mddle part of the
segnent, it i's desirable to add a Lysine residue at the Cterm nal end.
Because the N-term nus already has an a-am no group, the nodified
synthetic peptidic will have two am no groups for Iinking. Mul tiple
nol ecul es of peptides can be conjugated to each.nolecule of the carrier

pr ot ei n. Wth KLH, a preferred nolar ratio for peptide/KLH is 10. The
met hod of conjugation is well established. Cross-

22

Two of the most relevant systems are the following.

Al Primate model

The monoclonal antibodies specific for human e¢.mb/ec peptide and
their related substances of this invention are tested to determine whether
they react with IgA-bearing cells of.rhesus monkeys.

A small portion of rhesus monkeys, which have been infected with
the nematode, Ascaris suum, develop sensitivity to extract of ascaris. When
these sensitive monkeys are given spray containing ascaris antigen, they
develop breathing problems resembling asthma. Patterson, R., J. Clini.
Invest. 57:586-593 (1976).

The various compositions of this invention can be examined in :he
asthma/rhesus monkéy model system. The ascaris sensitive monkeys zare
given the'expérifnental treatment or control treatment and measurements
are made to determine:

(a) Do the asthma symptoms associated with ascaris

administration decline?

(b)  Does the circulazing IgA increase?

(¢)  Does secretory IgA increase in pulmonarv lavage?



| i nkers such as bis (sul fosuccinimdyl) suberate or disulfosuccinim dyl
tartarate (Catal ogue #21579, 20591, Pierce Chem cal Co., Rockford. IL), -or
pref erably gl utaral dehyde, can be used. The i mmunogen, e.g. the KLH
conjugate, can be used to inmunize rabbits, goats, rats, or mce to
prepare polyclonal antibodies specific for the [err].nb/ec peptide.
Lynmphocytes fromthe spleen or |ynph nodes of immune 'mice and rats can

al so be taken to prepare hybridonmas secreting nonoclonal antibodies
specific for the a.nb/ec peptide. A preferred- - protocol to prepare the
nonocl onal antibodies is to fuse i Mmune spleen cells of mce with
non-secreting nouse nyel oma cells, suck3as NS-1 or SP2/0 cells, using

pol yet hyl ene gl ycol . A preferred i mmuni zati on procedure for mce is
to .prinme each nddye Wyoé¢snpssatisraptigdnfspedifi IgA inereasePti de- KLH conj ugate in
- conplete Fruend' s adjuvant subcutaneously into each nouse. Two-and four
weeks | ater, thdeyamBDaipirtienrimg Botlisgmnthercircgiatom smbchg aneously in

i nconpl ete Freund' s adjuvant. After about six weeks, the fourth antigen

A njection is given inhuegeal ldyendatreyse’n saline. Mce are sacrificed 4 days
after the last injection and the spleens are renoved fofr preparing single

cell suspensBon Mouse model system
The a.mb[ec segment of the mouse has already been sequenced.

Word, CJ. et al., EMBO J. 2:887-898 (1983). The 26 amino acid residue

peptide is:

Glu-Arg-Gln-Glu-Pro-Leu- Ser- Tyr- Val-Leu-Leu- Asp- Gln-
Ser-Gln-Asp-Ile-Leu-Glu-Glu~Glu-Ala-Pro-Gly-Ala'-Ser~-

The peptide is synthesized in several forms, including one that has extra
Leu-Lys residues at the C-terminus.

The peptide and its KLH conjugate are used as antigens to
immunize rabbits and goats. The anti-sera are collected. The antigen-
specific antibodies are purified using column of Sepharose 4B conjugated
with the peptide (with Leu-Lys addition) or with peptide linked tc
ovalbumin or bovine serum albumin. Alternatively, the peptide-XLE

conjugate is used to immunize rats and monoclonal antibodies specific for



for fusion with nmyel oma cells. A simlar protocol can
al so be‘used: for immunization with other inmmunogens. For exanple, a.
simlar protocol can be used where the immunogen is purified native human
menbr ane- bound 1 gA (having an attached nenbrane anchoring pepti de)

i solated fromthe plasma nenbrane of |gA-bearing human nyel oma cells, such
as DAKIKI |ynphobl astoid cells, or where the i munogen is reconbi nant

[err] chain produced by genetically engineered bacteria. The fusion
procedure wi th polyethyl ene glycol and other various procedures concerning
cloning and hybridoma cul turing have been well established. The preferred

protocol is the well-known one described, for exanple, by Hudson, L. and
Hay. F.C. (Practical |nmunol ogy, 2nd edition, pp. 303-313, 1980, Bl ackwell
Publ i shing Co., Boston). . The screening of hybridomas for nonocl ona
anti bodi es (or the '

-24-

mouse ¢.mb/ec are developed by procedures described earlier (Section 5).

Normal mice are injected intravenously or intraperitoneally with the
purified antibodies or their related substances. The mice may also be
given g.ec/mb pept_ide-conjugated with KLH to induce active immunization
and endogenous production of anti;a.ec[mb antibodies. They can also be
actively immunized with a viral antigen, such as one from a rotavirus, in
combination with antibody or peptide treatment. The questions to be

investigated are:

(@) Does the total IgA in circulation increase?
(b) Does total secretory IgA increase in the
.intestinal lumen?
(¢)  Does antigen-specific IgA increase?
(d) ) Does the n;lrnber of IgA-bearing B cells in the-spléen anc

. Peyer’s patches increase?

(¢)  Can the mice resist better the challenge with live virus?

~}
.

Application of «.ec/mb_Pentide ‘and_Antibodies Sopecific for iz::
Epitope in Infectious Diseases. Allergies. and Immuncdeficiern~:
Diseases




i dentification of polyclonal antibodies) reactive with a.nb/ec peptide can

be performed with an enzyne |inked i mmunosorbent assay (ELI SA) using
synt hetic or

" An alternative solid phase antigen is the conjugate of [err].nb/ec

with a carrier protein different fromthat used as the inmmnogen,

oval bum n or bovine serum al bum n. .
Further characterization of the nonocl onal and pol ycl onal
anti bodies "are shown in Table 5. The assays enployed in these studies are

-20-

al so . indicated. The assays have been described in detail

t he

reconbi nant [err].nb/ec peptide as the solid phase anti gen.

pepti de

such as

in the U. S.

Patent Application Serial No. 07/226,-221, filed July 29, 1988, and U. S
Patent Application Serial No. 07/140,036, filed Decenber 31, 1987,

t eachi ngs

The a.ec/mb peptide and antibodies specific for a.mb/ec epitopes
can be used to increase total IgA, secretory IgA, or antigen-specific IgA in
humans or other ainimals (e.g. dogs, cats, and horses).- The antibodies can

be used therapeutically and prophylactically in several ways.

Al Antibodies specific for IgA-bearing cells.

Antibodies of certain IgG subclasses, such as mouse IgG, and human
IgG, and IgG,, or F(ab’)2 fragments may be used to enhance antibody
production. The antibodies can administered as free antibodies (preferably
intravenously) to patients in amounts sufficient to induce proliferation of
IgA-bearing B cells and thereby increase IgA production.

The antibodies can also be administered nasally.' The concentration
of IgA-producing B cells is densest on the lining of the nasal channel and
respira”t‘éry' tfact. Nasal administration (e.g. by nasal spray) may be used to
deliver relatively high concentrations of antibodies into the nasal anc
respiratory tracts and-thus achieve speedier and more effective resufts.

Thé& antibodies can also be administered ocularly.

For therapeutic uses in humans, especially when repeated or long

t he



of which are incorporated by reference herein. Table 5. The Reactivity

of Antd bodies Specific for the a.nb/ec Peptide with Dfferent
| gA- Cont ai ni ng Targets Reactivity Assays
Synthetic [err].nb/ec peptide + ELI SA Sol uble 1gA

- ELI SA :DAKI KI nyel oma cells
| mmunof | uorescence staining |gA-bearing B cells
| mmunof | uorescence staining Cells not expressing -

| mmunof | uorescence staining surface IgA 6. Experiments with Ani mal
Model s The substances and nethods are tested on ani nmal nodel
systens. A nunber of experinents are designed to investigate whether
pepti des _ -21-

-25-'

term administration is necessary, less immunogenic antibodies which are
either human or chimeric are preferred. Human antibodies, or fragments
thereof, can be readily produced from human genomic expression libraries
(Stratagene Corp., La Jolla, California). Chimeric antibodies comprise a
variable or antigen binding (hypervariable or complementarity determining)
region derived from an animal antibody, and the remaining regions derived
from a human “antibody. Methods for producing chimeric (e.g.
murine/human) antibodies are well established. Chimeric antibodies can
be produced in large quantities. Antibody fragments of the human or.
chimeric antibodies can also be used.

Immunotherapies employing the antibodies of this invention may be
used in combination with conventional vaccination and desensitiiation
immunotherapy. For example, desensitizati_on with allergen may be ..

performed in conjunction with the - administration of anti-c.mb/ec

antibodies.
B.  a.mb/ec_Peptide Analogues and Active immunization Agains:

a.mb/ec_Epitope

Even though human z.mb/ec peptide is probabiv not immunogsziz



representing ec/nb segnents of various immnogl obulins and the antibodies

specific for epitopes on these ec/nb segnents w |
of i mrunogl obul ins of various isotypes in the aninals.
antibodies relating to a particul ar

enhance the production
The pepti des and
I sotype may affect the synthesis of

several isotypes and subclasses. In the discussion below, we wll
primarily focus on peptides and antibodies relating to a.ec/nb segnent.
The purpose of the aninmal studies is to investigate: a) Do the
pepti des and anti bodi es enhance anti body production? b) Do the

pepti des and anti bodi es enhance secretory |gA

t he nucosal

prophylactically in

production in

surface? C) Can tHe peptides and anti bodi es be used

> i preventing frominfectious di seases?
d) Can t e hyepansd sgnthatic art fesombéinans papdisigs iwith 4b¢ same sequRnce, or

i munodefi ci ency di seases? e) Can the peptides and anti bodi es be
used in pat iimmunalegipale\egnivalents can be linked &b | earrigt epoyeips,onscinfasal | ergic

. di seases?

hepatitis B surface antigen core antigen, or KLH, and become
immunogenic and capable to iﬁduce antibodies that cross react with
authentic g.mb/ec epitope. ’fhe preferred synthetic or recombinant
peptides have .the amino acid - sequence GSCS(or
C)V-ADWQM-PPPYV: - VLDLP-QETLE - EEPGA- N, or immunological

equivalents as described above. These a.mb/ec peptide conjugates can be

~ administered to patients susceptible to infectious diseases or IgE-mediated

allergies. The antibodies induced by this active immunization can achieve -

the same functions as the antibodies described above in section A.

C. Antiidiotvpic Antibodies and Methods of Active Immunization
Against a.mb/ec Epitope

The c.mb/ec-specific antibodies described thus far can be used to
generate paratope-specific, anti-idiotypic antibodies which offer another
mode of stimulating IgA production. Antibodies against the paratope ot
the a.mb/ec-specific antibodies conformationally resemble the epitope for

which the anti-IgA antibody is specific, that is,' they resemble an a.mb/ec



-22- Two of the nost relevant systens are the foll ow ng. A Primte
nodel <& « The nonocl onal anti bodies specific for human [err].nb/ec
peptide and their related substances of this invention are tested to
determ ne whether they react with I gA-bearing cells of rhesus nonkeys.

A smal |l porti-on ‘of rhesus nmonkeys, which have been infected with the
nemat ode, Ascaris suum develop sensitivity to extract of ascaris. \Wen

t hese sensitive nonkeys are given spray containing ascaris antigen, they
devel op breathing problens resenbling asthma. Patterson, R, J. dini.

| nvest. 57:586-593 (1976). : The various conpositions of this

I nvention can be examned in the asthma/rhesus nonkey nodel system The
ascaris . sensitive nonkeys are given the experinental treatnment or control
treatment and neasurenents are nmade to determ ne:

28-

epitope. These arrti-idiotypic antibodies (preferably in the form of chimeric
or human anti-idiotypes, or fragments thereof, or peptides containing the
antigen comblmng portions thereof) can be a.drmmstered in an

immunogenic quantity to actively immunize against ¢ mb/ec and mduce the

endogenous forrnatlon of antibodies against the a.mb[ec epitope. The

induced antrbodres will mediate the various prophylactic and therapeuric

effects of a.mb/ec-specific antibodies.

8. Diagnostic_Uses

Antibodies against c.mb/ec epitopes can be used for determinirg
numbers and ..relative proportiens of IgA-bearing lymphocytes in mixec
leukocyte populétions. The .a.mb[ec—specific antibodies will not react wizx
cells which bear secreted immunoglobulins on the cells’ Fc receptors S‘ o
cells include macrophages and activated T cells. The profile of the Iga-
bearing B cells may indicate the immune status of the individual., 7Txze
same informetion can indicate how much antibody should be :rc'-ministe:e:'

t0 cause proliferation of IgA-expressing B cells. For this purpa:z.

antibodies can be used in siandard assay “ormats which arz used i



(a) Do the asthma synptons associated with ascaris

adm ni $tration decline? (b) Does the circulating I gA increase?

(c) Does secretory IgA increase in pul nonary | avage?

-23- (d) Does ascaris antigen-specific IgA increase? (e)
Do -l gA-bearing B cells in the circulation and the nmucosal

| ayer increase? B. ‘Mouse nodel system The a.nb/ec segnent of the
nouse has al ready been sequenced. W rd, C J. et al., EMBO J. 2:887-898
(1983). The 26 amino acid residue peptide is: Gu Arg.An Qu.Pro
Leu Ser Tyr Val. Leu Leu Asp .Gn Ser Gn Asp Ile- Leu. du Qu.
Gu. Ala Pro. dy Ala Ser -29-

determine cell surface antigens. In general, the antibody is contacted with
a sample of the leukocytes to be tested under conditions which allow the
antibody to bind IgA-bearing cells in the sample. The cells are then
examined for binding of antibody. | This can be accomplished by
conventional cell staining procedures, for example, a fluorescently labeled

second antibody can be used to detect binding of the anti-IgA antibody.

EXAMPLES: DETERMINING THE SEQUENCES OF
a.mb/ec Peptide

MATERIAIS AND METHODS

DNA library and probe. The human genomic DNA library was

purchased from Stratagene (La Jolla, CA). This library was constructed
using genomic DNA from human lung fibroblast line, WI33, packaged in
phage FIX. A 30-base oligonucléotide
5’GCGAGAAGTACCTGACTTGGGCATCCCGGC3 (Oligo. #1), which
corresponds to a segment located in tﬂe CH3 coding re:gion ot
" "immunoglobulin allotype a1 and &2, was synthésized and used as a prcse

to screen phage clones containing either ¢l and o2 gene segments using (o



The peptide is synthesized in several forns, including one that has extra
Leu-Lys residues at the C-term nus. The peptide and its KLH
conjugate are used as antigens to inmunize rabbits and goats. The
anti-sera are collected. The antigen- specific antibodies are purified
cusi ng colum of Sepharosée 4B conjugated wth the peptide (wth Leu-Lys
addition) or with peptide linked to oval bunmin or bovine serum al bum n.
Al ternatively, the peptide-KLH conjugate is used to i munize rats and
nonocl onal anti bodies sp ecific for

-24- nouse [err].nb/ec are devel oped by procedures described earlier
(Section 5). Normal mce are injected intravenously or
intraperitoneally with the

situ hybridization. = -

Polvmerase chain reaction (PCR). To amplify genomic DNA

segments, the purified DNA from the positive clones was used as the
templates. - One primer was a 17-base oligonucleotide,
5'CTGCCTGGCCAAGTCTC3 (Oligo. #2), located in the intron about
1kb down-stream from CH3 exom, and the other primer was a 21-base
oligonucleotide, ’GAACAAGCT CAGTAGGAAGAG3’ (Oligo. #3), which
is a very conservative segment in the published mouse a« membrane -exoh: -
~ (Word et al. EMBO J. 2:837, 1983). To amplify ¢cDNA spanning human
CH3 and the membrane exon, purified ¢cDNA reverse transcribed from
mRNA from a surface IgA-expressing cell line (see below) was used as the
template. One primer was the same 30-base oligonucleotide (#1) located
in CH3 exon used in genomic librafy screening, and the other primer was
an 18-base oligonucleotide, ’GCTCCCGCTCAGTACTGGS’ (Oligo. =4),
~ which is located at the junction of human « membraﬁe _exoﬁ and e X
untranslated region. The PCR was carried out in DNA T‘r;ermal Crcler
(Perkin Elmer Cetus) and the reaction conditions were: denaturing oz 24°

T for 1 minute, annealing a: 50° C for 2 minutes. reacting Witk

ac



purified antibodies or their related substances. The m ce may al so be

gi venc<a. ec/inmb peptide-conjugated wth KLH to induce active inmunization
and endogenous production of anti-[err].ec/nb antibodies. They can al so be
actively immunized with a viral antigen, such as one froma rotavirus, in

conbi nation with anti body or peptide treatnment. The questions to be

I nvesti gated are:
i ncrease?
i ntestinal | unen?

(a) Does the total IgAin circulation

(b) Does total secretory IgA increase in the

(c) Does antigen-specific IgA increase?

(d) Does the nunber of I1gA-bearingsB cells in the spleen and

Peyer's patches increase? (e) Can the mce.resist better the
chal | engezolytieridev €Peakiudmer Tetus) AppRIC dbi on minutey nitte dembrPept i de and -
Anti bodi es Specific for this Epitope in Infectious D seases.

Al | er gi esDNaydot #inseostelsi fblreﬂTQNA. The r@naﬁﬁseﬁcles were JO for genomic

DNA and 40 for cDNn.

Cloning_and seauencing. The products from PCR were extracted

with phenol

The newly synthesized DNA segments were bluated by

Mung Bean ruclease (United Staies Biochemicals) and their 5° ends were

ohosphorylated by polynucleotide kinase (New England Biolabs). The

. amplified DNA fragments of inierest were isolated by agarose ge

—

[oeny

clectrophoresis and  ligated intd__ plasmid pUC19 _,_(United States

Biochemicals) at the restriction site of Sma 1. After transforming into E.

oli DHSe (Bethesda Research Laboratories), the amplified plasmids were

purified using CIRCLEPREP kit (BIOiOl). | DNA sequences of the inserts
were determined by the method of dideoxy sequencing on double siranded
DNA with T7 Sequencing Kit (Pharmacia). The membrane exon regions
— sz sequence¢ on both siwands of DNA to. minimize errors. An

-~

zdditicnal step was performed for identifving clones containing inserts of

= gene segment amplified by PCR from c¢DNA. The colonies were
hybridized with an ‘oligonucieotide probe of 22 nucieoiides,
FCCTCCCTATGTGGTGCTGGACTS’ (Oligo. #5, segment #1774-1793 in



- 25- The [err].ec/nb peptide and anti bodi es specific for a.nb/ec
epitopes gan be used to increase total |1gA, secretory IgA or
antigen-specific IgAin hunmans or other animals (e.g. dogs, cats, and
horses). The anti bodi es can be used therapeutically and prophylactically

I n several ways. A.  Antibodies specific for I gA-bearing cells.

- Anti bodies of certain |1gG subclasses, such as nmobuse Igderr] and human
lgerr] and Igderr], or F(ab')2 fragnments may be used to enhance anti body
production. The anti bodies can adm nistered as free anti bodies (preferably
I ntravenously) to patients in amounts sufficient to induce proliferation of
| gA-bearing B cells and thereby increase |gA production. The

anti bodi'es can al so be admi nistered nasally. The concentration of

| gA-producing B cells is densest on the |ining of the nasal channel and
respiratory tract. Nasal adm nistration (e.g. by nasal spray) may be used
to deliver relatively high concentratigns of antibodies into the nasal and
respiratory tracts and thus achi eve speedier and nore effective results.

Figure 1), located between the two primers used in PCR.

Southern blot and subclone. As described ébove, the first genomic
DNA segment used for se_quencing was obtained by PCR ampliﬁ_cation
using two primers, the 3’-end primer of which was in the middle of- the
membrane exon. In order to obtain sequences for the remaining 3’-end of
the membrane exon and the 3’ untranslated region, gene segments
containing these regions were prepared. Purified genomic DNA’s from |
clones containing human «1 and &2 segments were digested with restriction
enzyme Ava 1, electrophoresed on 1% agarose gel, and blotted onto
nitrocellulose filter.according to the standard Southern blot method. A *P
labelled oligonucleotide located in the membrane exon mentioned above
(Oliéo. #5) was used as a probe to identify DNA fragments containing
segments neighboring the oligonucleotide probe. The positive' segments
were then “is:olated aﬁd subcloné;i into pﬁC 19 at the restriction site Ava
1 and_._fe_g‘uenced downstream using the same oligonucleotide used in
Southern blot analysis. .

RNA and cDN;é; preparation. A mlgA-expressing cell line, DAKIKI
(ATCC TIB206), was used as the source of mRNA. About 5 x 107 cells

were harvested for isolation of total RNA using guanidinium procsdure.



The anti bodi es can al so be adm nistered ocularly. For therapeutic
uses inm humgns, especially when repeated or |ong

-26- termadmnistration is necessary, |ess i munogenic antibodi es which
are either human or chineric are preferred. Human anti bodies, or fragnents
t hereof, can-be readily produced from human genoni c expression libraries
(Stratagene -Corp., La Jolla, California). Chineric antibodies conprise a
vari abl e ‘'or “anti gen bi ndi ng (hypervariable or conplenentarity determn ning)
regi on derived froman ani mal antibody, and the remnaining regions derived
from a human anti body. Met hods for%froducing- chinmeric (e.g.

mur i ne/ human) anti bodies are well estabtished. Chineric antibodies can be

produced | Al 8% SABLA AR L6 TOSHIE AR Bnlicb e MTRD Sl ofM e C
membrane exon as the primer (Oligo #4), the first strand cDNA was .

polymerized by the reverse transcriptase AMV (Life Science, Inc.)

according to the procedure in the provided instruction manual.
Results:

PCR_Amplification of o1 and o2 Gene Segments from Genomic
DNA_and Their Nucleotide Sequences.

Nine phage lambda clones containing human a1 and o2 heavy chain
gene segments were identified from thé human geﬁqmic library. These
clones were used directly as the template for PCR with Oligo. #3 and
Oligo. #2 as primers. The 5’ end primer (Oligo. #2) for the PCR was
selected from a segment identical between human ol z.mr‘iﬂaz genes located

 near the 3’ end of the. published genomic DNA sequences, which ends in -
an intron about 1.1 kb downs_tream from CH3. Flanagen, J.G., et al. Cell
| 36:681-688 (1984). Whether the genes belong to al and o2 subclasses can

be distinguished bj subclass-specific sequences immediately downstream



| mmunot her api es enpl oying the anti bodies of this invention nmay be wused in
conbination with conventional vaccination and desensitization

i mmunot her apy. For exanple, desensitization with allergen nay be
performed in conjunction with the admnistration of anti-[err].nb/ec

ant i bodi es. B. [err].nb/ec Peptide Anal ogues and Active inmuni zation
Agai nst [err].mb/ec Eoitope Even t hough human [eéerr]. nb/ ec
peptide is probably not inmmunogenic

-27- in humans, synthetic or reconbinant peptides with the sane sequence,

or innunological equi val ents can be linked to carrier proteins, such as
hepatitis B surface antigen core antigen, or KLH and becone
i mmunogeni ¢ and capabl e to induce anti bodi es that cross react with

34-
from.the Oligo. #2 primer. Both al and ¢2 membrane gene segments
were identified among our nine lambda genomic clones. Through agarose
gel electrophoresis, the products of PCR were separated into 3 bands of
DNA segments, 2 major bands of 1.8 kb and 300 bp, respectively, and a
minor_band of 2.2 kb. The 1.8 kb segment was thought the segment of
interest judging by the size of the corresponding segment iﬁ. the already
sequenced murine o gene. This DNA segment was purified from the

- agarose gel, subcloned, and sequenced. i

The sequence of this 1.8 kb fragment indicated that on its 3’ end
there was a segment of about 120 bp with a sequence which was very
homologous with that of a murine ¢ membrane exon. A possible splicing
acceptor sequence, SSTTGCAGA3J’, was identified near the 5’ end of this

120 bp segment. Since the 1.8 kb fragment ends in the middle of the

membrane exort, the sequences for the femaim'ng membrane exon and the

3’ untranslated region were obtained by subcloning and sequencing of

additional lambda clones containing segments flanking the membrane

exons. These clones were identified by Southern blot analysié using a

probe (oligo. 5) from the membrane exon.

The sequence of the membrane exon (194 bp) and about 1,700 bp



authentic [err].nb/ec epitope. The preferred synthetic or

pepti des have t he anm no aci d sequence GSCS( or

r econbi nant
C) vV ADWQM

PPPYV. VLDLP. QETLE. EEPGA N, or imunol ogi cal equival ents as descri bed
above. These [err].nb/ec peptide conjugates can be adm nistered to
patients susceptible to infectious diseases or IgE-nediated allergies. The

anti bodi es i nduced by this active inmunization can achieve the sane
functions as the antibodi es descri bed above in section A C.
Antiidiotypic Antibodies and Methods of Active |nmunization Agai nst
a. b/ ec Epitope The [err].mb/ec-specific antibodies described thus

far can be used to

whi ch offer

/ ec- speci I S cont or nat fona

codon TGA is at exactly the same site as that of a murine @ membrane
exon, indicating that human and mouse @ membrane exons are both of 194
nucleotides in length. At about 400 bp downstream from the membrane

exon, there is a possible mRNA termination and polyadenylation signal

" sequence, SAATAAA3Z (the underlined nucleotides in Fig. 1)... Like the

murine ¢ gene, the human « genes have only one membrane exon, while

- all other classes of human or murine heavy chain genes with known

sequences have two membrane exons. The intron between CH3 and the
membrane exon has 2,579 bp, somewhat longer than the 2,350 bp (;f
murine. In this intron, there is a region of about 630 bp (the portion in
brackets in Fig. 1) in which only a few C bases and more than 20 repeated
sequences of 5’GGATGGA3’ and other repeated sequences exist. The
significance of this is unknown.

human « membrang exon was located by comparing the sequence of the
segment amplified from genomic DNA with that of murine « membrane

exon as well as"'l'jy' searching for the splicing acceptor consensus.sequence.

PCR and DNA: sequencing on cDNA. As mentioned above, the_

gener ate paratope-spécific, anti-idiotypic antibodies

!h . t 1 1 . t H . . . t
e ha t e U iR S5gclas B uBbdrsod 80 . bt g P
resenbl e the epi
they resenbl e an

eir:ars% %ng}léghciﬂ Héﬁrémﬂ | 'IlthSeQﬂteh?g PN dicteS ABGE the ’sté;pat s,



-28- epitope. These anti-idiotypic antibodies (preferably in the form of
chimeric por human anti-idiotypes, or fragnments thereof, or peptides
containing the antigen conbining portions thereof) can be adm nistered in
an inmunogenic quantity to actively imunize against [err].nb/ec and

I nduce the endogenous formation of antibodi es against the a.nb/ec epitope.
The induced antibodies will nediate the various prophylactic and
therapeutic effects of a.nb/ec-specific antibodies. 8. Di agnosti c
Uses Ant i bodi es agai nst a.nb/ec epitopes can be used for _
determ ning nunbers and rel ative proportions of |gA-bearing |ynphocytes in
m xed | eukocyte popul ations. The [err].nb/ec-specific antibodies will not
react with cells which bear secreted i nmunogl obulins on the cells' Fc
receptors. Such cells include nmacrophages and activated T cells. The
profile of the 1gA- bearing B cells may indicate the i mune status of the
i ndividual . The sanme information can indicate how nuch antibody should be
adm ni stered :

A segment of 194 nucleotides (from nucleotide #1760 to #1953 in Figure
1) was originally thought to be the membrane exon. To confirm this, we
isolated the total kNA from a human mlIgA-expressing cell line, DAKIKI,
and prepared its cDNA. With this cDNA as template, a segment spanning
CH3 and the membrane exon was amplified by PCR. Although we
increased the PCR cycles from 30 to 40, the efficiency of amplification was
still not as good as that of PCR on genomic DNA, probably because of
the relative lower proportion of the specific template of interes'.c": .in the
cDNA prepared from the total RNA. On agarose gel electrophoresis, the
PCR products displayed a weak band of the right size with a heavy smear
around it. This band was cut out and lsubcloned_. To help in identifying

" the specific clones, in_situ colony hybridization was performed using a

probe located between the two primers of PCR. Positive clones were
picked up, purified and sequenced, using the same method as that used-for
the genomic DNA sequencing.

The results showed that there were clones containing DNA inserts
which correspond to two species of mRNA of human membrane-bound c1.
The two mRNA species resulted from the use of two different splicing

acceptor sites: one from the predicted site, 5 TTGCAGA3’ which



to cause proliferation of |1gA-expressing B cells. For this purpose
anti bodf-es ¢an be used in standard assay formats which are used is
-29- determne cell surface antigens. In general, the antibody is
contacted with a sanple of the | eukocytes to be tested under conditions
which allow the antibody to bind IgA-bearing cells in the-sanple. .The
cells are then exam ned for binding of antibody. This can be acconplished
by conventional cell staining procedures, for exanple, a fluorescently
| abel ed second antibody can be used to detect binding of the anti-IgA
ant i body. EXAVPLES: DETERM NI NG THE SEQUENCES OF
a.nb/ ec Peptide MATERI ALS AND METHODS -37- DNA i brary and probe. The
human genom c DNA |ibrary was purchased from Stratagene (La Jolla, CA).
Thi's |i brar ycovasspondiztgr sitet existed in the murine a gene; and one from an acceptor

site, STGGCAGG3’ 18 nucleotides upstream in the same reading frame,

. for which there is not a corresponding site in the murine a gene (the
slashes indicate the cleavage/splicing sites). The two mRNA species would
yield two membrane-bound al polypeptides, one with 65 and the other

- with 71 amino acid residues in the membrane anchoring peptide region
(Figures 1 and 2B). These two mRNA species and their corresponding a1
peptides are referred to as isoforms. As shown in Figures 1 and 2B, the
6 extra amino acid residues in isoform 2 (the longer) are indicated by
lower case letters. |

The proposed extracellular segments of the membrane anchoring
peptides of these two isoforms are respectivity either 25 or 31 amino acid
residues in length (designated a.mb/ec). These segments are proposed to

_ be extracellular based on the fact ‘that they contain high proportions of

~ acidic residues. These mb/ec-al segments are the target antigenic epitopes

for antibody-based treatments. Figure 2A shows a comparison of the
nucleotide sequence of the membrane exon of human a1 and o2 compared

with murine c. Figure 2B shows the deduced amino acid sequences of the

membrane exons of human «l and o2 and their comparisons with the



usi ng genom ¢ DNA from human |ung fibroblast |line, W38, packaged i phage
FIX. « A 80-base oligonucleotide 5" GCGAGAAGTACCTGATTGGEGECATCCCGECI!
(digo. #1), which corresponds to a segnent |located in the CH3 coding
region of immunoglobulin allotype [err]l and [err]2, was synthesized and
used as a probe to screen phage clones containing either [err]l .and a2

gene segnents using ' - 30-

situ hybridization. Pol ynerase chain reaction (PCR). To anplify

genomi ¢ DNA segments, the purified DNA fromthe positive clones was used

as the tenplates. One pri mer was a 17- base ol i gonucl eot i de,
238

murine «. It can be seen that human «l and «2 are highly homologous
to murine «. The mb/ec-a peptides are identical between al and o2 for

isoform 1 and are only one amino acid residue different for isoform 2.

Equivalents

Those skilled in the art will recognize, or be able to ascertain using
no more than routine experimentation, many equivalents to the specific
embodiments of the invention described above. Such equivalents are

encompassed by the following claims.



5' CTGCCTGGCCAAGICTC3' (A igo. #2), located in the intron about 1kb
down-streamfrom CH3 exon, and the other priner was a 21-base
ol i gonucl eot i de, 5' GAACAAGCTCAGTAGGAAGAG' (digo. #3), which is a very
conservative segnment in the published nouse a nenbrane exon (Wrd et al.
EMBO J. 2:887, 1983). To anplify cDNA spanning human CH3 and the nenbrane
exon, purified cDNA reverse transcribed from nRNA froma surface
| gA-expressing cell line (see below) was used as the tenplate. One priner
was t he same 30-base oligonucleotide (#1) located in CH3 exon used in
genom c library screening, and the other primer was an 18-base
ol i gonucl eoti de, 5' GCTCCCGCGTCAGTACTGE3 (A igo. #4), which is |ocated at
the junction of human a nenbrane exon and the 3" untranslated region. The
PCR was catWHAT dSt CLAIMBDTHsr mal Cycler (Perkin El mer Cetus) and the
reaction conditions were: denaturing at 94[err] C for 1 minute, annealing
at 50 Cfor 2 mnutes, reacting with Taq
-31- '

1. An antibody preparation which binds specifically to immunoglobulin

A bound to the membrane of B cells but not to the secreted form

of immunoglobulin A.

2. An antibody preparation of Claim 1, which comprises an antibody,
or an antibody fragment or a peptide containing the antigen
combining portion thereof.

3. An antibody preparation which specifically binds to the extracellular
segment of the membrane-bound domain of an immunoglobulin A

chain.
4, An antibody preparation of Claim 3, which binds to the pepride
GSCS (or C) V-ADWQM-PPPYV-VLDLP-QETLE-EEPG - AN i}

or an epitope thereof.

5. Monoclonal antibody which binds to human IgA on the surface of

T



Pol ymerase (Perkin Elmer Cetus) at 72[err]C for 5 mnutes with genornic

DNA, or~ 45 seconds for cDNA. The reaction cycles were 30 for genomc DNA
and 40 for cDNA Cl oni ng and sequenci ng. The products from PCR were
extracted wi th phenol. The newly synthesized DNA segnents were blunted
by Mung Bean nucl ease (United States Biochemicals) and their 5 ends were
phosphorydat ed by pol ynucl eoti de ki nase (New Engl and Bi-ol abs). The
anplified DNA fragnents of interest were isolated by agarose gel

el ectrophoresis and ligated into plasmd pUCL9 (United States

Bi ochem cals) at the restriction sitg}of Sma 1. After transformng into E.
coli DH5[err] (Bethesda Research Laboratories), the anplified plasmds were

purified usin | P Kit .BIOS%?O . egue s of the inserts wer e
det erm ned byg‘% ggﬁ%ﬁ:%egfno&il&%x %ggﬁ?fgﬁl’ﬁF‘ﬁBg%nf%%ubl e stranded DNA
with T7 Sequencing Kit (Pharmacia). The nenbrane exon regions wer e
secquenced on both strands of DNA to n1 ni n1 ze errors. An addi ti onal

eqnent . Gl (VPBACIBRAL BRRDGMLAE QIR vHiG Lot nqoegﬂevnégééfm%%i zed” with
f-,‘-”ccr?;'c'c%‘i%‘%' e%r%%b‘%m Yor i vidie 0 HORHEHERRSS AN or an |
epitope thereof.
A A chimeric antibody which binds specifically to human IgA on the
surface of B-cells, but does not bind to secreted, soluble IgA, the
- antibody having a murine antigen binding region and a human heavv

chain constant region.

8. A chimeric antibody of Claim 7, which binds to the extracellular

segment of the membrane-bound domain of IgA.
9. A continﬁous, stable cell line which produces a monoclonal antibody
which binds to human IgA on the surface of B-cells but does not

bind to secreted, soluble IgA. . -

10. A cell line of Claim 9, which is a hybridoma.

FT



- 32- Flgure 1), located between the two priners used in PCR

Sout her’n bl 8t and subcl one. As described above, the first genomic DNA
segnent used for sequenci ng was obtained by PCR anplification wusing two
primers, the 3" -end priner of which was in the mddle of the nenbrane
exon. In order to obtain sequences for the rematning 3'-end of the
menbrane exon and the 3' untranslated region, gene segnents containing

t hese regions were prepared. Purified genomic DNA's from clones containing
human [err]1 and a2 segnents were digested with restriction enzyne Ava 1,
el ectrophoresed on 1% agarose gel, a blotted onto nitrocellulose filter
according to the standard .Sout hern bl'ot nethod. A [err]p |abelled

ol i gonucl eﬁtl de I a{1 %’ﬂﬁ W?ﬁ'% §X nﬁgrﬁ#bgf&%%aabove (Aigo. #5)

was used as”a pro n s'contalrning segnments
nei ghboring the ollgonucleotlde pr obe. The positive segnments

12.  Isolated DNA comprising functionally rearranged genes encoding the
variable region of an antibody which binds to membrane-bound IgA

on B cells but not to secreted, soluble IgA.

13. A DNA constriuct comprising the DNA of Claim 12 linked to DNA

encoding a human constant region.

14. A myeloma cell transfected ”'wi_th the DNA construct of Claim 13,

which secretes a chimeric antibody.

15. A method of stimulating the production of IgA in vivo, comprising
administering an antibody which binds to membrane-bound IgA on

B cells but does not bind to secreted, soluble IgA.
16. A method of stimulating the production of IgA in vivo, comprising
'- administering td an animal an antibody which binds to membrane-

bound IgM or IgD on B cells but does not bind to secreted, solubie

[T



were then isolated and subcloned into pUC 19 at the restriction site Ava 1
and sequenged downstream using the sanme oligonucl eotide used in Southern
bl ot anal ysi s. " RNA and cDNA preparation. A mlgA-expressing cel

i ne, DAKIKI (ATCC TI B206), was used as the source of nmRNA. About 5 X
10[err] cells were harvested for isolation of total RNA using guanidinium
- procedure. - ' -33- Wth the
purified RNA as the tenplate, an oligonucleotide at the end of nenbrane
exon as the prinmer (Aigo #4), the first strand cDNA was pol ynerized by
the reverse transcriptase AW (Life Science, Inc.) according to the
procedure in the provided instruction manual . Resul t s: PCR
Amplification of al and a2 Gene Segnments from Genom ¢

-42-

IgM or IgD.

17. Monoclonal anti-idiotypic antibody specific for the paratope of an
antibody which binds to membrane-bound IgA on B cells but does

not bind to the secreted, soluble form of IgA.

18.  Monoclonal anti-idiotypic antibody of Claim 17, specific for the

| paratope of an antibody which binds to the peptide GSCS (or C)
V-ADWQM-PPPYV-VLDLP-QETLE-EEPG-AN or an epitope
.thereof. o

19. A paratope-specific, anti-idiotypic antibody of Claim 17, which is a
chimeric antibody having an antigen binding region of murine origin

and a constant region of human origin.-

20.  An antigen binding fragment of the anti-idiotypic antibody of Claim -

17.

21. A continuous, stable cell line which secretes monoclonal antibody oi

A



DNA and Their Nucl eoti de Sequences. Ni ne phage | anbda cl ones

cont ai ni ngxhuman [err] 1.and [err]2 heavy chain gene segments were
identified fromthe human genonic library. These clones were used directly
as the tenplate for PCRwith Qigo. #3 and digo. #2 as prinmers. The 5
end primer. (Aigo. #2) for the PCR was selected froma segnent identical
between human [err]| and a2 genes |ocated near the 3' end of the

publ i shed genom ¢ DNA sequences, which ends in an intron about 1.1 kb
downstream from CH3. Flanagen, J.G, et al. Cell 36:681-688 (1984).

Wet her the genes belong to [err]1 and a2 subcl asses can be distingui shed
by subcl ass-specific sequences i medi dtely downstream

-34- fromthe 8 1%0 #2 primer. Both [err]1 and [err]2 nmenbrane gene
segnent s aim"17.

22. A method of stimulating IgA production, comprising admihistering to
a person an anti-idiotypic antibody against the paratope of an
antibody which binds to membrane-bound IgA on B cells but does

not bind to secreted, soluble IgA.

23. A peptide including an amino acid sequence corresponding to the
extracellular segment of the membrane-bound domain of IgA on the

surface of B cells, an immunologically equivalent sequence.

24, A peptide including the amino acid sequénce GCCS (or ©)
V-ADWQM-PPPYV-VLDLP-QETLE - EEPG-AN or an epitope
thereof or modifications of the peptide or epitope in which amino
acids have been added, inserted, deleted or substituted without

significantly affecting the iinmﬁﬁological activity of the peptide.

25. A peptide of Claim 24, conjugated to a carrier protein.

Hllllll Iﬂlﬂ IHII Ill!l H Illl



were identified anong our nine | anbda genom c cl ones. Through agarose gel
el ect mopheresis, the products of PCR were separated into 3 bands of DNA
segnents, 2 nmjor bands of 1.8 kb and 300 bp, respectively, and a m nor
band of 2.2 kb. The 1.8 kb segnent was thought the segnment of interest
judging by the size of the correspondi ng segnent in the already sequenced
murine a gene. This DNA segnent was purified fromthe agarose gel,

subcl oned, and sequenced. The sequence of this 1.8 kb fragnent
indicated that on its 3 end there was a segnent of about 120 bp with a
sequence which was very honol ogous with that of a murine a nenbrane exon.
A possible splicing acceptor sequence, 5 TTGCAGA3', was identified near
the 5° end of this 120 bp segnent. Since-the 1.8 kb fragnent ends in the
m ddl e of the nenbrane exon, the sequences for the remaining nenbrane. exon
and the 3' untranslated regi on were obtained by subcloning and sequenci ng
of additional |anbda clones containisag segnents flanking the nenbrane
exons. These clones were identified by Southern blot analysis using a
probe (oligg. 5h Hethad la¢ stimmdlagne thx pooduction of Ik imewusnoemprisinge

menbr ane exon (194 bp) and about 1,700 bp .

administering a peptide having an amino acid sequence

corresponding to the extracellular segment of the membrane-bound

‘domain of IgA on the surface of B cells.

Ty



-35-  ok&~ {lanking sequence and about 500 bp in the 3
regi on of

t he stop

untransl at ed
a 1 subclass:is shown in Figure 1. The sequence indicates that

codon TGA is at exactly the sane site as that of a nmurine a
menbrane exon, |nd|cat|ng that human and nouse a nenbrane exons are both

of 194 nucle AF about 400 bp downstream from the nenbrane
exon, there | terntnatlon and polyadenylatlon signa
sequence, (

the under | i ned nucl eotides in Fig. 1). ~Like the
murine a gene the hua:&tlcwar@edf@tete@taa@cmh@et cwile all
ot her classes of human or nurine heavy chain

genes wi th khQwn sequences
have two nenbrane exogtaf@i@godatAagacaryggagaggarac Hane exon has

2,579 bp, somavvh(gi | onger than the 2 SSOé)ﬁgggpﬁéB&g&égg ‘lss i ntron,
[ Fi g.

there is a regi of ‘E&)ﬁgq‘)g@ﬁﬁfﬁgﬁea 1) in
which only a few Cb @‘P’G@C@AG@G@CCWPG@A'F@Q@T@P@f

5' GGATGGA3' an her nce of, this
i S unknown. cﬁ'fi ch@m %@i' éﬁ@ﬁ&& r&1 ] d above, the
CAGTCCCACAACCACTGTGGGGACACC! )

3

181 CACTCAGACTCCCACAAGGGGGCAGTGGGG
CCCCTGCTCGTGCCTTAGACATCTTCCGGG

CCTCCCCAGGGCCCCCCGCCTTCTGGCTGC
CTCCCTCTGCTCTCAGGGCCAAGGTGAGGT

301 GGAGGCCACTGTCACCCCTGAGGGTCCAGT
CACCAGAGGGTAATTGAGAGCAACAGGTCA

361 CTCGGGGAAGCCCTGCCACAGAGAAGCCCT
CCAGCCCATGGGACCCAGGACCTGGCCCAG

421 GGGAGGGGCTTTTAAAGAGAGGGGGAAAGA
GGGAGAATCAACAGATGAGGGGCTGAACCA

481 GCAGACAGAGATCAGGCAGACACATGGGTA
GATCCTAGGACATATAATGAATGGATGGGT

/541 GGATGGAGGATTGGTAGACGGAGGATGGAT

 GGGTGGGTAAATGGCTGGATGGAGGATGGA
CAGATGGATATATGATGGATGGATGAAGGA
CGGGTGGATGGAGGATGGATGAGTGGATGA
ATGAAGGATGGAAGATGGATGGATGGATGG
GTGGATGGACTGATGGATGATGGATGGATG | |
721 GATGGATGGATGATGGATGGATGGGTAGGC | .
GGATGGAGGATGGAAGGGTGGATGGAGGAT |
781 GGAAGATAGATGGAGGGGTGAATGGAGCAT2
GGGTGGACTGACGGAGGATTGAGGATACTG .
841 GGGTGGGTGGGTGGGTAGATCTATGGAGGA
' TAGGTGTATGGAAGATAATTGGATGGAGAA
901 TTGCTTTATGAATGGATGAATGAAGAGATG
GAAAATAGCTTTATAGATGGATGGGTGAAT
961 GGATGGATGGATAGATGGAAGAAGGATGAA

-TGGATGGAAAATAGCTTT ATAGA TATATGG
k 021

241

601

661

GTGGATATTTAAGTGATAGCCTTACATTAA
TAGATGAATGGAGGATGAATGGTTGGGTGA



—————————RTRIISIU

human [err] nenbrane exon was | ocated by conparing the sequence of the
segment anplified fromgenomic DNA with that of nmurine [err] nenbrane
as well as by searching for the splicing acceptor consensus sequence.
-36- A segnent of 194 nucl eotides (from nucleotide #1760 to #1953 in Figure.
1) was originally thought to be the nmenbrane exon. To confirmthis, we

i sol ated the total RNA f}r-o A- expressing cell line, DAKIKI, and
pr epar edy %h h%@ | ate, a segnent spanning CH3 and
t he rrenbgm% anplified b

’
S
cycle ib SSfG%@GmGA@GM?mQ#&%%nG%; agte;jllthﬁofcgs

exon

: ' CopTATHGARGGAT the relative |
g(r)gpo tsi on of t%?ﬁh&%%ﬁ&%@% |nf[!|eyr§% FGNEAGC e [)(rgega,r \e,g f(r)\(l)vrenr
the trdh &% gb%f@@ﬁﬂﬁGk&@ﬂAMQGA&é, hard AC

114t "ACAGGTGAATGACTGGATGTATCAGCAT |

GTACATGGGAGGT
CAAGCAGGTACAGCT
%gATGCCCTGAGACCCTGAGGAAAATGAGG

1261 ATGCCCGTGCTGQTGGcgggiégggggggg
: CCTCAGCCACA® L%
TCGCTTGTAACCCC] -

1 GGAAGGCAACAGAGGCCTCTGGT%%%Q;%%C
H3 ATTCAACCTTTGGCACACTGBGT._.7_..

1381 CCAGTCTCTGTCTTGGACECAG‘E?CTCCIT.
| GAGGGTGGGTGTGTCTGGTCCTCTCTGECS

TACGTGGCTGG
GGACCCAGTCACTGAAT,
Lasld SgchAchGGGGTGGGGTGGGAGGGs;sg

1501 GAGGGTACCTCGGGCTCAAGCTTCCCTTGE
" AGAAGCAGATGGTGTCCACTTTCTGCCCIG

1561 CCAAGTCTCTCCCTGAAGTGCCCTAAGAAT

| GTCAAAGACAGAAGGTCCCAGCCCCTCACC

1621 TGGGACTCTGCCTCCTCATCCTCCCTGGGE
GAGTCTCAGGCCTTAGATGGGGACCCAGAC

1681 CCCACTGTGCCCAGACCCCAAGGAAGCATA
GCCGCTGTTCACACGAGTCTGGGCCTGGCA

1741 GGCTCTTGCTCTGTTGCAGATTGGCAGATG
/9 s.csva[D.WQH

4

CCGCCTCCCTATGTGGTGCTGGACTTGCCE
P P P Y V VvV L D L P

:1201

1801 CAGGAGACCCTGGAGGAGGAGACCCCCGET
Q E T L E E E T P G

GCCAACCTGTGGCCCACCACCATCACCTTC .
A N L W P T T I T F



PCR products displayed a weak band of the right size with a heavy snear
around it. This band was cut out and subcloned. To help in identifying the
specific clones, in situ colony hybridization was perfornmed using a probe
| ocat ed between the two prinmers of PCR Positive clones were picked up,
purified and sequenced, using the sanme nethod as that used for the genomc
DNA sequenci ng. The results showed that there were clones contai ning
DNA inserts which correspond to two species of mRNA of human
menbrane-bound al. The two nMRNA species resulted fromthe use of two
different splicing acceptor sites: one from the predicted site, 5

-37-

TTGCAGA3' whi
correspondi nlg(:gl{l}wéRE n]g h{J@@M’a ne;, ahd one from an acceptor

a%;eh ShTGECA 8 nucl eotides ‘upstream i’ the same reading fLane,I fﬁr
N cat e t ﬁe'ia%éﬁ%ﬁ%’ﬁﬁgﬁgﬁfiﬁ;g@gﬁ&%ﬁiﬁ?@%hl3 B

AGCACAGCACTGACCGTGACCAGCGTCCES
'S T A L TV T S V R

1921 GGCCCATCTGGCAACAGGGAGGGCCCCCAG

G P S G N R E G P Q

TACTGAGCGGGAGCCGGCAAGGCACAGGTG.
Y

1981 GGAGCCCAGGAGGGGGATGAGCCCACAGTG
GATGAGGTGGGCTGCAGTGCTTGGCTAAGA
2041 GGAGAGCACCACCTGCTCCCACTGTGGGGE
| GACGTGCTCTCCTGGEGGGGCCCTTCACAGA
12101 CACTGAGGACACGCGCAGGCCCAGGGTCAG.
GGCTGAGCTTCCCTCCAGTGCAGTAACGAG
2161 GATTCCGTCCAGGCTCCCATGAGCAGGCCA
GGGCTGAGACAGAGGGCGTTGGCAAGGATS
2221 CTGCTCCTTCAGGCTGTGACCCCTCTGTCT
TTGCAGGGAGGAAGTGTGGAGGAACCTCTT

2281 GGAGAAGCCAGCTATGCTTGCGCAGAACTCA
. GCCCTTTCAGACGTCACCGACCCGCCCTTA
2341 CTCACATGCCTTCCAGGTGCAATAAAGTGG

CCCCAAGGAAAA



yield two nenbrane-bound [err]1 polypeptides, one with 65 and the other
with+71 amino acid residues in the nenbrane anchoring peptide region
(Figures 1 and 2B)Y. These two nRNA species and their corresponding [err]l
peptides are referred to as-isoforns. As shown in Figures 1 and 2B, the 6
extra amno acid residues in isoform2 (the |onger) are indicated by | ower
case letters. The proposed extracel | ul ar segments of the nenbrane
anchoring peptides of these two isoforms are respectivity either 25 or 31
amno acid residues in length (designated [err].nb/ec). These.segnents are
proposed to be extracellular based on the fact that they contain high
proportio s of acidic residues. These nb/ec- err nents49re the target
ant i geni c pF%ppEsT E?T %TF ?3 il%b Fﬁ if i ?homs a
conpari sop_of the h L d I & human [err]1

and [ err]3c&par edtGF uced ani no
aci d sequegnces of thg__ggnbrane exons_ b Q égL ]2 and their
conpar i sofi& wlt h™t Rie

AL @, = TGTGGTGCTG GACTTGCCGC AGGAGACCCT GGAGGAGGAG
P PEERIDRREE PERREREEEL TEREREEET PR EEELE

@, = TGTGGTGCTG GACTTGCCGC AGGAGACCCT GGAGGAGGAG
S NN RN IR

~ TGTGCTACTG GACCAGTCAC AAGACATCCT GGAGGAAGAG

120
hu @ L - ACCCCCGGCG CCAACCTGTG GCCCACCACC ATCACCTTCC

[LLLHETTLE HHHHH EEELTORED VLETTELLL T

hu @y = ACCCCCGGLGE CCAACCTGTG GCCCACCACC ATCACCTTCC

LLEE T T |H|H PLELIRLEL ] HHHI

my c - GCCCCAGGTG CCAGCC'I‘GTG GCCCACCACT GTGACCTTC

160

e - CTGCTGAGC CTGTTCTATA GCACAGCACT
' Tﬁ’ﬁﬁfﬁ?nmml T T
e T IHIHI i N
- UL L ”c‘;‘aé,‘: AL LU L]

200

hu e, - GACCGTGACC AGCGTCCGGG GCCCATCTGG CAACAGGGAG

LLLLLLEEED FLEELTTTT HHHHH LI L

e, - GACCGTGACC AGCGTCCGGG GCCCATCT CAAGAGGGA

PR T IllllHIII | Hl

oy @ ~ CACIGTTACA ACTGTTCGAG GCCCG’I"I‘TGG CAGCAAAGA

hu @, - GGCCCCCAGT ACTGA

R a, - LI iy

CCCCCAGT ACTGA

IIIIHHI 1111

N o - GTCCCCCAGT ACTGA

FIGURE 2A



-38- nurine a.

Lt can be seen that human [err]1 and [err]2 are highly

homologous to nmurine,[err]. The nb/ec-a peptides are identical between
[err]1 and [err]2for isoforml and are only one am no acid residue
different for isoform 2. Equi val ent s Those skilled in the art
wi Il recognize, _or be able to ascertain using no nore than routine

exper I ment ati on,

many equivalents to the specific enbodi nents of the

i nventi on descri bed above Such equival ents are enconpassed by the

foll owi ng clains.

-39- WHAT IS

CLAI MED I S:
exracellular segment 40
ht @; - gscsvaDWQM PPPYVVLDLP TLEEETPG ANLWPFTTITF
!lIll!I!!!llI!llll!l
hu @2 - gsccvaDWwQM PDPYVVLDLP LWPTTITF
IR llllill Pl
mu e -

‘==--~-~~ERQE PLSYVLIDQS QDTLEEFAPG ASLWPTTVTF

ht @ 1 - UTLFLISLFY STALTVTSVR GPSGNREGP

QY

- LELELEEIL TR 1y b
@2 = LTLFLISLFY STALTVTSVR GPSGKXREGPQ Y
PEEERRE R Tttt g

e @ - LTLFLISLFY STALTVTTVR GPFGSKEVEQ ¥

FIGURE 2B



1. An antibody preparation which binds specifically to inmmunogl obulin

A bound to the nenbrane of B cells but not to the secreted form of
i mmunogl obul in A 2. An anti body preparation of Claim1, which
conprises an anti body, or an anti body fragpent or a epti de
cont ai ni ng the antigen conbi ni ng portion th¥gdsihe reph emeit sheet

anti body preparation which specifically binds to the extracel I ul ar
segnent of the nenbrane-bound domain of 4n i Mmunog ggbul | mgh.[v\(, chai n.
4. An antibody preparation of Caim3, which binds to the peptide

GSES (or C) V. ADWM PPPYV. VLDLP. QETLE EEPG AN or an epitope
.thereof. 5. Monocl onal anti body which bi nds to human | gA on the
surface of  \NTIGENIC EPITOPES PRESENT ON MEMBRANE-BOUND BUT NOT
'SECRETED IgA
ABSTRACT

The invention includes the membrane anchoring peptide of human o chain,
antibodies and related products to epitopes on the extracellular segment of this peptide
(designated herein as the extracellular migis—_a epitopes), and prophylactic and
therapeutic treatments involving such antibodies and related products.  These
extracellular peptide segments form, entirely or in part, antigenic epitopes unique to
membrane-bound but not secreted IgA.

The membrane anchoring extracellular peptide segment for human IgA has the

amino acid sequence:
GSCS(or C)V-ADWQM:-PPPYV-VLDL-PQETL-EEEPG-AN

Fig. 1
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-40- " 'B cells but does not 'bind to secreted, soluble IgA 6
Monocl onal anti body of- daim5, which binds to the peptide GSCS
C V. ADWM .PPPYV. VLDLP . QETLE . EEPG . AN or an

. £h heet
thereof. 7. A chineric antibody which binds spé&ﬁfﬁd@?”?pF%eh@H?s

uman | gA on
t he surface of B-cells, but does not bind to secreted,
t he

(or

sol ubl e | gA,
anti body having a nurine an liégen bi ndi :ﬁ qhegi o r\d\h human
heavy chai n constant region. : A chi ™ "ant | ody of d-aim7,
whi ch binds to the extracellul ar

domai n of -1 gA.

segnent of the nenbrane-bound
nti nuous, stable cell |ine which produces a
nonocl onal antFtiéUﬁE)Wai ch binds to human I gA on the surface of
B-cells but does not bind to secreted, soluble IgA

1 ctcccatcecttectaageccaactaggac
ccaaagcatagacagggaggggccacgtygg
61 ggtggcatcagaagCAGGCCAGTGAGACAG
GGCCTGCCCAGGGCCCTCTGCATGCCTCTG
121 GTTCTGCCTGGGCTCCCAGGAGTGTAAGAA
_CAGTCCCACAACCACTGTGGGGACACCTGG
181 CACTCAGACTCCCACAAGGGGGCAGTGGGG
CCCCTGCTCGTGCCTTAGACATCTTCCGGG

241

CCTCCCCAGGGCCCCCCGCCTTCTGGCTGC
CTCCCTCTGCTCTCAGGGCCAAGGTGAGGT

301 GGAGGCCACTGTCACCCCTGAGGGTCCAGT
CACCAGAGGGTAATTGAGAGCAACAGGTCA

361 CTCGGGGAAGCCCTGCCACAGAGAAGCCCT.
CCAGCCCATGGGACCCAGGACCTGGCCCAG

421 GGGAGGGGCTTTTAAAGAGAGGGGGAAAGA
GGGAGAATCAACAGATGAGGGGCTGAAQCA
481 GCAGACAGAGATCAGGCAGACACATGGGTA

GATCCTAGGACATATAATGAATGGATGGGT
/541 GGATGGAGGATTGGTAGACGGAGGATGGAT)
. GGGTGGGTAAATGGCTGGATGGAGGATGGA

| 601  CAGATGGATATATGATGGATGGATGAAGGA
CGGGTGGATGGAGGATGGATGAGTGGATGA
ATGAAGGATGGAAGATGGATGGATGGATGG
GTGGATGGACTGATGGATGATGGATGGATG
GATGGATGGATGATGGATGGATGGGTAGGC
GGATGGAGGATGGAAGGGTGGATGGAGGAT
781 GGAAGATAGATGGAGGGGTGAATGGAGGAT
GGGTGGACTGACGGAGGATTGAGGATACTG

841 GGGTGGGTGGGTGGGTAGATCTATGGAGGA
' TAGGTGTATGGAAGATAATTGGATGGAGAA
901, TTGCTTTATGAATGGATGAATGAAGAGATG
GAAAATAGCTTTATAGATGGATGGGTGAAT
GGATGGATGGATAGATGGAAGAAGGATGAA
-TGGATGGAAAATAGCTTT ATAGATATATGG
1021 GTGGATATTTAAGTGATAGCCTTACATTAA
K\ TAGATGAATGGAGGATGAATGGTTGGGTGA /

- 661

721

961




10. A celd .line of daim9, which is a hybridons. _
-41- 11. Acell line of: daim110, which is a nurine hybridoma. 12.

| sol ated DNA conprising functionally rearranged genegs.encodi ng, the _
vari abl e region of an antibody which binds to rrenbrglﬁ'és- bso‘.??ﬁdegtj’ﬁ@mem sheeyn

B cells but not to secreted, soluble IgA 13. A.DNA constryct
conprising the DNA of Claim 12 |inked,j0 DNA Datgzodi ng‘aT n

const ant region. - 14. A-nyeloma c transfected with the DNA construct
of Caimi13, . whi.ch secretes a chineric antibody.

FIGURE 1 (CON'T)
1081 GTGGGTAGGAGTGTTACTGATGGAGGGGTG

‘GATATACGGATAATAGCTTTATAGATGGAT

141 Qa 'AGATG GATAGAAAG
1141 GGATGGATAGATGGATGGAAG
ACAGGTGAATGACTGGATGTATCAGCATAT

| : ' ) ' GGGAGGT
11201 GACAAGCAGGTACAGCTGTACATGC :
| CTATGCCCTGAGACCCTGAGGAAAATGAGG

1261 ATGCCCGTGCTGGTEGCECTCACCTGRCEE
 PCGCTTGTAACCCCTCAGCCACATTCCCTS
) \GAGGCCTCTGGTCTTGCCE
51 GGAAGGCAACAGAGGCCTCTGGTCIL LA
+ ATTCAACCTTTGGCACACTGAGTGTCAGAC
1381 CCAGTCTCTGTCTTGGACCCAGATCTCCTT,
~ GAGGGTGGGTGTGTCTGGTCCTCTCTGGCC

1441. CCGGGACCCAGTCACTGAATK&?TGGCTGG
GACTGAGACGGGGTGGGGTGGG&GGGGCGG

1501 'GAGGGTACCTCGGGCTCAAGCTTCCCTTGE
- AGAAGCAGATGGTGTCCACTTTCTGCCCTG

1561 CCAAGTCTCTCCCTGAAGTGCGCTAAGAAT

. GTGAAAGACAGAAGGTCCCAGCECCTCACS

1621 TGGGACTCTGCCTCCTCATCCTCCCTGGGR

- GAGTCTCAGGCCTTAGATGGGGACCCAGAC

CCCACT§TCCCCAGACCCCAAGGAAGCATA

GCCGCTGTTCACACGAGTCTGGGCCTGGCA

GGCTCTTGCTCTGTTGCAGATTGGCAGATG
9.8 ¢c s v afp .w

; Q M

1681

1741

| cccccmcccTATGTGGTGCTGGACTTGCCQ
P P P Y V VL D L p
1801 CAGGAGACCCTGGAGGAG

| _ GAGACCCCCG
Q E T L EEE T B o
GCCAACCTGTGGCCCACCACCATCACCTTC.

A N L WP TP I T p



15. “A netshoed of stinulating the production of IgA in vivo, conprising

adm ni stering an anti body whi ch binds to nenbrane-bound I gA on

cel'ls but does not bind to secreted, soluble |IgA 16. A nethod of
stimulating the production of tgA in vivo, conprising adm ni stering
to an ani mal an anti body which binds to nenbrane- This is tim tepladementrshegbD
on B cells but does not bind to secretggs soluble

-42- I gMor |gD. 17. Monoclonal anti-idiQtypic tf Ed; specific
for the paratope of an anti body whi ch bi nds ﬁﬂ*ﬁenbsgng ound I gA on
B cells but does . not bind to the secreted, soluble formof IgA.

FIGURE 1 (CON'T)

1861 CTCACCCTCTTCCTGCTGAGCCTGTTCTAT
L T L F L L 8§ L F Y

AGCACAGCACTGACCGTGACCAGCGTCCGG
s T A LTV VTS V R

1921 GGCCCATCTGGCAACAGGGAGGGCCCCCAG
G P S G N R E.G p Q

'“TQCTGAGCGGGAGCCGGCAAGQCACAGGTG-

1981 GGAGCCCAGGAGGGGGATGAGCCCACAGTG

~  GATGAGGTGGGCTGCAGTGCTTGGCTAAGA

2041 GGAGAGCACCACCTGCTCCCACTGTGGGGGS
GACGTGCTCTCCTGGGGGGCCCTTCACAGA

2101 CACTGAGGACACGCGCAGGCCCAGGGTCAG.
~ GGCTGAGCTTCCCTCCAGTGCAGTAACGAG .

2161 GATTCCGTCCAGGCTCCCATGAGCAGGCCA
GGGCTGAGACAGAGGGCGTTGGCAAGGATG

2221 CTGCTCCTTCAGGCTGTGACCCCTCTGTCT
'~ TTGCAGGGAGGAAGTGTGGAGGAACCTCTIT
2281 GGAGAAGCCAGCTATGGCTTGCCAGAAGTCA
~ GCCCTTTCAGACGTCACCGACCCGCCCTTA
2341 CTCACATGCCTTCCAGGTGCAATAAAGTGG
CCCCAAGGAAAA |



18. .. Monqclonal anti-idiotypic antibody of Claim 17, specific for the

par at ope of an anti body ‘whi ch binds to the peptide GSCS (or O V.
ADWOM PPPYV VLDLP. QETLE EEPG AN or an epitope t her eof . 19. A
par at ope-specific, anti-idiotypic antibody of € ai m g |¥\’f?h§hepl§ce’ment sheet
chineric antibody having an antigen binding region of nmurine origin

and a constant region of human origi it/5 20. An antl en bin |fs‘uagment
of the anti-idiotypic antibody of O aim 17, Da A% (‘)heﬁ ous

stable cell line which secretes nonocl onal antibody of
-43-

40
hu ‘-11 ?ctcttTctc tT ? Tl'f TGGCAGATGC CGCCTCCCTA

111 LELLVLLLLD DLELELLEL

hu a, - gctcttgetg tgttgcagAT TGGCAGATGC CGCCTCCCTA

| IR

MU Q@ - ——m——————— R —— AA CGTCAAGAGC cacmcc'rzl;
- 80

AL @, = TGTGGTGCTG GACTTGCCGC AGGAGACCCT GGAGGAGGAG

hu o LELLLRLUEE TVLEEELEEE TELREV LD TP ]

2 = TGTGGTGCTG GACTTGCCGC AGGAGACCCT GGAGGAGGAG

LR L LR bbb E L TR 1

= TGTGCTACTG GACCAGTCAC MGAQTCG? GGAGGAAGAG

S 120
hu @, - ACCCCCGGCG CCAACCTGIG GCCCACCACC ATCACCTTCC

LELELLEEEL llHIlHH LLLEETLEL IIIIHHII

hu @, - ACCCCCGGCG CCAACCT GCCCACCACC A

LELE 1L 1 1L IHHI TLLELLLE l HHIH

me c - GCCCCAGGTG CCAGCCTGTG GCCCACCAC'J.' GTGACCTTCC

| 160
AU @ = TCACCCTCTT CCTGCTGAGE CTGTTCTATA GCACAGCACT

huag, LEVELLET L] HHHHH IHIIH!H HHHHII

2 = TCACCCTCTT C

LEELEEEL L IH IIHII IIIHH l HHHHH

B 2427 N 'rcz.cccrc'rr C TTGTTCTACA GCACAGCA

2Q0
hu Q'l - GACCGTGACC AGCGTCCGGG GCCCATCTGG CAACAGGGAG

LLELLTELL HHHHH HHHIHI L1 L

Fus @, - GACCGTGACC AGC

PEEE L ll H I HH l HI II l HI

mny e - CACTGTTACA ACTGTTCGAG GCCCGTTIGG GCAAAGAG

hu a - GGCCCCCAGT ACTGA

h ay - LLLILLLLL] {11

CCCCCAGT ACTGA

mu @ - I VELLELLE 1L

GTCCCCCAGT ACTGA

FIGURE 2A



dai-m 17.» . 22., A nmethod of stimulating I gA production, conprising

adm nistering to ‘ ‘a person an anti-idiotypic anti body agai nst the

par at ope of an- : anti body which binds to rrenbr (%Hgd | gA on B cells
but does " not bind to seCreted, soluble IgA. 's o8 plapemeat shest

i ncl udi ng an ami'no.acid sequence correspondl ng to the extracel | ul ar
segnent of the nmenbrane-bound domain of I1gA on the Data. FyLﬁW of B
cells, an imunol ogi cal |y equi val ent %%]uen 24. t1de including
the am no acid sequence GCCS (or Q) V. ADV\Q\/I PPPYV. VLDLP. QETLE. EEPG
AN or an epitope : t hereof or nodifications of the peptide or epitope
in which am no B aci ds have been added, inserted, deleted or
substituted w thout significantly affecting the i munol ogi cal
activity of the peptide.- =~ 25. A-peptide of Claim?24, conjugated to a
carrier protein.

| e:dracellular segment ' " 40
hu ¢; - scsvaow M_PPPYVVLDLP LEEETPG ANLWPTTITF

hu 'dzz - gsccvaDWQM PPPYVVLDLP E'.lL'LE‘:‘:!: H”””

1111 i HHI l l
mu a - ------ERQE PLSYVLLDQS QUTLEEEAPG ASIWPTTVT

SRR i1t
hu @3 - ?'rm-)i',f

| [LLELLIL L) ||
nmit @ - LTLFLISLFY STALTVTTVR GPFGSKEV



-44- -26. .:A.nethod of stinmulating the production of IgA in vivo,

conpri si ng ~ adm ni stering a peptide having an am no aci d sequence
torresponding to the extracel lul ar segnent of the nenbrane-bound

dormain of IgA on the surface of B cells.

‘45

ANTIGENIC EPITOPES PRESENT ON MEMBRANE-BOUND BUT NOT
SECRETED IgA

ABSTRACT
| The iﬁven_tion includes the membrare anchoring peptide of human o chain,
antibodies and related products to epitopes on the extracellular segment of this peptide
(designated herein as the extracellular migis-o. epitopes), and prophylactic and
therapeutic treatments involving such antibodies and related products.  These
extracelhﬂar peptide Segments form, entirely or in part, antigenic epitopes unique to
membrane-bound but not secreted IgA.

The membrane anchoring extracellular peptide segment for human IgA has the
amino acid sequence:

GSCS(or C)V-ADWQM-PPPYV-VLDL-PQETL-EEEPG-AN

Fig. 1
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