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SOLUBLE "HEAVY-CHAIN ONLY" ANTIBODIES
Field of the Invention

The present invention relates to improved methods for isolating from

transgenic non-human mammals a diverse repertoire of functional, soluble, heavy
chain-only antibodies and soluble VH domains derived therefrom which are
structurally distinct from VH domains derived from antibodies comprising heavy and
light chains. Preferably, the heavy chain-only antibodies and soluble VH domains are
derived from long-lived plasma cells or memory B-cells.

Background to the Invention

Monoclonal antibodies or variants thereof will represent a high proportion of
new medicines launched in the 21st century. Monoclonal antibody therapy is already
accepted as a preferred route for the treatment for rheumatoid arthritis and Crohn’s
disease and there is impressive progress in the treatment of cancer. Antibody-based
products are also in development for the treatment of cardiovascular and infectious
diseases. Most marketed monoclonal antibody products recognise and bind a single,
well-defined epitope on the target ligand (e.g. TNFot).

The structure of antibodies is well known in the art. Most natural antibodies
are tetrameric and comprise two heavy chains and two light chains. The heavy chains
are joined to each other via disulphide bonds between hinge domains located
approximately half way along each heavy chain. A light chain is associated with each
heavy chain on the N-terminal side of the hinge domain. Each light chain is normally
bound to its respective heavy chain by a disulphide bond close to the hinge domain.

When an antibody molecule is correctly folded, each chain folds into a number
of distinct globular domains joined by a more linear polypeptide sequence. For
example, the light chain folds into a variable (VL) and a constant (CL) domain.
Heavy chains have a single variable domain (VH) adjacent the variable domain (VL)
of the light chain, a first constant domain (CH1), a hinge domain and two or three
further constant domains. Interaction of the heavy (VH) and light (VL) chain variable
domains results in the formation of an antigen-binding region (Fv).

‘ The interaction between the heavy and light chains is mediated by the first
constant domain of the heavy chain (CH1) and the constant domain (CL) of the light

chain. However, there is also an interface between the heavy chain variable domain
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(VH) and the light chain variable domain (VL) which is involved in the interaction
between the heavy chain and the light chain.

As the variable domains have variable amino acid sequences, a system has
been devised for numbering the amino acid residues in these domains. This
numbering system is described by Kabat et al. ((1991) US Public Health Services,
NIH publication 91-3242) and is used in the present specification. In the heavy chain
variable domain, framework 1 (FR1) includes residues 1 to 30, framework 2 (FR2)
includes residues 36 to 49, framework 3 (FR3) includes residues 66 to 94 and
framework 4 (FR4) includes residues 103 to 113, Also, in the heavy chain variable
domain, the complementarity determining regions (CDRs) include residues 30 to 35
(CDR1), residues 50 to 65 (CDR2) and 95 to 102 (CDR3).

Normal human B-cells contain a single heavy chain locus on chromosome 14
from which the gene encoding a heavy chain is produced by rearrangement. In the
mouse, the heavy chain locus is located on chromosome 12. A normal heavy chain
locus comprises a plurality of V gene segments, a number of D gene segments and a
number of J gene segments. Most of a VH domain is encoded by a V gene segment,
but the C terminal end of each VH domain is encoded by a D gene segment and a J
gene segment. VDJ rearrangement in B-cells, followed by affinity maturation,
provides each VH domain with its antigen-binding specificity. Sequence analysis of
normal tetrameric antibodies demonstrates that diversity results primarily from a
combination of VDJ rearrangement and somatic hypermutation (Xu and Davies,
(2000) Immunity, 13, 37-45). There are over 50 human V gene segments present m
the human genome of which only 39 are functional. In normal diploid antibody-
producing B-cells, each cell produces a tetrameric antibody from a single set of heavy
and light chain antibody loci. The other set of loci are used, but not productively as
the result of a process called allelic exclusion (see Singh et al., (2003) J. Exp. Med.,
197, 743-750 and Immunology 5™ edition, R. Goldsby, T. Kindt, B. Osborne, J. Kuby
(2003) W. H. Freeman and Company NY, NY and references therein).

The ability to “remember” encounters with pathogens is a defining feature of
the immune system in higher vertebrates. The contribution of B-cells to “memory”
appears to be a function of two distinct B-cell populations, long-lived plasma cells
and memory B-cells (for review, see Tangye and Tarlinton (2009) Eur. J. Immunol.,
(2009) 39, 2065-2075). These are generated as a result of the initial primary immune

response (antigen challenge) of naive B-cells. One population is represented by long-
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lived plasma cells, B-cells which continue to secrete high levels of neutralising
antibody for long periods (months) well after the antigen has been cleared. Plasma
cells are terminally differentiated and comprise rearranged, affinity-matured
immunoglobulin loci encoding high affinity, antigen-specific antibodies. These
contrast with short-lived plasma cells, with a life span of a few days, which die as a
result of stress caused by the massive production of antigen-specific antibody (see
Radbruch et al. (2006) Nature Reviews Immunology, 6, 741-750). In contrast, the
second population of antigen-specific memory B-cells represents a B-cell population
also comprising rearranged, affinity-matured immunoglobulin loci encoding high
affinity antigen-specific antibodies, but which do not secrete antibody at high levels.
Memory B-cells have the ability to rapidly divide and differentiate into antibody
secreting plasma cells following recurrent exposure to the initial immunising antigen.
This results in the rapid enrichment of the pool of antigen-specific immunoglobulin
available to respond to a given antigen challenge. Work on smallpox vaccination
demonstrates a memory B-cell response in immunised individuals over a period of 50
years (Crotty et al. (2003) J. Immunology, 171, 4969-4973).

In humans, memory B-cells survive in secondary lymphoid organs, comprise
rearranged, somatically-mutated immunoglobulin genes and mediate secondary
immune responses on re-challenge (see Bernasconi et al. (2002) Science, 298, 2199-
2202). The human spleen in particular would appear to be a major site for memory
cells (for review, see Tangye and Tarlinton (2009) Eur. J. Immunol., (2009) 39, 2065-
2075).

Long-lived antibody-secreting plasma cells survive in secondary lymphoid
organs and bone marrow for months. For example, antigen-selected immunoglobulin-
secreting cells persist in human spleen and bone marrow (Ellyard et al. (2004) Blood,
103, 3805-3812).

In other mammals, such as the mouse, the primary long-term antibody
response appears to be a function of long-lived plasma cells. Thus, in the mouse,
terminally-differentiated, long-lived plasma cells, present in bone marrow and spleen,
survive and continue to secrete antibodies for extended periods of time, in excess of
one year (see Slifka et al. (1998) Immunity, 8, 363-372; Maruyama et al. (2000)
Nature, 407, 636-641). Whilst the precise relationship between memory cells and
terminally-differentiated, long-lived plasma cells in different mammals remains to be

established with certainty, two pools of long-lived B-cells exist in mammals, each
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comprising rearranged, affinity-matured immunoglobulin loci encoding high affinity
antigen-specific antibodies. One has the capacity to divide rapidly. The other does
not divide but retains the capacity to secrete antibody over long periods.

Antigen-specific human tetrameric antibodies produced by patients provide a
potential source of clinically and commercially relevant antigen-specific antibodies.
These may also be derived directly from EBV-transformed human B-cells, preferably
from EBV transformed human memory B-cells, optionally transformed in the
presence of polyclonal B-cell activators (PCT/IB04/01071).

As yet, memory cells and long-lived plasma cells have not been utilised as a
source of transgene-encoded, high affinity antibodies, in particular human antibodies
or hybrid antibodies comprising human VH and VL domains.

VH domain engineering and heavy chain-only antibodies

The ability of heavy chain-only antibodies devoid of light chain to bind
antigen was established in the 1960s (see Jaton et al. (1968) Biochemistry, 7, 4185-
4195). Heavy chain immunoglobulin physically separated from light chain retained
80% of antigen-binding activity relative to the tetrameric antibody. Moreover,
binding activity was associated with an amino-terminal fragment (Fd) of the heavy
chain. Whilst these experiments used well-characterised, antigen-specific, rabbit
polyclonal antibody, they are representative of any polyclonal population comprising
a tetrameric antibody of mammalian, including human, origin. The heavy chain
dimer retained the CH1 light chain binding domain.

In the 1980s, a number of publications described the i vitro manipulation of
heavy chain genes to construct novel antibodies. Much of this work was based on a
rearranged mouse antibody pt gene (IgM) encoding an antibody raised against a well-
characterised antigen. A feature of this antibody was that antigen-binding specificity
was known to reside in the VH domain, since: assembly and secretion with an
irrelevant light chain showed retention of antigen binding (see Neuberger and
Williams (1986) Phil. Trans. R. Soc. Lond., A317, 425-432). Using this system, it
was shown that a mouse, antigen-specific VH binding domain could be used to derive
a novel antibody comprising a human & constant region fused to a mouse, antigen-
specific VH domain. The resulting chimeric IgE retained antigen specificity and
showed effector activity expected of an IgE (see Neuberger et al. (1985) Nature, 314,
268-270).
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Other literature examples of heavy chain engineering include the production of
a chimeric, mouse-human antibody comprising a mouse VH fused to human IgA or
IgG constant regions (see Morrison et al. (1984) PNAS, 81, 6851-6855; Sun et al.
(1987) PNAS, 84, 214-218 ); and Heinrich et al. (1989) J. Immunol., 143, 3589-97).
Thus, by the end of the 1980s, the concept of heavy chain engineering was well
established. Any characterised VH binding domain could be fused with any antibody
constant region, resulting in the retention of antigen-specific binding activity.
Effector function was determined by the heavy chain constant region selected (e.g.
1gGl, IgG2, IgG3, IgG4, IgA, IgE etc.). The final expressed chimeric antibody in all
instances comprised a tetrameric antibody.

To engineer a fully human heavy chain requires a source of human VH
domains of defined binding specificity. This problem was partially resolved by the
development of human VH binding domain array libraries derived using combinations
of naive germ-line human V, D and J segments or affinity-matured VH domains
derived from tetrameric antibodies sourced from human lymphocytes. Antigen-
specific VH domains with binding affinities in the 20 nM to 100 nM range could then
be isolated from VH binding domain display libraries derived from the mRNA of
human antibody-producing peripheral blood B-cells (see Ward et al. (1989) Nature,
341, 544-546) or from random VDI arrays derived from naive human germ line DNA
(see EP-A-0 368 684). These approaches provided a source of antigen-specific,
mammalian VH domains and in particular human VH domains.

It was proposed that:

“Isolated variable (VH) domains may offer an alternative to monoclonal
antibodies and serve as a key to building high-affinity human antibodies™;

“By attaching variable domains to light or suitable heavy chain constant
domains and expressing the assembled genes in mammalian cells, complete
antibodies may be made and should possess natural effector functions such as
complement lysis”; and

“This approach could prove valuable for building human antibodies of
therapeutic value” (see Ward et al. (1989) Nature, 341, 544-546 and EP-A-0 368
684).

Using an alternative approach, Sitia et al ((1990) Cell, 60, 781-790)

demonstrated that removal of the CH1 domain from a rearranged mouse p gene
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resulted in the synthesis and secretion of a heavy chain-only antibody devoid of light
chain by mammalian cells in culture. In this instance, the secreted heavy chain
comprised 2 VH binding domain and a constant region consisting of a flexible hinge
domain and IgM CH2, CH3 and CH4 constant domains, providing for heavy chain
dimerisation and effector function.

Thus, by 1990, the basic tools were availabie for the i1 vitro engineering of
human heavy chain-only antibody homodimers (sometimes described as Dabs-Fc)
with defined VH binding specificities and a choice of heavy chain effector regions
devoid of CHI. '

The problem with the approach was two-fold:

VH domains selected by array approaches were of relatively low (20-100 nM)
antigen-binding affinity; and

VH domains in the absence of light chain were “sticky”, insoluble and prone
10 aggregation, and so not suited to pharmaceutical applications.

The tendency for isolated VH domains to aggregate is a consequence of the
absence of light chain. When light chain is absent, certain hydrophobic side chains,
which are normally buried within the heavy/light chain interface, are exposed.
Furthermore, thermodynamic stability is compromised as stability of VH domains is
dependent on contacts at the light chain interface (see Worn and Pluckthun (1999)
Biochemistry, 38, 8739-8750).

The description by Hamers-Casterman of a naturally-ocourring IgG
homodimeric heavy chain-only antibody devoid of light chain which circulated in
camelids, in addition to normal camelid tetrameric antibody (see Hamers-Casterman
et al. (1993) Nature, 363, 446-448) provided insight into the solubility problem.
Consistent with the molecule engineered by Sitia et al. ((1990) Cell, 60, 781-790),
CH1 domain functionality was absent in camelid heavy chain-only antibody due to an
alternative splice site which eliminated CH1 from the processed antibody heavy chain
mRNA.

The VH domains of camelid heavy chain-only antibodies (which are hereafter
referred to as VHH domains, in accordance with common usage) derived by antigen
challenge are affinity-matured in B-cells in vivo, have binding affinities in the low
nanomolar range, are soluble and are not prone to aggregation (see Ewert et al. (2002)
Biochemistry, 41, 3628-3636). Camelid VHH domains also generally show increased
beat stability relative to germ-line-derived VH domains isolated by display
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approaches and some retain binding activity in the presence of denaturing agents,
such as detergents and bleaching agents, and after heat treatment (see Dumoulin et al.
(2002) Protein Science, 11, 500-511 and Dolk et al. (2005) Applied Environmental
Microbiology, 71, 442-450).

Antigen-specific heavy chain-only antibodies can be recovered from camelid
B-cell mRINA by standard cloning technology or by phage or other display technology
(see Riechmann and Muyldermans (1999) J. Immunol. Methods, 231, 25-38). Heavy
chain-only antibodies derived from camelids are of high affinity. Sequence analysis
of mRNA encoding heavy chain-only antibody demonstrates that diversity results
primarily from a combination of VHHDJ rearrangement and somatic hypermutation,
as is also observed in the production of normal tetrameric antibodies. However, it
remains to be established whether the production by camelids of heavy chain-only
antibodies, as opposed to tetrameric antibodies, is by normal B-cells. Indeed, little is
known about pre-B cell development in camelids (see W02004/049794 and Zou et al.
(2005) J. Immunology, 175, 3769-3779). Furthermore, it remains to be established
whether camelid heavy chain-only antibodies, like immunoglobulin tetramers
comprising heavy and light chain, participate in long-term antibody responses via
memory cells or long-lived plasma cells.

A particular feature of camelid heavy chain-only antibodies is that some
amino acid residues which, in a normal VH domain, interact with the VL domain, are
mutated in a VHH domain. Thus, the leucine found at position 45 in 98% of human
and murine VH sequences has been mutated. It has been proposed that these camelid
mutations, which are conserved in the germ-line, are consistent with maintaining
VHH solubility in the absence of light chain. Other hallmark amino acid mutations in
camelid VHH domains, as compared to normal VH domains, have also been
described. Of these, the most common and important changes occur at four positions
(VHH tetrad) in the second framework region and function to reduce the
hydrophobicity of the former light chain interface. Generally Glu-44 and Arg-45 are
found in place of the less hydrophilic Gly-44 and Leu-45 present in normal VH
domains, whilst the hydrophilicity at position 47 is increased by the substitution of
Trp with smaller residues. The fourth change requires the replacement of Val-37 by
Phe or Tyr. Structural analysis reveals that this nucleates a small hydrophobic core
typically involving Tyr-91, Trp-103, Arg-45 and hydrophobic residues present in the
VHH domain CDR3 loop. These changes increase the hydrophilicity of the former
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light chain interface by direct substitution with more hydrophilic side chains or by
sequestration of hydrophobic side chains from solvent by interaction between the
CDR3 and framework residues (see Bond et al. (2003) J. Mol. Biol., 332, 643-655).

In the VHH domain, the CDR3 loop is enlarged relative to that present on
camelid tetrameric antibodies and other well-characterised tetrameric antibodies from
man and mouse (see Riechmann and Muyldermans (1999) J. Immunol. Methods, 231,
25-38). The role of key hydrophobic residues present in the VHH CDR3 loop, for
example in the Hama VHH domain, demonstrates a structural role for CDR3 in the
stability and solubility of VHH domains (see Bond et al. (2003) J. Mol. Biol., 332,
643-655). Collectively, structural studies on VHH domains demonstrate that the
stability and solubility of these domains are dependent on CDR3, in addition to
framework residues, and that the requirement for key hydrophobic residues places
significant constraints on the type of CDR3 loop compatible with the favourable
biophysical characteristics of VHH domains relative to VH domains (see Barthelemy
et al. (2008) J. Biol. Chem., 283, 3639-3654).

However, in spite of a high degree of sequence conservation between camelids
and man, camelid VHH domains remain of camelid origin and so are potentially
antigenic in man. Humanisation in vitro may diminish this risk but at the expense of
potentially decreased affinity and solubility as a result of the in vitro engineering
involved.

Human VH binding domains and the solubility problem

The poor biophysical characteristics of human and other mammalian VH

domains derived from germ-line sequences or from normal tetrameric antibodies
relative to camelid VHH domains, in particular the téndency to aggregate, cutrently
limits their utility as reagents, diagnostics and as medicines (see Rosenberg (2006)
The AAPS Journal, 8(3), Article 59 E501-E507 and Fahrner et al. (2001) Biotechnol.
Gen. Eng. Rev., 18, 301-327).

Initial attempts to resolve solubility issues relied on the introduction of
camelising amino acid sequences into selected human VH binding regions at the
VH/VL interface. This approach has proved disappointing since stability and
solubility cannot be addressed by “camelisation” at position 45 of the VH/VL
interface alone (see Domantis submissions dated 18th May 2007 and 5th June 2007 in
opposition to EP-B-0 656 946). Indeed, the introduction of targeted “camelising”

mutations is not sufficient to resolve issues of “stickiness” in isolated human VH

O



10

15

20

25

30

WO 2010/109165 PCT/GB2010/000500

domains (see Riechmann and Muyldermans (1999) J. Immunol. Methods, 231, 25-
38). The introduction of camelising mutations leads to deformations in the
framework B-pleated sheet potentially responsible for the reduced protein stability
observed as an outcome of these experiments (see Riechmann (1996) J. Mol. Biol.,,
259, 957-969). Moreover, the role of CDR3, comprising key hydrophobic residues, in
maintaining structural stability and solubility of VHH domains in the absence of light
chain adds to the complexity, potentially limiting the diversity of CDR3 sequences to
those compatible with the camelid framework (see Barthelemy et al. (2008) J. Biol.
Chem., 283, 3639-3654).

Thus, mammalian VH domains, including those from man, derived from
affinity-matured natural tetrameric antibodies or from naive arrays of germ-line VDIJ
segments are, in the absence of light chain, relatively insoluble and prone to
aggregation. Such VH domains lack the necessary biophysical characteristics of a
soluble VH domain suited to use as medicines.

Heavy chain-only antibodies and soluble human VH domaijns generated in vivo
by transgenesis

For pharmaceutical applications, soluble VH binding domains will be
preferably of human origin with features such as high antigen-binding affinity and
solubility under physiological conditions in the absence of aggregation. Such soluble
VH binding domains can also be used as diagnostics and reagents and will have
widespread applications in industry and agriculture.

An alternative approach for generating antigen-specific heavy chain-only
antibodies is to use transgenic mice comprising heavy chain loci devoid of CH1
functionality (see Janssens et al. (2006) PNAS, 103:15130-5 and W002/085944).

At the outset, it was not known whether normal murine B-cells would be
activated and secrete heavy chain-only antibodies as a result of antigen challenge or
whether such antibodies would prove soluble. Furthermore, it was not known
whether IgM was required or, as in the camelid, whether expression would be limited
to Igy2 and Igy3 classes of antibody, or even whether potentially insoluble VH
domains could be secreted by normal murine B-cells.

Janssens et al. ((2006) PNAS, 103:15130-5) describe a chimeric heavy chain
gene locus comprising two llama VHH gene segments, all human D and J gene

segments and combinations of gene segments encoding human Cup and Cy2 and Cy3



10

15

20

25

30

WO 2010/109165 PCT/GB2010/000500
10

constant regions, all lacking CH1 functionality. The choice of the llama VHH gene
segments ensured that germ-line framework mutations maintained in camelids at the
VH/VL interface are also present in the expressed camelised buman locus so as to
enhance the possibility that the resulting “camelised” VH domain might retain the
characteristics of solubility and stability exhibited by the camelid VHH, so increasing
the likelihood of a functional response to antigen challenge even in the absence of a
CDR3 loop derived from camelid.

The outcome demonstrated that a heavy chain-only antibody transgene is
expressed in a B-cell specific manner, that B-cell expansion occurs and that, in the
absence of CH1 functionality, the presence of any functional light chain gene is
irrelevant. Heavy chain-only transgenes undergo VDJ rearrangement, followed by B-
cell activation and affinity maturation in response to antigen challenge. Class
switching between heavy chain-only IgM and IgG also occurs, as does Cy isotype
switching. In the absence of Cp from the locus, Cy is used equally well. Specificity
of the antibodies is largely determined by the VDJ (CDR3) rearrangement, while
analysis of somatic mutations shows that these occur throughout the VH region, with
a preference for the CDR1 and CDR2 regions of the expressed llama VHH gene
segment. Of the limited number of camelised human heavy chain-only antibodies
characterised, all proved soluble whether derived from splenic B-cells by phage
display of VH domains or by hybridoma selection, in spite of the fact that the CDR3
loop, which was derived entirely from human sequences, was smaller than those
found in camelid VHH domains.

The best hybrid llama/human heavy chain-only antibodies of this limited
series had affinities in the 1-3 nM range. The mouse also treats the transgene as
another heavy chain locus in that B-cell expansion and splenic architecture is
essentially normal even in the absence of light chain rearrangement (see Janssens et
al. (2006) PNAS, 103:15130-5). Moreover, allelic exclusion mechanisms determine
whether the endogenous mouse heavy chain locus or the heavy chain transgene
lacking CH1 functionality is productively expressed (see WO2007/09677).

The observations of Janssens et al. ((2006) PNAS, 103:15130-5) demonstrate
surprisingly that stable, soluble, camelised heavy chain-only antibodies may be
derived using a camelid framework even in the absence of CDR3 loop comprising

camelid sequences.
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As an extension of these experiments (see WO02006/008548), additional
transgenic mouse lines have been built which comprise fully human heavy chain-only
gene loci, and so lack sequence encoding the camelid VHH framework and, in
addition, comprise CDR3 loops derived from non-camelid sequences.

In this approach, four natural human germ line VH gene segments (V4 natural
locus) have been introduced, so relying entirely on natural selection through affinity
maturation for the generation of antigen specificity and structural stability of the
resultant soluble human VH domains. Both loci comprise all human D and J gene
segments, human Cy2 and Cy3 constant region gene segments, each lacking CH1, the
human immunoglobulin enhancer regulatory elements and, preferably, the antibody
heavy chain LCR.

The human V4 locus is functional and human heavy chain-only aniibodies
circulate in the plasma of unchallenged animals. Following antigen challenge,
antigen-specific human antibodies are detected using routine Elisa assays. Human
loci comprising engineered V gene segments (V17 locus) (see also W02008/035216)
are also functional (see also The Antibody Engineering and Antibody Therapeutics
Meeting. F. Grosveld presentation, San Diego Antibody Meeting, December 3-4,
2007).

Furthermore, surprisingly, antigen challenge of transgenic mice comprising
V4 loci allows the isolation and characterisation of soluble, antigen-specific, high
affinity human VH domains in the absence from the germ-line of camelid hallmark
framework mutations and the camelid-like CDR3 loop typical of camelid VHH
domains. Moreover VH domains derived from antigen-specific buman heavy chain-
only antibodies are soluble (see W0O2006/008548). Following antigen challenge, VDJ
rearrangement and subsequent B-cell expansion, splenic architecture in mice
comprising the human V4 locus is essentially similar to a wild type mouse
immunoglobulin response to antigen challenge. Light microscopy shows segregation
of T cell clustering in the peri-arteriolar lymphocyte sheet (PALS) surrounded by B-
cell-rich areas containing follicles and marginal zones present at the outer boundaries
of the white pulp. There are also structures similar to germinal centres in B-cell
follicles of secondary lymphoid tissues comparable to wild type mice during T-cell-

dependent antibody responses.
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An alternative display approach to the identification and engineering of
synthetic human VH domains which is not dependent on predictive analysis of natural
camelid VHH domain sequences also demonstrates that autonomous VH domains
with structural properties beyond the scope of natural frameworks can be derived
using non-natural mutations which differ from those found in camelid (see
Barthelemy et al. (2008) J. Biol. Chem., 283, 3639-3654 and US patent application
number 11/102,502). However, the data do not demonstrate whether such VH
domaing retain the biophysical characteristics of solubility under physiological
conditions in the absence of aggregation in combination with binding affinities in the
low nanomolar range.

- Approaches for the identification and engineering of synthetic human VH
domains by display, whilst elegant, are labour intensive and limited in scope to the
availability of human VH domains and camelid VHH three dimensional structural
information.  Subtle differences will become apparent dependent on the VDJ
combinations used, which will limit the development of synthetic array-based VH
libraries with CDR3 diversities unconstrained by structural demands which maintain
high affinity antigen-binding. Whilst the outcomes demonstrate that, in contrast to
camelid VHH domains, soluble, stable conformations of human VH domains are not
dependent on interactions between the CDR3 loop and camelid hallmark amino acid
substitutions at the former light chain interface, the data are limited to biophysical
characteristics. For example, the maintenance of high affinity antigen binding in the
context of these changes has not been considered.

The Invention

The present invention describes novel soluble high affinity heavy chain-only
antibodies and soluble VH domains structurally distinct from VH domains derived
from normal tetrameric antibodies or germ-line arrays, so suited to use as
medicaments, and preferred routes for isolating such novel heavy chain-only
antibodies and soluble VH domains from transgenic animals following antigen
challenge.

Accordingly, the first aspect of the present invention provides a novel high
affinity, antigen-specific, soluble heavy chain-only antibody which:

lacks hallmark camelid-related amino acid substitutions and has FR2

substitutions which are not found in normal tetrameric antibodies;
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shows increased net hydrophobicity within CDR1 and an increased number of
charged amino acids present in CDR3; and

comprises one or more amino acid substitutions within the framework B-
pleated sheet leading to increased net hydrophobicity within FRI and an increased
number of charged amino acids present in FR3.

The heavy chain-only antibody preferably is a human antibody. The human
heavy chain-only antibody lacks hallmark camelid-related amino acid substitutions
and has FR2 substitutions which are not found in normal human tetrameric antibodies.

The heavy chain-only antibody preferably has a binding affinity of 10 nM or
better, and acts as a soluble monomer on gel filiration under physiological buffering
conditions.

The present invention also provides a high affinity, antigen-specific soluble
VH domain which:

lacks hallmark camelid-related amino acid substitutions and has FR2
substitutions which are not found in normal tetrameric antibodies;

shows increased net hydrophobicity within CDR1 and an increased number of
charged amino acids present in CDR3; and

comprises one or more amino acid substitutions within the framework B-
pleated sheet leading to increased hydrophobicity within FR1and an increased number
of charged amino acids present in FR3.

The soluble VH domain is preferably of human origin. The soluble human
VH domain lacks hallmark camelid-related amino acid substitutions and has FR2
substitutions which are not found in normal human tetrameric antibodies.

The soluble VH domain preferably has a binding affinity of 10 nM or better
and acts as a soluble monomer on gel filtration under physiological buffering
conditions. -

The present invention finther provides a V gene segment which, when
recombined with a D gene segment and a J gene segment and subsequently undergoes
affinity maturation; encodes a soluble VH domain according to the invention.

Optionally, the sequence of the V gene segment may be engineered by way of
at least one substitution, insertion or deletion, or a combination thereof, relative to the:
patural germ-line sequence of the V gene segment so that it includes codon(s)
encoding amino acid residues or amino acid sequences which differ from the germ

line sequence of the host animal, are not bhallmark camelid-related amino acid
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substitutions, and may be FR2 substitutions which are not generally found in normal
tetrameric antibodies. Such changes may include substitutions, insertions or
deletions, or a combination thereof within the CDR1 and/or CDR2 regions of the V
gene segment so as to enhance the diversity of amino acids available for antigen
binding relative to germ-line sequences.

The present invention further provides a D gene segment which, when
recombined with a V gene segment according to the invention and a J gene segment,
encodes a VH domain according to the invention.

Optionally the sequence of the D gene segment may be engineered by way of
at least one substitution, insertion or deletion, or a combination thereof, relative to the
natural germ-line sequence of the D gene segment. Such substitution, insertion or
deletion, or a combination thereof, such that the D gene segment may include codons
encoding amino acid residues which have been determined to contribute to
maintaining solubility and stability of a soluble VH domain, including sequences
encoded by the D gene segment, or alternatively may enhance the diversity of the D
gene segment in any resulting CDR3 loop relative to germ-line sequences.

The present invention yet further provides a J gene segment which, when
recombined with a V gene segment according to the invention and a D gene segment,
encodes a soluble VH domain according to the invention.

Optionally, the sequence of the J gene segment may be engineered by way of
at least one substitution, insertion or deletion, or a combination thereof, relative to the
natural germ-line sequence of the J gene segment. Such substitution, insertion or
deletion, or a combination thereof such that the J gene segment may include codons
encoding amino acid residues which have been determined to contribute to
maintaining solubility and stability of a VH domain including sequence encoded by
the J gene segment, or alternatively may enhance the diversity of the J gene segment
in any resulting CDR3 loop relative to germ-line sequences.

The present invention preferably provides a heterologous heavy chain-only
locus comprising one oxr more V gene segments according to the invention, one or
more D gene segments according to the invention, one or more J gene segments
according to the invention and one or more constant effector region gene segments,
each of which encodes an antibody constant effector region lacking CHI
functionality, wherein the gene segments are arranged such that a'V, a D and a J gene

segment and a constant region gene segment can recombine to produce a rearranged
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gene encoding a high affinity, antigen-specific, soluble heavy chain-only antibody
according to the invention.

The heavy chain-only locus has a vertebrate heavy chain constant effector
region(s) which are preferably of mammalian origin, more preferably derived from
human, mouse, rat or camelid.

Preferably, the heavy chain locus is arranged to produce a heavy chain-only
antibody comprising a soluble human VH domain and a constant effector region of
mammalian origin.

The invention yet further provides a transgenic non-human mammal
comprising a heterologous heavy chain locus according to the invention. Preferably,
the mammal is a rodent, most preferably a mouse or arat. Preferably, the endogenous
heavy chain locus of the transgenic non-huwman mammal has been functionally
impaired by any method known in the art, or silenced by deletion (see US 5,591,669;
US 6,162,963; US 5,877,397, Kitamura and Rajewsky (1992) Nature, Mar 12;
356(6365):154-6). Alternatively, B-cells which express endogenous immunoglobulin
genes, as opposed to transgenes, may be ablated. Endogenous kappa and lambda light
chain genes may retain functionality or optionally may be functionally silenced or
deleted (EP139959). Less preferably, the transgene may be a normal heavy chain
antibody locus which comprises CH1 functionality in a host background devoid of
endogenous heavy or light chain gene functionality (see EP139959 and Zou et al. J.
Exp. Med., 204, 3271-3283).

The heavy chain-only immunoglobulin transgene may also comprise
endogenous heavy chain immunoglobulin gene loci which have been engineered to
eliminate CH1 functionality, and optionally further engineered to introduce or replace
one or more endogenous V, D and J gene segments with alternative V, D and J gene
segments, preferably of human origin.

The present invention, in another aspect, provides a method for the production
of a high affinity, antigen-specific, soluble heavy chain-only antibody, which
comprises challenging a transgenic non-human mammal according to the invention
with an antigen. Preferably, the soluble heavy chain-only antibody is human.

Preferably, the method includes the step of immortalising antibody-producing
cells from the mammal. The cells may be immortalised by fusion with a myeloma

cell or may be immortalised by transformation with a virus, such as the EBV.
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Preferably, the method further includes the step of isolating either the soluble
VH domain or a nucleic acid encoding the soluble VH domain from a B-cell or an
immortalised cell line producing a heavy chain-only antibody of desired antigen-
specificity.

Alternatively, the method may further include the step of isolating either a
soluble VH domain or a nucleic acid encoding a soluble VH domain from a heavy
chain-only antibody—p}oducing cell produced by the mammal or from an immortalised
heavy chain-only antibody-producing cell produced by the mammal by a display
approach. ‘

The present invention also provides use of a soluble VH domain or a nucleic
acid encoding a soluble VH domain obtained by the method of the invention in the
production of ‘a heavy chain-only antibody, a VH intrabody, a VH polyprotein, a VH
domain complex or a VH fusion.

The present invention further provides a heavy chain-only antibody, a VH
intrabody, a VH polyprotein, a VH domain complex or a VH fusion including at least
one soluble VH domain according to the invention.

The present invention yet further provides a heavy chain-only antibody, a VH
intrabody, a VH polyprotein, a VH domain complex or a VH fusion including at least
one soluble VH domain according to the invention for use in therapy.

The present invention also provides use of a heavy chain-only antibody, a VH
intrabody, a VH polyprotein, a VH domain complex or a VH fusion including at least
ope soluble VH domain according to the invention in the preparation of a medicament
for use in treatment of diseases or disorders including but not limited to: wound
healing, cell proliferative disorders, including neoplasm, melanoma, lung, colorectal,
osteosarcoma, rectal, ovarian, sarcoma, cervical, oesophageal, breast, pancreas,
bladder, head and neck and other solid tumours; myeloproliferative disorders, such as
leukemia, non-Hodgkin lymphoma, leukopenia, thrombocytopenia, angiogenesis
disorder, Kaposis' sarcoma; autoimmune/inflammatory disorders, including allergy,
inflammatory bowel disease, arthritis, psoriasis and respiratory tract inflammation,
asthma, immunodisorders and organ transplant rejection; cardiovascular and vascular
disorders, including hypertension, oedema, angina, atherosclerosis, thrombosis,
sepsis, shock, reperfiusion injury, and ischemia; neurological disorders including
central nervous system disease, Alzheimer's disease, brain injury, amyotrophic lateral

sclerosis, and pain; developmental disorders; metabolic disorders including diabetes
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mellitus, osteoporasis, and obesity, AIDS and renal disease; infections including viral
infection, bacterial infection, fungal infection and parasitic infection, pathological
conditions associated with the placenta and other pathological conditions and for use
in immunotherapy.

The present invention yet further provides a cassette for producing a soluble
VH domain according to the invention, which comprises gene sequences encoding
FR1, FR2 and FR3, wherein the gene sequences encoding FR1 and FR2 and FR2 and
FR3 are separated by sequences allowing the introduction of suitable CDR1- and
CDR2-encoding sequences and, at the 3’ end of the sequence encoding FR3, there is a
sequence allowing the introduction of a sequence encoding suitable CDR3-encoding
sequences.

The invention takes advantage of natural mammalian B-cell mechanisms in a
nop-human transgenic mammal, preferably a mouse or rat, to generate novel high
affinity, soluble heavy cham-only antibodies in response to antigen challenge. The
soluble heavy chain-only antibodies of the invention have binding affinities of 10
nmel or better.

Sequence analysis of soluble human VH binding domains derived from
antigen-~specific, high affinity human heavy chain-only antibodies devoid of light
chain reveals, surprisingly, that all amino acid hallmark consensus sequences typical
of camelid VHH domains are absent. Indeed, natural selection does not compensate
by the selection of camelid-like hallmark sequences as a consequence of affinity
maturation. Thus, where camelid hallmark sequences are absent from the germ-line,
different mechanisms operate 77 vivo which compensate for the absence of light chain
so as to maintain structural stability and solubility of the human VH domain.

The most surprising feature is that not only are antigen-specific, high affinity
human heavy chain-only antibodies devoid of light chain soluble, but that the antigen-
binding regions (CDRs) must play a role in structural stability and solubility, in
addition to antigen-binding, and that the hallmark camelid VHH germ-line-encoded
framework consensus amino acid substitutions, which compensate for the absence of
light chain at the former light chain interface, are not only absent in the transgenic
heavy chain-only loci but are not inserted as a result of affinity maturation to
compensate for solubility during natural selection processes. In transgene-encoded
soluble human VH domains, alternative amino acid substitutions can occur within all

three framework regions following affinity maturation. The framework mutations
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reside predominantly, but not exclusively, within the B-pleated sheet at the former
light chain interface, so compensating for the absence of light chain.

Comparative analysis of the net charge and hydrophobicity of framework and
CDR regions of human antigen-binding VH domains derived in the presence and
absence of light chain reveal significant changes in the absence of light chain. In the
absence of light chain, there is increased net hydrophobicity of amino acids present in
CDR1 and an increase of charged amino acids present in CDR3. Amino acid
substitutions within the framework B-pleated sheets lead to a decrease in overall
hydrophobicity and an increase in charged amino acids present in framework 3.
There is an increase in the number of charged amino acids and hydrophobicity in
framework 1 and a small reduction of hydrophobicity in framework 2. This is in
some contrast to the VHH domains of camelids, such as llama, where a comparable
analysis reveals features common with the human VH domain in the absence of light
chain, but also differences. In camelids, such as the llama, there is significant
reduction in the net hydrophobicity with framework 2, consistent with the increased
hydrophilicity introduced by the hallmark amino acid substitutions at the former light
chain interface, and increased net charge within CDR3.

Thus, following antigen challenge, B-cells compensate for the absence of light
chain, even when necessary amino acid substitutions are absent from the germ-line, as
found in camelids, such as llamas and related species.

In the absence of germ-line sequences which compensate for the absence of

light chain, different solutions are found in vivo , all leading to the production of high

’ affinity, stable soluble heavy chain-only antibodies and soluble VH domains in the

absence of light chain.

These observations are consistent with a major role for the antigen-binding
regions (CDRs) in the stabilisation of the VH domain in addition to antigen-binding.
This is complemented by‘ subsequent rare or novel amino acid substitutions within the
framework, particularly within the B-pleated sheet at the former light chain interface.
In soluble VH domains of non-camelid origin derived in vivo by transgenesis, the
hallmark camelid amino acid substitutions central to VHH solubility and stability are
absent.

Non-camelid antigen-specific heavy chain-only antibodies comprising these
features are soluble and do not aggregate under normal physiological conditions.

Moreover, solible VH domains isolated from these antibodies retain the favourable
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features of VH domain stability and solubility. These heavy chain-only antibodies
and soluble VH domains derived from them evolve by natural selection mechanisms
in a B-cell specific manner following antigen challenge. High affinity antibodies (10
nm or better) derived from the same VDIJ rearrangement generally comprise more
framework substitutions than those observed in heavy chain-only antibodies of lower
affinity.

Thus, the antigen-binding domains (CDRs) and the B-pleated framework
contribute to overall stability, solubility and binding affinity of these heavy chain-only
antibodies devoid of light chain or the soluble VH domains derived therefrom.

Sequence analysis of stable, high affinity antigen-specific soluble VH binding
domains identifies that:

selection and affinity maturation within the antigen-binding regions (CDRs) is
consistent with overall increased hydrophobicity and charge, leading to specificity
and affinity of antigen binding and structural stability;

mutations present in frameworks 2 and 3 around the former light chain
interface are consistent with improved VH domain solubility and stabilisation and
consequently improved antigen-binding affinity;

mutations within frameworks 1 and 3 are consistent with compensatory
structural mutations which enhance the overall stability of the VH domain.

Thus, in the absence of antibody light chain, a mammalian B-cell can
compensate by affinity maturation and selection for the inherent instability and
insolubility of the heavy chain VH binding domain whilst maintaining antigen-
binding affinity.

Our analysis shows that natural mechanisms appear to act independently of the
V gene segment used. Thus, mass sequencing of human VH domains generated in the
human V4 transgenic mouse spleen in the absence of light chain allows a comparative
analysis of mutation frequency. The greatest mutational load is observed within
CDRI1 and CDR2. However, hotspots of mutational load can be discerned within
framework 1, framework 2 and broadly across framework 3. The overall pattern
which emerges does not appear to be peculiar to the specific V gene segment used
since, in this series of experiments, high affinity antibodies have been obtained using
V3-23, V3-11 and V1-46 with similar patterns of mutational load emerging.

Similarly, in CDR3, J4 predominates but is not used exclusively.
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It would appear that B-cell affinity maturation mechanisms have multiple roles
in the processing and secretion of soluble VH domains in the absence of light chain.
Hypermutation within the CDRs primarily reflects antigen-binding affinity, but would
appear also to play a role in structural stability. Hypermutation within the framework
regions compensates for the absence of light chain, but also appears to enhance
stability and hence solubility of the VH domain and, through this, also maximises
antigen-binding affinity. We would presume that solubility and stability of heavy
chain-only antibodies lacking light chain is a requirement for efficient intracellular
trafficking to the cell surface, presentation and subsequent B-cell expansion.

Favourable framework mutations may also be built into new germ-line heavy
chain-only antibody loci comprising engineered human V segments each comprising
preferred amino acid substitutions.

Similarly, preferred amino acid substitutions maybe engineered into J and D
gene segments to further enhance the solubility and stability of VH domains following
VDI rearrangement.

Thus, there are provided high affinity, soluble, human heavy chain-only
antibodies which lack hallmark camelid-related amino acid substitutions and which
show increased hydrophobicity within CDR1 and increased charged amino acids
within CDR3, relative to VH domains found in normal tetrameric human antibodies.
High affinity, soluble, human heavy chain-only antibodies also comprise one or more
amino acid substitutions within the framework B-pleated sheet, leading to increased
overall hydrophobicity in framework 1, decreased hydrophobicity in framework 3 and
an increase in charged amino acids present in framework 3 relative to normal
tetrameric human antibodies.

The approach allows for the natural selection of novel heavy chain-only
antibodies. The soluble VH domains derived from such antibodies comprise
mutations which are rare or absent from those observed in natural tetrameric
antibodies where VH solubility is dependent on interaction with the VL. domain of
immunoglobulin kappa or lambda light chains. In the absence of light chain, the
amino acid substitutions observed confer preferred biophysical attributes to resultant

antigen-specific heavy chain-only antibodies and soluble VH domains. In particular,

‘heavy chain-only antibodies and soluble VI domains derived by this method lack the

tendency of natural VH domains derived from germ-line arrays or natural tetrameric

antibodies to be “sticky”, relatively insoluble and prone to aggregation. These heavy
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chain-only antibodies and soluble VH domains of the invention are of high affinity
(10 nM or better), are soluble in the absence of aggregation and are particularly suited
to use as medicaments.

Superimposing the amino acid substitutions found in high affinity human
soluble VH antigen-binding domains on the known 3D structure of the human VH
domain present in a normal tetrameric antibody provides insight into the position and
functional effect of defined amino acid substitutions. For example:

Framework 1 substitutions were observed from amino acids 13 to 15, with a
prevalence for position 13, leading to an overall increase in hydrophobicity. Changes
at position 13 are located in a small loop leading to localised increased hydrophilicity;

Framework 2 substitutions can occur within the B-pleated sheet at the former
light chain interface, focused around positions 35 and 50; and

Framework 3 substitutions appear prevalent at the framework/CDR interfaces,
for example at the end of CDR2 (positions 56 and 57) and at the beginning of CDR3
(position 93).

The invention optionally provides for preferred novel framework amino acid
insertions or substitutions engineered into natural V gene segments for use in
optimised transgenic heavy chain-only antibody loci for the derivation of high
affinity, heavy chain-only antibodies and VH domains with preferred biophysical
characteristics, including solubility in the absence of aggregation.

Thus, selected soluble human VH domains with preferred biophysical
characteristics, such as solubility in the absence of aggregation, are provided. These
provide a source of natural heavy chain framework regions which, when combined
with one or more CDRs, provides for the further generation of libraries of VH binding
proteins, a source for novel antigen-binding proteins (see US patent applications No
11/102,502 and 11/745,644).

The present inventors have also surprisingly shown that transgene-encoded
heavy chain-only antibodies are also expressed by murine long-lived plasma cells or
memory B-cells, purified from the secondary lymph glands, bone marrow and spleen
of antigen-challenged transgenic animals comprising heavy chain-only gene loci.
Furthermore, more highly efficient methods have been developed which negate the
need for hybridomas or classic display approaches for the recovery of antigen-specific

heavy chain-only antibodies or solubleVH domains.
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Advantageously cloned cDNA encoding heavy chain-only antibody or soluble
VH domains derived from purified plasma cell or memory cell populations of antigen-
challenged transgenic animals may be expressed in any cell-line of choice capable of
expressing, accumulating, secreting or presenting a VH domain fusion protein or
heavy chain-only antibody on the cell surface. The preferred choices are microbial
cell-lines or mammalian cell-lines suited to the manufacture of clinical grade material.

Thus according to the second aspect of the invention the heavy chain-only
antibodies and soluble VH domains of the first aspect of the invention are derived
from host memory B-cells or long-lived plasma cells.

The second aspect of the invention provides a method of producing a heavy
chain-only antibody which binds specifically to an antigen comprising:

(a) immunising a non-human transgenic mammal with the antigen,
wherein the mammal expresses heavy chain-only antibodies which lack CH1
functionality in the transcribed and processed heavy chain mRINA;

(b)  isolating long-lived plasma cells or memory B-cells from the
immunised mammal;

(c)  isolating an mRNA population from cells derived from step (b);

(d1) cloning a cDNA population derived from the mRNA isolated in step
(c) into an expression vector and expressing the cDNA in a cell-line of choice;

(el) selecting at least one cell-line which produces a heavy chain-only
antibody which binds specifically to the antigen;

or

(d2) cloning a cDNA population comprising VH domains derived from the
mRNA isolated in step (c) into expression vector of choice such that a VH fusion
protein, which may comprise a heavy chain effector region, is expressed in a cell-line
of choice;

(e2) selecting at least one cell-line which produces a VH fusion protein
which binds specifically to the antigen.

The cell-line of choice is preferably of mammalian origin but maybe derived
from yeast or any organism able to accumulate or secrete heavy chain-only antibodies
and VH domain fusion proteins, or present said heavy chain-only antibodies and VH

domain fusion proteins on the cell surface.
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The method is suited for the isolation of heavy chain-only antibodies, whether
produced naturally in the host organism, such as llama, or as a result of an expressed
transgenic locus in a non-human host organism.

Preferably, the mammalian cell-line of choice is suited to the production of
clinical grade material, e.g. CHO cells.

The method is simple, highly efficient, and well suited to automation, since
heavy chain-only antibodies are homodimers, not complex tetramers. There is no
need to search for the cognate light chain, a problem which has added greatly to the
complexity of deriving antigen-specific tetrameric antibodies from memory cell and
plasma cell populations (see Meijer et al. (2009) Therapeutic Antibodies: Methods
and Protocols, 525, 261-277).

B-cell populations enriched in long-lived plasma cells or memory cells may be
isolated from the host organism by a number of techniques well established in the art.
The preferred host organism is a mouse. In the mouse, B-cell populations are well
characterised and cell surface markers can be used to differentiate between different
sub-populations. For example, mouse plasma cells express CD138 (Syndecan-1) on
the cell surface. CD138 expression on cells of the B-cell lineage correlates with
developmental stage, location and adhesion (see Sanderson et al. (1989) Cell
Regulation, 1, 27~35; Kim et al (1994) Mol. Biol. Cell., 5, 797-805). CD 138" plasma
cells are found predominantly in spleen, lymph nodes and bone marrow. Plasma cells
may be further distinguished from murine naive B-cells, memory B-cells and non-B-
cell populations in that they are CD138+, CD45R (B220) low/ negative and CD19
low/negative.

The availability of antibodies recognising cell surface markers permits the
separation of plasma cells from other B-cell populations by fluorescence activated cell
sorting, or well established cell separation technologies widely available in kits based,
for example, on magnetic, column or centrifugation separation procedures using
antibodies conjugated to a solid substrate which allows the binding of one cell
population from another. Thus, for example magnetic beads comprising anti CD45R
(sometime known as B220) will eliminate most non-plasma cells from a mixed B-cell
population. A subsequent incubation with magnetic beads comprising anti-CD138
will capture a highly enriched plasma cell population (see magnetic sorting kit for
mouse CD138+ plasma cell isolation from Milienyi Biotec). Other cell surface

markers can also be used to isolate these cells (e.g. Anderson et al. (2007) J. Exp.
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Med., 204, 2103-14). Also, the starting cell population could be derived from lymph
nodes and/ or Peyer’s patches.

Where cocktails of antibodies which differentiate between given host B-cell
lineages are not available, then a combination of B-cell isolation from bone marrow
and lymph nodes, followed by B-cell purification using an antibody against a pan B~
cell surface marker, will also provide a highly enriched plasma cell population.

This is particularly relevant to species such as cow, rabbit, sheep etc and even
human, where cell surface markers such as CD138 may not be available. Markers are
available to select for particular B-cell populations of other species (e.g.
http://www.miltenyibiotec.com/en/PG 91_625_CD138_Plasma_Cell Isolation_Kit.a
spx; Klein et al, Human immunoglobulin (Ig)M+IgD+ peripheral blood B-cells
expressing the CD27 cell surface antigen carry somatically mutated variable region
genes: CD27 as a general marker for somatically mutated (memory) B cells, (1998) J.
Exp. Med., 188, (9), 1679-89; Denham et al., Monoclonal antibodies putatively
identifying porcine B cells, (1998) Vet Immunol Immunopathol. 30;60(3-4):317-28;
Boersma et al.,, Summary of workshop findings for porcine B-cell markers, (2001)
Vet. Immunol Immunopathol., 80, (1-2), 63-78; Naessens, Surface Ig on B
lymophocytes from cattle and sheep, (1991) Int. Immunol., 9, (3), 349-54; Sehgal et al.,
Distinct clonal Ig diversification patterns in young appendix compared to antigen-
specific splenic clones, (2002) J. Immunol., 168, (11), 5424-33).

Following mRNA isolation from isolated plasma or memory cell populations,
c¢DNA (representing either the HCAb or VH domains alone) is cloned into the
expression vector of choice, and the vector transfected into a target cell population for
the expression of heavy chain-only antibodies or VH fusion proteins. Cells
expressing antigen-specific heavy chain-only antibodies can be selected, for example
by standard Elisa in a 96 well format, or in a microarray format or using fluorescence
activated cell sorting (FACS) for the derivation of cell-lines.

Preferably in order to maximise the efficiency of the process, the expression
vector is first transfected into bacteria and the colonies containing the cloned cDNA
in the expression vector are picked into a 96 well (or other high throughput
automatable) format, grown up in the 96 well format and the DNA isolated in the
same format. The plasmid DNA is subsequently transfected in the same format into
the expression cells (e.g. HEK cells or yeast etc) and the transformants grown up in

the same 96 well format. The supernatant of the cells is subsequently tested in the
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same format (or another, preferably higher density, format such as a microarray, using
less antigen) for antigen binding. The antigen-positive HCAb-expressing cells can
then be further expanded and the positive cDNAs are immediately available from the
original 96 well format in which the DNA was prepared for further characterisation,
such as sequence analysis, or the relevant VH domain can be immediately cloned onto
a different backbone, e.g. a different constant region from the same species or a
different species. The DNA can also immediately be transfected into other cells types
to establish other cell lines.

Cell-lines expressing high affinity antibodies may then be expanded, cell
banks established, and used as a source of target heavy chain-only antibody for
research purposes or potentially pre-clinical or clinical studies. Thus, the method
further includes the step of maintaining a selected cell line which produces a heavy
chain-only antibody or VH fusion protein which binds specifically to the target
antigen.

This direct cloning method would also be advantageous for normal transgene
derived tetrameric antibodies where single CD138" cells are used per well. The
(abundant) mRNA coding for the heavy and light chains would be PCR amplified
separately using chain-specific primers and each then cloned into the expression
vector. Co-transfection of the two would results in the expression of a tetrameric
antibody that could be identified in the same way as described for the heavy chain-
only antibody.

The expression vectors of choice will be familiar to those skilled in the art and
will be designed to drive efficient heavy chain-only antibody or VH fusion protein
expression in the cell type of choice. Where secretion is contemplated, the vector will
incorporate a signal peptide at the amino terminus. Where cell surface expression is
contemplated, then there will also be a hydrophobic peptide sequence at the carboxyl
terminus. Preferably, but not essentially, such amino and carboxyl peptides may be
derived from mammalian heavy chain immunoglobulins. Vectors will be designed in
cassette format such that soluble VH domains cloned from antigen-specific heavy
chain-only antibodies may be produced as fusion proteins. The resultant fusion
protein may be a heavy chain-only antibody, and will comprise a soluble VH domain
and the heavy chain effector domain of choice. If the soluble VH domain and the
chosen effector domain are of human origin, then the resuiting fusion protein will be a

human heavy chain-only antibody of the class (and sub-type) specified by the choice
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of effector region (e.g. IgM, IgG, IgA, IgE or IgD). In any heavy chain-only
antibody, the soluble VH domain and the constant effector regions will be linked by a
hinge region. Preferably, but not essentially, this will be a natural heavy chain
immunoglobulin hinge region derived from the appropriate class or subtype.

The advantage of the above method over other methods, such as phage display
or hybridomas using materials derived from total spleen, is that the method selects for
the high affinity heavy chain-only antibodies (10 nmol or better) produced in plasma
or memory cells following as yet unknown in vivo selection processes. Such B-cell
populations yield heavy chain-only antibodies (HCAbs) that are soluble and do not
accumulate in intracellular compartments (such accumulation would otherwise lead to
apoptosis). Such HCAbs can be expressed efficiently using standard expression
systems, in particular in established mammalian cell-lines such as HEK or CHO.
Transfected cells may then be arrayed using established technology, typically
automatable microwell format (e.g. 96 wells). Those cells expressing high affinity
HCAD antigen binders, or alternatively cells expressing HCAbs which bind antigen in
a defined range of affinities, can then be selected for further analysis. Alternatively,
high affinity binders can be selected by FACS analysis. The use of memory cells or
plasma cells derived from one or more antigen-challenged transgenic non-human
animals, for example a mouse, which express antigen-specific HCAbs as a source of
HCAb mRNA provides an extraordinarily efficient route for HCAb selection,
allowing the selection of potentially millions of HCAb-producing cells for subsequent
analysis. Selected cells expressing high affinity HCAb antigen binders can then be
expanded in culture, providing a source of HCAb-producing cells in the absence of
additional cloning steps.

Optionally, the isolated long-lived plasma cells or memory B-cells may be
immortalised prior to mRNA isolation and cloning of antigen-specific heavy chain-
only antibodies or VH domains.

The present invention also provides a transgenic non-human mammal which
has a transgenjc heavy chain locus or heavy chain-only locus (lacking CHI
functionality) which includes a dominant selective marker gene. The inclusion of
more than one selective markers is also contemplated, each marker being linked to a
different locus or group of loci, permitting the preferential selection of hybridomas
expressing one as opposed to another locus or group of loci capable of expressing

heavy chain-only antibodies.
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The use of multiple selective markers on different loci relies on the discovery
that, where a transgenic non-human mammal possesses multiple heavy chain-only
loci, these loci are subject to allelic exclusion (PCT/IB2007/001491). Therefore,
following antigen challenge, only one locus is stochastically chosen and recombined
successfully, resulting in the production of a heavy chain-only antibody. Multiple VH
heavy chain-only loci can, therefore, be used in the same transgenic non-human
mammal to maximise the antibody reperfoire and diversity obtainable from the
mammal. When antigenically challenged, the transgenic non-human mammal will
carry out random recombinations in one locus after another, not preferring any given
locus, until one of the recombinations is “productive®, i.e. resulting in the generation
of an antibody. Further recombination is stopped, thereby “excluding” other alleles
(loci). The cells that produce high affinity antibody will be preferentially expanded.

Typically, the dominant selective marker genes will be of prokaryotic origin
and will be selected from a group which either confers resistance to toxic drugs, such
as puromycin, hygromycin and G418, or comprises genes which obviate certain
nutritional requirements such that their expression converts a toxic substance into an
essential amino acid, for example the conversion of indole to tryptophan or the
conversion of histidinol to histidine. A necessary requirement is that, if a dominant
selective marker is used, it is co-expressed with the desired heavy chain-only
immunoglobulin allele, so ensuring B-cell expression and integration site-independent
expression of a transgenic locus. Alternatively, the drug resistance gene maybe
inserted into an endogenous or exogenous (transgenic) immunoglobulin locus using
homologous recombination in combination with ES cells or nuclear transfer
approaches.

Accordingly, there is provided a method for the production of a monoclonal
antibody requiring the selection of a hybridoma or transformed B-cell-line preferably
derived from memory or plasma cells expressing a defined immunoglobulin heavy
chain-only locus, comprising one of multiple heavy chain-only gene loci present in
the non-human transgenic mamimal, said locus comprising a co-expressed dominant
selective marker gene inserted within said locus.

Preferably, the locus is a heavy chain-only locus comprising a dominant
selective marker gene, which locus expresses a heavy chain-only antibody.
Preferably, the heavy chain-only antibody is produced from an endogendus heavy

chain-only locus engineered to lack CH1 functionality, or an introduced heavy chain
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transgene lacking CH1 functionality, optionally in the absence of immunoglobulin
light chain gene expression. Said locus may also comprise a dominant selective
marker and a heavy chain locus in the absence of light chain loci, said heavy chain
gene, when expressed, spontaneously giving rise to an mRNA transcript which lacks
CH1 functionality, resulting in heavy chain-only antibody expression in a B-cell
dependent manper.

According to the third aspect of the invention, where hybridoma or B-cell
transformation approaches are contemplated for the immortalisation of plasma or
memory cells, then the inclusion of a functional dominant selective marker gene in
each heavy chain locus permits the subsequent selection and stable maintenance of
hybridoma or transformed B-cell-lines expressing a locus of interest following antigen
challenge, whilst losing all the hybridoma cells or transfomed B-cells not expressing
that locus of interest. For the purpose of the invention, any dominant selective marker
gene can be used, provided that expression of the gene confers a selective benefit to
hybridomas in the presence of a selective, for instance toxic, challenge ( see Vara et
al. (1986) NAR, 14, 4617-4624; Santerre et al. (1984) Gene, 30, 147-156; Colbere-
Garapin et al. (1981) 150, 1-14; Hartmann and Mulligan (1988) PNAS, 85, 8047-
8051).

The Heterologous Heavy chain-only Locus

In the context of the present invention, the term ‘heterologous’ means a
nucleotide sequence or a locus as herein described not endogenous to the mammal in
which it is located or an endogenous locus which has been modified by the
replacement or removal of endogenous sequences.

A “ heavy chain-only locus” in the context of the present invention relates to a
locus encoding a VH domain comprising one or more V gene segments, one or more
D gene segments and one or more J gene segments, operationally linked to one or
more heavy chain effector regions (each lacking CH1 domain functionality).

V gene segment complexity may be increased by increasing the number of V
gene segments present in the locus or by using different loci, each comprising
different V gene segments.

Preferably, the heavy chain-only locus comprises from five to twenty different
V gene segments derived from any vertebrate species.

Preferably, the V gene segments are of human origin, optionally selected or

engineered for improved solubility.

o
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Preferably, the heavy chain-only locus comprises from two to forty (2, 3, 4, 5,
6,7,8,9,10, 12, 14, 16, 18, 20, 30 or 40) or more D gene segments. The D gene
segments may be derived from any vertebrate species but, most preferably, the D gene
segments are human D gene segments (normally 25 functional D gene segments).

Preferably, the heavy chain-only locus comprises from two to twenty (2, 3, 4,
5,6,7,8,9, 10,12, 14, 16, 18 or 20) or more J gene segments. The J gene segments
may be derived from any vertebrate species but, most preferably, the J gene segments
are human J gene segments (normally 6 J gene segments).

Preferably, the heavy chain-only locus comprises two or more V gene
segments, twenty-five functional human D gene segments and 6 human J gene
segments.

The term ‘V gene segment’ encompasses a naturally occurring V gene
segment derived from a vertebrate, including camelids and human, which have
optionally been selected, mutated or engineered for improved characteristics, such as
solubility. V gene segments are also found in other vertebrate species such as shark
(see Kokubu et al. (1988) EMBO J., 7, 3413-3422) or have evolved to provide diverse
VH-like families of binding proteins exemplified, for example, in the evolution of the
antibody light chain VL repertoire or the T-cell receptor VH repertoire.

The V gene segment must be capable of recombining with a D gene segment,
a J gene segment and a heavy chain constant (effector) region (which may comprise
several exons but excludes a CH1 exon) according to the present invention to generate
a heavy chain-only antibody when the nucleic acid is expressed.

AV gene segment according to the present invention also includes within its
scope any gene sequence encoding a homologue, derivative or protein fragment which
is capable of recombining with a D gene segment, a J gene segment and a heavy chain
constant effector region (comprising one or more exons but not a functional CH1
exon) according to the present invention to generate a heavy chain-only antibody'as
defined herein. The heavy chain constant effector region may comprise a CHI
domain under circumstances where an immunoglobulin heavy chain locus is
expressed in a host animal background devoid of immunoglobulin light chain gene
expression.

Thus, VH coding sequences may be derived from a naturally occurring source
or they may be engineered or synthesised using methods familiar to those skilled in

the art.
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A “soluble VH domain” in the context of the present invention refers to an
expression product of a V gene segment when recombined with a D gene segment and
a J gene segment as defined above. Following natural selection and affinity
maturation of the parent HCAD, the soluble VH domain as used herein following
expression and isolation remains in solution in the absence of aggregation and is
active in a physiological medium without the need for any other factor to maintain
solubility. The soluble VH domain alone can also be engineered with diverse protein
domains to produce fusion proteins for targeted therapeutic and diagnostic purposes,
for example with toxins, enzymes and imaging agents, or with blood proteins such as
albumin to manipulate soluble VH domain pharmacokinetics and tissue distribution iz
vivo (see US 5,843,440 and Smith et al. (2001) Bioconjugate Chem., 12, 750-756).

In the context of the present invention, the terms 'a D gene segment' and 'a J
gene segment' include naturally-occurring sequences of D and J gene segments.
Preferably, the D and J gene segments are derived from the same vertebrate from
which the V gene segment is derived. For example, if a V gene segment is derived
from a human and then solubilised or engineered, the D and J gene segments are
preferably also derived from a human. Alternatively, the V gene segments may be
derived, for example, from rat or mouse and the D and J gene segments from camel or
human.

The terms D gene segment and J gene segment also include within their scope
derivatives, homologues and fragments thercof as long as the resultant segment can
recombine with the remaining components of a heavy chain antibody locus as herein
described to generate a heavy chain-only antibody as herein described. D and J gene
segments may be derived from naturally-occurring sources or they may be
synthesised using methods familiar to those skilled in the art and described herein. D
and J gene segments may incorporate defined additional amino acid residues or
defined amino acid substitutions or deletions with a view to increasing CDR3
diversity.

The V, D and J gene segments are capable of recombination and preferably
undergo somatic mutation.

The V, D and J gene segments are preferably derived from a single vertebrate
species. This may be any vertebrate species but is preferably a human.

Hallmark sequences are four well defined germ-line encoded amino acid

sequence substitutions (VHH tetrad) present in camelid VHH domains but not in
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soluble VH domains. These are all present in the second framework region and
function to reduce the hydrophobicity of the former light chain interface. Glu-44 and
Arg-45 are found in place of the less hydrophilic Gly-44 and Leu-45 present in VH
domains, whilst the hydrophilicity at position 47 is increased by the substitution of
Trp with smaller residues. The fourth change requires the replacement of Val-37 by
Phe or Tyr.

The heavy chain constant region

Operationally, a heavy chain constant region is encoded by a naturally
occurring or engineered gene segment that is capable of recombining with a V gene
segment, a D gene segment and a J gene segment in a B cell. Preferably the heavy
chain constant region is derived from an antibody locus.

Each heavy chain constant region essentially comprises at least one heavy
chain constant region gene, which is expressed without a functional CHI domain so
that generation of heavy chain-only antibody can occur. In the absence of
endogenous immunoglobulin light chain gene expression, then the heavy chain
constant region may comprise CH1 functionality which may be spontaneously deleted
at low frequency during heavy chain gene expression. Each heavy chain constant
region may also comprise one or more additional heavy chain constant region exons,
which are selected from the group consisting of C8, Cyl-4, Cy, Ce and Col-2. The
heavy chain constant region gene segments are selected depending on the preferred
class or mixture of antibody classes required. Optionally, the heterologous heavy
chain locus is Cp- and Cé-deficient.

For instance, the expression of all or part of a heterologous heavy chain Cy
locus devoid of CH1 will produce optionally some or all IgG isotypes, dependent on
the IgG1, 1gG2, IgG3 and IgG4 isotypes present in the heterologous IgG locus.

Alternatively, selected mixtures of antibodies may be obtained. For example,
IgA and IgM may be obtained when the heavy chain constant region comprises a Co
and a Cp gene.

The heavy chain constant region present in the transgenic locus may be of
human origin, but may be the same as or closely related to that of the host mammal so
as to maximise antigen responses in vivo. Thus, for the derivation of heavy chain —
only antibodies or soluble VH domains to be used for therapeutic applications in

bumans, the VDJ genes present in the locus will be derived from human germ-line
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sequences, optionally modified, and the constant regions may be of rodent origin if
the host animal is a rodent for example a mouse. Selected heavy chain-only
antibodies comprising soluble human VH binding domains and rodent constant
effector regions may then be cloned, and the rodent effector regions replaced by
human constant effector regions of choice, or the soluble VH domain used to derived
alternative VH fusion proteins, VH domain antibody complexes and the like.

Where the heavy chain-only antibodies are to be used for veterinary or
alternative purposes, the V, D and J gene segments are preferably derived from the
vertebrate or mammal best suited to the intended purpose. For example, V gene
segments and D and J gene segments may be derived from other mammals (e.g.
mouse, rat, pig, cow, goat, sheep, camel etc) dependent on the intended use, e.g.
veterinaty, industrial, agricultural, diagnostic or reagent applications.

A 'heavy chain constant region exon' ('CH exon’) as herein defined includes
the sequences of naturally occurring vertebrate, but especially mammalian, CH exous.
This varies in a class specific manner. For example, IgG and IgA are naturally devoid
of a CH4 domain. The term 'CH exon' also includes within its scope derivatives,
homologues and fragments thereof in so far as the CH exon is able to form a
functional heavy chain-only antibody as herein defined when it is a component of a
heavy chain constant region.

Mammals

The transgenic mammal used in the methods of the invention is not a human.
The transgenic mammal is preferably a rodent such as a rabbit, guinea pig, rat or
mouse. Mice and rats are especially preferred. Alternative mammals, such as goats,
pigs, catile, sheep, cats, dogs or other animals, may also be employed.

Preferably, transgenic animals comprising heterologous heavy chain-only
antibody loci integrated in the germ-line are generated using established oocyie
injection technology and, where established, ES cell technology, iPS cell technology
or nuclear transfer (cloning) technology. Alternatively, the loci may be introduced
into the above cells or directly into fertilised eggs using zinc finger nucleases (Remy
et al. (2009) Transgenic Res., 2009 Sep 26. [Epub ahead of print], Kandavelou et al.
(2009) Biochem. Biophys. Res. Commun., ;388, (1), 56-61) or recombination enzyme
technology (e.g. Sakurai et al. (2010) Nucleic Acids Res., Jan 13 [Epub ahead of

print] and references therein) such as cre etc.
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Standard homologous recombination in ES cells may also be used to eliminate
CHI1 functionality from endogenous heavy chain genes and to replace elements or
sequences within endogenous V genes segments or D and J gene segments, resulting
in the production of heavy chain-only antibodies from the endogenous heavy chain
loci.

| Advantageously, heterologous heavy chain-only gene loci transgene
expression is enhanced, where antibody heavy loci endogenous to the mammal are
deleted or silenced or have a reduced capacity to produce endogenous antibodies.
‘Where the endogenous host heavy chain loci have been engineered to eliminate CH1
functionality, and VDJ and optionally the constant effector regions replaced by
sequence from other species, preferably human, then the addition of further transgenic
heavy chain loci is unnecessary.

This approach of generating heavy chain-only antibodies and soluble VH
domains as described above maybe of particular use in the generation of soluble
antibodies and antibody complexes free of aggregates for human therapeutic use.
Therefore, in a further aspect, the present invention provides a transgenic mammal
expressing a heterologous heavy chain locus according to the present invention in
response to antigen challenge. »

Antibody-producing cells may be derived from transgenic animals according
to the present invention and used, for example, in the preferred embodiment, for the
recovery of memory cells or long-lived plasma cells, but also for the production of
heavy chain-only antibodies from hybridomas or by array approaches as herein
defined. In addition or alternatively, nucleic acid sequences encoding heavy chain-
only antibodies and /or soluble VH domains may be isolated from B-cells, especially
memory cells or long-lived plasma cells, of transgenic mammals according to the
present invention following antigen challenge and used to produce soluble VH
domain heavy chain-only antibodies, soluble bi-specific/bi~functional VH domain
complexes, or soluble VH domain polyproteins (see WO 99/23221) using
recombinant DNA. techniques which are familiar to those skilled in the art.

Alternatively or in addition, polyclonal antigen-specific heavy chain-only
antibodies may be generated by immunisation of a transgenic animal according to the

present invention.
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Thus, in a further aspect, the present invention provides a method for the
production of high affinity heavy chain-only antibodies by immunising a transgenic
mammal according to the present invention with an antigen.

In a preferred embodiment of this aspect of the invention, the mammal is a
rodent, preferably a mouse or a rat.

Production of heavy chain-only antibodies and seluble VH domain fusion

proteins
Production systems for heavy chain-only antibodies and scluble VH domain

fusion proteins include mammalian cells in culture (e.g. CHO cells), plants (e.g.
maize), iransgenic goats, rabbits, cattle, sheep, chickens and insect larvae suited to
mass rearing technology. Other production systems; including virus infection (e.g.
baculovirus in insect larvae and cell-lines) are alternatives to cell culture and germ-~
line approaches. Other production methods will also be familiar to those skilled in the
art. Where there is a requirement for heavy chain-only IgA or IgM assembly, the co~
expression of a “J chain” maybe beneficial. Suitable methods for the production of
heavy chain-only antibody or soluble VH binding domains alone, or VH binding
domain complexes are known in the art. For example, VH binding domains and VH
binding domain complexes have been produced in bacterial systems and heavy chain~
only homodimers have been produced in hybridomas and transfected mammalian
cells (see Reichmann and Muyldermans, (1999) J. Immunol. Methods, 231, 25-38).

Methods are also well established for the expression of engineered human VH
binding domains derived using phage display technology (Tanha et al. (2001) J. Biol.
Chem., 276, 24774-24789 and references therein).

The present invention also provides a polynucleotide sequence consisting of
the heterologous heavy chain locus, an isolated polynucleotide encoding a heavy
chain-only antibody of the invention and a vector comprising a heterologous heavy
chain locus, or fragment thereof, or isolated polynucleotide enceding a heavy chain-
only antibody according to the present invention. The invention also provides for
polynucleotide sequences encoding soluble VH domains and VH domain fusion
proteins and a vector comprising such sequences.

The present invention also provides a host cell transformed with a
heterologous heavy chain-only locus, or fragment thereof, or isolated polynucleotide
encoding the heavy chain-only antibody, soluble VH domain, or VH domain fusion

protein according to the present invention.
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Uses of the Heavy chain-only antibedies. soluble VH domains. and VH domain

polypeptide complexes and polyproteins of the invention
The soluble high affinity heavy chain-only antibodies, VH domain fusion

proteins, VH domains polypeptide complexes and soluble VH domains of the present
invention are particularly suited to use as both parenteral and non-parenteral
medicines. Within the context of the invention, preferably these are entirély of human
origin, but optionally and less preferentially may comprise V, D or J gene segments
from other species.

The enhanced solubility of heavy chain-only antibodies comprising soluble
VH domains, isolated soluble VH domains and soluble VH domain binding
complexes and polyproteins of the invention are especially suited to use as reagents,
and diagnostics in addition to therapy.

All are suitable for pharmaceutical use in humans, and so the invention
provides a pharmaceutical composition comprising a heavy chain-only antibody
comprising soluble VH domains, isolated soluble VH domains, soluble VH domain
binding complexes or soluble VH domain polyproteins. The invention also provides
the use of a heavy chain-only antibody comprising soluble VH domains, isolated
soluble VH domains, soluble VH domain binding complexes or soluble VH domain
polyproteins of the present invention in the preparation of a medicament for the
prophylaxis and/or treatment of disease.

The pharmaceutical compositions and medicaments will typically be
formulated before administration to patients.

For example, a heavy chain-only antibody comprising soluble VH domains,
isolated soluble VH domains, soluble VH domain binding complexes or soluble VH
domain polyproteins may be mixed with stabilisers, particularly if they are to be
lyophilised. Addition of sugars (e.g. mannitol, sucrose or trehalose) is typical to give
stability during lyophilisation, and a preferred stabiliser is mannitol. Human serum
albumin (preferably recombinant) can also be added as a stabiliser. Mixtures of
sugars can also be used, e.g. sucrose and mannitol, trehalose and mannitol, etc.

Buffer may be added to the composition, e.g. a Tris buffer, a histidine buffer, a
glycine buffer or, preferably,-a phosphate buffer (e.g. containing sodium dihydrogen
phosphate and disodium hydrogen phosphate). Addition of buffer to give a pH
between 7.2 and 7.8 is preferred, and in particular a pH of about 7.5.
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For reconstitution after lyophilisation, sterile water for injection may be used.
It is also possible to reconstitute a lyophilised cake with an aqueous composition
comprising human serum albumin (preferably recombinant).

Generally, the heavy chain-only antibody comprising soluble VH domains,
isolated soluble VH domains, soluble VH domain binding complexes or soluble VH
domain polyproteins will be utilised in purified form together with pharmacelogically
appropriate carriers.

The invention thus provides a method for treating a patient, comprising
administering a pharmaceutical composition of the invention to the patient. The
patient is preferably a human, and may be a child (e.g. a toddler or infant), a teenager
or an adult, but will generally be an adult.

The invention also provides a heavy chain-only antibody comprising soluble
VH domains, isolated soluble VH domains, soluble VH domain binding complexes
and soluble VH domain polyproteins of the invention for use as a medicament.

The invention also provides the use of heavy chain-only antibodies comprising
soluble VH domains, isolated soluble VH domains, soluble VH domain binding
complexes and soluble VH domain polyproteins of the invention in the manufacture
of a medicament for treating a patient.

These uses, methods and medicaments are preferably for the treatment of
diseases or disorders which include but are not limited to: wound healing, cell
proliferative  disorders, including neoplasm, melanoma, Iung, colorectal,
osteosarcoma, rectal, ovarian, sarcoma, cervical, oesophageal, breast, pancreas,
bladder, head and neck and other solid tumours; myeloproliferative disorders, such as
leukemia, non-Hodgkin lymphoma, leukopenia, thrombocytopenia, angiogenesis
disorder, Kaposis' sarcoma; autoimmune/inflammatory disorders, including allergy,
inflammatory bowel disease, arthritis, psoriasis and respiratory tract inflammation,
asthma, immunodisorders and organ transplant rejection; cardiovascular and vascular
disorders, including hypertension, oedema, angina, atherosclerosis, thrombosis,
sepsis, shock, reperfusion injury, and ischemia; neurological disorders including
central nervous system disease, Alzheimer’s disease, brain injury, amyotrophic lateral
sclerosis, and pain; developmental disorders; metabolic disorders including diabetes
mellitus, osteoporosis, and obesity, AIDS and renal disease; infections including viral

infection, bacterial infection, fungal infection and parasitic infection, pathological
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conditions associated with the placenta and other pathological conditions and for use
in immunotherapy.

In a further aspect still, the present invention provides the use of a heavy
chain-only antibody comprising soluble VH domains, isolated soluble VH domains,
soluble VH domain binding complexes or soluble VH domain polyproteins of the
present invention as a diagnostic, prognostic, or therapeutic imaging agent alone or in
combination with suitable effector agents.

The present invention provides the use of a heavy chain-only antibody
comprising soluble VH domains, isolated soluble VH domains, soluble VH domain
binding complexes or soluble VH domain polyproteins as herein described as an
intracellular binding reagent, or an abzyme. Preferred are antigen-specific soluble
VH binding domains, soluble VH domain binding complexes and soluble VH domain
polyproteins.

The present invention also provides the use of an antigen-specific heavy
chain-only antibody or soluble VH binding domain according to the present invention
as an enzyme inhibitor or receptor blocker. Preferred heavy chain-only antibody
fragments are antigen-specific soluble VH binding domains.

The present invention also provides the use of one or more soluble VH
domains fused to an effector molecule for use as a therapeutic, imaging agent,
diagnostic, abzyme or reagent.

The invention is now described, by way of example only, in the following
detailed description which refers to the following figures.

Figures

Figure 1. Two human heavy chain-only immunoglobulin loci one
carrying 4 VH gene segments the other carrying 18 VH gene segments. The loci
comprising 18VH gene segments comprises mouse constant effector regions(-CH1)
cover more than 90% of the VH gene segment usage in normal human teiravalent
antibodies..

Figure 2. Immunisation and isolation protocol for human VH domain by
phage display or human heavy chain-only antibodies by standard hybridoma
technology.

Figure 3. Elisa (top) and western blot (bottom) of the Luk-sPV
immunised serum (V4 compared to wt normal mice) and a western blot of

individually isolated VH domains using gel electrophoresis of the Luk-sPV protein,
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blotting it and detection with the various positive clones from the phage display
screen.

Figure 4. Example of two VH domain sequences after immunisation with
Luks-PV, showing that both IgG2 and IgG3 are produced (class switching) and that
the same VDJ rearrangement results in different mutations.

Figure 5. VH domain sequences derived using the V3-23 gene segment
after immunisation with human CR1, showing that both IgG2 and IgG3 are produced
(class switching) and that the same VDJ rearrangement results in different mutations,
when compared to the germline sequence of the V3-23 segment shown on top. Parts
of the sequences were obtained via hybridomas, the remainder via display libraries.

Figure 6. VH domain sequences derived using the V3-11 gene segment
after immunisation with human CR1, showing that both IgG2 and IgG3 are produced
(class switching) and that the same VDJ rearrangement results in different mutations,
when compared to the germ-line sequence of the V3-11 segment shown on top. Parts
of the sequences were obtained via hybridomas (arrows), the remainder via display
libraries.

Figure 7. Example of gel electrophoresis (left) of VH domains (aCR1)
after purification and expression in the SUMO hybrid protein system (InVitrogen).
The example shows three different length VH domains of the correct molecular
weight. The marker lane is on the left. The middle panel shows the elution profile of
VH domains on a Sephadex 75 Smart system. The panel on the right is the same but
for a complete heavy chain~only IgG on a Sephadex 200. The bottom panel shows the
elution profiles of two other VH domains concentrated to > 4 mg/ml.

Figure 8. A. Light scattering plot and B. Thermal stability of VH
domains. "

Figure 9. Affinity measurements of a number of aCR1 heavy chain-only
antibodies (left) and the binding and dissociation profiles of one of the antibodies on
an Octet system to obtain the binding affinity.

Figure 10.  Solubility of a number of anti CR1 VH domains.

Figure 11.  Massive parallel sequencing to determine preferred mutations.

Figure 12.  Box-plot analysis of the framework 1 (FR1) and CDRI regions
of human heavy chain-only antibodies (HCAb) compared to the same regions from

camel, llama and human heavy chains from normal tetrameric heavy/light chain
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antibodies. Net charge was determined by the Henderson-Hasselbach equation at
pH=7.4; net hydrophobicity was determined by the Cowan-Whittaker index at
pH=7.5. The pumbers below the different antibodies are the number of unique input
sequences.

Figure 13.  Box-plot analysis of the framework 2 (FR2) and CDR2 regions
of human heavy chain-only antibodies (HCAb) compared to the same regions from
camel, llama and human heavy chains from normal tetrameric heavy/light chain
antibodies. Net charge was determined by the Henderson-Hasselbach equation at
pH=7.4; net hydrophobicity was determined by the Cowan—Whittakgr index at
pH=7.5. The numbers below the different antibodies are the number of unique input
sequences.

Figure 14.  Box-plot analysis of the framework 3 (FR3) and CDR3 regions
of human heavy chain-only antibodies (HCAb) compared to the same regions from
camel, llama and human heavy chains from normal tetrameric heavy/light chain
antibodies. Net charge was determined by the Henderson-Hasselbach equation at
pH=7.4; net hydrophobicity was determined by the Cowan-Whittaker index at
pH=7.5. The numbers below the different antibodies are the number of unique input
sequences.

Figure 15. 3D structure of VH domains binding either human CR1 or
staph. A Luk-sPV. The antigen-binding site is in the fop right position and the former
VL interaction domain is facing the reader. The amino acid changes are indicated by
colour in the 3D structure.

Figure 16.  Differences in average hydrophobicity at each position of the
VH domain (except CDR3) indicating a shift towards more hydrophobicity in the
heavy chain-only antibodies, in particular in the N terminus of the VH domain. A
number of hotspots in terms of hydrophobicity differences are apparent at positions
49, 62 and 72 compared with the average human tetrameric VH.

Figure 17.  Immunisation and isolation protocol of human HCAb by
sorting CD138 positive cells and direct expression cloning into HEK cells.

Figure 18.  Vector for mammalian cell expression of HCAb. The vector
has a standard pUC backbone (not shown) with an ampicillin resistance gene and a
mammalian resistance gene (hygromycin). The relevant part contains a standard

CMV enhancer and chicken B-actin promoter (InVitrogen) followed by a Kozak
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ribosome binding site followed by the signal sequence of VH3-23. The back end of
the cassette consists of either an IgG2 or IgG3 constant region starting with the hinge
and CHZ domains. The VH c¢cDNAs are cloned between these two regions after
amplification, with the primers indicated by the arrows.

Figure 19. Example and summary of the direct expression cloning of
HCAD into HEK cells. The top panel on the left shows a standard ELISA io
determine which of the immunised mice were positively responding to the HA antigen
immunisation (the mice in red were used for the HEK cell expression cloning). The
top panel on the right shows two examples of an ELISA carried out on the transfected
HEK cells in the 96 well format.

Figure 20.  Sequence analysis of the ELISA-positive HCAb derived from
the 3-11 VH germline sequence.

Figure 21.  Sequence analysis of the ELISA-positive HCAb derived from
the 3-23 VH germline sequence.

Figure22.  Elution profile of complete heavy chain-only IgGs on
Sephadex 200 Smart columns.

Figure 23.  Affinity measurements of two of the anti-HA HCAb on Octet.

Figure 24.  Amino acids across the VH regions of the anti-HA HCADb in
comparison to those seen in human anti-CR1 HCAb (see above), human tetrameric
and llama HCAb.

Figure25. Immunisation and isolation protocol of human HCAb after
single cell sorting and direct expression cloning into HEK cells.

Figure 26.  Immunisation and isolation protocol of normal tetrameric
human heavy and light chain antibodies after single cell sorting and direct expression
cloning into HEX cells.

Example 1 _ Generation of anti Luk-sF'V antibodies

Immunpisation with the Luks-PV protein from Staph A is carried out in
transgenic mice containing a completely human heavy chain antibody locus as
described in W02006/008548. These mice carry 4 human VH segments, all of the
human heavy chain D regions, all of the human JH regions and the human Cy2 and
Cy3 regions (Figure 1).

The CH1 domains have been deleted from the hwman Cy constant regions to

allow the production of human heavy chain-only antibodies as described (Janssens et

@,
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al (2006) PNAS, 103, 15130-15135). The mice are immunised using standard
protocols and the antibodies are isolated as schematically shown in Figure 2.

The mice are immunised four times by standard protocols and the serum
checked for a positive response by standard ELISA (Figure 3).

After immunisation, the spleen cells are collected and the mRNA reverse
transcribed and amplified into cDNA with VH domain-specific primers by standard
methods (see e.g. Janssens et al (2006) PNAS, 103, 15130-15135). The resulting VH
fragments are cloned into a phage display vector. After 3 rounds of screening and
panning by standard display protocols, the VH domains (VH-D-J) are cloned into a
bacterial expression vector. Positive clones are confirmed by Western blotting and
the cloned DNA is subsequently sequenced by standard methods, resulting in amino
acid sequence definition of the VH domain regions shown in Figure 4.

Alternatively, the antibodies can be obtained by standard hybridoma
technology. The VH domains obtained by phage display technology can be
engineered back onto a heavy chain constant effector region of choice (devoid of CH1
functionality) by standard cloning methods to produce a full heavy chain-only
antibody of choice in terms of the constant region (e.g. Cot rather than Cy). Similarly,
heavy chain-only antibodies obtained by hybridoma technology can be cloned out by
standard cDNA and PCR technology. This allows the isolation of VH domains alone.

Thus, both approaches can be used to derive antigen-specific VH domains or
antigen-specific heavy chain-only antibodies.

Example 2 Generation of anti human CR1 antibodies

Example 2 is very similar to Example 1 except that the immunisation is
carried out with CR! as the antigen, a protein that is normally expressed on the
surface of human red blood cells. The immunisation was also carried out by injection
of murine red blood cells that express human CR1 on their cell surface. The result of
the different immunisations is very similar. Immunisation is carried out in transgenic
mice containing a completely human heavy chain antibody locus as described in WO
2006/008548. These mice carry 4 human VH segments, all of the human heavy chain
D regions all of the JH regions and the human Cy2 and Cy3 regions (Figure 1).

The CH1 regions have been deleted from the human Cy constant regions to

allow the production of human heavy chain-only antibodies as described (Janssens et
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al (2006) PNAS, 103, 15130-15135). The mice are immunised using standard
protocols and the antibodies are isolated as schematically shown in Figure 2.

After immunisation the spleen cells are collected and the mRNA reversed
transcribed and amplified into cDNA with VH domain specific primers by standard
methods (e.g (Janssens et al (2006) PNAS, 103, 15130-15135). The resulting VH
fragments are cloned into a phage display vector. After 3 rounds of screening and
panning by standard display protocols, the VH domains (VH-D-J) are cloned into a
bacterial expression vector. The cloned sequence is subsequently sequenced by
standard methods, resulting in the VH domain region shown in Figures 5 and 6.
Alternatively, the antibodies can be obtained by standard hybridoma technology

, (Figures 5 and 6). The VH domains obtained by phage display technology can be
engineered back onto a constant effector region of choiée (devoid of CHI
functionality) by standard cloning methods to produce a full heavy chain-only
antibody (e.g. Ca rather than Cy). Similarly, the heavy chain-only antibody obtained
by hybridoma technology can be cloned out by standard cDNA and PCR technology
which allows the isolation of its VH domain only. Thus, both approaches can be used
to derive antigen-specific VH domains or antigen-specific heavy chain-only

antibodies.

Example3 Expression of VH domains and heavy chain-only antibodies,
affinity and solubility

The VH domains of Examples 1 and 2 can be expressed in a bacterial
expression system to obtain large quantities of purified VH domains. For example,
the VH domain can be expressed as hybrid protein in bacteria using the SUMO hybrid
expression system (InVitrogen). When purified, these run as a single fragment on
denaturing gel electrophoresis gels (Figure 7). When run on a Smart Sephadex
chromatography system under non-denaturing condition, these VH domains run
predominantly as a single main peak of the correct molecular weight (Figure 7), with
little evidence of soluble aggregates.

Heavy chain-only antibody derived from hybridoma supernatants also run
predominantly as a single main peak, with evidence of a small percentage of antibody
dimer at the leading edge of the peak.

The single peak of the VH domains suggests that they are soluble monomers,

which was confirmed by running scatter plots (Figure 8A), because the peak of light
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scattering coincides with the peak of protein absorption during the run. Finally, when
heated, the VH domains are stable up to 55°C as measured by standard Circular
Dichroism analysis (Figure 8B).

Finally the soluble VH domains and HCAbs were for tested for their binding
affinity using a BiaCore and an Octet system. Affinities obtained were in the low
nanomolar range or better (Figure 9).

A number of the VH domains derived from HCAbs were also concentrated by
vacuum centrifugation and colloidal matter removed by high speed centrifugation.
This yielded solubility numbers which are a minimum estimate because the small
quantities of sample prevented further concentration. All the VH domains tested
showed solubility in excess of 4 mg/mi (Figure 10).

Example4. Mass sequencing to determine the mutation patterns

From an inspection of all the sequences collected from the antibodies binding

Luk-sPV, CR1 and other antigens, it became apparent that the VDJ recombination and
maturation (hypermutation) of soluble human VH domains derived from HCAb
transgenes expressed in murine B-cells was very different from that observed in camel
and llama VHH domains, or human VH domains derived from normal tetrameric
heavy and light chain antibodies. A massive parallel sequencing (Roche 454
sequencing) was therefore carried out to follow the process from recombination to
hypermutation. This was used to verify that the process is indeed different, and to
understand which parameters and part(s) of the antibody are important for the
generation of a high affinity, soluble human heavy chain-only antibody following the
initial choice of a particular VDJ recombination. The results provide an overview of
how the process takes place (Figure 11).

This analysis shows that the mouse is capable of introducing a large variety of
amino acid substitutions across the VH domain of the expressed transgene. The bulk
are at the position of CDR1 and CDR2. However, substitutions are also apparent
within FR1 and FR2 and distributed across FR3. CDR/FR interface regions appeared
as hot spots for substitutions. From this analysis, it is clear that the mutation process,
in terms of positions and the amino-acid substitutions, is very different from that seen
in camelid VHH domains and VH domains present in normal tetrameric human

antibodies.
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Example 5. Comparative analysis of the individual Framework and CDR

regions present in soluble VH domains, VHH domains and VH domains derived
from tetrameric antibodies

All mutations of the soluble human antigen-binding VH domains were
tabulated and the different regions (FR1, CDR1, FR2, CDR2, FR3, CDR3) analysed
in comparison to VHH domains from camelid heavy chain-only antibodies, llama
heavy chain-only antibodies and human VH domains obtained from normal tetrameric
human antibodies.

This comparison comprised 10 known camel VHH domain sequences, 58
known llama VHH domain sequences and more than 4000 known human VH domain
sequences derived from normal tetrameric antibodies, all obtained from the literature
and public antibody databases.

The FR1 region of the soluble human VH domains (Figure 12) shows an
increase in the net charge when compared to camel and llama and an increase in
hydrophobicity when compared to camel, llama and VH domains derived from
normal human tetrameric antibodies, while the number of charged amino acids has
increased.

The CDRI region (Figure 12) has very little change in net charge (some
decrease compared to lama) and an increase in hydrophobicity relative to the
equivalent VH domain from human tetrameric antibodies, llama and camel VHH
domains., The number of charged amino acids shows little significant difference.

The FR2 region of the soluble human VH domain (Figure 13) shows no
difference in the net charge when compared to camel and llama VHH domains and a
substantial increase in hydrophobicity when compared to camel and llama VHH
domains, while the number of charged amino acids has decreased compared to camel
and llama VHH domains. In both aspects, it is similar to human VH domains derived
from tetrameric antibodies. The CDR2 region (Figure 13) has a similar net charge to
llama, which is higher than camel and human tetrameric antibodies, and very similar
hydrophobicity to the others, while the number of charged amino acids is similar to
human VH domains derived from tetrameric antibodies but somewhat lower than the
others.

The FR3 region of the soluble human VH domain (Figure 14) shows an
increase in net charge when compared to human VH domains derived from tetrameric

antibodies and a decrease in hydrophobicity when compared to human VH domains
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derived from tetrameric antibodies, while the number of charged amino acids has
increased compared to human VH domains derived from tetrameric antibodies. In all
aspects, it is similar to camel and llama VHH domains. The CDR3 region of the
soluble human VH domains (Figure 14) have a decreased net charge relative to the
llama and camelid VHH domains and human VH domains derived from tetrameric
antibodies, whilst the number of charged amino acids is increased when compared to
all others. The CDR3 region of soluble human VH domains has a very similar
hydrophobicity to llama VHH, but lower than that observed in VH domains present in
normal human tetrameric antibodies and normal camel tetravalent antibodies.

The results show that, of the initial VDJ recombination, there is selection of
recombination events with a higher number of charged amino acids when compared to
human tetrameric (CDR3) antibodies. This is followed by affinity maturation in the
CDRI1 and CDR2 regions and in all three framework regions (FR1, FR2, FR3). This
results in human heavy chain-only antibodies with soluble VH domains which have
an increase in hydrophobicity in FR1, but a decrease in FR3 when compared to VH
domains derived from human tetrameric antibodies. There is very little difference in
FR2 or the CDR]1 and CDR2 regions. The overall pattern therefore shows that
hydrophobicity is spread differently across the soluble VH domain (shifted towards
FR1 and away from FR3 and CDR3) relative to VH domains derived from tetrameric
antibodies which are less soluble and have a tendency to aggregate. This analysis
does not show whether particular mutations are made in particular positions or regions
of the VH domain (see Example 6), but that there are features relating to charge
distribution and hydrophobicity across the soluble human VH domains which
distinguishes them from llama and camelid VHH domains and human VH domains
derived from tetrameric antibodies.

Example 6. 3D structures

The analysis of Example 4 indicated that the changes in the framework regions
(FR1, FR2, FR3) of the soluble human VH domain after an imitial VDJ rearrangement
were largely focussed on particular positions when placed on the three dimensional
structure of a human VH domain derived from a tetrameric antibody (Figure 15).

In the soluble human VH domain, FR1 mutations were seen from amino acids
13-18, with a prevalence for a change at position 13, resulting in increased

hydrophobicity, even though the number of charged amino acids, but not the net
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charge, is increased. Importantly, the changes around position 13 are located in a
small loop that is increased in hydrophilicity, presumably increasing solubility.

In FR2 of soluble human VH domains, there is a clear focus around position
35 and one around position 50, without an overall change in hydrophobicity when
compared to VH domains derived from human tetrameric antibodies.

The changes in FR3 of the soluble VH domains relative to VH domains
derived from human tetrameric antibodies coincide with the end of the CDR2 region
and the region around the very end of FR3 (immediately next to CDR3).

When these changes observed in soluble human VH domains derived from
HCADs are superimposed on the 3D structure of the VH domain, it is immediately
apparent that the FR2 mutations occur in the B-pleated sheets that normally make up
the interaction surface of VH with the VL domain in tetrameric antibodies. In FRI1,
the changes also result in a more hydrophobic domain. The results suggest that the N-
terminal half of the VH domain has an increased hydrophobicity to increase the
stability/solubility of the VH domain and compensate for the absence of light chain.
In contrast, the C terminal half is less hydrophobic. The most important changes are a
“redistribution” of the hydrophobicity pattern (N terminus more hydrophobic, C
terminus less hydrophobic, Figure 16) and framework mutations that affect the former
light chain mterface.

The overall shift in hydrophobicity and changes in specific motifs carried out
by the mouse immune system allow for the generation of high affinity, soluble heavy
chain-only antibodies and soluble VH domains with structural features which
distinguish them from VH domains prone to aggregation derived from human
tetrameric antibodies.

Example 7. Generation and expression cloning of human anti HA antibodies

The immunisation procedures used in Example 7 are as described in Examples
1 and 2 except that the immunisation is carried out with influenza HA (H3N2) as the
antigen. Immunisation is carried out by injection of the protein into transgenic mice
comprising a completely human heavy chain antibody locus as described in Janssens
et al (2006) PNAS, 103, 15130-15135. These mice carry 4 human VH segments, all
of the human heavy chain D regions, all of the JH regions and the human Cy2 and Cy3

regions (Figure 1).
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The CH1 regions have been deleted from the human Cy constant regions to
allow the production of human heavy chain-only antibodies as described (Janssens et
al (2006) PNAS, 103, 15130-15135). The mice are immunised using standard
protocols and the antibodies are isolated as schematically shown in Figure 17,

After immunisation, the plasma cells are collected and sorted (FACS) for the
presence of the CD138 antigen and the absence of lineage markers by standard
methods (see Sanderson et al (1989) Cell Regulation 1, 27-35; Kim et al (1994)
Mol.Biol. Cell, 5, 797-805 and see magnetic sorting Kit for mouse CD138+ plasma
cell isolation from Miltenyi Biotec). The cells are collected and the mRNA reverse
transcribed and amplified into ¢cDNA with VH domain-specific primers by standard
methods (e.g Janssens et al (2006) PNAS, 103, 15130-15135). The primers used are
on the 5 end and are designed to introduce a Pvull site for cloning purposes (Figure
18). The primers at the 3’end are from the IgG2 or IgG3 CH2 hinge region and are
designed to have a BstEIl site. Where this is not possible, the primer for the IgG3
contains a Sacl site for cloning purposes (Figure 18). The resulting VH fragments are
cloned into two mammalian expression vectors containing a CMV enhancer and a
chicken B-actin promoter followed by a Kozak and signal sequence of VH3-23 ending
at its Pvull site in the VH segment proper. In the first vector (Figure 18), this is
followed by human IgG2 starting at the hinge region (from the BstEII site) of CH2
with CH2, CH3, a stop codon and polyA sequence. In the second vector, all IgG2
sequences are replaced by the equivalent human IgG3 sequences. The latter allows
the cloning of HCAbs that do not contain a BstEIl site using the Sacl site as an
alternative. The remainder of the plasmid has a standard mammalian cell selectable
marker such as a hygromycin resistance cassette in a pUC based plasmid. Obviously,
the human IgG2 or 3 could be replaced by any other CH1-deficient constant region
from human or any other species. Equally obviously, the same is true for the VH part
of the vector. The cDNA is then cloned between the Pvull and BstEII (or the Pvull
and Sac]) sites and the vector transfected in E.coli by standard techniques. Colonies
are picked into 96 (or 384) well microtiter plates containing bacterial growth medium.
The plates (typically >10) are incubated to allow the bacteria to grow and DNA is
prepared in each well. The DNA from each well, ie. each complete plate, is
subsequently added to a new 96 well plate containing mammalian HEX cells (or other

cells for expression purposes) for transformation by standard transfection reagents and
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methods. The transformed cells are grown under selection based on the selection
marker present on the expression plasmid (e.g. hygromycin). The medium containing
the expressed antibody is subsequently analysed for the presence of antigen-specific
HCAD by standard ELISA assays. This can be carried out in the same 96 well format,
but could also be done in other formats e.g. by microarrays, to save on the amount of
antigen to be used. Positive wells immediately identify the plasmids that contain a
human HCAD that codes for an antigen-specific HCAb. Figure 19 shows the ELISA
of the sera from the mice that were immunized and examples of the ELISA of the
transfected HEK cells in the 96 well format. It also summarizes the HA cloning
experiment, less than one millionth of the cDNA was used in the experiment using
960 wells in total. This yielded 28 different antigen-specific antibodies falling in 13
groups by sequence analysis derived from two of the VH regions VH3-11 (Figure 21)
and VH3-23 (Figure 22). Both 1gG2 (SSERKCCVE) and 1gG3 (SSELKTPLG) are
used, the VH regions have undergone hypermutation and, similar to humans, the J4
region is used most frequently, although others are also used. The secreted HCAD are
soluble and are monomers, as determined by their elution profiles on a standard
SMART column (Figure 23). The affinities of the antibodies range form nanomolar
to subnanomolar affinity as determined by standard binding and dissociation profiles
on an Octet (Figure 24) or BiaCore analysis. Analysis of the mutations and
comparison to other immunoglobulin sequences (Figure 25) results in the same
properties of the different regions as shown in figures 11-13.

As described above soluble VH domains can be isolated from soluble HCAb
derived from plasma cells.
Example 8 Generation and expression cloning of human HCAD from single cells

A variant of the scheme described above by cloning directly into HEK cells
would be to sort the CD138+ lineage negative cells and derive the cDNA from single
cells that could be cloned directly into HEK or other mammalian cells (Figure 26).
These would be analysed by very similar methods as described above.
Example 9 Generation and expression cloning of normal human Heavy and
Light chain (tetrameric) antibodies from single cells

A variant of the method shown in example § can also be used to clone
transgene-expressed normal tetrameric antibodies directly by expression cloning into
HEX or other mammalian cells. In the variant, single cells are again isolated by

sorting. The RNA is isolated from single cells and both the VH and VL domains are
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cloned via PCR amplification into a heavy and light chain expression vector
analogous to what is described above. The individual combination of the cloned
heavy and light chain expression plasmids are transfected together into HEK or other
mammalian cells. The formats, the screening and the analysis are entirely analogous
to that described above for the HCAb 96 well format (examples 8 and 9).
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CLAIMS

1. A method for obtaining nucleic acid encoding a heavy-chain only
antibody chain comprising:

a) obtaining long-lived plasma cells or memory B-cells from a fransgenic mammal

including a heavy chain-only locus comprising human VH gene segments, cne or more
human D gene segments, human J gene segments, and at least one mouse constant region
gene segment wherein the human VH gene segments consist of VH1-69, VH4-59,
VH3-53, VH3-49, VH4-34, VH3-48, VH3-33, VH3-30, VH3-23, VH1-18, VH3-15, VH4-39,
VH1-8, VH3-07, VH2-5, VH4-4, VH1-2, and VH6-1, the human D gene segments comprise
at least 20 human D gene segments, the human J gene segments comprise all six human J
gene segments, and the mouse constant region gene segment comprises a Cy lacking
CH?1, which mammal has been challenged with an antigen; and

b) isolating nucleic acid encoding a heavy chain-only antibody chain specific for the

antigen from the long-lived plasma cells or memory B-cells.

2. The method of claim 1, wherein the long-lived plasma cells or
memory B-cells are purified from secondary lymph glands, bone marrow or spleen of the

antigen-challenged, non-human transgenic mammal.

3. The method of claim 1, wherein the long-lived plasma cells or

memory B-cells are purified using cell surface markers on the cells.

4, The method of claim 3, wherein the cell surface marker is the CD138

marker.
5. The method of claim 1, further comprising isolating a
population of mMRNAs from the cells and producing a population of cDNAs encoding heavy

chain-only antibody from said population of mMRNAs.

6. The method of claim 5, further comprising:
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a) cloning the population of ¢cDNAs into an expression vector;

b) optionally purifying sequences cloned into the cDNA expression vector by
transfecting said eXpression vectors into bacteria and selecting colonies comprising said
vectors for amplification;

¢) transforming a cell-line capable of expressing, accumulating, secreting or
presenting a protein encoded by the expression vector with the expression vector; and

d) selecting a cell-line which expresses, accumulates, secretes or presents a heavy

chain-only antibody chain which recognises the antigen.

7. The method of claim 1, further comprising isolating a
population of mRNAs from the cells and producing a population of cDNAs which encode the

VH domains of any antibody produced by the cells from said population of mRNAs.

8. The method of claim 7, further comprising:

a) cloning the population of cDNAs which encode the VH domains of any antibody
produced by the cells into an expression vector;

b) transforming a cell-line capable of expressing, accumulating, secreting or
presenting a protein encoded by the expression vector with the expression vector; and

¢) selecting a cell-line which expresses, accumulates, secretes or presents a VH

domain which recognises the antigen.

9. The method of claim 6 wherein the cell-line is a microbial

cell-line or a mammalian cell-line.

10. A method of producing a heavy chain-only antibody comprising
a soluble VH and which binds specifically to an antigen comprising:

(a) immunising a non-human transgenic mammal comprising a heavy chain-only
antibody locus comprising human VH gene segments, one or more human D gene segments,
human J gene segments, and at least one mouse constant region gene segment wherein the

human VH gene segments consist of VH1-69, VH4-59, VH3-53, VH3-49, VH4-34,
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VH3-48, VH3-33, VH3-30, VH3-23, VH1-18, VH3-15, VH4-39, VH1-8, VH3-07, VH2-5,
VH4-4, VH1-2, and VH6-1, the human D gene segments comprise at least 20 human D gene
segments, the human J gene segments comprise all six human J gene segments, and the
mouse constant region gene segment comprises a Cy lacking CH1, with the antigen, wherein
the mammal expresses heavy chain-only antibodies comprising soluble VHs and which lack
CH1 functionality in the transcribed and processed heavy chain mRNA;

(b} isolating long-lived plasma cells or memory B-cells from the immunised mammal;

(c) isolating an mRNA population from cells derived from step (b);

(d) cloning a cDNA population derived from the mRNA of step (c) into an expression
vector and expressing the cDNA in a cell-line; and

(e) selecting at least one cell-line which produces a heavy chain-only antibody which

binds specifically to the antigen.

11. The method of claim 10, wherein the isolated long-lived

plasma cells or memory B-cells are immortalised prior to mRNA isolation.

12. The method of claim 10 wherein any heavy chain-only

antibody locus includes at least one dominant selective marker gene.

13. The method of claim 10, which includes the step of

immortalising antibody producing cells from the mammal.

14. The method of claim 13, wherein the cells are immortalised by

fusion with a myeloma cell.

15. The method of claim 13, wherein the cells are

immortalised by transformation with a virus.

16. A method of producing a heavy chain-only antibody

comprising a soluble VH and which binds specifically to an antigen comprising:
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(a) immunising a non-human transgenic mammal comprising a heavy chain-only
antibody locus comprising human VH gene segments, one or more human D gene segments,
human J gene segments, and at least one mouse constant region gene segment wherein the
human VH gene segments consist of VH1-69, VH4-59, VH3-53, VH3-49, VH4-34,

VH3-48, VH3-33, VH3-30, VH3-23, VH1-18, VH3-15, VH4-39, VH1-8, VH3-07, VH2-5,
VH4-4, VH1-2, and VH6-1, the human D gene segments comprise at least 20 human D gene
segments, the human J gene segments comprise all six human J gene segments, and the
mouse constant region gene segment comprises a Cy lacking CH1, with the antigen, wherein
the mammal expresses heavy chain-only antibodies comprising soluble VHs and which lack
CH?1 functionality in the transcribed and processed heavy chain mRNA,;

(b) isolating long-lived plasma cells or memory B-cells from the immunised mammal;

(c) isolating an mRNA population from cells derived from step (b);

(d) cloning a cDNA population comprising cDNAs which encode a VH domains
derived from the mRNA of step (¢) into expression vector such that a VH fusion protein,
which may comprise a heavy chain effector region, is expressed in the cell-line; and

(e) selecting at least one cell line which produces a VH fusion protein which binds

specifically to the antigen.

17. The method of claim 16, wherein the isolated long-lived

plasma cells or memory B-cells are immortalised prior to mRNA isolation.

18. The method of claim 16, wherein any heavy chain-only

antibody locus includes at least one dominant selective marker gene.

19. The method of claim 16, which includes the step of

immortalising antibody producing cells from the mammal.

20. The method of claim 19, wherein the cells are immortalised by

fusion with a myeloma cell.
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21. The method of claim 19, wherein the cells are immortalised by

transformation with a virus.

22. A method for obtaining nucleic acid encoding a soluble VH
domain comprising:

a) obtaining long-lived plasma cells or memory B-cells from a transgenic
mammal including a heavy chain-only locus comprising human VH gene segments, one or
more human D gene segments, human J gene segments, and at least one mouse constant
region gene segment wherein the human VH gene segments consist of VH1-69,
VH4-59, VH3-53, VH3-49, VH4-34, VH3-48, VH3-33, VH3-30, VH3-23, VH1-18, VH3-15,
VH4-39, VH1-8, VH3-07, VH2-5, VH4-4, VH1-2, and VH6-1, the human D gene segments
comprise at least 20 human D gene segments, the human J gene segments comprise all six
human J gene segments, and the mouse constant region gene segment comprises a Cy lacking
CH1, which mammal has been challenged with an antigen; and

b) isolating nucleic acid encoding a soluble VH domain specific for the antigen

from the long-lived plasma cells or memory B-cells.

23. The method of claim 22, wherein the long-lived plasma cells
or memory B-celis are purified from the secondary lymph glands, bone marrow or spleen of

the antigen-challenged, non-human transgenic mammal.

24, The method of claim 22, wherein the long-lived plasma cells

or memory B-cells are purified using cell surface markers on the cells.

25. The method of claim 24, wherein the cell surface marker is the
CD138 marker.
26. The method of claim 22, further comprising isolating a

population of mRNAs from the cells and producing a population of cDNAs encoding heavy

chain-only antibody from said population of mRNAs.
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27. The method of claim 26, further comprising:

a) cloning the population of cDNAs into an expression vector;

b) optionally purifying sequences cloned into the cDNA expression vector by
transfecting said expression vectors into bacteria and selecting colonies comprising said
vectors for amplification;

¢) transforming a cell-line capable of expressing, accumulating, secreting or
presenting a protein encoded by the expression vector with the expression vector; and

d) selecting a cell-line which expresses, accumulates, secretes or presents a heavy

chain-only antibody chain which recognises the antigen.

28. The method of claim 22, further comprising isolating a
population of mRNAs from the cells and producing a population of cDNAs which encode the

VH domains of any antibody produced by the cells from said population of mRNAs.

29. The method of claim 28, further comprising:

a) cloning the population of cDNAs which encode the VH domains of any antibody
produced by the cells into an expression vector;

b) transforming a cell-line capable of expressing, accumulating, secreting or
presenting a protein encoded by the expression vector with the expression vector; and

¢) selecting a cell-line which expresses, accumulates, secretes or presents a VH

domain which recognises the antigen.

30. The method of claim 29 wherein the cell-line is a microbial

cell-line or a mammalian cell-line.

31. The method of claim 15 or 21, wherein the virus is EBV.



