1 GENERATI ON OF HEAVY- CHAI N ONLY ANTI BODI ES | N TRANSGENI C ANI MALS

FI ELD OF THE | NVENTI ON The present invention relates to inproved

nmet hods for the manufacture in transgeni c non-human manmal s of a
diverse repertoire of functional, affifity-mtured heavy chain- 5
only anti bodies in response to antigen chall enge and uses thereof.
The invention also relates to the manufacture of a diverse repertoire
of class-specific heavy chain- on anti bodies frommultiple |oci.
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In the following description, all amino acid residue position numbers are given

according to the numbering system devised by Kabat ez al., [1].

15 BACKGROUND TO THE INVENTION

Antibodies

The structure of antibodies is well known in the art. Most natural antibodies are

tetrameric, comiprising two heavy chains and two light chains. The heavy chains are

joined to each other via disulphide bonds between hinge domains located approximately
20 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 more linear polypeptide sequences. For example,

25 the light chain folds into a variable (Vi) and a constant (Cy) domain, Heavy chains have
a single variable domain Vy, a first constant domain (Cyl), a hinge domain and two or

three further constant domains. The heavy chain constant domains and the hinge domain



2 together formwhat is generally known as the constant regi on of an
anti body heavy chain. Interaction of the heavy (VH and Iight (VL)
chain variable domains results in the formation of an antigen binding
region (Fv). Interaction of the heavyZand |ight chains is facilitated
by the CH1 domain of the heavy chain and the Cc or M domain of the
light 5 chain. Generally, both VH and VL are required for antigen

bi ndi ng, al though heavy chain dinmers and am no-term nal fragnents
have been shown to retain activity in the absence of light chain [2].
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Notes Ig Gdi 3T 8d amino-terminal fragments have been shown to retain activity in the absence
of light chain [2].
Within the variable domains of both heavy (Vi) and light (V1) chains, some short
polypeptide segments show exceptional variability. These segments are termed
10 hypervariable regions or complementarity determining regions (CDRs). The intervening
segments are called framework regions (FRs). In each of the Vy and V. domains, there

are three CDRs (CDR1-CDR3).

TIn mammals there are five classes of antibody: IgA, IgD, IgE, IgG and IgM, with four
IgG and two IgA subtypes present in humans.
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Antibody classes differ in their physiological function. For example, IgG plays a

dominant role in a mature immune response. IgM is involved in complement fixing and

agglutination. IgA is the major class of antibody in secretions — tears, saliva, colostrum,
5 mucus — and thus plays a role in local immunity. The effector functions of natural

antibodies are provided by the heavy chain constant region.

IgA can be found in areas containing mucus (e.g. in the gut, in the respiratory tract or in
the urinogenital tract) and prevents the colonization of mucosal areas by pathogens. IgD
functions mainly as an antigen receptor on B cells. IgE binds to allergens and triggers
10 histamine release from mast cells (the underlying mechanism of allergy) and also

provides protection against helminths (worms). IgG (in its four isotypes) provides the
majority of antibody-based immunity against invading pathogens. IgM is expressed on
the surface of B cells and also in a secreted form with very high affinity for eliminating
pathogens in the early stages of B cell mediated immunity (i.e. before there is sufficient

15 IgG to eliminate the pathogens).

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

20 segments. Most of a Vy domain is encoded by a V gene segment, but the C terminal end
of each Vy domain is encoded by a D gene segment and a J gene segment. VDJ
rearrangement in B-cells, followed by affinity maturation, provides each Vy domain
with its antigen binding specificity. Sequence analysis of normal HL, tetramers
demonstrates that diversity results primarily from a combination of VDJ rearrangement

25 and somatic hypermutation [3]. There are over 50 human V gene segments present in

the human genome of which only 39 are functional.
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Fully human antibodies (H,L;) can now be derived from transgenic mice in response to
antigen challenge. Such transgenic mice comprise a single human heavy chain locus and
a separate light chain locus. The comparable mouse heavy and light chain loci are
deleted or suppressed so that only human antibodies are produced in the absence of
mouse antibodies ([4-10]). '

With the advent of new molecular biology techniques, the presence of heavy chain-only
antibody (devoid of light chain) was identified in B-cell proliferative disorders in man
(Heavy Chain Disease) and in murine model systems. Analysis of heavy chain disease
at the molecular level showed that mutations and deletions at the level of the genome
could result in inappropriate expression of the heavy chain Cyl domain, giving rise to
the expression of heavy chain-only antibody lacking the ability to bind light chain
[11,12].

It has been shown that camelids, as a result of natural gene mutations, produce functional
IgG2 and IgG3 heavy chain-only dimers which are unable to bind light chain due to the
absence of the Cy1 domain, which mediates binding to the light chain [13]. A
characterising feature of the camelid heavy chain-only antibody is a particular subset of
camelid Vy domains, which provides improved solubility relative to human and normal
camelid Vy domains. The camelid Vi domains in this particular subset are usually

referred to as Vyy domains.

It has also been shown that species such as shark produce a heavy chain-only-like
binding protein family, probably related to the mammalian T-cell receptor or antibody
light chain [14].

For the production of camelid heavy chain-only antibody, the heavy chain locus in the
camelid germline comprises gene segments encoding some or all of the possible heavy
chain constant regions. During maturation, a re-arranged VyyDJ binding domain is
spliced onto the 5’ end of the gene segment encoding the hinge domain, to provide a re-
arranged gene encoding a heavy chain which lacks a Cyl domain and is therefore unable

to associate with a light chain.
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15 Recently, methods for the production of heavy chain-only antibodies in transgenic non-
human mammals have been developed (see W002/085945 and WO002/085944).
Functional heavy chain-only antibody of potentially any class (IgM, IgG, IgD, IgA or
IgE) and derived from any mammal can be produced from transgenic non-human
mammals (preferably mice) as a result of antigen challenge. These initial studies relied

20 on the use of two llama V gene segments and suffered from a limited repertoire of

antibody response.

Janssens et al. [15] have developed methods for the derivation of heavy chain-only
antibodies in transgenic mice. These heavy chain-only antibodies have high binding
affinity as a result of antibody maturation in B-cells, can be derived as a result of antigen
challenge and selected using established hybridoma technology and can be produced as
any class of antibody in the absence of light chain (e.g. IgG, IgA, IgM) or as Vi binding

domains alone. These heavy chain-only antibodies were derived from an antibody heavy
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chain locus in a germline (i.e. non-rearranged) configuration that contained two llama

Vn (class 3) gene segments coupled to all of the human D and J gene segments and
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25 Recently, high affinity Vy domains have been: selected from randomised human Vy

domains in display libraries or derived from heavy chain-only antibody produced
naturally from antigen challenge of camelids or derived from Vy domain libraries made
from camelids. These high affinity Vi domains have been incorporated into antibody-

based products. These Vi domains, also called Vyy domains, display a number of
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20 and proposed that this “stickiness” can be addressed through the design of Vx domains

with improved solubility properties.

The improvement of Vy solubility has subsequently been addressed using combinations

of randomized and site-directed approaches using phage display. For example, Davies

and Riechmann [17] and others (see W092/01047) incorporated some of the features of
25 Vg domains from camelid heavy chain-only antibodies in combination with phage

display to improve solubility whilst maintaining binding specificity.

Separate studies on isolated human Vy domains derived from phage libraries
demonstrated antigen-specific binding of Vi domains but these Vi domains proved to be

of low solubility. Furthermore, it was suggested that the selection of human Vy domains



15 manufacture and product-specific substances of matter. Such

anti body- based products vary fromconplete tetraneric antibodies

t hrough anti body fragnments to single chain Fv (scFv) nol ecul es.
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classic W%@F&ém‘}eﬂ e ?’Sﬂﬁu@t?rg?ﬁ? gcgtgevleg%?m ap%e'rrn%l?%%ﬁ . They
al so recogntastribtial Cdinetld Vi, dSmbiaotagiieelth samne banyuspitededarewtienh
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"stickiness" can be addressed through the design of VH domains wth
i npr oved kdrdemp tachnglesp dylpreaver, camelid Rdngdomans Sranap CAPERS 899 has

subsequen&b&%@%&ssed usi ng conbi nati ons of random zed and

site-directe es using phage display. For exanple, Davies and

Ri echman ”g[ge];%}gdl%p?n gf Rey cﬂ?ﬁ-@nlwgﬁ&}&ﬂ {rahdg6MaE H&ﬂ-ﬁﬁrﬁiﬁh RRalf (sdhe

features onmal hs fromcanelid heavy chain-only anti bodies
i N combi NWA0BHBEP4handHGH2DBEM4xY as arebutpeiont seothalenge pyergpnpsmany of

mai nt awi {ﬁgset%)ir&q&gg specificity.

However, there remains a need in the art to maximise heavy chain-only antibody

diversity and B-cell response in vivo and, in particular, to generate a functional repertoire

of class specific human heavy chain-only antibodies and functional Vy heavy chain-only



Separate studies on isolated hunman Vii donmins derived from phage
libraries denonstrated antigen-specific binding of VIl donmains but
these VH domai ns proved to be of |ow solubility. Furthernore, it was
suggested that the selection of human9VI | domains 8 with specific
bi ndi ng characteristics di splayed on phage arrays could formthe
bui | di ng bl ocks for engineered antibodies [18]. Human VH domai ns may
be engi neered for inproved solubility characteristics [19, 20] or
solublllty maybe be acquired by natural selection in vivo [21].
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antigenic and require humani zation. The production of

chai n- onl yemrtpirmmﬁ dikersity qbtaipahiefipm thigRemman Wh%ﬁ?&s%m%@é@éﬁaﬁ'enged
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over cones any However, there remains a n ed in
the ar tl15t ovhighis bess smwéaw/yesmwil tn ﬂmpgmﬁwmﬂwu@ﬁpwtg theexghvgiopog
response in vivo,and, in particular, to generate a functional
repertoiré IB?lmélEéocé speci fic human heavy chain-only anti bodi es and
functional V| heav c

s mum s sy RS el gy B BRI Rkl show

i ndust ri alhighsindiegs effinith asgpsile af the transgenic non-human mammal being able to

“choose” from a range of loci, from which V, D and J gene segment rearrangements and

20 somatic mutations can occur, generally in the absence of an enlarged CDR3 loop.
Essentially normal B-cell maturation is observed with high levels of heavy chain-only
antibody present in isolated plasma (provided that the Cyl domain has been eliminated

| from all antibody classes present in the recombinant locus). B-cell maturation and the

secretion of assembled dimers (e.g. IgG) or multimers (e.g. IgM) has no dependency on

[Nl
i

the presence or expression of light chain genes.

Accordingly, in the first aspect of the present invention, there is provided a method for
the production of a Vi heavy chain-only antibody in a transgenic non-human mammal
comprising the step of providing more than one heterologous Vi heavy chain locus in

that mammal, wherein each Vy heavy chain locus comprises one or more V gene



THE | NVENTI ON The present inventors have surprisingly overcone the
limtations of the prior art and 5 shown that the repertoire of

anti body response can be greatly increased by increasing the nunber
of heavy chain-only | oci present in au%ransgenic non- human mamal
used to produce class-specific, heavy chain-only antibodies. The
invention relies on the discovery that, where a transgeni c non- human
manmmal possesses nmultiple heavy chain-only loci, these loci are
subject to allelic exclusion. 10 Therefore, only one locus is
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mamral " sefwitlsdi. t he | ocus conprising the V gene segnment 15 which is
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excl usipnpaferitieedch Vi lekvigcHanclocusHeapyisaivas or mnltipledyh getrodgments,iveg. can
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"choose" 7,08 20, 8are30B3) BEBS, I6; 9MISNIL KO MS, D et V ggmnegmeninpnt
rearrangenents and 20 somatic nmutations ,can occur, generally in the
absence of'high may|bs Agaed AR Ao Esteb R BRT%Sal | y normal B- cel
maturation is observed with high | evels of heavy chai n-only anti body
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| ocus). B-ce mat ur ati on and t he secretion of assenglﬁﬁgglngés (e.g.
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expressi o fo.ll L ] j dntdiateaddSipat of
t he prese%n%sg%déﬁﬁ.olﬁfﬁﬂ%%g?ﬁ@?%ﬁsﬁgggﬂg%%%ﬁggg or .tsLe producti on
of a VH hemype tearme andrymayrid diffesent fiom thoseinsdldhg etherdacihhunan mamal
conprising the step of providing nore than one heterol ogous Vii, heavy
chai n | ocligs thus ehasegerdethmtethe novbyredrmannl npy eoataiymuliple,capiss ¢f a single

conpri 55 %a\(r)yr HIR16cuy, 963 Ras the advantage of optimising the chances that a

productive re-arrangement in a B cell will take place, thus allowing the production of a

useful heavy chain-only antibody.

If the non-human mammal contains a number of different Vi heavy chain loci, this will
further optimise the chances of obtaining a heavy chain-only antibody with a desired

20 specificity.
In another embodiment, each locus comprises multiple V gene segments. In this
embodiment, the V gene segments in any one locus may all be derived from an organism
of the same species, e.g. all V gene segments may be of human origin. Alternatively, the
V gene segments in any one locus may be derived from organisms of different species,

25 e.g some V gene segments from human and others from camelids or from sharks,

Preferably, the V gene segments are of human origin.

The term V gene segment’ encompasses any naturally occurring V gene segment
derived from a vertebrate, including camelids and human. The V gene segment must be

capable of recombining with a D gene segment, a ] gene segment and a gene segment



10 segnents, one or nore D gene segnents, one or nore J gene segnents
and a gene segnent encoding a heavy chain constant region which, when
expressed, does not include a Cul donain and expressing a VIl heavy
chain-only antibody fromat |east ondlof said loci. 5 Preferably each
Vii heavy chain | ocus conprises one or nultiple V gene segnents, e.g.
1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, -

encoding a heavy chain constant (effector) region (which may comprise several exons
but excludes a Cy1 exon) to generate a Vi heavy chain-only antibody when the nucleic

acid is expressed.

AV gene segment also includes within its scope any gene sequence encoding a

5 homologue, derivative or protein fragment which is capable of recombining witha D
gene segment, a J gene segment and a gene segment encoding a heavy chain constant
region (comprising one or more exons but not a Cy1 exon) to generate a heavy chain-
only antibody as defined herein. A V gene segment may for example be derived from a

T-cell receptor locus or an immunoglobulin light chain locus.

10 Preferably the multiple heavy chain loci of the invention comprise any number or
combination of the 39 functional human V gene segments and engineered variants
thereof with improved solubility properties distributed across the multiple loci. These
may be on any number of loci, e.g. four loci comprising eight V gene segments plus one
locus comprising seven V gene segments; seven loci comprising four V gene segments

15 plus one locus comprising three V gene segments; or thirty-nine loci comprising one V

gene segment each.

Human V genes are classified into seven families, V1 to V7, and the individual genes
within each family numbered. The frequency at which each gene is used is dependent on
the varying requirements of the particular immune response. For example, the genes of
20 family Vu3 may be preferentially used in comparison to those of family Vu5 when
responding to bacterial antigens. Therefore, in a further preferred embodiment of the
invention, groups of V gene segments which have been shown to be useful for
generating an antibody response against specific antigens are grouped into separate lines
of transgenic non-human mammals. The V gene segments may be grouped according to
25 family or they may be grouped according to individual function. For example, if the V
genes of family V43 are shown to be useful for generating an immune response against '
bacterial antigens, then these may be used to generate a transgenic non-human mammal
which is particularly useful for generating heavy chain-only antibodies against bacterial
antigens. Alternatively, if it is shown that several individual genes from families Vx3

30 and Vg5 are useful for generating an immune response against bacterial antigens, then



31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 45, 50 or 60 V gene segnents,
whi ch may be derived fromany vertebrate species. In one enbodi nent,
each |l ocus may conprise only one V gene segnent. In one 10
alternative of this enbodi ment, each I gene segnent is different from
all other V gene segnents. In a second alternative, each V gene
segnent is identical to all the other V gene segnents. In this second
alternative, the renmai ning gene segnents in each | ocus nay be the
tsame as or my bﬁ difLerent fromthose in all the other loci. It is
us envi at t /i CApi es
of a si ngtﬁ%g% CIE NSy to%% al n ocus%a@)&aﬁb he a \I?g{r?%g{a?nﬁgap
opti m si nghithi p@h@ﬂlaﬂy ubdsfat foagqrenting heavy ch@n-enly-antjbodiesagainstbapteral |
will take place, thus allow ng the production of a useful heavy
chai n- onl §RU&HE; body. | f the non- human nannal contains a nunber of

different_ VIl heav hai n
In the context Xf tﬁe present ?r?vlehtlon {hse term heterologous means a nucleotide

5 sequence or a locus as herein described which is not endogenous to the mammal in

which it is located.

A “Vy heavy chain locus” in the context of the present invention relates to a minimal
micro-locus encoding a Vi 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
10 more gene segments encoding heavy chain effector regions (each devoid of a Cul
domain). Preferably, the primary source of antibody repertoire variability is the CDR3
region formed by the selection of V, D and J gene segments and by the V-D and D-J

junctions.

The advantage of the present invention is that antibody repertoire and diversity obtained

15 in the rearranged Vy gene sequences can be maximised through the use of multiple Vy
heavy chain loci in the same transgenic non-human mammal. Janssens et al., 2006 [15]
have shown that a transgenic locus as described above behaves like a normal
immunoglobulin locus in terms of rearrangement and allelic exclusion. This opens up
the possibility to have multiple loci in the same animal (on different chromosomes) to

20 maximize the number of possible Vy; recombinations by exploiting allelic exclusion.
Each of the transgenic loci would contain from one to more than forty Vy regions. The
process of allelic exclusion which randomly chooses one of the loci to start
recombination, followed by the next locus if the first recombination was non-productive,
etc. until a productive recombination has been produced from one of the loci, would

25 ensure that actually all the Vy regions present in the combined loci would be part of the

overall recombination process.

Janssens et al.,[15] have also surprisingly found that where multiple heavy chain loci in
the same transgenic non-human mammal are in tandem on the same chromosome then

then productive rearrangement and antibody expression can occur from multiple heavy



further optim se the chances of obtaining a heavy chain-only anti body
with a desired 20 specificity. In another enbodi ment, each | ocus
conprises nultiple V gene segnents. In this enbodi nent, the V gene
segnents in any one |locus may all be lderived froman organi smof the
sanme species, e.g. all V gene segnments may be of human origin
Alternatively, the V gene segnents in any one |ocus nmay be derived
fromorgani sns of different species, 25 e.g. sone V gene segnents
from human and others fromcanelids or fromsharks. Preferably, the V

gene segnents are of, hunman.origin..The term'V ;
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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, then as



12 these may be grouped together and used to generate a transgenic
non- human manmmal which is particularly useful for generating heavy
chai n-only anti bodi es-agai nst bacterial antigens. |In the context of
the present invention, the term  hetddol ogous’' nmeans a nucleotide 5
sequence or a |locus as herein described which is not endogenous to
the manmmal in which it is located. A "Vs heavy chain |ocus"” in the
context of the present invention relates to a mniml mcro-I|ocus
encodi ng a Vu donmi n conprising one or nore V gene segnents, one or

nore D gene segnents and one o e ene segnent opsr.aiiqnal I,y
[T nked { GoaEIaPRgSHT e gRRE LR L) BRE g T R pyr ey Ak PPRIHY,
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|l oci in the sane transgeni ¢ non- human mammal. Janssens et al., 2006
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one of the loci to start reconbination, followed by the next 1Tocus if
the firstThenandl pateisopmunsare prefaiig detiveddiones singlarveitébrate ppasitac Thize

reconbi nati on has been produced, from ne hojf the loci, would 25 ensure
that act uBRY he g1y VergRratgspeiesfub RPTHFRRE A ™M™ he conmbi ned | oci woul d

be part of the _ overall_ recophination proc ._Jansse . 5
havg al soP’?fFFﬂ}lY’\éPﬂ’gYWh?Wﬁ a‘%‘ %FPIS ?‘fslioBFgo 2‘53?,’ Sg%’aﬁr? ’ 7’0%%’ } n

the same j§3nsge FPE,CIS[‘Q(E‘,‘SbWO) SFaRaTeD @ne sdgiehin dheDogenk hegnsabsemay be

chr onosone "g hen’t hen productive rearran%etggpf a}r%(hanti bodégeé(rgressi on
can octur dérivedfinm any yEEebiaig specios hul mostPreigeaplys gy Segnets
subsequenty BiDhi A RofkAS Eoriify PORMGIRARD goddRgmiéhk). ed person wil |

et ha isTs

appreci at . anot her ‘mechani sm for increasing antibody
di versit yPre@éi&ﬁ{:%b&Wﬁ hbdvy et 6dus s £bmidRe td FERRE 205 4, 56,4, 8.
provi ded a nethod as herein described, wherein at |east ,twoqr nore
VH heavy &hd, b2,11dclfs 18 0r 2Meormarnd gensisespeoms. Eher SR% STRBAEI MY
present i gt SRR RefetdBRN tH & kdgrfents are human
rearr angeﬁgﬁ{%ﬁgﬁ)g}q egﬁ’t"ite go(fgéregg%r essf’rgﬁ) E%n oc%r f%)é% two or nore |oci
si mul t ame0gedeysegments (normally 6 (six) J gene segments).
Each Vy heavy chain locus may contain the same D and J gene segments. Alternatively,
each Vi heavy chain locus may contain different combinations of D and J gene
segments. For example, where each Vi heavy chain locus contains only one V gene
segment and this segment is identical in each locus, it is then advantageous to use
75  different combinations of D and J gene segments in each locus to further optimise the
chances of obtaining a productive re-arrangement. However, where each Vi heavy
chain locus contains one or more different V gene segments, it may be advantageous to .

use the same combination of D and J gene segments in each locus.



Preferably, a nunber of heavy chain loci will first be introduced
separately in a transgeni c non-human manmal , generating transgenic
non- human manmal s with a single heavy chain | ocus. These aninmals w ||
then be crossed to generate progeny wih 10 nultiple heavy chain |oci
to maxi m ze the nunber of VH regions, resulting in maxi num diversity.
Loci can al so be added through a new round of transgenesis. New | oci
woul d be injected into eggs derived from non-human mamal s al r eady
conprising one or nore heterologous VH heavy chain |l ocus. Stable
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usi ng a nheavrehain desusis(GH-endChdeligiyntni t hout the need for the VI, and
Le 25 (Ir%ﬂt chai n) antibody loci. In the context of the present

i nvent i onThesheachéfmhsavycipinlosus maqeamnrise a genc sggmeny epeodingFhigest one

i nclud f t

7o R Py bl AR REMERERS ARy 0% HEFTEAL . o

vertebrater IgDnnMotypettﬂrﬁmed?) yhereinsegnemstantgegien dacgdot ificludex &apl e, i f

avVv gene derived u

sol ubi |'i s ) Eﬁ&%ﬁ%‘gﬁ‘éﬁmf‘ {?m @g J(;f%% ré‘u; §g‘3"%§%‘{‘ ééréérgﬁgél{el%cejr ably
al so deri mﬁﬁtahf mgioa hhﬁarﬁllhhh«hrmtargvmsyf dehmn‘éffgauefuaexgzm rare&'equ;dde
derived, r ex ergg froma caneli g D and J ene nts
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al so i nel gt bétistant RRgioh. TEIOMEL Be déVantagéduy @therd Wil @Quiesnean tbr
fragrrents thereof as Ion as theg\r?ﬁsultant s nent an r corrbr ne with

t he renmi BHHEH ércﬁff?é‘i‘?éﬁ{“g 19 ag 1ty OWﬁé’raﬂetﬁﬁ B§§8§/° Y ei n

descri bedaﬁtg,ogeftegeaﬁrgd@e@eavy chai n-only antibody as her ein
described. D and J.” gene segnents nay be derived fromnaturally

OCCUr I' i NIESUHERSA conbfYhBandeonSuit r8gish-sfcbdingi gefle Sophitads) orand i ar
to those skilled |%[the art and d escrr%ed herg}?nga The Vd% and J 10

gene segnissusmay Bavsalilrat osp diftzenispmbination of ensins Fegiomenroding 8o
somatrgo 8@ The D and J gene segnents are preferably derived
froma si nff?ﬁ rtebrate species. This may be any vertebrate species
2 gtrplr ;5 . 2; %r%%ﬁqg’%a‘fhl P’?@han? %&fsﬁﬁﬁ@gﬁén 1@@1@&e¥'ﬁyr&%ﬁ¥aﬂé}'@cﬁrﬂn§%ﬁs 16,
18, 20, 3engmee4@1)geoc semmeet @a@emabb@ﬁmpmblnwl@ y¥rgsne sgment ¢ Dmy be
15 derived froma jbut, nost preferably, the D
gene Segng%rtese%rngn%myg g%és%%rﬁerﬁ@x?gﬁe 11,

human ment's (nor mal Iy 25 functional D

gene segngh éascir heavy chain-only antibody, the constant region is expressed without a Cyl

25 domain so that generation of heavy chain-only antibody can occur. The Cyl exons may
be deleted so that the constant region of the Vi heavy chain-only antibody as described

above does not contain a functional Cyx1 domain,

The inclusion of class-specific heavy chain constant regions when engineering

multivalent binding complexes provides the therapeutic benefits of effector function in



Preferably, each VH heavy chain | ocus conprises fromone to twenty
(2, 3, 4, 5 6, 7, 8 9, 10, 12, 14, 16, 18 or 20) or nore J gene
segnents. The J gene segnents may be derived fromany vertebrate
speci es but, nost preferably, the J déne segnents are human 20 J gene
segnents (normally 6 (six) J gene segnents). Each VH heavy chain

| ocus may contain the sane D and J gene segnents. Alternatively, each
VH heavy chain |locus may contain different conbinations of D and J
gene segnents. For exanple, where each VH heavy chain | ocus contains

only one V gene segnent .and this se t 1S | i [ . S,
Tt Y s netrodfoaeatae ot 3R Gy Epahternd ot kgl SnERS ot
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Cu- angh) GHrad@tdnce,dpM anfibodics ekivwiHo ptanan impaitant rde intheragtivetionef se a
gene segnent encoding at | east one .10 heav hal £ &gl

o Ovi d nGRRRPBBES: S 219 GRO IR e Lo p Sk tiie pRARRY b MR
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one par t i knemarto be diffiguit for ugsip Fapl uRGARSaY Fe AN A EBuE it Certai n
ef f ect Or LELL QNS BEFinRAY ik Riquod! FaroIaR b8 i wostd B ubefol.to setmgt for
conpri se nore thah one gene segnent, each encoding a 15 different

const att thegiaferredmmtisody ¢lassHe. A8™geous if there is no requirenent
for particular effector functions as it will_allow a ar%@hy@f .

cl asses oThdwxawapsiohaf all orpayt of s brisesigeors hepvy shaja e lagus develhef ¢ il may
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C

ent or a e I nation of “constant
r egi on- enp@d ifgygspeeseit is dgretetdlegous IgG locus. Alternatively the heavy chains may

comprise Ce genes. The resulting IgE molecule might also be used in therapy.

20 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.

Preferably, the heavy chain constant region is of human origin, in particular when the
heavy chain-only antibody is to be used for therapeutic applications in humans. Where
the heavy chain-only antibodies are to be used for veterinary purposes, the heavy chain

constant region is preferably derived from the target organism, vertebrate or mammal in

[Se]
i

or on which veterinary therapy is to be performed.

When expressed, each heavy chain constant region lacks a Cyl domain, Preferably, the

Cyl exon is deleted. Optionally, Cp and C3 constant regions may be mutated, deleted or



Qperationally, a heavy chain constant region is encoded by a
naturally occurring or engineered gene segnent that is capable of
reconbining wwth a V gene segnent, a D gene segnent and a J gene
segment in a B cell. In each heavy chtain-only antibody, the constant
region is expressed without a CHL 25 domain so that generation of
heavy chai n-only anti body can occur. The C91 exons may be deleted so
that the constant region of the VH heavy chain-only anti body as
descri bed above does not contain a functional C domain. 16 vivo
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peculiar to camelid antibodies, such as enlarged CDR3 loops. The use of human V, D

and J gene segments will produce human heavy chain-only antibodies lacking the

enlarged CDR3 loop.

25 A “Vy domain” in the context of the présent 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. Preferably, the Vi domain has improved ability to bind antigen as a
result of VDJ recombination and somatic mutation. There is no dependency on the

presence or absence of the enlarged CDR3 loop peculiar to the camelid species. The Vy



substituted. The presence, for exanple, of IgMwth a functional CHL
domain inhibits B-cell maturation_and consequently limts the
producti ve expression of heavy chain-only 1gG (devoid of CH1) within
t he sanme | ocus. A 'heavy chain constadt region exon' (1CH exon') as
herei n defined includes the 5 sequences of naturally occurring
vertebrate, but especially mammualian, CH exons. This varies in a

cl ass specific manner. For exanple, 1gG and IgA are naturally devoid
of a CH4 domain. The term' CH axon' also includes within its scope

derivatives,, hongl oques gnd fragnents thereof. i [ . JiheyCH
exon is élﬂ?‘émtl%er‘m‘c‘) 153?13}%:{1 PHATONeMRSK, of H%?lﬁgogﬁlogg%lﬁ%%%{ as herein
def i ned \gh@RiniwhehSxpreSRIBOPENST dolubldipavy chahponly antitwiigeompleghan. 10
Optional |y, when present, the CH4 or Zt h% functional domains naybe
engi neer dgerplingiaated Ryjremoval of the ek PRLSERSIbr ovi ded such a process
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engi neer ienzymks@sd moaging 4gs0ts. 15 secretory nmechani sns preventing cell
surface assenbly and consequently B-cell maturatiqn. Addjtional
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heavy chain-only. ' i | : ' 6k 38 & i
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anti gelf atechaiques fgl generpteioaVy deintilnaRtogHes sy Rreved SERHH I M her e
i s no depenyeRAXitoR dsB&iRiErRNaRi-ndAlls@Rmgoe! the enlarged CDR3 | oop
peculiar to the canelid species. The VH 18 domain is able to bind
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produce - ion protern or targeted therapeutic and di agnostic

i1 E%Eaby@%g&ié%&rﬁh&rgaﬂ A€ 5% a@@dsihgwmmmyﬁ- _The VH

domai colzﬁ ng sequenices nay be derived froma naturally occurrin

sour ce or injdotyn wehnobezysianeh Sdlisecstablihed, B ealbigehnolagy|or Sloning may

skilled i tgg art. The properties of the Vu domain may be altered or
I

i mproved ecting or engineering
Advantageously, antibody heavy and optionally light chain loci endogenous to the

mammal are deleted or silenced when a heavy chain-only antibody is expressed

25 according to the methods of the invention.

The methods of genetating heavy chain-only antibodies as described in the above aspects
of the invention may be of particular use in the generation of antibodies for human
therapeutic use, as often the administration of antibodies to a species of vertebrate which

is of different origin from the source of the antibodies results in the onset of an immune



10 V, D and/or 3- gene segnents which encode sequences with the
required characteristics. As indicated above, sone of the 39
functional human Vu regions may not be suitable for the production of
heavy chai n-only anti bodi es. Several 19t udi es have been carried out in
the prior art in an attenpt to inprove various anti body

- characteristics [2629]. Wth regard to specific VH region
characteristics, Dolk et al., [30] used phage display 15 techni ques
to generate heavy chain-only anti bodi es showing inproved stability in
t he harsh conditions associ at ed, wi.t h,.ant.-d ralf f
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met hods of the |ovenkl Qflshdaly SBREhald Adehf@ubosdai n-onl y
ant i bodi é;ngESIB%sgr?%edg?enth %lgg(%%ve aésag}écts of theei nvention nmay be
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t herapeuti c us as often th b 0 ' of antibodies to a
speci es &P?‘Fétyg%wa‘f?aﬁﬁ?%dﬁesﬁggg&ﬁeﬁ#géﬁéﬂﬁ%@bri gin fromthe source of
the antibodieg results in the o ngg - £SRREEsagal nst
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locus @s fglidaats s thEFe8F, Q5B katombint DRASgAigueswhich aresfamitiantral

I
may be “engineered to have a reduced capacity to produce antibodies
t hat i nclthdee skillgdtin $leaitns. 10 Anti body- produci ng cells may be derived
fromtransgeni c non-human mammal s as_defi ned, herei n.lgo(r%lg used, for
exanpl e, Ahemitivelyaiaeddiliens apHgeRyPBrGivheYY phAin-PHIY 2pIRS B %t heavy
chai n- onl v a0t dd3el eSS Pandl 1A hubiin 36gichdl 9 defined herin.
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transgeni & .no mgl'fzg@xgz 'a?so%?gviﬂés%étﬁg)@fo? theGRodvictiortloftRsatity bleniney
[ nti I -
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conpl exesoilentimilies byimuunisingaitanssenicorpchumen Aagedd agAeimyd gpeve wi
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i Muni sat hAulRd usiap sglwseblishind metheds keowndD those daliediadhoat.eThese

antibodies are of particularly use in the methods described in PCT/GB2005/00292.

The invention is now described, by way of example only, in the following detailed

25 description which refers to the following figures.

FIGURES -
Figure 1: Schematic representation of the DNA fragments used to generate the

transgenic mice. Two of the llama Vyy exons are linked to the human heavy chain



Accordingly, the invention also provides a nethod for the production
of heavy chain- 20 only antibodi es by immnising a transgenic

non- human manmal as defined above with an antigen. Anti bodi es and
fragnents thereof. may be may be isol &ed, characterised and
manuf act ured using wel | -establi shed nmethods known to those skilled in
the art. These anti bodies are of particularly use in the nethods
descri bed in PCT/ GB2005/ 00292. The invention is now descri bed, by
way of exanple onIy, in the followi ng detailed 25 description whi ch
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Figure 3: Panel A-E: DNA FISH of a five copy human GA locus. Panel A: Stretched

30 chromatin fiber from lung cells of GA linel transgenic mouse carrying five intact copies



Figure 3. Panel A-E: DNA FISH of a five copy human GA | ocus. Panel A:
Stretched 30 chromatin fiber fromlung cells of GA Iinel transgenic
nouse carrying five intact copies 21 (1-5) of the GA | ocus, flanked
by half a | ocus containing the LCR (rdd) and half a | ocus carrying
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Figure 6: Prot G or concavalin purified serumsanples of 6 different
GAlines (A B), 4 15 different MAGA |lines (C) and 2 different MGA
lines (E-G, in the p. MI background run under non-reducing (A and
reduci ng conditions (B-G. The size 2% the transgenic human |gG
(panels B, F) and IgM (panel C, D) is consistent with the CHI

del etion and the absence of |ight chains. Muse |Ic |ight chains were
normal size (G . Human serum was used as a positive control. Panel D:
Superose 6 size fractionation of MAGA serum 20 afterm xing in a human
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24 Figures 10 and 11: Exanples of heavy chain |oci containing
mul ti pl e Vu gene segnents, the entire D region, the entire JH region
the C72, Cy3 and Cx regions and the 3' LCR Figure 12: Shows a
karyogram with one | ocus integrated @ chronosone 1 and one 5 | ocus
on chronosonme 8. EXAMPLES Exanple 1 - A heavy chain-only antibody
locus is fully functional in mce and sensitive to Allelic exclusion
As di scussed above, Janssens et al. [15] have devel oped methods for
the derivation of 10 heavy chain-only anti bodies in transgenic nice.
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del etion ffe (Hhufe &@@&s%ﬂe@ibﬁﬁl (&2 and Cy3) were first mutated by altering the
splice G +1to A+1, thought to result in CHI exon skipping in camelid 1gG HCAbss
depicted as Gy2-S and Gy3-S. The locus contained two llama VHH regions all of the
15 human D and JH regions and human Cy, C5 and Cy2 and Cy3 and the LCR (sce also

main text). These loci were introduced into pMT trans genic mice and analysed for the

expression of the human loci. Panel B: Sequencing of bone marrow (BM) human IgG
cDNA frorh the GS mice showed that both VHHs recombined with different human D
and J segments and were transcribed with the Cy2 constant region. However, the CH1
20 exon was still present, save the last 16bp, which were spliced out. While in progress, the

same cryptic splice site in the CH1 exon was reported in a leukemia patient due to an A
to G transition in position 4 of intron 1 [31]. None of the MGS or GS lines rescued B
cell development (not shown) in pMT mice. Although the mouse B cell transcriptional/
translational machinery can process rearranged dromedary VHH-y2a [34, 60] our data

25 show that in addition to the G to A mutation, other features are important for CH1 exon
skipping.
Figure 9: Schematic representation of the cloning of human Vy regions onto the various

loci as descirbed in Examples 3 and 4



5 honol ogous reconbination [35]. Simlarly frt and lox P sites were
introduced in front of the Cu switch region and a second lox P site
was placed in front of the Cy2 switch region, resulting in MGS or
MAA. In order to obtain the GS or GR4Lonstructs, the MSS or MGA
vector (Figure 1), containing two |Ilama VHH genes, followed by human
D and J heavy chain regions, Cul, 10 CS and the nodified human Cy2
and Cy3 genes and 3' LCR, was transforned into 16 294 Cre E. coli
straind44 yielding the GS or GA | ocus through ore nedi at ed

recomnbi nati on ure_1) was ,obtai.ned from etion of
t he CuCHEignessi ﬁmx&%%ﬁnﬂ%ﬁﬁgﬁu@m&&mm%ﬂ%% %leon g/IBé
t ransgen b ik PR hd{bx ne AN or
MAGA ?r aég%g@ ﬁewheQM%@@'IjesghﬁpdgJe éﬂiiri'gtg?{rrgngtagl ( Fl(?]iﬁsra(e3 1) Werg@;;)url fied

from vecBdkCRequences and injected into pronuclei of fertilized FVB X
Bl 6/ uMI-r-eggs at a concentration of 2 ng/ul. Tyansgeni ci_were

checked Figure m@mwwkamgmm&omloe@pn@ngO% H’(Q ?’an)ﬁ(‘?fl Ml ysi s
of tai "end probes. Transgenic uMI-1-/- founders
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by PCR (30 cycles with denaturation at 940C for 45 s, annealing at

60C for EXAMPLESxtension at 72C for Imin 40 s) using the foI | owi ng
primers: Asp5' IgMfw 5' - GCGGGTACCGAATGGTGGECAGGGATGECTC- 3" (SEQ 1D

NO 1) i “E&%@qu Afhéuvyh:hﬁim-oiﬂy gfbody locus is fully functional in'mice
5' - CGCGGTA GCIG 3'(SEQ ID NO 2) for HLL-MD or with
Asp3' | ghvang: 893181“‘295‘ S 98CCACGEOCACGCTGCTCGATTC 3' ( SEQ | D
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wi t h HI NGE: rv; 5" CACTCGACACAACATTTGCGCTC-3' (SEQ ID NO 7) or

hl gMCH2ry: CACTTTGGGAGGCAGCTCAGC- 3' (SEQ ID NGO 8) Amplification was
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20 1 g gene rearrangenent analysis Single cell suspensions were nmade
fromspleens and livers of wt mce MAGA and GA transgenic mce. B
cells were positively selected using MACS CD45 (B220) M cr oBeads
(Mltenyi Biotec, Germany) on an Aut @&%acs separator according to the
manuf acturer's instructions to - 90% purity P7]. Genom c DNA was Hi nd
1l digested 25 and blotted onto Hybond nylon filters. The filter was
hybri di zed with a 32. P radi ol abel ed Jic probe (obtained by PCR
anplification from genom' c DNA over Jx1 and Jic5 regions) and 32P
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5' - CAGAGAESICAASHNBRAGMGS 3 MSHY | D NO 10)" | GHI3R:
5' - GGOCCCAGAYATCAAAAGCAT-3' (SEQ I D NO. 11)" | GHI4R:
5' - GROCCOAGTRGTOARAGTIGTS 8 GAROnstmetyChe MGS paMiBRyector (Figure 1),

5 COAGAACETEER KRR N ¢-BEo vy Bmap P8y ctpin rogions, Ca,
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and a SI n@igur€ €). M/AGS pes ShiRited BEmNGA. by'H&Rahﬂ)ﬁ ofitib BN regiohshrargte
treated W|t pr ot ei ngi)e K and Rnase H Mechanical ly extended DNA was

prepar ed BAMQIBEARS FERPOIREOL| | des (Signm) using a nicrowave oven and
the edge of another slide, Pro To detect r.earranged and

non-r ear rQﬂﬁ@&t‘%ﬁfﬁé‘niﬁen’ccﬁ@cﬁi?rf?%@'é‘ﬁﬁe ‘%Wgragments wer e

puri fi ed. rhe Z0RKRIGPE MENLrMBGA fagReSBelSORSIGY o CEAS agpmets (Kigui2Q)
hybri di zi ng the re%oon bet ween VHH and D, , and aa fE F?ﬂl\ﬁ%%ﬁfé
fragment weremmafiebitomofsgtopsagaences §id 1plegiedino proRPFi At ARtiliA R

(16 kB) f hedh QlefbhiBdked for integrity and
ni ck-t rang&&%ﬁ%ﬁ:ﬁﬁ Pg?tllo-rllahfl}izm uTpP (ailg%(%hgl@égr di gome e%ﬁlﬁ-eglil-yaélUTP

(Roche) . murhloar of coppiésot Sauthymm et anebyisof twl PN& using deand 3589/ P
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at 37C. at1on

20 was done by PCR (30 cycles with denaturation at 940 C for 45 s, annealing at 60°C for
30s and extension at 72°C for 1min 40 s) using the following primers: AspS’IgM fw: 5°-
GCGGGTACCGAATGGTGGCAGGGATGGCTC-3’ (SEQ ID NO:1) in combination
with Asp 3’IgG2 rv: 5-CGCGGTACCCTGCGGTGTGGGACAGAGCTG- 3’(SEQ ID
NO:2) for HLL-MD or with Asp3’IgM rv: 5’-

25 CGCGGTACCACGGCCACGGCCACGCTGCTCGATTC-3’(SEQ ID NO:3) for MGS
and MIGMEMBINTRONT1: fw: 5’-CCAGTCAATACTACTCGCTAAGATTC-3’(SEQ
ID NO:4) in combination with MIGMEMBEXONI rv: 5°-
CAGTGGTCCACAGTTTCTCAAAGC-3’(SEQ ID NO:5) for the uMT genotype.




25 hybridi zation m xture contained 50% formam de, 2 x SSC, sal non
sperm DNA (200ng/ul), 5 x Denhardt's, 1 mM EDTA, and 50mM sodi um
phosphate, pH 7.0. Hybridization of the probes is done by pipetting
25111 mixture onto the slides, and c8fering with a 24 x 32-nmm cover
slip. To denature the probes and target sequences the 28 slides were
put on an 80C heating plate for 2 mnutes. The probes hybridi ze
overnight at 37Cin a humdified chanber (humdifier is 50%

formam de, 2 x SSC). Post hybridizati on washes were perforned as
descri bed éi’%ﬁ] | mmunol ogi cal detection of the hapten-I|abel ed probes:
The di go>3?L jefi'h probe was 5 detected with sheep-anti-di goxigenin

(1: 500, SEHIRNA {vhiieolardeking UhspeaRNA isddtivntspsieingBindgrx ((abewwrics,-

Sigma), and f| i n- conj_ugat ed goat -anti-rabhit (1:500, .S gma).
The bi ot Hseh DRI T BReE e s bR psedindh L O™
o R ST T
wer e pé?ﬂo‘t’ﬂﬂﬁ”iaﬁs’ﬁﬁég'r?ﬁ@m .T%A‘é?cgpﬁﬁ-ﬁd&g%gﬁﬁﬁ@ %&@aﬁﬁn
dehydr at eyl AndoBfBIeA sSACEE CACRARAITTIZRCAR-3aBEOIBID B o nut es

each step at room-tenperature. s or_ DNA was _enbedded_in 25 ul

ant i - f adi higMeiRed GAGIFRGCGHCRGAGSACAIGE-3 BER &P N Amplificaiion was
Visualizati s _dong. _wi io / 1sCGnQ SEieRfon
using a 2060 ohaeunithloR sb it C ol iR ESP o e e
weeks ol CatMRuE fonenin, PORprodeds were lclobe@dtrpGEManedsy eactos Cromggatyid

adj uvant (1 DDLQ LeI,EZ( tasg; NL) or with prefornul ated DKTP vacci ne
s.c. off oegeenged using ot B % p. on day 50. Blood was taken on day
0, 14 and _45. Spleen cells were fused with Sp2-0-Agl4 nyel oma cells
line (gif¥loMy Re"ﬁa‘%é‘?l ¥f* on day 56 using a C onal Cel | TMHY kit

(St enCel | sihgekaphRgémibns Gerasteyaratizen tinmmotdoorgdns imBRES esclestrived s 20

instructions. DKTP vacgi ne obt.ai ned fromtk l. ci ne
| nstitut ePfGBPP%lﬁé\fé?PFOW?ﬁely\gﬁ‘ig ieglﬁ?”ﬁliﬁ)}n%%ﬁtgé qugta?@%@%sdgg grgleo\ééz/?ng
Tot al RNALWAR: deotith Ab@Einf (BBM) $PHE BB plafes RIF B niimatiCz €itlls ey wasbaby GA
and TNF a | muni zed MAGA m ce usi ne }#A-t raspec RNA J sol atlgj%b%xstem
(Bi ot ot tbORAESY?-8% B ige coqigaEBlgn X1 PeseE Noen o R A Reas
uSi NG OL & 8ol cBibh PRtkinddb s gl U9, PRCO Gt o faly 54 agnp Oliua ¢
anplified usi ng specific priners: vhl ﬁgaCk Sff3 I PhlREL
[ 40- 42] i mersiombiOreamipuier sftvrare, Fgapenlorganalysip papgone g2 Bector Dickinson
AATCT q W PediCdedcri . BricontSatedanti-
et ovr E0C I o e e T R A Saaa- 3
ndrecht, NL).

(SEQ I D Bfnan IgG and anti human IgM were purchased from Sigma (Zwij

20 Ig gene rearrangement analysis ,
Single cell suspensions were made from spleens and livers of wt mice MAGA and GA

transgenic mice. B cells were positively selected using MACS CD45 (B220)
MicroBeads (Miltenyi Biotec, Germany) on an Automacs separator according to the
manufacturer’s instructions to ~ 90% purity [37]. Genomic DNA was Hind III digested
25 and blotted onto Hybond nylon filters. The filter was hybridized with a 32P radiolabeled
Jx probe (obtained by PCR amplification from genomic DNA over Jx1 and J«5 regions)
and 32P radiolabeled carbonic anhydrase II (CAII) probe. Liver DNA was run to show
the signals of the k germline configuration (2.8Kb band). The CAII probe, which
hybridizes to a 4 kb band was used as a loading control. Filters were scanned on a

30 Tyfoon 9200 (Amerscham Biosciences). The intensity of germ line Jx band was



NO 16)). The anplified VHHDIs (- 400 bp) were Sfi | / Not |

di gested, gel purified and cloned into Sfi | / Notl digested phagemd
pHEN derived vector. Transformation, intoTGL el ectro-conpetent cells
(Stratagene La Jolla, USA) yielded ip7a human singl e domain anti body
library. Two rounds of selection were perforned using panning on 5
DKTP vacci ne anti gens adsorbed onto plastic (inmunotubes coated with
undi | uted vaccine) or purified human '|I NFa (Bi osource International,
USA) . I mmunoeytochem stry and Western blots Cells of the tet-on cell

line transfected with a marker plasnmd that . respo o.the presence
of rfrA wupwifigd ssing bpage Quantie2 spfvEe, n&ﬂ?&@@%" @8&%@%#"?%‘5 f’?fﬂ{fiﬁn n,
the cell dréith ok B A BAEA Qe BN AWK/ i BB %N CRefrimabidedz ed
in 0.5% %ﬁﬂ@%s\é@&eal%& PBS. Ia'Ijhe HCAb agai ns.'it rtTA vvas@nusedq{n a 1:50

di | ut i on,onfashdnue@iNA frogoabridemps ﬁqnmghﬁcg@mﬁ%ffgfﬁa‘i TSR SEBPRS YIS 500
di lution) o Thsef&ga%ger protein was detected as described previouslysi.
Western bY DY re standard using goat anti human I gG HRP (Si gna,

1/ 2500 diI?&%L@Q%FF?‘%%@M&@%%Q@@a%égéqg Nyt i on) . 15

Super oée _ ractionation of MAGA nouse serum and
Amor s har B B B A A P B s ™07 50 col umn

ETA | 200001 Jher STOCRRERoAY RREATATGR KRG IO RO LT 951 20 5000
anal v ed B R A P O e by vestern

| munobl oich} 0. 5 Bl ASOEEKEASYL RERNGITEKBYSEFIRSONBEE carT i ed out on

a Bl Acor dce plashon resonance bioSensor (Biacore AB,

Uppsal g, n | [} B N ibied49n a CVb sensor
25 chi]g) t@ﬁggﬁe%g@oﬁ%ggg%nangﬂﬁ gq?%%,ﬂjarrq%i t4g)ary bi ndi ng
response i i t he standard NHS-EDC kit supplied by the

t Wt
manuf act uﬁﬂf‘ﬁgﬁtﬁ"@@a}ses were passed over the immobilized antigens at
a const ankrefdraivnlofitaegsd DN Mbuochmebipbrigema adllsiwerd owtivredeindMENAT§04

150mM Na 2 DTA,, .0. 005% Tween. | el d4m
was r eco%% I%(?gﬁﬁi%n AEYP fé)naﬁ Vas ‘D%&s)beydlzE Egkig%x? gal%ﬁ f H%E ggﬁﬁ I:nggslrelud%
di ssoci at jhe GAGRRASIea!Ie 130ertsoligtetihed avinpleael] suspensiorBias made The i on

soft V\Ia{Se' eml%?ide%ecséﬂls wt/vgre treated with proteinase K and Rnase H. Mechanically extended

DNA was prepared on poly-L-lysine slides (Sigma) using a microwave oven and the

edge of another slide.

Probes: To detect rearranged and non-rearranged copies of the GA transgene, DNA
fragments were purified. A 2.3 kB Spel and a 3.6 kB Spel-BssHII fragment for

20 hybridizing the region between VHH and D, and a 5.9 kB BamHI- Spel fragment or the
low copy Bluescript plasmid containing the IgH 3°LCR (16 kB) for LCR detection. The
probes were labeled by nick-translation with biotin-11-dUTP (Roche) or digoxigenin-11-
dUTP (Roche). Prior to pipe’_ctihg the probes on the slides, they are denatured by for 5
minutés at 90°C, 5 minutes on ice, and 45 minutes at 37°C. In situ hybridization: The

25 hybridization mixture contained 50% formamide, 2 x SSC, salmon sperm DNA
(200ng/pl), 5 x Denhardt’s, 1 mM EDTA, and 50mM sodium phosphate, pH 7.0.
Hybridization of the probes is done by pipetting 25ul mixture onto the slides, and

covering with a 24 x 32-mm cover slip. To denature the probes and target sequences the



The canelid like CHL splice nutation is insufficient for exon

ski pping in the human heavy chain locus. It is not known whether the
generation of HCAb (Ig& and Ig&) in canelids involves 5 an | gMt
internmedi ate step. We therefore firsgggenerated two hybrid human

| oci, one locus (M3S) with a human Cg, C8, Cr72 and C73 const ant
regions and one with only human C72 and Cy3 (Figure 1) in a gMr
background [43]. The Cy regions were first nutagenised to contain the
canelid CHL splice nutations. MSS was generated because it has been
shown that gMI animals, which al hpst conplete | ac Gells due to a
10 t r ans slifsemerdomap 30 Yeheating lats fof fainptes, 31”%1’@@??5“&?@?? OH?T“WEQ/e a
smal|l B o HABEUG . o, ahfida, 2| NPogtgE 1 N the
absence o%?gzecﬁ@?ag}#gﬁ#lﬁél\lﬂhf44- 216n{,uﬂgidﬁggg§?ﬁ%%nhat (S(;%S)@B cells

devel op \hybﬁdiuaﬁohgmbﬂawea@leerﬁwpﬁééﬂ;?wbeﬁ6&]ead of mutating human VH
domai ns for inproved VH solubility £47,48 two VHHs of |lama origin
ver e i nt Moumelbgicdladetdctich aftdhe haptgrolabeledprobgsh The digprigpninprobe was

N e : e Ny ' _ "
The 1 poderebifia il sBte kit 300, 888, Aforofioin-AlydRCarbNA -
to test tdnesHesp(irioansigmey, asdludiesdeinyconjugttiod gogsrantifratidit (3r50AcHigme).

experinent, .the other, VHH2_ | ed. of t . Crtd :

"sol ubi | i 'bloi}?im%bea"&qs(ﬁlg%guﬁd (Nﬁﬁcﬂ(% Sll?%g?oéljil&a%? %gld%l\;l}'g(o E;aé‘ug{n D48 i on
39- \5\3_ CM&ﬁ}cﬁﬂuﬁﬁd@%&lﬂﬁ?ﬁﬁﬁﬂ:BQ@S&E?r_(gér)ngﬁR}t_,ep mf/ ‘[dpeatsgi thiceigtlt t o
e additionally 1 nportant for yvari e light chain.( ringzi.
The 20 |d&ﬂ%?afa?f§@g&¥ﬁ?h§§ Wexs nerformgd asides lbg‘ghd‘}ﬁ]“‘rﬁé@@“% Sgﬁ‘!“%“&% J
regi ong afflydhiRd kPF HadeaRkiEsf eiRabIqno,00(Rd 10%) Sanidites BsthateptatsooCus
(Figure 8).  Surprisingl é t he sgl ice mutation .0 _correct

) ) id not_ ] ead

CH1 exon tsperpivreg Cells qr geas embpdded imdyrl antirfadipe f R MERHPessi on
(Figure Ve ANSEE ViGuallkABn $28 Hehd Willa NIADNIRBE | acki ng
a CH1 reg?’%c}lﬁg@d'l@egt\?gfrﬂcﬂgﬁe th’eawéiﬁ-llf spl ?ci ng probl Zm we generated 3
new constfiuer¢ssent Ficrascepelysing 100xbiegtiye ng Cy2 and Cy3 from whi ch CH1
was deleted, one with Cp. and C8 (MzA), one without Cg and 05 (GA)
and one Viniusiz@ien swbimbrideimagpnodhtiétn CHL was del eted (MAGA). Three
MGA, siX nd [ [ | £ 7 e hdeofadiknent copy
numberts (reig i v IrRATIAN £o0R bR b lGIRGER, |
devel opn(IDDLAS Lelgdtadtyislysrewith prefoomelated NS (RIne &18ci0ts 38 On 14,98 22

with different c n rs ve t i af G A
Bhd M AG Rends e 19 HERE A IRHT oh B O Taph 25 Srl s B PES TR 1 0
to reSCUGS;Q—QQ&éMd@y\é&lMEIﬁné (zifa fiot\KT. Hiepeteg) audaly; Svusingas the 5 GA

and MAGA constr uct fficient escued cell d I )
rescue of Cigpalfre plf}géstt‘?“{} elLi?cﬁlQ&ﬁ,@gs’ &g{%@é ﬁccgﬁi-{ﬁ%%&g? ﬁltd{“ﬁf-é{aﬁrer s
di f f ergnt koAb, HROPRSEHIRES SothinePRan de Nethérlandpy acvimdinstitglei gur e
2A). This is confirmed by flow cytonetry of BM using B220 versus
human | gMBsthayemaWl gG st ai ning (Figure 2B). The MAGA nice contain
human | gM producing cells in the BMabsent in wldtype or 10 p, Ml

m ce. App?‘gp‘iLéhrérbycqnﬁﬁ'%“‘l!’eﬂ‘%scﬁ%ﬁ)'é“gﬁot undergone a class switch as

they do oL PRUARA iIRIEdA $lodi3dr BTN ifmaRadaiilapy G aRTIDE
expressi ng cells. The M3A mice contain ve{% fewif any B_cells  that
8

expr ess himmawnizey MAGAheice viing e Regerec RNA isoletien sytqnh Q?S?%é&x bRRpePEfSon
f th 220 | i : ; 2B) .
0 € ér?) e, ﬁgus%%é%%%@?ﬁ% C&hd ﬁ‘l%(ﬂ:r usin%ﬁhggv )Vt?T){yﬁfénérgﬁ\I(&Fﬁ%eﬁts )

In cont mce (see ) he MGA m ce express
15 nouse égolling MHHEDEfasndnk were emplificd THRGR usiag spacifiopraners:idd begke CR

and Cy ge i.n t ifferent .constr . sed and strongly
suggest t Hgi PHHE Q@'s‘%bﬁé’eco R iwzghc r%@é@%ﬁg@ﬁﬁ surface
expr essi op AafctitASEEGIEGOCTTEN CACAACAHTAIGCGCT @13A(SEQMD NO:15))

functionally replace nuri 5 (pre-)BCR during B cell devel opnent in
the BM  or CH2hulgMrev primer (5°-

30 TGGGACGAAGACGGCCGCTTTGGGAGGCAGCTCGGCAAT-3’ (SEQID




20 During the devel opmental progression of large cycling into snal
resting pre-B cell the expression of specific cell surface markers is
downregul ated in a pre-BCR-dependent fashion [36]. To investigate the
capacity of human HCAb to functional by replace the preBCR the
expression of various markers was anal ysed by FACS. Pro-B cells
express high levels of cytoplasmc SLC, |IL-7R and CD43, which are
downr egul at ed upon pre- 25 BCR expression and absent in nmature B
cells (Figure 2C, conpare pro-B cells from 11, M nmce and the surface
lgM pro-B/pre-B cell fraction and the surface IgM+ B cel |l fraction

of wt ni sE):16). h[éhehm}ihﬁed YHHB e 6 #80 Bip) overdBEN Nodisestedaeg mrrifiet@dnave

| | | di
00t Flanrd ot 3 ot Gigemr RERP DRI tpfled VaGtof ORRERBRFInEDE,
tﬂe down mltalaﬁcﬂocuan@%temwmratalgema Eﬁatl(IEJ&BylelkiecL‘m zemmqmmles to be
t he case on I N S| st ence nin
MAGA mi céo@é’@laﬁﬁb@yr@r%’ ebve ’ES’“P&Fe"#fgglﬁfﬁor?d"%? p?rgcglrpigﬁl ag é%%?gggl I

d 1T er shiDiats pfbclnd aﬁ%ﬁ‘eﬁ@a&?ofb%d ot 28k 6 @B tub akcoltdd vdthaswlititied
expression iIs I nduce as in _normal preBCR si glnﬁll ng The | evel s of

the IL- Zm@morpmraﬁ@WQNFﬁdﬁ@éW%wwt’ﬁP 5 stage, are

very | ow on mature MAGA or GA/ pMI B cells and corrparable to those of
mat ur e mﬂt@lwcwcbﬂhgwe‘ﬂﬂﬁye“@ﬂrm%rm)re ic |s expression was not

-det ect abl biSplfdmiid e redfondsiskheas al so
‘not |nduczc’go}3?%ﬁ§?trﬁé{v?ltcw E%%{Srﬁzggtht?p%ﬁjklfp thlthd:’. a%t; after 3 days

of IL-7+ pmslemmtroefrﬂh’owmsimwg on #slidgl Afjer at%éﬂﬁé%fﬁyqimbﬂ o dhg

I | at I
o colPL RGP gﬁﬁla&?déﬂf’%%%ﬁ%mg%ﬁ%ﬁﬁmﬁ‘*’f}%%”ﬁ%ﬁ) !
and par t i'THelJCAb agathst 8TANeds vbadie ariaiQmwon,rfOHWCH@f gshetyhuppan-lgle

recircul ating. (HSA or mal
m ce. CO|111E€'[SF5§!EP§'?£S‘H%2§O§:§‘§‘§ i%sbﬁ aﬁ?ﬁ%&?&%un@gd%@ %S%rﬁbdeal gM
functi Onadré\)i%ﬁsi%@l &V@téﬁblotbaﬁr@ﬁt@ﬁml@gdahglﬁlﬁmm IglaeHBE @%’EI with
respect to the expression o eve regul ated markers. |
L cﬁal n i d25{9d lhﬁg@cbW%gEéﬁég}P“ W‘i@t ‘s gf BM RNA shows °
usage of both VHH segnments for VDJ reconbi nati on, absence of CHl, and
i npor t@nt¥yperoseH e ilirafid0si ty in the CDR3 region (Figure 2D).

Mil ti pl e §ieafsAMARNERIYIMAGH nidubélehan eudhuisinooniolserninewantarfigheutdonmas

were nade fromthe MAGA and GA |ine gr,er %an
parti cul arsntg‘antAJéTﬁRPéch@WaY%(Nﬂﬁ@ﬁa“é é‘@c’ﬁﬁ?eéb%lsca%g’(%@me anal ysi s
showed t hs?l@&{q%é% 1b ot {gﬁﬁbfa@éaﬁﬁa@mhmal plzar@qumms:ﬁompm e /

mul tico di fferent co hybr i one
(020) r ggthMgdilzd RS BB T 2050 ghyserph Uﬁma%ov‘%/%l%y% Bgﬁ%élx’ésl‘gf and
T12 arrang I Bnd)

nybr i eSOk et AR e Wi LB b e B e i | &
one hybr i PAGE (Gdder r&ﬁcﬁgdoxﬁluwa}ﬁﬁn‘g&rEmW@W1ﬁ1n2111°h1°FtFn&‘m (32 and
J4).

BIAcore measurements.
Experiments were carried out on a BIAcore 3000 surface plasmon resonance biosensor

(Biacore AB, Uppsala, Sweden). Purified proteins were immobilized on a CM5 sensor
25 chip to a level of 3000 resonance units (RU, arbitrary binding response units) with the
sta;xdard NHS-EDC kit supplied by the manufacturer. Antibodies were passed over the
immobilized antigens at a constant flow rate of 40 micrograms per ml in 10mM Hepes,
pH 7.4, 150mM NaCl, 2mM EDTA, 0.005% Tween 20. The response at equilibrium was

recorded and curve fitting was used to obtain the equilibrium dissociation constants,

30 using the manufacturer's BIA evaluation software.



Ti and T3 express two productive nRNA' s, that were confirmed by nmass
spectrometry of the secreted antibodies exactly matching the cDNA
(not shown). We also carried out DNA stretched fiber FISH and nor mal
DNA FI SH on two different hybridonas:30G20 (I rearrangenent) and T1 (4
rearrangenents), using an LCR probe detecting each copy, and 30 a
probe | ocated between VHH and D segnent detecting only non-
rearranged copies 33 (Figure 3A-E). Control lung cells showed five
conpl ete copies plus half a transgene at either end (Figure 3A) in
agreenment _with Southern blot mapping (not shown), while the
hybridona@-ﬂﬁ%eed show one and four rearranged copies in 020 and Ti
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In 30 the GA .m o) e
gor mi nal EOAER 61 g oag 10 EatoPy CHiL el AR b SR e O
genes by gk Rebiession (Rigure 8. cel | s present i n Payees patches.
(Figure 4C). Both VHHL and VHH2 are used. Taken together, these

findi ngs AQURSEof alafsids mice cﬁﬁam@gmwcammguaocmwegmmt ure B
cells that mgrate frgmthe BM have the ca&g%l texvto diff rentb L in

the s p?%eﬂ‘o pmrsmgg{}w CH1 splicing problem, we genera constructs (Figure
containing Cy2 and Cy3 from which CH1 was deleted, one with Cp and C8 (MGA), one
without Cp and C8 (GA) and one with a Cp segment from which CH1 was deleted

(MAGA). Three MGA, six GA and four MAGA transgenic mouse lines with different

copy numbers (1-5 copies) were obtained in a pMT background. B cell development was



5 FOand MZ B cells, and to undergo somatic hypernutation after
antigenic challenge. Single copy |loci rescue efficiently and Ca
absence is essential The GA linel mce (Figure 2A) contained 5 copies
of the GA |l ocus and hence there was alpossibility that the efficient
rescue was related to the copy nunber of the |ocus. However a single
copy transgenic line obtained fromthe 5 copy GA linel by Pip 10
reconbi nati on through breeding with a Fl peR |ine2s, rescued B cel
devel opnment to a simlar extent (Figure 4D, Figure 2A). It .was

confirmed that a single c of . the l.acus .iS.sUffici e
and that apHysedinBeRRATERY e %’geﬁg'tl\g‘ﬁ? Wﬁ%&‘%ﬁe% ﬁ)? g&@% géevgﬁlgéjn is
i nhi bi torgynebyy@el eting the Cn and Co regions fromthe non-rescuing
single copy line MAA (line 3) by Cre reconbination (breeding to a cre

expr essi Fﬁiﬁrieégﬁh JEESN ahit M ACPA FeskResSB Ball @evePYneRfin WNET fufdegur e 4D) .
The previous I

oo mvona b SO SR 5 NS P

devel op g wele b rege] S ect

rescue .a r e ! i [ e VoY d off escue
g@%gﬁugxgvx‘)a%gg%u%ﬁéeﬂp%ﬁmg@e& B3P oVelphiRh. SHB &b of

(see alss aln loci do not rearrange in MAGA
and GA t rBaRS(EII Scpositive céllsrivasdetweeh BOI00% hathe diffesertilyrarhigid e not

detected in the an nmce : (not
Shown, - bUCTSEERERG lgPeBent of ity g ber PR 2 Y B BLniRined BY 6
murine | i@tﬁm&xlgaifmwamgmm E@rﬁusr}mmlan I@gm hﬁharsllgﬁhsaiumgf(ﬁgm@my
conparing the densjities of the tg l.ocu epnlg I Sitdd JPNA
~from sor t B¢ MpPanmige %’2’?@4{‘8‘@?’? 15&\? B’E?E’P%’h%wzlﬁﬁ‘ &ﬁe\#el\ra %Ei%n?{éa%@d dg%ut hern
bl ot anpl WiirSnits:iApFspriadlyateseblls Milvb abt wkdengsnd dalbsstswatchresitey Ho gtt
chains do not rearrange and remain.in a ger ntgicﬂe conf i QL tiﬁ%‘Méﬂ 25
contrast ¢ontpin huneasi 186 B‘?%Géé?lé‘é?‘@&“??fﬂi'h\gm% YRR IPg e esSi ng
cells in M ' it Bxiréss Bhan Thetstheleell eatfacedsit on  of
human H ngr? ear ﬁ;&%@vg?%@dﬁé\%lﬁgg&rﬁﬁr iSn tﬁ% %}ﬁ% ils tocﬂ'g&vi de the

si gnal | eiatirestnglp a ipraportionnfithe BRcederrshintra M B ekI8Y ¢ he
HCAb minig.a 7BER mith (O vé1swh, tkeEMGA Rl cdterptedso
their faifd 5%' E@%@ﬁéﬁgﬁ%wgﬁﬁnso cnrlllai gs in }N e absence of CH1
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Human HCAD IgG and IgM functionally replace murine (pre-)BCR during B cell

D
Q)

development in the BM

20 During the developmental progression of large cycling into small resting pre-B cell the
expression of specific cell surface markers is downregulated in a pre-BCR-dependent
fashion [36]. To investigate the capacity of human HCADb to functionally replace the pre-
BCR, the expression of various markers was analysed by FACS. Pro-B cells express
high levels of cytoplasmic SLC, IL-7R and CDA43, which are downregulated upon pre-

25 BCR expression and absent in mature B cells (Figure 2C, compare pro-B cells from
UMT mice and the surface IgM.- pro-B/pre-B cell fraction and the surface Igh+ B cell

fraction of wt mice).
The human Ig+ B cells from MAGA/pMT, or GA/pMT mice have low levels of SLC and

IL-7R, indicating that the human single chain IgG and IgM receptors functionally
30 replace the murine pre-BCR in the downregulation of SLC and IL-7R. For CD43 this



5 mce carrying a normal human IgH | ocus [65]. Gel electrophoresis of
the serumof all six GA mce revealed HCAb 1gG s with a MVWof -70kD
under non-reduci ng and -35kD under reduci ng conditions, consistent

wi th heavy chain dinmers |acking a |light chain and each heavy chain

| acking the CHL exon (Figure 6A B). The serum of MAGA nmice contai ned
mul timeric heavy chain-only human 1gM Under 10 reducing conditions
(Figure 6C) all four lines contained IgMchains with the MV as a
human control IgM after subtraction of the MNof CHl. The serum was

al so fractionated (Figu orlz t ct| mf educi ng
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lysat e of ertu55| Tetanus toxoid and i nactl vatﬁg
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tetanus tO speci c MONOC s were sequenced after 10
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hybridoma (T3) had two in frame rearrangements-(J2 and J4); while one hybridoma (T1)

25 had 4 rearrangements with 2 in frame (J2 and J4).

T1 and T3 express two productive mRNA’s, that were confirmed by mass spectrometry
of the secreted antibodies exactly matching the cDNA (not shown). We also carried out
DNA stretched fiber FISH and normal DNA FISH on two different hybridomas: G20 (1
rearrangement) and T1 (4 rearrangements), using an LCR probe detecting each copy, and

30 aprobe located between VHH and D segment detecting only non- rearranged copies



15 different hypernutations in the CDR2 regi on. When conparing the
sequences of all 14 antibodies it was evident that although all J
regions are used, like in humans 1114 is used nost frequently.
Surprisingly all antibodies contained3}lanma VHH2 (with a gl utanine
(Q rather than the archetypical glutamc acid at position 49 [51]).
Lastly clearly the CDR3 region provides nost of the diversity2.7. It
varies between 10 and 20 ami noacids in 20 |length (average of 13.6
aa), very simlar to that nornally seen in |lamas and hunmans [52,
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38 receptor, expressed fromthe pro B cell stage onwards, is able to
substitute for IgMin supporting the devel opnent of mature CD21 +B
cells in Rag2-/- mce [59]. Recently it was al so shown that a
pre-rearranged canelid |g&a could pagtially rescue B cel

devel opnment in one out two transgenic mce in a gMl (and a CA-/-)
background's. In 5 our case IgMor 1gG lacking CH rescue B cel

devel opnent in 10 out of 10 independent transgenic nouse lines. In
addition, we do not observe light chain rearrangenent and concl ude

that light chain expression is not required for fuyrth

her B ce]l
di f f er entcomfirimed hyférmutition of &a b@lnﬁlhla(}@nﬁ%@u‘ﬂ?lgA@B@ﬁlﬁgam%Fegisan d
t hose of Zou etn,al., ‘ ' dedOfal@KPr essi on
of the h@é@?‘tghg%’r?r’F%g%%es(m%ﬂ?ﬁ‘?é&??fgna }lralﬂ()ivtglg{ezlf%'ﬁteh_e i nclusion 10
of the LGgeter,dhuse findingy damanstrabethat ip<id ansl MAGHA traxsgenismice fRwaeBp,

heavy chai rotein Jacki 1 [.6 | 1. . , th
associ at ée\?ﬁ tg?f nggrate %?1‘3 l&i‘eggll\&;ge g‘g ,gc %Q/ag{t%%xdlgg%gn%rt{rlgﬁhgeeeﬁgﬁ?%m e 5
copy GA IHowld MBIl e tenidergapsnatic hgejmutatiscafes aiigenicichaltapge.opmrent
to the sane extent as the single copy line integrated at the sane

posi ti on gigklé bépydeiaeBue bifidicitgraadtCHbAsencrie esentindr e 1 ear r angement s
occur in nulticopy transgenic | oci i qure A Of it i,domas,
ori gi nat i G4 arltpise SEge gAg 5‘?’8‘?}8@{ 1588 g)et%ig%?soadl& &Qﬁ%%ﬁe{&% 3

transcri Q?%sﬂlﬁﬂﬁ&h&ttﬁé BSiciedtYescub Qastdlat&nn fthe dopy htnaberef hielosison of two
anti bodi es 1 [

In the sane B cell (is not toxic [63]. ver.t
predi ct i dlawaveea siaglalsPry msmweﬁbméﬁ?g‘ %e?mig&ﬁwéw?@%e in
conpet,yt i i ' ;599% FRER Ghes, e@hbEB wadesvelpnant iogen
chal | elggég%%%%oﬁggﬁgﬁo%t%% ourQr%sul t of finding,2 Vgéﬂg | e anti.body
expr essi rimit@lekenpifigus 4B, Fighe 2do thyavwnbrmpetthaia Sé‘?‘gl%l?ﬂpiyd)g the locus is
chal | enge. . JThe ti I hSe STYIM lebRhivEtexXCHISE@AN isn
wi | dt ype SF‘HCFi‘,Cée,mﬁorernél?ﬁslﬁ:{slée:&)@l\/‘}?mcteqP {%{%See?ger ess g?%%%?anmeg?e or _human ,glig gn
the cel | igkibftargcby ddieting thesCpoendCYragidng fom the pen-Eeseuwie pngle gppsline

expressin of.h the cell. .surface {fiqgur 0D ne iRQr haps
nost 25 ilﬁp&dég? %nnl&'erserF??énWi?ﬁ%B%?brg?d“réotggec%%ﬁegg&ﬁhﬁg%g nég’xlpr essi ng
cel | s. 13 Nl 86dpy GO Rie GiguTedbE Thi erevioasly nphreseuipp bsiphay givesthegame
avai l abl e for rearrangenepnt, .t use, al l el e it I and
one. al | el ogh $4ySkpERntLAHe PBAECR HoF: TR <O Egrﬁg\ésrtdg?: ﬁall’gta?fg%f?ﬁdéa
human al | gli&rendebriegrcihaneon espion idhibitd B 6Ell Bstuier(ess.also below)t he nunber s
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spatial cBRfsdRenkiey artnment"), that there would be
Thus the expression of human HCAD in early B cell development in the BM fails to
provide the signal leading to light chain rearrangement. In this context, the HCAb mimic

a BCR rather than a pre-BCR, which is likely related to their failure to bind pseudo-light
30 chains in the absence of CH1 [61].



sufficient tinme to rearrange another gene in the locus as it would be
cl ose before the RAGs are downregul ated. Only when a rearrangenent is
not productive in w mce (no signaling and the RAGs stay on) would
there be sufficient tine for a second5 ocus to be activated, repl ace
the 15 first locus and be rearranged. In favor of this argunment woul d
be the observation that other species with multiple loci on the sanme
chronbsone have nore cells expressing two Abs [64]. Inportantly these
experiments show that HCAb | oci can be expressed successfully in the
nmouse. Antigen challenge results_in the prodquction of high affinity
e otk
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recogni _zehwpmqmparel Igivhaftexsubtinatien of theiV ehiCH 1§ Hhe seomm wigs plshal
ant i bodi ef;g 8% @ g%bvkﬁ)rﬁbﬁtﬁsﬁﬂa?rﬁzﬁﬂﬁﬁor% -THAficihg SlditidnR dnamiasK  of

vari abl e explarn why no the antigens were
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had the |V HQEC) Bﬁom %%a%%g‘%%{)gel nc&q%&n egicc98§f§%r1€ﬁdcﬁ g{rﬁ)lﬁggm d
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dimeric IgG, while GA produce dimeric IgG in the serum.
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Serum analysis of MG A mice

In the periphery and spleen of MGA/pMT lines, almost no B220 positive cells (<1 % of
20 the wild type) and only occasional small B cell clusters are seen in spleen (Figure 4B).

Small quantities of human IgM and IgGs were detected in the serum only after

purification (Figure 6E,F). The human IgM in these mice was normal size under

reducing conditions, whereas the circulating human IgGs are shorter (apparent MW of

35kD, consistent with a CH1 deletion). Interestingly mouse « light chains, presumably
25 associated with the human IgM, were also detected (Figure 6G).

Human IgM and IgGs were below the detection level in a quantltatwe ELISA assay, but
we nevertheless tested whether the MGA/pMT mice can respond to immunization. Mice
were immunized with human Tumor Necrosis Factor-a. (TNF- o) and wt mice developed

a strong TNF-o. specific antibody response, while in the two MGA line 3 mice used,



10 lead to an even broader repertoire, Wilst it is preferable to
avoid nultiple copies of the locus on a single allele, it would be
advant ageous to generate mce containing nultiple alleles each
conprising a single copy of di fferentOvi | regions to increase
diversity. In such new |loci one can use either normally occurring
(human) VH regions or VIl regions engineered for increased
solubilityts and |light chain pairing. 15 In conclusion, we have
denonstrated that antigen specific high affinity HCAb of potentially
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would in this regard resemble an incomplete pre-BCR-like complex known to be

insufficient to signal proliferative expansion and developmental progression [56, 57].

25 This may explain why only 30% of the B220 positive cells in BM have intracellular IgM
(Figure 2B). The presence of the few matured B cells in spleen of these mice may be
explained by the recently described novel receptor complex that contains a p heavy

chain but lacks any SLC or conventional light chains [58].

When CH1 is absent from Cy2 and 3 and IgM is removed from the locus there is rescue

30 of B cell development, showing that IgG can functionally replace IgM. An IgG1
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15 Interestingly, one or more rearrangements occur in multicopy transgenic loci (Figure 3).
Two of the hybridomas, originating from two single splenocytes gave two productive

HCAD transcripts and proteins. This result confirms that expression of two antibodies in

the same B cell is not toxic [63]. However the predictions7 that double antibody
producing B cells would loose in competition with single antibody producing cells under
20 antigen challenge is not borne out by our result of finding 2 double antibody expressing

cells out of 5 hybridomas obtained after antigen challenge.

The (multicopy) locus is subject to allelic exclusion in wildtype mice, because BM cells
express either mouse or human Ig on the cell surface. There is no significant population
of cells expressing both on the cell surface (figure 3F, top panels). Perhaps most

25 interesting is the number of mouse versus human Ig expressing cells. In a wi/5 copy GA
mouse there are three possible alleles available for rearrangement, two mouse alleles

with one Ig locus and one allele with five human HCAD loci. If chosen stochastically, a

human allele would be chosen only 1 out of 3 times.

If the numbers of loci are counted, the human locus would rearrange first in 5 out of 7

30 cells. However, endogenous mouse and transgenic human HCAD is expressed almost
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are present on the same open locus and apparently can be recombined before RAG
downregulation. This could be because multiple rearrangements take place at the same
10 time or, if it involves a spatial component (“compartment”), that there would be
sufficient time to rearrange another gene in the locus as it would be close before the

RAGs are downregulated.

Only when a rearrangement is not productive in wt ‘mice (no signaling and the RAGs
stay on) would there be sufficient time for a second locus to be activated, replace the

15 first locus and be rearranged. In favor of this argument would be the observation that
other species with multiple loci on the same chromosome have more cells expressing
two Abs [64].

Importantly these experiments show that HCAD loci can be expressed successfully in the
mouse. Antigen challenge results in the production of high affinity antigen specific

20 human HCAD of different class dependent on the composition of the loci. These
antibodies are expressed at levels comparable to those in normal mice or other “normal”
human IgH transgenic mice [65]. Only two variable regions were used in our
experiments yet high affinity antibodies with diverse specificity were successfully
isolated to almost all of the totally unrelated proteins we tested, demonstrating the

25 efficiency and efficacy of the diversity generated by CDR3 [66]. Thus having v(D)J
recombination and in vivo selection provides a critical advantagé over the generation of
human single chain antibody fragments from phagemid libraries using phage displayso.
Hybridomas can be generated easily, which importantly allows the direct cloning and
expression of the complete human HCAb or sdAb fragment without the need of phage

30 display and further screening.
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15 In conclusion, we have demonstrated that antigen specific high affinity HCAb of
potentially any class can be produced in mice. This technology will allow the production

of fully human HCAD of any class or fragments thereof in response to antigen challenge
for use as therapeutic or diagnostic agents in man. By using different vertebrate loci our
technology also allows for the production of high affinity matured antibodies from any

20 vertebrate for use as reagents, diagnostics or for the treatment of animals.

Example 2

Janssens et al. (2006) have shown that a transgenic Vi locus recombines properly to
produce transgenically coded heavy chain only antibodies and that such a locus is
sensitive to allelic exclusion in the presence of the endogenous (mouse) heavy chain

25 immunoglobulin locus. In order to show that the number of Vy transgenic loci, that is
used for heavy chain only antibody production, can be increased by using the process of
allelic exclusion, two transgenic mice containing different heavy chain only loci were
crossed resulting in offspring containing both loci. One mouse contained the MGA locus

(IgM and IgG locus, Janssens et al., 2006), while the other contained the GA locus (IgG
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Example 3

Human Vy regions are isolated by PCR amplification of the human genomic DNA using
pnmers that are specific for each selected Vi out of the possible 39 functional human Vy
regions (alternatively human Vy regions or TCR V regions or variants of all of these

25 derived by mutagenesis could be used or added). The human Vi regions are cloned in
sets onto the locus described in the above example (Figure 9), i.e. comprising the human
Dy plus Ju (or other D and J regions) and Cp, Cy2, Cy3 each lacking a CH1 plus 3’ LCR.
The Co. region lacking CH1 plus switch regions will be cloned separately in the GA

locus (Figure 10). This GA locus is a variant of the original locus in that it does not
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These final loci are then introduced into separate transgenic mice (preferably with a

defective mouse IgH locus such as pMT) as described in the exarﬂple above, These
separate loci are used to generate separate mouse lines, one that would make only IgG
and one that would make IgA and/or IgG. These mice are subsequently crossed to bring
20 the total of Vy regions available to 34 on two different loci. Crossing these mice to
homozygozity for both loci would make 68 Vy regions available for recombination.
Having multiple copies of an integrated locus would increase this number yet further.
The analysis of hybridomas made from the B cells from these mice would be used to
show that when a productively rearranged locus is present, the other loci that were bred

25 in, are either non-rearranged or non-productively rearranged due to allelic exclusion by

standard procedures.

Example 4
Different sets of 1 or more Vy regions similarly isolated to the regions described above

(or variants thereof derived by mutagenesis) are cloned onto two separate loci by the
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that contain or Cp (IgM) alone, or Cy2 and Cy3 (IgG2 and IgG3) alone, or Co. alone

(IgA) or combinations thereof. These separate loci are used to generate separate mouse
20 lines that would make either human IgM alone, or IgG alone or IgA alone or

. combinations thereof.



49 CLAIMS 1. A nethod for the production of a VH heavy chain-only
anti body in a transgeni c non-human manmal conprising the steps of
provi di ng nore than one heterol ogous VH heavy chain | ocus in that
manmal , wherein each VH heavy chai n KWécus conprises one or 5 nore V
gene segnents, one or nore D gene segnents, one or nore J gene
segnents and a gene segnent encodi ng a heavy chain constant region
whi ch, when expressed, does not include a CH donain and expressing a
VIl heavy chain-only antibody fromat |east one of said |oci. 2.
The nethod of claim 1, wherein each VH heavy chain | ocus conprises
one or 1(Re¢mldrigelse V gene segnments. 3. The nethod of claiml1 or claim
2, wherein each | ocus conprises only one éﬁgene se

nt... 4. e -
met hod of[1tKatamEs, WahBr'Bi PersabihMy Giteemans rdnend go%iéﬁ%xmnﬂ?w al |
other V gene 55 - 1302} ai oen.ak Bf Bagh, V
gene seg%ﬁ%sﬁg’%%tﬁﬁ?ga °§%;§$°%%?23?@va§§%ﬂsegmms. 6. The
met hod ofB&hadayMDwher ei n the remaining gene segnents in each |ocus

are the s as .t ho j\n,.all the ot i 7. The nethod of
claim?® ﬂﬁgﬁﬁFﬁﬁFﬁéi§@h§?ﬁ?¥@?%ﬁ%@4@§%ﬁ%nts in each | ocus are 20
differ ent[ngQ'ﬁth@ﬁés,i(Z'O Iminbgitt Hier-450ci . 8. The nethod of claim1l
or claim

o The. meihisionmieian i e e] oph Lo dieens s e o RaET
| ocus ar e;ihl il GdndgeRidnabe. @Wﬁmwesﬁgen@m%mnegzsoza 410. The
met hod ongL§|n18, wherein the V gene segnents in any one |ocus are
10 [5] Davis CG, Jia XC, Feng X, Haak-Frendscho M. Production ofhuman antibodies
from transgenic mice.Methods Mol Biol. 2004;248:191-200.
[6] Kellermann SA, Green LL. Antibody discovery: the use of transgenic mice t0
generate human monoclonal antibodies for therapeutics. Curr Opin Biotechnol. 2002
Dec;13(6):593-7. Links
15 [7] EP1690935
[8] US2005287630
[9] W09634096
[10] W09402602
[11] Hendershot et al., (1987) J. Cell Biol., 104, 761-767;
20 [12] Brandt et al., (1984) Mol. Cell. Biol., 4, 1270-1277
[13] Hamers-Casterman et al., (1993) Nature, 363, 446-448
[14] Stanfield et al., (2004) Science, 305, 1770-1773
[15] Rick Janssens, Sylvia Dekker, Rudi W. Hendriks, George Panayotou, Alexandra
van Remoortere, John Kong-a San, Frank Grosveld and Dubravka Drabek, Generation of
25 heavy chain only antibodies in mice, Proc. Natl Acad USA 2006, 10;103(41):15130-5.
Epub 2006 Oct 2.
[16] de Genst et al., Dev Comp Immunol. 2006;30:187-98
[17] Davies, J and Riechmann L. Biotechnology (1995) vol 13, 475-479 Antiquy VH
domains as small recognition units
30 [18] Ward et al., (1989) Nature, 341, 544-546



derived fromorganisns of different species. 11. The nethod of claim
9, wherein the V gene segnents are of human origin. 50 12. The net hod
of any one of clainms Ito 4 and 8 to 11, wherein the multiple heavy
chain loci conprise any nunber or conBPnati on of the 39 fractional
human V gene segnents and engi neered variants thereof with inproved
solubility properties distributed across the nultiple loci, 5 13. The
met hod of any one of claims 1 to 12, wherein each different heavy
chain locus is present as a single copy in the genone of the

t ransgeni - mﬂ . one of clainms It
13 wher ei ﬁlg%&\gﬁgﬁﬁlﬁgvy C g%ﬁ%@%@%@rﬁp@?é?@?%’m one to folrty D °
gene segni?f]datz and Mayldermansnét 99937 dnmang. Methodsf 23, 8548 1 to 14, -
wherein tftgﬂq%ang(#?@?gpkgBﬁ'%%%%m794gm segnents. 16. The

met hod of y “one ,_‘wherein each VH heavy chain
| ocus cony2l]ses et alqr2@0%e J1Imnhwueh Metiodg 298, Zidehfdnt s,  17. The net hod

of cl ai : rein the J n egpent s, ar e,. - e S.
5 15" e [RArHBAGr iy SreVaRe CHFnOre. Cadh PiolTain sNERiw S8
he?\r/]ydCh?I[mﬂlQﬁét?etﬁl}lc),fllliﬁég)befiEyeSR@,69\,,\,?;51@43 gene segnents. 19. The
met hod of any one of clai to. 1 erein each VH heavy chain

| ocus cont[&ﬂr%tl%?tﬁ%'e@g?ﬁ)Qr%rr.ﬁ?»ﬂgi'ﬂg%s of D and J gene seg?/rents. 20.
The net hogr@fyedRis 1938héH OCkAMAK, Wihkr E9(2004EL GirépatiasFesiérinb@aain chai n
| ocus 20 corprises one or nore_ V gene segnments, twent i

f unct i onalantibadiss selegfechen sagebyheat deertgatiehvaYet Bigjeshaok g%‘fgfllé\é{e@.'s © 21,
;r(r)lgu rSTe'él(lgo %ﬂ;l%agﬂé’, B%eﬂgykf:}%gj eH?enJKﬁ,gir%%nséfm ICRkiBeBRE P AV brsBeRVY chain
gene segnent encodi ng at l'east one heavy chain
const ant riegstemUpGateizd. 2004 Madtivatent s¢he display of phagemis! sgprrfadenfor e
constant rsglgict%?l o%gr%oﬁw}(d%gtgﬁsgcgﬁcd&?@od‘f%t anh G Bbiqﬁ'za@on to the Thomsen-
Friedenreich antigen. J Mol Biol. 343(4):985-96.
[28] Jespers L, Schon O, James LC, Veprintsev D, Winter G. (2004) Crystal structure of

15 HELA4, a soluble, refoldable human V(H) single domain with a germ-line scaffold. J.
Mol. Biol. 337(4):893-903.

[29] Dolk E, van Vliet C, Perez JM, Vriend G, Darbon H, Ferrat G, Cambillau C,
Frenken LG, Verrips T. (2005) Induced refolding of a temperature denatured llama
heavy-chain antibody fragment by its antigen. Proteins. 59(3):555-64.

20 [30] Dolk E, van der Vaart M, Lutje Hulsik D, Vriend G, de Haard H, Spinelli S,
Cambillau C, Frenken L, Verrips T. (2005) Isolation of llama antibody fragments for
prevention of dandruff by phage display in shampoo. Appl Environ Microbiol.
71(1):442-50.

[31] Zhao, Y., Pan-Hammarstrom, Q., Zhao, Z., Wen, S. & Hammarstrom, L. Selective

25 1gG2 deficiency due to a point mutation causing abnormal splicing of the Cgamma2
gene, Int Immunol 17, 95-101 (2005). : o S
[32] Lefranc, M., Giudicelli, V., Ginestoux, C., Bodmer, J., Muller, W., Bontrop, R.,
Lemaitre, M., Malik, A., Barbie, V. and D. Chaume. 1999. IMGT, the international
ImMunoGeneTics database Nucleic Acids. Res. 127: 209-212.

30 [33] Mills F, Harindranath N, Mitchell M &Max E. Enhancer complexes located

downstream of human C alpha genes. J Exp. Med. 186, 845-58 (1997)



25 CHL domain in the antibody. 22. The nethod of claim 21, wherein
each |ocus contains only one gene segment encoding one particular
constant region. 51 23. The method of claim2l1, wherein each |ocus
conpri ses nore than one gene segnent 46 each , encoding a different
constant region. 24. The method of any one of clains 21 to 23
wherein each | ocus contains the sanme constant regi on-encodi ng éene
segnent (s). 5 25.The nethod of any one of clains 21 to 23, wherein
each | ocus has different or a different conbination of constant

regi on-e N, ( Bg,

020t o 2 TSN VI, ERERIR, Syms, E o6 MERIGELANS s @?ﬁ%?ﬂ@%‘%i‘??%ﬁl ™

rcggl g C@f@ﬁlumspmlaﬁor ﬂnrranmhvf)the hmrncﬂéﬂsioamw t he

t h

chain coﬂ@pgﬁt%%i‘@"?héﬁi %’H%&(ﬁ %}zdéé% gl 3§e5gr xggr)tesgt at ?:I?II hgg\%, n.

27. The me4ifipEmA, P%ﬂ'&ho@@?d@fcmﬁﬂm mu&&sam&&nsm&mmﬁ Weilsdy chai n

constant region is of human Foé n %fl apy, one of

fggl plrﬁcesgi@i@]élgaﬁfﬁbsvewll:emd °€‘afb“8§ @J&‘%F&P%ggc RV ﬁ%avy chain
n

ro. The HSRIdB Rt er il K e B . ane_ o e

het er ol og[&@]sl\/ﬁdderkd@m/)% Diagien, |GM- & Hendsiks: Wﬁﬁ?mﬁﬁ@fﬁwg‘éﬁt e%n
differ e“tq%igl,@ rﬁﬁﬁ&?ﬂfa@mton%(%yrﬁgm@kﬂﬁ&éj&%c{éﬁt BiY. JaRemell C582685-7080 29,

wherein t ransgenrc non-hunan nmanmmal is a rodent. 20 3
_ 1. The net hod
of cl ai m(3002)v\,her ein the rodent is a nouse. 32. A transgenic

non- h r B&d

cha n odad eief BIRY Nerded B etk Aftfhap ke R RL QLM DRETY
for the pipogidsis, Ibﬁﬂstﬁxﬁuliﬁemeyemdsraadmngralsy censequsoet efslenglopmenialiagictty a
transgeni c ok Ana o/ '5‘1%269“9295%{5‘7?2 W th an antigen.

[38] Heiskanen M, Hellsten E, Kalhomeml OP, Makela TP, Alitalo K, Peltonen L,
Palotie A. Visual mapping by fiber-FISH. Genomics 30, 31-36 (1995).

15 [39] Corput, M and Grosveld, F. Fluorescence in situ hybridization analysis of transcript
dynamics in cells Methods 25, 111-118 (2001).
[40] Van der Linden R, de Geus B, Stok W, Bos W, van Wassenaar D, Verrips T,
Frenken L. Induction of immune response and molecular cloning of heavy chain
repertoire of Lama glama. J immunol Methods. 240, 185-195 (2000).

20 [41] Hoogenboom H.R, Griffiths A.D, Johnson K.S, Chiswell D.J, Hudson P, and
Winter G. Multi-subunit proteins on the surface of filamentous phage: methodologies for
displaying antibody (Fab) heavy and light chains. Nucleic Acids Research 19, 4133-

4137 (1991).
[42] Dekker S, Toussaint W, Pénayotou G, de Wit T, Visser P, Grosveld F, Drabek D.

25 Intracellularly expressed single-domain antibody against p15 matrix protein prevents the
production of porcine retroviruses. J Virol., 77, 12132-9 (2003)
[43] Kitamura D, Roes J, Kuhn R & Rajewsky K. A B cell-deficient mouse by targeted
disruption of the membrane exon of the antibody mu chain gene. Nature 350, 423-6
(1991).

30 [44] Macpherson, A.J. et al. IgA production without mu or delta chain expression in

developing B cells, Nat Immunol 2, 625-31 (2001).



25 34. A method of producing high affinity, antigen-specific Vu heavy
chai n-only anti bodies conprising: 52 I mmuni sing a transgenic
non- human mamal according to claim32 with an antigen; generating
B-cel | hybridomas; selecting cells e%éressing anti gen-specific heavy
chain-only antibody; and 5isol ating antigen-specific reconbined
affinity matured VIl heavy chain-only antibody. SEQUENCE LI STI NG
<110> ERASMUJS UNI VERSI TY 5 <120> ALLELI C EXCLUSI ON <130>2042581WD
<150>GB0601511. 9 10 <151>2006-01- 25 <150>G30618345. 3 <151>2006- 09- 18

[45] Orinska, Z. et al, Novel B cell population producing functional IgG in the absence

of membrane IgM expression. Eur J Immunol 32, 3472-80 (2002).

[46] Hasan, M., Polic, B., Bralic, M., Jonjic, S. & Rajewsky, K. Incomplete block of B

cell development and antibody production in mice carrying the muMT mutation on the
5 BALB/c background. Eur J Immunol 32, 3463-71 (2002).

[47] Davies, J and Riechmann, L. Single antibody domains as small recognition units:

design and in vitro antigen selection of camelized, human VH domains with improved

protein stability. Protein Eng. 9, 531-7 (1996).

[48] Riechmann, L. & Muyldermans, S. Single domain antibodies: comparison of camel

10 VH and camelised human VH domains, J Immunol Methods 231, 25-38 (1999).

[49] De Genst E, Silence K, Ghahroudi M, Decanniere K, Loris R, Kinne J, Wyns L &
Muyldermans S. Strong in vivo maturation compensates for structurally restricted H3
loops in antibody repertoires. J Biol Chem. 280, 14114-21 (2005)

[50] Utlinger S, Baron U, Thellmann M, Hasan MT, Bujard H & Hillen W. Exploring

15 the sequence space for tetracycline-dependent transcriptional activators: novel mutations
yield expanded range and sensitivity. Proc Natl Acad Sci U S A. 97, 7963-8 (2000).
[51] De Genst E, Silence K, Ghahroudi M, Decanniere K, Loris R, Kinne J, Wyns L &
Muyldermans S. Strong in vivo maturation compensates for structurally restricted H3
loops in antibody repertoires. J Biol Chem. 280, 14114-21 (2005)

20 [52] Vu, K.B., Ghahroudi, M.A., Wyns, L. & Muyldermans, S. Comparison of llama VH
sequences from conventional and heavy chain antibodies. Mol Immunol 34, 1121-31
(1997).

[53] Zemlin, M. et al. Expressed murine and human CDR-H3 intervals of equal length
exhibit distinct repertoires that differ in their amino acid composition and predicted

25 range of structures. J Mol Biol 334, 733-49 (2003).

[54] Corcos D, Iglesias A, Dunda O, Bucchini D, Jami J. Allelic exclusion in transgenic
mice expressing a heavy chain disease-like human mu protein. Eur J Immunol. 21, 271 1-
6 (1991)

[55] Corcos D, Dunda O, Butor C, Cesbron JY, Lores P, Bucchini D, Jami J.Pre-B-cell

30 development in the absence of lambda 5 in transgenic mice expressing a heavychain
disease protein, Curr Biol. 5:1140-8 (1995).



15 <160>16 <170>Secyl i n99, version 1.02 <210>1 20 <211>30 <212> DNA
<213> Artificial Sequence <220> 25 <223> PCR Primer <400>1 gcgggtaccg
aat ggt ggca gggat ggct c30 30 <210>2 <211>30 <212> DNA <213> Artifici al
Sequence 35 <220> <223>PCR Priner <40882

[56] Seidl, T., Rolink, A. & Melchers, F. The VpreB protein of the surrogate lightchain
can pair with some mu heavy-chains in the absence of the lambda 5 protein. Eur J
Tmmunol 31, 1999-2006 (2001).
[57] Mundt, C., Licence, S., Shimizu, T., Melchers, F. & Martensson, I.L. Loss of
5 precursor B cell expansion but not allelic exclusion in VpreB1/VpreB2 doubledeficient
mice. J Exp Med 193, 435-45 (2001).
[58] Su, Y.W. et al. Identification of a pre-BCR lacking surrogate light chain. J Exp Med
198, 1699-706 (2003).
[59] Pogue, S.L. & Goodnow, C.C. Gene dose-dependent maturation and receptor
10 editing of B cells expressing antibody (Ig)G1 or IgM/IgG1 tail antigen receptors. J Exp
"~ Med 191, 1031-44 (2000). S
[60] Zoﬁ, X. et al. Expression of a dromedary heavy chain-only antibody and B cell
development in the mouse. J Immunol 175, 3769-79 (2005).
[61] Iglesias, A., Kopf, M., Williams, G.S., Buhler, B. & Kohler, G. Molecular

15 requirements for the mu-induced light chain gene rearrangement in pre-B cells. Embo J
10, 2147-55 (1991).

[62] Shaffer, A.L. & Schlissel, M.S. A truncated heavy chain protein relieves the
requirement for surrogate light chains in early B cell development. J Immunol 159,
1265-75 (1997).

20 [63] Sonoda, E. et al. B cell development under the condition of allelic inclusion.
Immunity 6, 225-33 (1997). ,

[64] Eason DD, Litman RT, Luer CA, Kerr W, Litman GW. Expression of individual
antibody genes occurs in an unusual system consisting of multiple independent loci. Eur
J Immunol. 34:2551-8 (2004). _

25 [65] Wagner SD, Gross G, Cook GP, Davies SL, Neuberger MS. Antibody expression
from the core region of the human IgH locus reconstructed in transgenic mice using
bacteriophage P1 clones, Genomics. 35, 405-14 (1996).

[66] Xu JL, Davis MM. Diversity in the CDR3 region of V(H) is sufficient for most
antibody specificities. Immunity 13, 37-45 (2000)

30 [67] De Genst E, Saerens D, Muyldermans S, Conrath K. Antibody repertoire

development in camelids. Dev Comp Immunol. 30, 187-98 (2006).



cgcggtaccc tgcggtgtgg gacagagct g30 <210>3 <211>35 <212>DNA <213>
Artificial Sequence <220> <223> PCR Priner <400>3 50 cgcggtacca
cggccacggc cacgctgetc gattc35 <210>4 <211>26 <212> DNA 55 <213>
Artificial Sequence <220> <223> FORPrinmer <400>4

10

15

20

25

CLAIMS

1. A method for the production of a Vy heavy chain-only antibody in a trans genic
non-human mammal comprising the steps of providing more than one heterologous Vy
heavy chain locus in that mammal, wherein each Vy heavy chain locus comprises one or
more V gene segments, one or more D gene segments, one or more J gene segments and
a gene segment encoding a heavy chain constant region which, when expressed, does not
include a Cyy1 domain and expressing a V heavy chain-only antibody from at least one

of said loci.

2. The method of claim 1, wherein each Vg heavy chain locus comprises one or

multiple V gene segments.

3. The method of claim 1 or claim 2, wherein each locus comprises only one V gene

segment.

4. The method of claim 3, wherein each V gene segment is different from all other
V gene segments.

5, The method of claim 3, wherein each V gene segment is identical to all the other
V gene segments.

6. The method of claim 5 wherein the remaining gene segments in each locus are

the same as those in all the other loci.

7. The method of claim 5 wherein the remaining gene segments in each locus are

different from those in all the other loci.

8. The method of claim 1 or claim 2, wherein each locus comprises multiple V gene
segments.
9, The method of claim 8, wherein the V gene segments in any one locus are all

derived from an organism of the same species.

10.  The method of claim 8, wherein the V gene segments in any one locus are

derived from organisms of different species.

11.  The method of claim 9, wherein the V gene segments are of human origin.
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12.  The method of any one of claims 1 to 4 and 8 to 11, wherein the multiple heavy
chain loci comprise any number or combination of the 39 functional human V gene
segments and engineered variants thereof with improved solubility properties distributed

across the multiple loci.

13.  The method of any one of claims 1 to 12, wherein each different heavy chain

locus is present as a single copy in the genome of the transgenic non-human mammal.

14.  The method of any one of claims 1 to 13 wherein each Vg heavy chain locus

comprises from one to forty D gene segments.

15.  The method of any one of claims 1 to 14, wherein the D gene segments are

human D gene segments.

16.  The method of any one of claims 1 to 15, wherein each Vi heavy chain locus

comprises from one to twenty J gene segments.

17.  The method of claims 16, wherein the J gene segments are human J gene

segments.

18.  The method of any one of claims 1 to 17, wherein each Vi heavy chain locus

contains the same D and J gene segments.

19.  The method of any one of claims 1 to 17, wherein each Vg heavy chain locus

contains different combinations of D and J gene segments.

20.  The method of any one of claims 1 to 19, wherein each Vi heavy chain locus
comprises one or more V gene segments, twenty-five functional human D gene segments

and 6 human J gene segments.

21.  Themethod of any one of claims 1 to 20, wherein each Vy heavy chain locus
comprises a gene segment encoding at least one heavy chain constant region providing
effector functions i vivo wherein the constant region when expressed does not include a

Cyl domain in the antibody.

22.  The method of claim 21, wherein each locus contains only one gene segment

encoding one particular constant region.



agactctcct gtgcagcctc tgg <210>7 30 <211>23 <212>DNA <213> Artificial
Sequence <220> 35 <223> FOR Priner <400>7 cactcgacac aacatttgcg ctc
40 <210>8 <211>21 <212> DNA <213> Artificial Sequence 45 <220> <223>
FOR Priner <400>8 cactttggga ggcagct &g c

23.  The method of claim 21, wherein each locus comprises more than one gene

segment, each encoding a different constant region.

24,  The method of any one of claims 21 to 23, wherein each locus contains the same

constant region-encoding gene segment(s).

5 25. The method of any one of claims 21 to 23, wherein each locus has different or a

different combination of constant region-encoding gene segment(s).

26.  Themethod of any one of claims 21 to 25, wherein each gene segment encoding
a heavy chain constant region comprises one or more heavy chain constant region exons
of the C8, Cy;.4, Cp, Ce or Coy classes, with the proviso that the heavy chain constant

10 region gene segments do not express a Cyl domain.

27.  The method of any one of claims 21 to 26, wherein the heavy chain constant

region is of human origin.

28.  The method of any one of the preceding claims, wherein two or more
heterologous Vi heavy chain loci in that mammal are present in tandem on the same

15 chromosomse.

29.  The method of any one of claims 1 to 27 , wherein one or more heterologous Vu

heavy chain loci in that mammal are present on different chromosomes.

30.  The method of any one of claims 1 to 29, wherein the transgenic non-human

mammal is a rodent.
20 31. Themethod of claim 30, wherein the rodent is a mouse.

32, A transgenic non-human mammal comprising more than one heterologous Vy

heavy chain locus as defined in any one of claims 1 to 31.

33. A method for the production of heavy chain-only antibodies by immunising a

transgenic non-human mammal of claim 32 with an antigen.

25 34. A method of producing high affinity, antigen-specific Vy heavy chain-only

antibodies comprising:



<210>9 <211>21 <212> DNA <213> Artificial Sequence <223> PCR Priner
<400>9 ccagtgctgg aagtattcag c21 <210>10 <211>21 <212> DNA <213>
Artificial Sequence <220> <223> PCR Priner <400>10 15 cagagatcga
agtaccagta g21 <210>11 52

immunising a transgenic non-human mammal according to claim 32 with an
antigen;
. generating B-cell hybridomas;
selecting cells expressing antigen-specific heavy chain-only antibody; and

5 isolating antigen-specific recombined affinity matured Vi heavy chain-only
antibody.



<211>21 <212> DNA 20 <213> Artificial Sequence <220> <223> PCR Pri mer
25 <400>11 ggccccagay atcaaaagca t21 <210>12 <211>21 30 <212> DNA
<213> Artificial Sequence <220> <223> PCR Prinmer 35 <400>12
ggccccagta gtcaaagtag t21 <210>13

1
SEQUENCE LISTING
<110>  ERASMUS UNIVERSITY
5 <120> ALLELIC EXCLUSION
<130> P042581W0
<150> GB0601511.9
10 <151> 2006-01-25
<150> GB0618345.3
<151> 2006-09-18
15 <160> 16
<170> SeqWin99, version 1.02
<210> 1
20 <211> 30
<212> DNA )
<213> Artificial Sequence
<220>
25 <223> PCR Primer
<400> 1
gcgggtaccg aatggtggea gggatggete 30
30 <210> 2
<211> 30
<212> DNA
<213> Artificial Sequence
35 <220>
<223> PCR Primer
<400> 2
cgcggtacce tgeggtgtgg gacagagctg 30
40 ,
<210> 3
<211> 35
<212> DNA
<213> Artificial Sequence
45 :
<220>
<223> PCR Primer
<400> 3
50 cgeggtacca cggccacgge cacgctgete gatte 35
<210> 4
<211> 26

<212> DNA
55 <213> Artificial Sequence



40 <211> 21 <212> DNA <213> Artificial Sequence <220> 45 <223> PCR
Prinmer <400>13 cccaggrgtc gaaccagttg t21 50 <210>14 <211>22 <212> DNA
<213> Artificial Sequence 55 <220> <223> PCR Prinmer <400>14
ccagaacgtc catryngtag ta 5 <210>15 <211>39

2
<220>
<223> PCR Primer
<400> 4
5 ccagtcaata ctactcgcta agattc 26
<210> 5
<211> 24
<212> DNA
10 <213> Artificial Sequence
<220>
<223> PCR Primer
15 <400> 5 ,
cagtggtcca cagtttctca aagc _ 24
<210> 6
<211> 23
20 <212> DNA
<213> Artificial Sequence
<220>
<223> PCR Primer
25
<400> 6
agactctcet gtgcagecte tgg 23
<210> 7
30 <211> 23
<212> DNA
<213> Artificial Sequence
<220>
35 <223> PCR Primer
<400> 7
cactcgacac aacatttgcg ctc 23
40 <210> 8
<211> 21
<212> DNA
<213> Artificial Sequence
45 <220>
<223> PCR Primer
<400> 8
cactttggga ggcagctcag c 21
50
<210> 9
<211> 21
<212> DNA
<213> Artificial Seguence
55

<220>



<212> DNA <213> Artificial

Sequence 11) <220> <223> PCR Pri ner

<400>15 aat ctgggca gcggccgcct cgacacaaca tttgcgctc39 <210>16 <211>39

<212> DNA <213> Artificial
t gggacgaag acggccgctt tgggaggcag ctcggcgat39

10

15

20

25

30

35

40

45

50

55

<223> PCR Primer

<400> 9

ccagtgctgg aagtattcag ¢
<210> 10

211> 21

<212> DNA

<213> Artificial Sequence
<220>

<223> PCR Primer-

<400> 10

cagagatcga agtaccagta g
<210> 11

<211> 21

<212> DNA

<213> Artificial Sequence
<220>

<223> PCR Primer

<400> 11

ggccccagay atcaaaagca t
<210> 12

<211> 21

<212> DNA

<213> Artificial Sequence
<220>

<223> PCR Primer

<400> 12

ggccccagta gtcaaagtag t
<210> 13

<211> 21

<212> DNA

<213> Artificial Sequence
<220>

<223> PCR Primer

<400> 13

cccaggrgtc gaaccagttg t
<210> 14

<211> 22

<212> DNA

<213> Artificial Sequence
<220>

<223>

PCR Primer

Sequence <220> <223> PCR Pri ner

<400>16 25

21

21

21

21

21



10

15

20

25

<400> 14

ccagaacgtc catrymgtag ta
<210> 15

<211> 39

<212> DNA

<213> Artificial Sequence
<220>

<223> PCR Primer

"<400> 15

aatctgggca geggccgect cgacacaaca tttgcgecte
<210> 16

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR Primer

<400> 16
tgggacgaag acggccgett tgggaggeag ctcggeaat

22

39

39



