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MURINE EXPRESSION OF HUMAN Ioi LOCUS

’ |

INTRODUCTION

The light chain compcnent ¢f the Ig protein Is encoded by two separaig loci, Igx and
igh. The prcportion of antibedies containing x or A light chains vares censigerably
hetween difisrent species (1-3), eg in mice the KA ratio is 95:5, comgarsa to 60:40
in humans. Two models have evolved to account for this apparent bias In ne

expression of x in the mouse. Firstly, from the observation that murine IGA-

producing myelomas have rearranged x light chain genes, and that Igk producing
cells have the & light chain locus in germline configuration, it was proposed tnat x
rearrangement must occur before A rearrangement can commence (4, 5). In the
human situation, however, while aimost all A producing cells have both x alleles
rearranged, the proportion of k and A producing cells are similar (4). The second
proposal is that k and A loci are both available for rearrangement at the same time,
but the mouse x locus is mare efficient at engaging the rearrangement process
(reviewed in 8). The occasional finding of cells with rearranged A and the x locus In
germiine configuration may suppoert tnis (5, 7, 8). ihe mﬂuehce of antigen selection
on the biased ki ratio is discountad by the finding that the ratic is similar in fetal

liver and in cells that have not encountered antigen (8-13).

Light chain V-J rsarrangement occurs at the transition from pre B-!f to immature 5

i
~ o

cells, where the surrogats light chain associated with membrane Igu is replaced oy

»
()
(1
-3
M
»
%

< or A light chain (14). Althouch the timing of light chamn rearra

essentially defined. the procassas which activates light chain locus rsarrangement

are not fully understood. From locus silencing experiments, it became clear malx
1
SUBSTITUTE SHEET (RULE 26)



asdiIBMHITASSES Al Mrekillenm rvndadbusl g% v rands a o~ va v v o» L. ®

CA 02348898 2001-05-01

’

WO 00/26373 PCT/GB99/03632

1

squisits for A recombination (1), Indesd, x and A
nt events (18), the zcuvation of wnich may be
\ .

the sirencgth of the respective ennancers. A region

helieved tc be important in the rsgulation of the accessitility oi the human A locus

has been identified about 10 Kb dewnstream of CA7 (17, 18). Functional

comparisons in reporter gene assays identified a core ennancer region that is

flanked by elements which can drastically reduce enhancer activity in pre-B cells
(17). Although transfection studies showed that the x and A 3’ enhancer recions
appear to be functionally equivalent, otner (functionzal) sequences flanking the core

enhancer motifs are remarkably dissimilar. Targeted deletion of the ¥ 3' enhancer In

transgenic mice showed that this region is not essential for x locus rearrangement

and expression but is required to estabiish the kA ratio (19).

The human Igi locus on chromosome 22g11.2 is 1.1 Mb In size and typically
contains 70 VA genes and 7 JA-CA gene segments (20, 21 and ref. therein). About
half of the VA genes are regarded as functional and JA-CA1, 2, 3 and 7 are aclVve.
The Vi genes are organised in three clusters which contain distinct V gene family
groups. There are 10 VA gene families, with the largest (VAII) being representad by

23 members. In human peripheral blood lymphocytes, the most J-C proximal V

qene seaments in cluster A, from families I, II and [II, are preferentially rearranged,

b e

ure [22])

— ¥

with the contribution of the 222 VX segment (2-14 in the new nomencia

ments have the same polarity wnich

ne Sc

()
(D
({1

Deing unusually high (23). All A

—

4). Sequence diversity of the IgA repercire s

O

allows deletional rearrangsment (

-~
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provided mainiy by VA-JA comcinauen. Additional CORG diversity due o N (non-

encoded)- or P (palindromic)-nuclectics adaitions &t the V to J juncuon, although

ent. se=ms to be much more frequently

-3

M

arrangs

ninlgRr

(b

naot as exiensive &s se
- 27, 28), where the TdT (terminal

h

used in humans than in micg (23, <

deoxyribonuciectice transierase) activity is down-regulated at the time of light cnain

rearrangement.

Here we have introduced a 410 Kb YAC, which contains most of the VA genes oi

cluster A and all the JA-CA segments in germline configuration, into mice wnich

have one or both endogenous Igx alleles disrupted. The translocus shows high

expression in both backgrounds, and is able to compete equally with the

endogenous Mouse K ioCus.

“
\
-t
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SUMMARY OF THE LNVENTION

Transgenic mice were creatsd carrying & 320 KD regicn of ths human

ight (L) chain locus in germline configuration. ine

immunoglcoulin (Ig) A i
ntroduced transiocus on a yeast anificial chromosome (YAC) accommodaies the

most proximal V (variable gene) A cluster - with 15 VA genes that contribute to over
50% of A light chains in man - and all JA-CA segments with the 3 region including
the downstream enhancer. The HulgAYAC mice were bred with animals in which
mouse x L chain production was silenced by gene targeting. Human lgA expression
in mouse x~7- animals was dominant with up to 84% of B220™ B-cells expressing
suriace human L chain. In serum human Iga was up to 1.8 mg/ml, whilst mouse L
chzain levels were reduced to 0.2 mg/ml. However, a striking result was that In

heterozygous «*" and normal <7+ translocus mice both human A and mouse K

were expressed at similar high levels (38% and 435% of cells, respectively).

Interestingly, in HulgAYAC/Mok mice human X is predominantly expressed at the
ore B-cell stage with subsequent upraguiation or celis expressing mouse L chain at
the immature B-cell siage. The human VA genes hypermutate reacily out snow
restricted P or N sequence variability at the V-J junction. The finding that human A
genes can be utilised with similar efficiency in mouse and man impiies that L chain

expression is critically depsndent on the configuration or the loCus. Thus. the

(.

transfer of large transloci may circumvent many expression problems ancouniere
with small gene constructs intreduced into cells and animals, with the advanags

that some silencing apprcacnss such as exploiting numan anticody progucucn may

orove unnecessary

*
o
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Thus, according to the invention, transgenic mice have been produced in which the

proportion of x and A light chains resembles that found in humans. Mice of the
‘avention can be characterised by exhibiting relative proportions of < 60% « light
chains and > 40% A light chains. Such a k:A ratio of 60:40 or less (1.e. even higher A

and lower x levels) is remarkable in view of the normal mouse ratio of about 95:5.

According to one aspect of the invention, there 1s provided a transgenic mouse which

neludes as a translocus a 410 Kb YAC, which contains most of the human VA genes

of cluster A and all the human JA-CX segments in germline configuration wherein the

translocus shows high expression, and is able to compete equally with the endogenous

mouse K locus.

According to another aspect of the invention, there is provided a transgenic mouse
which includes as a translocus a 410 Kb YAC, which contains most of the human VA
genes of cluster A and all the human JA-C?. segments in germline configuration,
which mouse has one or both endogenous Igy alleles disrupted, and wherein the

translocus shows high expression.

According to a further aspect of the invention, there is provided a transgenic mouse
carrying a 380 Kb region of the human immunoglobulin (Ig) A light (L) chain locus 1n
germline configuration, wherein the introduced translocus on a yeast artificial
chromosome (YAC) accommodates the most proximal V (variable gene) A cluster -

with 15 V A genes that contribute to over 60% of A light chains in man - and all J A-C

) segments with the 3’ region including the downstream enhancer.

According to another aspect of the invention, there is provided a transgenic mouse
characterised in that it includes human Ig lambda genes in which the proportion of the
« and A light chains expressed by the human lambda genes resembles that found 1n
humans, and exhibits relative proportions of < 60% A light chains and > 40% A light

chains.

According to a further aspect of the invention, there is provided a hybridoma

obtainable from a three months old HulgA Y AC/x"" mouse by fusion of splenocytes

s aad ol st e st 1 oAbt b ] o A L SCA MRS AL AS $ A e
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Thus, according to the invention, transgenic mice have been produced in

which the proportion of x and A light chains resembles that found in humans.

Mice of the invention can be characterised by exhibiting relative proportions of
< 60% «x light chains and > 40% A light chains. Such a k:A ratio of 60:40 or

less (i.e. even higher A and lower « levels) i1s remarkable in view of the normal

mouse ratio of about 95:5.

According to an aspect of the invention, there is provided a method for
producing a transgenic mouse Including as a translocus a 410 Kb YAC, which

YAC contains most of the human VA genes of cluster A and all the human Ja-
CX segments in germline configuration and wherein the translocus shows high
expression and is able to compete equally with endogenous mouse « locus,

wherein the method includes the steps of:
(1) intfroduction into murine embryonic stems cells of a 410 Kb YAC

which contains most of the human VA genes of cluster A and ali the human
Ji-Ch segments in germline configuration; and

(11) derivation of transgenic mice.

According to another aspect of the invention, there Is provided a

method for producing a hybridoma obtainable from a three months old k™"

mouse containing as a translocus a 410 Kb YAC, which YAC contains most of

the human VA genes of cluster A and all the human Ji-CA segments in

germline configuration, comprising the steps of fusing splenocytes from the

mouse with NSO myeloma cells, and subsequently selecting single clones.
Figure legends

Figure 1. The HulghYAC accommodates a 3830 Kb region of the human A
light chain locus In authentic configuration with all VA genes of cluster A (21,
40, 54), the JA-CA segments and the 3’ enhancer (17). Black boxes represent
functional VA genes (3-27, 3-25, 2-23, 3-22, 3-21, 3-19, 2-18, 3-16, 2-14, 2-
11, 3-10, 3-9, 2-8, 4-3, 3-1) and white boxes shown VA genes with open

S5a
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reading frames (2-33, 3-32, 3-12) which have not been identified in productive
rearrangements of human lymphocytes (40). Pseudogenes are not shown.
Black triangles indicate rearranged V genes found by RT-PCR In spleen and

sorted Peyer's patch cells from Hulg), mice. The unique Notl restriction site Is
indicated. Probes to assess the integrity of the Hulg) YAC, LA (left arm) and
Cr2-3 are indicated.

Figure 2. Southern blot analysis of Hulg) YAC integration. (Left) Notl digested
testis DNA resolved on PFGE and hybridized with the C)2-3 probe. The

same size band was obtained with the left arm probe (not shown). The
majority of the hybridization signal remains in the compression band (CB)
presumably due to protection of the Notl site by methylation. (Right)
EcoRI/Hindlli digests hybridized with the C) 2.3 probe. Lane 1: Hulg) YAC ES

cell DNA from a protoplast fusion clone: lane 2: normal ES cell DNA; lane 3:
human genomic DNA (XZ); lane 4: human KB carcinoma (55) DNA; lane 5
and 6: tail DNA from 2 Hulg) YAC germline transmission mice. Note that the

human DNA shows an additional 5.2 Kb band which represents an allelic

variation (956).
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MATERIALS AND METHODS

The HulgAYAC, ‘ntroduction into embryonic stem ceils and derivatiaon

smmaodating & 380 Kb region

)

—. S A
of transgenic mice. INg 440 Ko HulgaYAC, acc

(Vi-JCA) of the numan % lignht chain locus witn V. J and C genes in germine

| ructed as descr 29). T w selecticn two copies Of
configuration, was CONSirucisd &3 descrined (29). To allo

| ' el = site-specifically integrated into ine
the neomycin resistance gens< (NEQ') were site-sp ally Q

. L e o e
ampicillin gene on the eft (centromeric) YAC arm. YAC-containing yesast cells wer

tused with HM-1 embryonic stem (ES) cells, a kind gift from D. Melton, as described

| icke 2 2-3 weeks afer
(30) and G418 resisiant ~olonies were picked and analysed 3w a

orotoplast fusion. =g cells containing @ complete HulgAYAC copy, confirmed QY

-ation. were used for blastocysl injection to produce chimeric

Southern hybrid
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animals (31). Breeding of chimeric animals with Balb/c mice resulted in germime

transmission. Further breeding with k" mice (32) established the lines for analysis.

Southern blot analysis. Either conventional DNA was obtained (33) or high
molecular weight DNA was prepared in agarose blocks (34). For the preparation of
testis DNA, tissues were homogenized and passed through 70uM nylon mesh.
PFGE conditions to separate in the 50-900 Kb range were 1% agarose, 180V, 70s
switch time and 30 hours running time at 3.5°C. Hybridization probes were CA2+3

and the left YAC arm probe (LA) comprising LYS2 (29).

Hybridoma production and ELISA assay. Hybridomas were obtained from
three months old HulghiYAC/c™ animals by fusion of splenocytes with NSO
myeloma cells (35). After fusion cells were plated on 96-well plates such as to
obtain single clones. Human and mouse antibody production was determined In
sandwich ELISA assays (36) on MaxiSorp™ plates (Nalge Nunc, Denmark). For the
detection of human or mouse Igi, coating reagents were a 1:500 dilution of anti-
human A light chain monoclonal antibody (mAB) HP-6054 (L 6522, Sigma,
St.Louis, MO, USA) or a 1:500 dilution of the 2.3 mg/ml rat anti-mouse A mAB (L
2280, Sigma), respectively. Respective binding was detected with Dbiotinylated
antibodies: polyclonal anti-human A (B 0900, Sigma), a 1:1000 dilution of
polyclonal anti-mouse A (RPN 1178, Amersham Intl.,, Amersham, UK) or rat anti-
mouse Igir (# 021172D, Pharmingen, San Diego, USA) followed by streptavidin-
conjugated horseradish peroxidase (Amersham). Mouse IgGair myeloma protein

from HOPC1 (M 6034, Sigma) and human serum IgGA (I 4014, Sigma) were used
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to standardise the assays. To determine mouse K light chain levels, plates were
coated with a 1:1000 dilution of rat anti-mouse «, clone EM34,1 (K 2132, Sigma),
and bound lg was detected using biotinylated rat mAB anti-mouse Igk (Cat. no. 04-
6640, Zymed, San Francisco, USA). Mouse myeloma proteins IgG2ak and IgG1ix
(UPC10, M 9144, and MOPC21, M 9269, Sigma) were used as standards. For
detection of mouse IgM, plates were coated with polyclonal anti-mouse p (The
Binding Site, Birmingham, UK) and bound Ig was detected with biotinylated goat
anti-mouse u (RPN1 176, Amersham) followed by streptavidin-conjugated
horseradish peroxidase. Mouse plasmacytoma TEPC183, IgMk, (M 3795, Sigma)

was used as a standard.

Flow cytometry analysis. Cell suspensions were obtained from bone marrow
(BM), spleen and Peyer's patches (PPs). Multicolour staining was then carried out
with the following reagents in combinations illustrated in figure 4: FITC-conjugated
anti-human A (F5266, Sigma), PE-conjugated anti-mouse c-kit (CD117) receptor
(clone ACK45, cat. no. 09995B, Pharmingen, San Diego, USA), PE-conjugated
anti-mouse CD25 (IL-2 receptor) (clone 3C7, P 3317, Sigma), biotin-conjugated
anti-human x (clone G20-193, cat. no. 08172D, Pharmingen), biotin-conjugated
anti-mouse CD19 (clone 1D3, cat. no. 096540, Pharmingen), followed by
Streptavidin-Quantum Red (S2899, Sigma) or Streptavidin-PerCP (cat. n0.340130,
Becton-Dickinson) and rat monoclonal anti-mouse x light chain (clone MPC-0OX-20,
cat. MCA152, Serotec, Oxford, UK) coupled according to the manufacturer's
recommendations with allophycocyanin (APC). (PJ25C, ProZyme™, San Leandro,
USA). Data were collected from 1x10° stained cells on a FACScalibur™ flow.

cytometer (Becton Dickinson Immunocytometry Systems, Mountain View, CA, USA)
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as described (32). Celis were first gated on forward and side scatter to exclude dead
cells. To obtain accurate percentage distribution for comparison, cells from
normal mice were stained in parallel. In addition, human peripheral blood
lymphocytes were purified on Ficoll™ gradients (1.077g/ml) and stained with PE-
conjugated anti-human CD19 antibody (P7437, clone SJ25-C1, Sigma),
biotinylated anti-human «k followed by Streptavidin-Quantum Red and FITC-

conjugated anti-numan A antibodies as above.

For RT-PCR cloning of VA genes, PPs cells were stained with FJTC-conjugated
peanut agglutinin (PNA) (L 7381, Sigma) and PE-conjugated anti-mouse B220
antibodies (P 3567, Sigma). Double-positive cells were sorted on the FACStar™™
flow cytometer (Becton Dickinson Immunocytometry Systems, Mountain View, CA,
USA) as described (32) and 5x10° cells were lysed in denaturing solution (37).

5'RACE was carried out as described below with one modification - 2ug carrier RNA

was added to the cell lysates before RNA extraction and precipitation.

Cloning and sequencing of 5’'RACE products. Spleen RNA was prepared as
described (37) and for cDNA preparation 2-3 ug of RNA was ethanol precipitated
and air-dryed. For rapid amplification of 5' cDNA ends (5'RACE) (38) first strand
cDNA was primed with oligo(dT)22 and 100 units of Super Script™ |l reverse
transcriptase (Gibco BRL, Gaithersburg, MD, USA) was used at 46°C according to
manufacturer's instructions with 20 units of placental RNAse inhibitor (Promega,
Madison, WI, USA). The DNA/RNA duplex was passed through 1 ml G-50
equilibrated with TE (10mM Tris-HCI pH7.8, ImM EDTA) in a hypodermic syringe to
remove excess oligo(dT). For G-tailing 20 units of TdT (Cambio, Cambridge, UK)

were used according to standard protocols (39). Double stranded (ds) cDNA was

10
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obtained from G-tailed ss cDNA by addition of oligonucleotide Pri (see below), 100
uM dNTP and 2.5 units of Klenow fragment (Cambio) and incubation for 10 mm at
40°C. After heating the reaction for 1 min at 94°C and extraction with phenol-
chloroform the ds cDNA was passed through G-50 to remove primer Pr1. PCR
amplifications, 35 cycles, were carried out in the RoboCycler™ Gradient 96 Thermal
Cycler (Stratagene, Lajolla, CA, USA) using oligonucleotides Pr2 and Pr3. For
PCR of PPs cDNA 50 cycles were used:. 40 cycles in the first amplification and 10
cycles In additional amplifications. Pfu Thermostable Polymerase (Stratagene,
Lajolla, CA, USA) was used instead of Tag polymerase to reduce PCR error rates.
The amplification products were purified using a GENECLEAN™ || kit (BIO 101, Vista,
CA, USA) and re-amplified for 5 cycles with primers Pr2 and Pr4 to allow cloning into
Eco RI sites. Oligonucleotide for 5RACE of VA genes were: Pr1 5'-
AATTCTAAAACTACAAACTG CCCCCCCCA/T/G-3', Pr2 5'-
AATTCTAAAACTACAAACTGC-3" (sense), Pr3 -5-CTCCCGGGTAGAAGTCAC-3

(reverse), Prd 5'-AATTC GTGTGGCCTTGTTGGCT-3' (reverse nested).

The protocol of A. Sudarikov (pers.comm.) was used to clone VA PCR products.
PCR products of about 500bp were cut out from agarose gels and purified on
GENECLEAN II. The DNA was incubated in 50 mM Tris-HCI, pH 7.4,10 mM MgCl.,
with 100 uM dGTP/dCTP and 1 unit of Klenow fragment for 10 mm at RT. Under
these conditions the Klenow fragment removes the 3' ends of the PCR products
(AATT) leaving ligatable Eco Rl overhangs. DNA was ligated with Eco RI restricted
pUC19, transformed into competent E.coli XL1Blue and colonies were selected on
X-Gal/lIPTG/amp plates. Plasmid DNA prepared from white colonies was used for
sequencing. Sequencing of both strands was done on the ABI 373 automated

sequencer In the Babraham Institute Microchemical Facility.

11
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The transaenic human lga locus. The human IgA transiccus (Fig. 1) WaEs
sssempled on a2 YAC by reccmbining Cne YAC containing about haltciall Va gene

cegments with thrae overiapging cesmics cantaining Vi and JA-CA geng Segments

: 1 ! N -~ 14—~ \ ~ A | o a, . a ~ -~ '
and the 3’ enhancer (28). This resuitzd in & 410 KB YAC accommocdating a 380 Kb

region of the human A lignt chain locus contzining 15 VA genes rsgardeq as
functional. 3 VAs with open reading frames nat found to be exprassed and 13 VA

nseudogenes (40). This HulgAYAC was introduced into ES cells by protoplast

fusion (30) and chimeric mice Were nroduced by blastocyst injection (31). The ES

cell clone used for this showed a 450 KD Notl fragment corrésponaing to

HulgAYAC, as identified Dy PEGE and Southern hybridization with the 3' prooe,

Ci2+3, and the 5' probe, LA comprising LYS2, present in the left centromeric YAC

arm (not shown). Germiine transmission was obtained, and PFGE analysis of tesus

DNA from one animal is illustrated in fig. 2. A Notl fragment larger than 380 Kb is

necessary to accommaodate this region of the HulgAYAC, and the 4350 Kb band

~htained indicatas random integration involving the single Notl site 3’ of JA-Ch and

~ Notl site in the mouse chromosome. Digests with EcoRI/Hindlll and hyvoncization

-
with the CA2+3 probe further confirmed the integrity of the transferred HUlgAYAC

T indicatad tnat one S i the HulgAaYAL was
(Fig. 2). The results indicatad thal one complete copy of the HulgaYAC

integrated in the mouse genome.

| IS < | | ol | 70 assess (ne
Human lgh expression is dominant in Mouse X animals. i0 2s3ess

L . .
~UoCgigs e

human & licht chain repertoire for tne preduction of authentc numan 250

HUlGAYAC mice weare bred with mice in which endogenous Igx progucticn was

T M

[ ~
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silenced by gane targeting (32). In these k7~ mice, the mcuse Iga titars are glevaisd

4 A

) showed that human Iga

(1)

compared to <7 strains (32, 41). Serum titratons (Fig.

antibody titers in Hulai YAC/x™ " mice ars between 1 and 2 mg/ml which is up to 10

fold higher than average mouse igh levels. Interestingly, the mouse IgA levels

L _ . .
-=mained low in the HulgAYAC/x™™ mice, similar to the levels found in normal mice.
High levels of human lar T cells were zlso identified in flow cytometnc analysis Of

splenic B-cells from HulleAC/x“/'mice (Fig. 4A) with human A expressed on the

suriace of >80% of the B-cells whilst the number of mouse lgA™ cells was always

helow 5% (data not shown).

Human [gk expression equals mouse lgk production. Assessment Of

human IgA production in neterozygous HulgkYAC*/K‘*‘/“ mice allowed a detailed

comparison of expression and activation of endogenous versus transgenic lignt

chain loci present at equal functional numbers. Serum anealysis (Fig. 3) of mice

capable of expressing both human L and mouse x showed similar titers for numan

and mouse light chains. Human IgA levels in HulgAYAC/X™ ™ transgenic mice Were

/

very similar to those In HUIQ;\.YAC/K+'/- mice. Total ig levels in HulgAYAG™/x™ " mice

o . o _ e AR RUMA
were 1-2 ma/ml, with a typical contribution oi abhout 51% mouse Igr, =37 numan

’ 2 C | = - and numan
lgA and 6% mouse IgA. However, & COmparison of endogenous x and huma

an in individ i ) ' mi from human
expression in individual sera from HulgAYAC mice, and similarly rrom numan

’ ~ | - Nt th
volunteers. showed that A/x ratios can vary. For sxample, three O ne

L5
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numan A levels were hignert
rransiocus exprassion was alse found In 22207 B-cells from diiterent tissues, for

rassed human A and 45% mouse x (FIg. 4A).

T3

38% of spleen cells ex

D

xampl

(D

These vzlues resemble very much the levels in human volunteers as lustratad In

Fig. 4A with 34% IgA™ versus 31% lgk™ in CD19™ peripheral blood lympnocytes.

To assess whether the high contribution of the human A transiocus 1o the mature B

cell repertoire is the result of selection at the mature B-cell stage, or aiternatively
from early translocus rearrangement, we examined light chain expression in bone
marrow precursor B-cells. For this, the early B-cell markers c-kit and CD25 were

used in four-colour stainings in combination with the B-cell lineage marker CD16S

-nd human A and mouse x specific antibodies. Fig. 4B shows that human A
expression in Hulg}xYAC/K""K' mice occurs at an earlier stage of development than
mouse x light chain expression. Human A axpression can be detected at the
unusually eariy CD18™/c-kit™pre B-l stage and is maintained in CD187/CD23T pre
.11 calls. However at the later immature to mature B-cell stage (CD187/c-kit/

CD257) the proportion of MOuUse igx~ cells is significantly increased. This SUGQESIS

that human A light chains can rearrange at an earlier stags than mouse lgx but that

{1)

upreguiztion atthe mature 8-cell stags balances any disadvantages In tneé uming o

razrrangement.

| 4
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DNA rearrangement and diversification of a highly active human A

-~y

translocus. In order {0 assess whether the translocus expression levels were a
direct result of early rearrangement capacity we analysed individual nytridoma
clones. Resulis from 2 fusicns suggest that human A and mouse « light chain
nroducing cells were present in the spleen of HulgkYAC/K'/'*' mice at similar
frequencies. Furthermore, the antibody exprassion raies of human A (2-20 pg/mi) or

mouse x (4-25 pg/ml) producing hybridomas were similar. In order to assess if

human Igh rearrangement must precede mouse Igx rearrangement or vice versa,
endogenous and transgene rearrangements were analysed. Southern biot

hybridization of randomly picked human Igh or mouse Igx expressing hybridoma
clones showed the following: of 11 human Igi expressers, 7 had the mouse x loCus
in germline configuration, 1 clone had mouse Igx rearranged and 3 clones had the
mouse x locus deleted: and of 11 mouse lgx expressers, all had the human Iga
locus in germline configuration. The analysis of 8 more Igk producers showed that
in 2 the human Igi locus was rearranged (data not shown). This result suggests that

thers is no locus activation bias and further emphasises that the human A

translocus performs with similar efficiency as the endogenous x locus.

The capacity of the human X locus to produce an antibody repertaire is further

documentad in the V gene usage. V-J rearrangement was determined mom spleen

cells and Peyer's patch cells by PCR amplification without introducing bias from

>

specific V gene pnmers. The rasults snown In Fig@illustrate that a substantial

{1)

sroportion of the VA genes on the transiocus are teing used, with VA3~ and VAGS-

1>
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10 being mcst frequently exgrassed. In DMNA rearrangement Ja2 and Ji3 wers

I-

preferentially used and Ji1 rarsly, and as sxpecied Jas, 2 and & wers not utilised

25 they are acjacent to wls. Sequences ottained by RAT-PCR from FACS-sened
£\

]

(
O

] | | | — , | ;
cerminal centre PNAT/B2ZC™ Feyers paicnes (:-lgure\@ reveaied thal scmanc

hypermutaticn is operative n HulgAYAC mice (with somewhat more exiensive

changes in CDRs than In iramework regions). Extensive variability due to N- or F-

sequence additions, which is found in human but not mouse light chain seguences

(25, 27, 28), was not observed.

Hybridomas and monoclonal antibodies from HulgA mice

Following immunization and boosts with diverse antigens, specific serum IgM carrying x and A

light chains could be detected. The distibution of human light chain expression by hybridoma

clones obtained following immunization parallelled the distribution on the surface of spleen cells.

In seven fusions from five feature animals, more human Io)-expressing clones than Igx clones

were obtained on four occasions, with from 4 to 8-fold more human [g)-expressing clones

isolated. In the remaining fusions, the ratio of human Igx to human [gA-expressing clones was

almost 1:1.

DISCUSSION

Efficient DNA rearrangement and high antibody expression levels are rarely

achieved in transgenic mice Carrying immunogiobulin regions in germiing

configuration cn minigene Consirucis. Competition with the endogenous locus céan

be eliminated in Ig knock-out strains, wnere transgene axpressicn is usuzlly good

(42). Poor transioci expression levels could be a result of the failure of human

szquences in the mouse background, of altarnatively the lack of locus SDECIIIC

control regicns which are more likely to be nciuded on (arge

(N

(43, 44, 45). The latter is supporied Cy our finding that HuighYAC mice eXpres

-~

10
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r leveis. The 410 Kb FulgaYAC ranslocus

(M)
)

)
r- 19
(N

numan lca and mouse |

accemmodaies V-gene regicn clusier A containing at least 15 functicnal VA ganes

e

In man. clusisr A is the main contributor to the A anubocy rEpernolre,

S

(see Fig. 1

with VA 2-14 (2a2) expressed most frequently at 27% in blood lymphccyies (23).

We also find expression of VA 2-14 in the transgenic mice but the main centributors

to A light chain usage were 3-1, the VA gene most proximal to the C-J region, and 3-

10, both of which are expressed at about 3% in man. Although the valiaity to draw

conclusions about gene contribution is dependent on the numbers compared, from

+

the31sequences obtained 11 were VA3-1 and 8 were VA3-10 which suggests that

rearrangement or selection preferences are different in mouse and man. Sequence
analysis revealed that there was very little further diversification by insertion of N or

O nucleotides. In contrast, we found extensive scmatic hypermutation of many

rearranged human IgA segquences, indicating that they are able to paricipate In

normal immune responses. Indeed mutation levels in R220%/PNA™ PPs from Hulga

YAC translocus mice were similar to what has been reported for mouse light chains
(46). In the mouse, uniike in humans, untemplated light chain diversification IS
essentially absent and it was believed that this is because deoxynucleotiay!
transierase is no longer expressad at the stage of light chain rearrangement (28,
47). This concept has besn challenged by the discovery that mouse ight chain
48).

rearrangement can cccur at the same time as V,, to DJ, rearrangements |

indeed our results also show light chain rearrangement at the pre B-l stage, with a
substantial percentage of CD18™ cells expressing human X (see Fig. 4). Althougn

the human A translocus appears to be earlier activated than the K 10CUS in the

ged human A light chains did not accumulatec much N region

diversity as found in human parighal B-cells (27).

W,
‘
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ress|on varies

1

NG N Hchit chaln =X

73
(1
-
)
@
O
(

'n the ciffarant species,

the low A licht chain levels ars cellgved

({D
Ch
-
N
-3
(1
=
-3
(M
-]
O
-
n
MW

consideraciy (1-3. &2

‘a he a r=zsult of inefficient acuvaticn cf the mouse ~ locus curing =-cei

differantiation (reviewed in €}. The Iga (~340%;) and lgx (~60%) ratuc in humans is
mora balanced and suggesis (na

mmune responsas. This notion is supporied by the finding that the mouse VA
qgenes are most similar to the less frequently used distal human VA gene famiiies,
while no genes comparable to the major contributors to the human VA repertoire

are presant in mice (40). With the Hulgh YAC, these VA genes ars avallable, and

=re abie to make a significant contribution to the antibody repertoire, and the bias

towards Vx gene utilisation is removed.

Comparison of size and complexity of light chain loci between differsnt species
suggests that larger loci with many more V genes may contribute mucn more
efficiently to the antibody repertoire (6, 51). Recently we addressed this question In

transgenic mice by the introduction of different size human x light chain loc: (43).

The result showed that the size of the V gene cluster and the V gene numCers
oresent are not relevant to achieving hign translocus ekpression levels. It s
nossible, however, that a presently undeiined region with cis-controlled reguiatory
sequences may be crucial in detaermining expressibility and subsequently hignt
chain choice. That the HulgkYAC‘*/x*‘”" mice do not exhibit a bias in the selsction of
light chain lccus for exprassion is shown by the absance of rearrangement of the

non-expressed locus in hyvbridema cells. This supponts the mcdel that A and x

()}

rearrangemants are indeed independent (32) and that poor Igh exprassion [evels In

(D

1S
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& &

mice may o< the result oran neHicient recompination signal (33). A possibie signal

ight chain rzcomeination has been identified |

D

4)

n gene targeling

that nitigies
experiments where the 3’ « enhancer has been deleted (18). The x:A ratio was

assentially equal in mice where the 3'Ex had been deleted or replaced 2y neo
(down to 1:1 and not 20:1 as in normal mice). In addition, the x locus was largely In
germline configuration in A expressing cells, a result we zalso s&eg Ig .the
HulgkYAC*‘/K"'/‘ mice. Taken together, the results suggest that strengin and ability

of the human 3' A enhancer to function in the mouse background may be the reasaon
that human A and mouse x levels are simifar in HulgkYAC"‘/K‘*'/‘ mice and that A

and x light chain 3’ enhancers compete at the pre B-cell stage 1o initiate light chain

rearrangement.

106
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CLAIMS

1. A method for producing a transgenic mouse Including as a

translocus a 410 Kb YAC, which YAC contains most of the human VA genes
of cluster A and all the human JA-Ch segments in germiine configuration and

wherein the translocus shows high expression and is able to compete equally

with endogenous mouse x locus,

wherein the method includes the steps of:

(i) introduction into murine embryonic stems cells of a 410 Kb YAC

which contains most of the human VA genes of cluster A and all the human

JA-CA segments in germline configuration; and

(11) derivation of transgenic mice.

2. The method according to claim 1, in which the transgenic mouse

has one or both endogenous Igk alleles disrupted.

3. The method according to either of claim 1 or claim 2, in which
the 410 Kb YAC comprises a 380 Kb region of the human immunoglobulin (lg)

A light (L) chain locus in germline configuration and accommodating the most
proximal V (variable gene) A cluster — with 15 V A genes that contribute to
over 60% of A light chains in man — and all JA-CA segments with the 3 region

including the downstream enhancer.

4. The method according to any of claims 1 to 3, in which the

transgenic mouse expresses human k and A light chains from the translocus

in a proportion that resembles that found in humans, and exhibits relative

proportions of <60% «x light chains and >40% X light chains.

5. The method according to any of claims 1 to 4, in which, in order
to allow selection, two copies of the neomycin resistance gene (NEO') are

site-specifically integrated into the ampicillin gene on the left (centromeric)
YAC arm of the 410 Kb YAC.
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6. The method according to any of claims 1 to 5, in which YAC-
containing yeast cells are fused with HM-1 embronic stem (ES) cellis and
(G418 resistance colonies are picked and analysed 2-3 weeks after protoplast

fusion.

7. The method according to any of claims 1 to 6, in which ES cells
containing a complete 410 Kb YAC copy are used for blastocyte injection to

produce a chimeric animal.

8. The method according to claim 7, in which breeding of a

chimeric animal with a Balb/c mouse results in germline transmission.

9. The method according to claim 8, which includes breeding the

/

mouse with k'~ mice to establish lines of transgenic mice.

10.  The method according to any of claims 1 to 9, in which the 410
Kb YAC is the Huigi YAC.

11. A method for producing a hybridoma obtainable from a three

months old k"~ mouse containing as a translocus a 410 Kb YAC, which YAC

contains most of the human VA genes of cluster A and all the human JAi-CA

segments In germline configuration, comprising the steps of fusing
splenocytes from the mouse with NSO myeloma cells, and subsequently

selecting single clones.

12. The method for producing human and mouse antibodies in a
hybridoma obtained from claim 11, comprising the step of immunization of the

mouse with antigen prior to fusing splenocytes from the mouse.
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