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1. INTRODUCTION AND GOALS

1.1. History

Among immunoglobulins (Ig) the most important atgbahe most abundantly present in
blood circulation is the antibody — IgG —which grcis against viruses, bacteria, or parasitic
infections. Following an encounter of IgG with antigen, allergic and inflammatory
reactions are triggered, which activates the imnuells and the extravasation process directs
them to the desired tissue location. Only one tgpe-c receptors is known, which is
expressed in the epithelial cells. Namely, the ptarefor MHC type | Fc receptor (FCRn),
which transports through different epithelial barrigG, and in some species participates in
the maternal IgG transport to newborns. The FcRa leterodimer, consists of archain
and ap2-microglobulin. The FcRn present in the epithetiells transports 1gG, while in the
endothelial cells it plays a role in IgG homeostakiacskovics and his colleagues cloned the
bovine FcRna-chain, and its expression was shown with Northemalysis in the small
intestine and the mammary gland (Kacskovics €2@00). Mammals ensure through complex
processes the transport of IgG pre-and postngtalternal immunity), and the permanently
high blood levels of IgG. Based on our knowledge BtRn receptor is in charge of both
activities.

In order to analyze then vitro identified regulatory elements, an vivo transgenic
animal is the theoretically most accurate way ofdetmg the tissue and developmental
specific gene expression, as well as the levelroten expression. The traditional transgene
constructs in transgenic animals are the optimailipations of regulatory elements and the
coding region of the protein of interest, howevikeyt show frequently integration site-
dependent gene expression, which is often assdciatiéh ectopic gene expression
(expression in a tissue where the endogenous gasenat expressed) and with variable
amounts of gene product. A possible solution wdaddthe so-called ,knock in” transgenic
animal in which the coding region of the FcRn gesoelld be replaced with an indicator gene
and this transgenic animal would serve as a madekamine the role of regulatory factors
(e.g. hormones) in the FcRn receptor tissue- aneéldpmental stage-dependent expression.
However transgenic cattle, to that aim has not beeduced worldwide. Mouse FcRn
receptor could be an appropriate model since c@til@inant) FCRn receptor has ruminant
specific features. Therefore, to our best knowledfe optimal solution to answer the

guestions above is the creation of a transgenicsmaunodel, which carries the whole



expression domain of the bovine FcRn receptarhain, and therefore the transgene will
show copy number dependent, integration site inuidget expression.

Artificial chromosomes or artificial chromosome-gywectors (YAC, BAC, PAC) are
suitable for cloning large genomic fragments. A¢ tieginning of my experiments, it was a
novel pioneering way of creating transgenic anim@isce FcRn is a heterodimer it should be
pointed out, that in our experimental model, theit® alpha chain and the mouse light-chain
will compose the receptor. Question arose whetlieh sa hybrid molecule preserve its
function? Based on earlier data obtainedhinitro rat cell lines, we assumed that the bovine
FcRna-chain will form functional receptor with the mou2 microglobulin, since the rat
and the mous@2 microglobulin are higly similar. We also hopedattithis model helps to
reveal so far unexplored physiologically importaharacteristics of the bovine Fc receptor.

To underline the effectiveness and usefulness df BAnsgenesis | also present data on

creating the human glycine transporter 1 (SLC6A§)ressing transgenic mouse line.

1.2. Goals

 To create a transgenic mouse model to study thendolcRn receptor (bFcRn)
functionin vivo.

* To determine the integrated transgen copy numbmdscharacterize the transgenic
animals at protein and nucleic acid level, revepldysiological differences among
the lines and analyzing the integration site angyaoumber dependency of the gene
expression.

* To establish a functional marker system to prove kmological activity of the
heterodimer receptor.

e To breed a double transgenic mouse model, withbat mouse endogenous Fc

receptor, for direct analysis of the bovine Fc ptoe



2. MATERIALS AND METHODS

2.1. Gene construction production

Three bovine BAC clones, which harbour the whole€GIRT gene (the FcRn coding
gene) were available. The ®BAC clone was originated from a BAC library crehfeom a
2-years old Jersey cattle lymphocytes (Resourcde€CérPrimary Database of the German
Human Genome Project www.rzpd.de). The 189H02 #8EQ4 BAC clones were isolated
from an independent BAC library (Eggen et al. Geal. Evol. 33543-548. 2001). Following
BamHI digestion of the 99 BAC clone and\otl digestion of the 189H02 and 128E04 clones,
pulse field gel-electrophoresis (BIO-RAD) and Exgdrong Template (ELT) PCR (Roche)
were adapted to determine the insert and the 53abdrdering region’s sizes. In case of the
128E04 BAC clone neither the 5 nor 3’ size coule tetermined. With this method a
maximum of about 20 kb long regions could be angaif which ment that this clone in both
directions from the FCGRT gene is longer than 20 Kie use of 9@ clone was rejected
because the 5’ boundary region was only 8.5 kb.l&aged on the ELT-PCR data, the size of
the BAC 189H02 clone is around 130 kb, and the 0288 about 100 kb. The exact size of
the BAC clones could only be determined later whies cattle genome database became
publicly available (www.ncbi.nlm.nih.gov). As someces of the 5’ and 3’ end sequence of
the contigs of the 128E04 clone was already seceukniccould BLAST these sequences
against the bovine genome library, and could datexmrecisely the total size of the 128E04
BAC clone (102 kb). As the characterization of thneee BAC clones showed that the 128E04
BAC clone harboured the FCGRT gene at the mosingpttonfiguration, we chose this BAC
clone to be injected. The 128E04 BAC clone was growernight in LB at 37 °C overnight
and isolated with Plasmid Maxi Kit (Qiagen) accoglito manufacturer’'s instructions.
Subsequently, it was submitted to digestion Withl restriction enzyme (Promega) and the
restriction fragments were separated in 1% PFCABK)-RAD), 0.5 x TBE buffer at 14 °C
for 12-hour-lock PFGE (Bio-Rad). The insert wadased from the gel and re-run in a 1%
Low Melting Point gel and the desired fragment \again isolated and digested with Gelase
enzyme (Epicentre), cleaned with Microcom YM50 cofu(Millipore) and eluted with 1x
injection buffer (10 mM Tris, 0.1 mM EDTA, 100 mMagI, 1x polyamine mix, pH 7.5).

Concentration of the isolated fragment was verifigith gel electrophoresis.



2.2. Creation of BAC transgenic mouse lines and ahgesis of transgene integration

The creation of transgenic animals by genetic mdaton at early embryonic stage
(one cell) was performed by microinjection with Nanski differential interference contrast
and 3 dimensional motion providing arms micromalapars (Narishige, Japan) equipped
with IMT-2 invert microscope (Olympus, Japan). TDRA concentration was adjusted to 0.4
ngful using microinjection buffer (L0mM Tris-HCI, pH%,.0,1 mM EDTA, 100 mM NacCl)
and injected into fertilized FVB/N mouse oocytesecRients were 10 weeks old CD1
females. In order to detect the presence of the@®Lin the mice, genomic DNA was
isolated from tail biopsies of the offsprings aledegned by two PCR amplifications. The two
primer pairs were designed based on the bFCGRTesequwof the 128E04 BAC clone. The
first primer pair was composed of the fcrnprf: 535G CTA CCA CCT CAT TCA TT-3' as
sense and fcrnprr: 5-TGC ATT CAC ACT GAC TGG TT)a2is antisense; while the second
primer pair was bFcRnex4f: 5-CCA TTG CCC AGT TGACS-3' as sense and bFcRnex4r:
5-GTG TGG GTA GCA GGA GAG GA-3'.

The integrity of the transgene in the three tranggknes was evaluated by specific
primer pairs designed for the 5" and 3’ ends of BAC 128E04 and for the five putative
protein encoding genes that are localized on tfeeted BAC based on the bovine genomic

map (GenBank MapViewer bovine chromosome 18; refetween 48,368K-48,934K bp).

2.3. Transgene copy number determination with reatime quantitative polymerase

chain reaction

The 128E04 BAC transgene copy numbers were detednwith TagMan method,
using the ABI Prism 7000 Sequence Detection Sydqtépplied Biosystems, Foster City,
CA). Primer and probe oligonucleotide sequencesvaarsigned with the Primer Express
v2.0 program (Applied Biosystems). Conventional rgiEhloroform method was used for
DNA extraction from tail samples of hemyzigous aaisnwith an additional chloroform
extraction step. Mous@-actin and bFCGRT genes were quantified in eachpkarhy
absolute quantification using calibration curvetan8ard curves using five points, diluted
over a 32-fold range led to a high linearity witte tprimer sets. Linearity and efficiency of
PCR quantification were validated before quantifama Samples were run in duplicate. The
endogenoug-actin gene which is represented by two copiesaoheell was used as internal

standard to determine the DNA concentration. Magesgomic DNA was used to set up the



calibration curve for thg-actin gene. Absolute quantification of the bFCGBane were
based on a standard curve generated from serndiaths of the 128E04 BAC supplemented
with mouse genomic DNA. The standard curves enalmeid determine the copy numbers of
bFCGRT gene based on the following calculations:ekact amount of DNA determined the
number of diploid genomes in the samples, while BRCGRT gene calibration curve
determined its copy number in DNA samples of hegnzys animals from lines TG14 and
TG109.

2.4. Establishment and maintenance of transgeniaies

Establishment of the founder lines of transgenegcspens were paired with wild-type
mice. The offspring born was analyzed with the $gmme specific PCR to select the
transgenic individuals These heterozygous indiM&lwaere crossed with one another and in
the G2 generation the transgene was segregateddaxgrdo the Mendelian laws indicating
that the integration occurred in one locus. Thadgenic G2 mice were crossed with wild
type animals and those transgenics, whose progem@esall positive for the transgene were

accepted as homozygous.

2.5. Production of double transgenic mice lines

To exclude the interference caused by the endogemouise Fcra-chain, we made a
double transgenic mouse strain. The bFcRn transgeiie were crossed with the mouse
FcRn knock-out mice (mFcRN. This transgenic strain was obtained from theksiac
Laboratory (http://jaxmice.jax.org). A multiplex RCwas planned for the genotypization of
the G3 mice, by which all possible genotypes wetected in one reaction (mFcRn, bFcRn,
NEO). With this multiplex PCR we could select thaséce that had only bovine FcRn

without mouse FcRn (mFcRi.

2.6. Examination of RNA expression levels

Total RNA was extracted by using RNAzol™ B (TEL-TESNC) from liver, lung
and mammary gland of six weeks old females and ftbenintestine of newborns. Two
micrograms of RNA was reverse transcribed by usewgrse transcriptase enzyme and the
(dT)17-adapter primer as recommended by the matwtac (Acces RT-PCR System;
Promega). PCR was performed to obtain a 367 bpb&i@GRT specific amplicon (914-1280



bp) by the primer pairs: B7 5-GGCGACGAGCACCACTAGsBd B8 5'-
GATTCCCGGAGGTCWCACA-3'. The amplified segment waparated by electrophoresis

on 1% agarose gel and stained with ethidium-bromide
2.7. Northern analysis examination of mRNA expressn

Total RNA was isolated from liver of young adultrfale mice and 5 pug of total RNA
was size fractionated on 1% agarose/2.2 M formaidiergel, transferred to Hybond"N
membrane (Amersham) and hybridized with e labeled cDNA probe synthesized by PCR
with the B7-B8 primers described above. The sigr@itained were evaluated using a
Phosphorimagél and quantified with STORM' imaging system (Molecular Dynamics).
Comparison between the bFcRn mRNA specific sigeakdies of the two, four, five and ten

copies transgenic mice was done by using the Stisdetest.
2.8. Examination of copy number dependent expressiovith Northern blot

Five ug total RNA isolated from bovine liver, and liveo$ wild type mouse and
transgenic mice carrying 2, 4, 5 and 10 copiesFafRm were used to prepare Northern blot.
The density of the fragments in the autoradiograpiag quantified with a Soft Imaging
System AnalySYS Pro 3000 program and the results m®cessed in MS Excel program.

2.9. Detection of the recombinant protein with Wesrn blot

Protein extracts were resolved on polyacrylamideatiging Tris-glycine gel; blots
were probed with affinity purified rabbit antiserunfraised against the peptide
CLEWKEPPSMRLKAR representing the highly conservet8-186 aminoacid residues of
bFcRnpB-chain plus an N terminal Cys for conjugation toHKMayer et al. 2002). Bound
bFcRnp-chain antibody was detected with horseradish pdase-conjugated goat anti-rabbit
antibody and enhanced chemiluminescence, usingnblfbased solution as substrate. The
bovine mammary epithelial cell line (B4) stablenstected with bFcRfB-chain was used as

positive control (Kacskovics et al. 2006).



2.10. Identification of genes in the BAC clone

As BAC clones are formed of large regions of geroBINA, it is possible that other
genes also integrated with the transgene. So wekelédf the entire BAC clone integrated.
For this, primers based in the already known bogaeasome were designed for the genes
positioned close to the FCGRT gene and that mighé lintegrated together. According to the

PCR results we can determine the size of the iatedrBAC.

2.11. Fluorescent In Situ Hibridization (FISH)

To visualize the genomic integration of the 128HEfahsgene, fluorescence in situ
hybridization (FISH) was performed. The 128E04 BBNA was labeled by nick-translation
with biotin-14-dATP (BioNick labeling kit, Invitrogn, USA). Mitotic chromosomes were
obtained from vinblastine treated fibroblasts, \hiwere isolated from 13.5 day old
homozygote TG14 and TG19 embryos respectivelypdolig standard protocols involving
hypotonic treatment and methanol:acetic acid (8xBtion. FISH was performed essentially
as published. The biotinylated probe was denatareallowed to hybridize with denatured
chromosome spreads, overnight at 37 °C. Hybricdbnagites on chromosomes were amplified
with an anti-biotin antibody raised in goat (Vectaboratories Inc, Burlingame, CA), and
visualized by further incubation with fluoresceionqugated rabbit anti-goat 1gG (Nordic
Immunological Laboratories, Tilburg, The NetherlahdChromosome preparations were
counterstained with diamidino-2-phenylindole (DAREctor Laboratories, Burlingame, CA)
and observed with a Nikon Eclipse E600 epifluoraseemicroscope (Nikon Instruments;
Kawasaki, Japan). Fluorescence images were capusied) a Cohu 4912 CCD camera
(Cohu, Inc.; San Diego, CA, USA) and digitized wittacProbe 4.3 FISH software (Applied

Imaging; Newcastle upon Tyne, UK) running on an lpgdacintosh G4 computer.

2.12. The functional marker system

Following a prebleed, five animals from the homaxzggl4 line and from control
mice were microinjected intravenously with 10 mgMgdyweight (BWkg) of anti-OVA
mouse IgG1l (Sigma) in 50 mg/ml saline solution alding the next 216 hours, periodic
blood samples (5Ql/occasion) were collected from retroorbital plexAsguantitative ELISA

employing OVA (Sigma) as capture reagent and an -d&tffugated affinity-purified



polyclonal goat anti-mouse IgGa-Ehain specific) (Southern Biotech Associates Inc.,
Birmingham, AL, USA) as detecting reagent was usedvaluate plasma concentrations of
anti-OVA mouse IgG1 during the course of the expent. The samples were assayed in
triplicates. Concentrations of Ig are reported Hage a reference standard. Analysis of the
mean IgG concentrations of the mice in the firstdays was done by fitting the data to the
two-compartmental model using WinNonLin professipwarsion 5.1 (Pharsight, Mountain
View, CA).

2.13. Effect ofin vivo LPS over the expression of bRcRn

When the appropriate ligand (LPS, Té&yFoinds to cell surface receptors a signal
cascade is trigerred, theB protein breaks down and because of thisdBHs released to the
nucleus inducing transcription factors which wilhd to their appropriate promoter inducing
the gene of interest. To prove this, we createdetlseparate groups (A, B, C) each of them
included eight double-transgenic mice with four RRacopies. One of the animals was used
as a control and the other 7 received 250 ug/10§ (SIGMA L-3129) injected ip.. One
animal of each group was sacrificed 1, 2, 4, 8,23,24 hours after LPS injection followed by
collection of liver and spleen. Rectal body temp&e (Multi Precision Thermometer, Roth)
of each animal was measured. Sepsis was confirsiegnaptoms like decreased temperature,
ruffled fur, loss of appetite, depression were clete continuously. Sepsis was strengthened
by post mortem autopsy. Transgene expression wayzaa with Northern blot and Real-
Time PCR. Signal density was evaluated with the g¥epls program from Syngene and

values are represented using Excel.

2.14. Production of human GLYT1 construct

From the RPCI human BAC library (Children’s Hospitaakland Research Institute,
USA), the RP11-107-F21 and RP11-445-G20 BAC clam#aining the gene of GLYT1
transporter were acquired. The transgenic mice wervduced with the same methods used
for the production of the bFcRn transgenic miceurteers were detected with the following
primers: GLY1 L: 5-CTCTGGAGGCTGTGGTTGAG - 3; GLYR: ©5-
GTCCACCTACARCGGCATCT - 3. The copy number was defi with dot-blot method

using a probe produced with the same primers meedi@bove.



3. RESULTS

3.1. Creation of transgenic mice with pronucleus neroinjection and transgene

integration analysis

Microinjection of FVB/N oocytes was performed basea a protocol previously
suggested with minor changes in the compositiomifoinjection buffer (supplied or not
with spermine/spermidine). A total of 41 pups wboen and genotyped from tail DNA for
the presence of the bFCGRT. Three independentgearns mouse lines were established.
Two of these lines TG14, TG19 showed Mendeliangpatof the transgene inheritance in the
first generation (17 and 12 from a total 30 andit®drs carried the transgene), however the
third line TG9 indicated a degree of mosaicismhia tounder animal. Transgenic mice were
indistinguishable from their wild type littermatéssed on their weight and overall health.
The integrity of the transgene was tested by meltRCR on tail DNA with seven pairs of
primers covering both ends of the insert as welblhdive putative protein coding gene
sequences. All primer pairs gave the same PCR ptods the 128E04 BAC and the bovine
genomic DNA indicating integration of the intact BAexcept line TG9 DNA in which the
LOC 511234, LOC 522235 and the BAC128E04 3-enccisigePCR did not result PCR
products. Therefore, we concluded that in this dg@mic line an estimated 30 kb long
fragment from the 3’ end of the integrated BAC sgene was missing. The loss of genomic
fragments both from 5 and 3’ ends of large tram&geis a common phenomenon.
Nevertheless to avoid the possibility of altere€CRT expression due to the absence of not
characterized regulatory elements which mightri¢ghie missing part of the BAC DNA, line

TG9 was not included in further studies.
3.2. Expression analysis with RT-PCR
All three founder lines (TG9, TG14, TG19) exprdss transgene in the expected size.

As the a-chain of FCRn is also expressed in the endotheb#is of blood vessels, ectopic

expression was therefore not examined, FeRRhain would be detectable in all tissues.



3.3. Examination of copy humber dependent expressiovith Northern blot

In order to evaluate the copy number dependenceaokgene expression and to
compare it with the quantity of the endogenous bfeRRhain mRNA, liver RNA samples
from bovine and individuals of lines TG14 and TGaé&re analyzed using Northern blot. The
18S RNA signal was used as an internal standaastimate RNA loading on the gels. The
level of MRNA expression in the liver of the lingGT4 heterozygous transgenic mice,
carrying two copies of the BAC transgene reached 80 that observed in the bovine liver.
Quantitative analysis and statistical evaluatiorsighal intensity from two or three hetero-
and homozygote animals from both transgenic lime®aled that the amount of bFcien
chain mRNA in the liver of transgenic mice strictprrelates with their transgene copy
numbers and the differences were significant at@Qil probability level. This result along
with the fact that the level of FcRrchain mRNA expression in the liver of transgenicen
carrying two transgene copies was similar to thvellef mRNA in the bovine liver indicates
that the 128E04 BAC carries all the necessary etguy elements which ensure copy number

dependent, position independent expression fobH&EGRT.

3.4. Detection of the transgenic protein with Westa blot

Expression of the bFcRechain at protein level was examined by Westerryaisa
In heterozygous lung samples from both transgeinies| - consistently with the known
molecular weight of bFcRa-chain a 40 kD protein was detected, which hasbeen found
in the wt mouse sample used as negative contra. mblecular weight of the transgenic
FcRn a-chain was compliant with the recombinant protenodoiced by the B4 bovine
mammary epithelial cell line which had been stabdasfected with bFcRn. Moreover, this
data confirmed our Northern blot analysis indiogtithat the sample from TG19 mice
expressing 5 copies of transgene bFcRn shows moch bf-cRn protein that was detected in

line TG14 mice expressing 2 transgene copies.

3.5. Results of FISH

In order to exclude the possibility that the bovB®C 128E04 clone which was used
to create the bFcRn transgenic mice was accidgnta#grated at identical segments on the

mouse chromosome in both transgenic lines, an@blygnossibly making the phenotypes of
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the transgenic mouse lines TG14 and TG19 resultedh finsertional mutagenesis of
unidentified gene(s) at the transgene integrati@s,swe performed FISH analysis and found
that the fluorescently labeled BAC 128E04 hybridiz® entirely different chromosome
segments in the TG14 and TG19 mice strains, respgctMoreover, the single spots in the
chromosomes indicate that the transgene integratiost probably occurred in the form of
tandem repeats. Based on this analysis, we corttltigg the phenotypes TG14 and TG19
mouse lines were determined by the transgene esipregidependently from the transgene

integration sites.

3.6. In vivo effects of LPS injection in bFcRn receptor expressn in the double

transgenic mouse model

The FcRn receptor expression changes in the LR$ttemice spleen as revealed by
Northern hybridization. These results were confuinby Real Time PCR. According to my
data, in the LPS treated transgenic mice, inductibthe bovine FCRn mRNA expression
occurs very rapidly, whereas 24h after treatmet¢@easing amplitude close to the baseline
was observed. This result indicates that the trgvtgan factor NkB plays an important role
in the regulation of the bovine FCRn expression.

3.7. The results of the functional marker system

The first test case in order to analyze the expeass the bFcRmi-chain in sites that
are considered to be involved in IgG catabolisrwel as to test if the bFcRmrchain and the
mp2 microglobuline are able to form a functional m@oe, we have analyzed the
pharmacokinetic behavior of the migG in these alsma@en micrograms per gram OVA-
specific mouse monoclonal 1IgG1 were injected in théd-type and transgenic animals
carrying 4 copies of bFcRn (line TG14, homozygaus) its levels in serum were measured
with a sandwich ELISA. The clearance curves weghdsic, with phase 1 (alpha phase)
representing equilibration between the intravascamal extravascular compartments, phase 2
(beta-phase) representing a slow elimination. Mattecal modeling of phases 1 and 2 until
hours 216 have shown good correlation to the gérsaaeme of FcRn mediated IgG
pharmacokinetics hence we calculated the alphabatal phase half-lives of migG in this
time frame. The estimated alpha phase half-liveewsenilarly around 5 hours in the wt and

transgenic mice, respectively. In contrast, thees & significant difference (p<0.05) in the
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beta phase half-lives, as it was 125.4 + 3.2 huean + SEM) in the wild-type and 165.1 +
7.8 hours in the transgenic animals, based ontbecompartmental modeling analyses.

In the second study by the bFcRn associated wigh hiffinity human IgG 4 copies
injected transgenic (TG14 homozygous) and wild-typee vena caudalis two different
doses. The studies have shown that the serumiteatitlhlgG in bFcRn transgenic mice had
an average 168 hours, the wild-type mice, althabhghvalue is only 105 hours. Results show
that in the blood of transgenic mice over time bigltoncentration of human IgG was
detected as in the wild-type mice. This underlirtbat the transgene product is present in the
endothelial cells and demonstrates that the reawanbi bovine FcRno-chain forms a

functional receptor with moug2 microglobulin.

3.8. Production of the human GLYT-1 transporter carying mouse lines

Three series of microinjection were performed. Titst series of 87 mice born from
microinjected and recipient females implanted erabryPCR tests could not show a single
founder bearing the transgene. In the second sEdesnimals were born and one mouse was
showed by PCR to be transgenic (TG71). To conftira,PCR fragment was sequenced and
BLASTed which showed 99% homology with the humar€6R9 gene which is the GLYT1
gene in the sequence data base. In the last nmjiecton, 24 animals were born and according
to PCR, three more founders were identified (TGI&13, TG18). As TG71 line produced a
progeny with larger number of positive animalsyés the chosen strain we used to create a
transgenic line by pairing. G1 and G2 generationgirated from TG71 line obeyed

Mendelian inheritance law.

3.8.1. The determination of transgene copy number

The copy number of integrated transgene was deatednwith dot-blot. Compared to
a dilution row of P-11-445-G20 BAC clone, transgeanimals from line TG71 showed to
have the transgene integrated as 2 copies meantkileG8, TG11 and TG18 heterozygous
animals have 1 copy. This result does not expldiy this transgene is inherited in a lower
proportion than the expected in the TG8, TG11 a@dd lines.

12



3.8.2. Analysis of expression of the integrated tresgene

The transgene integration and its inheritance wested with parallel RT-PCR to
verify if the human SLC6A9 (GLYT-1) gene was tramised into mRNA in the G1
generation of the TG71 mouse line. All examinedues of these mice showed the expected
cDNA fragment in the identical place as the humant! showing that the human SLC6A9

(GLYT-1) gene is expressed in the transgenic mice.

4. NEW SCIENTIFIC RESULTS

1. Bacterial artificial chromosome (BAC) type transigemice were produced first time in
Hungary in the frame of my PhD thesis work and puiblication pioneered in creation
of a transgenic mouse model with bovine BAC clometldwide. This result underlines
the feasibility of creating BAC transgenic mousedels of economically important
bovine genes.

2. Based on my results to achive the expression ofbthane transgene, which fully
reflects the expression pattern of the endogename,gthe 44 kb 5 and 70 kb 3
boundary regions of the FCGRT gene were sufficient.

3. The bovine BAC transgene shows copy number depénitegration site independent
and tissue-specific expression both at mMRNA angrotein level.

4. Based on the physiological marker system, which eeasloped to evaluate the vivo
function, the bovine-chain and mous@2 microglobulin form functional heterodimer.

5. Overexpression of the-chain from the transgene extends the half-lifeiofulating 1gG
in the blood.

6. For the directin vivo examination of LPS effect on the FCGRT gene exmwesl
developed a double-transgenic mouse line in whidly the bovine FcRn receptor was
present and clarified that the bovine FcCRn mRNAugthn occurs very rapidly,
suggesting important role of the transcription dactNF<B in the transcriptional
regulation.

7. A human glicintransporter (GLYT-1) receptor-expragstransgenic mouse line was

established with BAC transgenesis.
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5. CONCLUSIONS AND SUGGESTIONS

The transgenic technologies created a novel phattoranalyse traits, which could not
be accurately assessed without model animals. Tink glevelopment of embryology in
combination with the recombinant DNA technology magossible the alteration of
mammalian genomes. The most widely used methothéproduction of transgenic animals
is pronuclear microinjection, but in this case ttagsgene integration site and copy number is
random. The random incorporation results in vadablnsgene expression levels and
sometimes leads to mutation of important genesir@gnto this the artificial chromosome-
based vectors could ensure integration site indiég@n copy number depend transgene
expression. Therefore, in most cases, the BAC gearis animals reveal the same tissue and
developmental stage specific gene expression asnith@genous gene independently from the
choice of species, from which the transgene ortgindeyond the regulatory elements located
at large distances from the coding region couldlse examined in BAC transgenic models
the transgenic mouse lines | established at fagbdured a 102 kb BAC clone isolated from a
bovine genomic BAC library. This BAC clone carritee FCGRT gene and its boundary
regions 44 kb, 50 kb at 5’ and 3’ directions respety.

The transgene product expressed in the same oggahdissues as of the bovine
endogenous receptor. Therefore, these animalsuétable to evaluate the consequences of
increased amounts of FCRn in the whole animal leleis mouse model is also suitable to
examine thein vivo efficacy and tissue specificity of hormones andheot bioactive
compounds. The double transgenic mouse model, wiighalso created, could be used
especially to evaluate the vivo role of the regulating factors in the expressibthe bovine
FcRn. Based on the earliar vitro data of our collaboration partners (Dr. Imre Kamsks
Department of Immunology, ELTE) the bovine FCGRheje promoter has three inducible
NF«B transcription factor binding sites whose activabuld be abolished by mutations.

In ruminants, which have epitheliochorialis (syndeshorialis) placenta, the transfer
of maternal immunity, i.e. the transport of matéig&, does not happen through the placenta
during pregnancy, it takes place in the colostrdorjng the first day following parturition.
The first step of this process, the secretion &f 1g the colostrums in the udder has long been
studied. The double transgenic mouse model cantoa@larify the precise role of FcRn in the
transport of maternal IgG. Earlier and recent cduaw that the bovine neonatal Fc receptor
(FcRn) expressed not only in the udder, but alsthénmucous membranes of other organs,

which play a role in the immunodefense. Furthedyamma confirmed that the bovine receptor
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is also expressed in the endothelial cells of bleeskels, to prevent the rapid degradation of
circulating IgG as in other species. We still nezdinderstand the exact mode of transcitosis
in the epithelial cells and the role of the factatsich affect the intracellular localization of
the receptor. It is also needed to be clarifiedtvidi#he consequence of the rearrangements in
the localization of the FcRn in the lactating uddemother important question is what are the
factors, which affect the receptor expression i@ thammary gland and how could it be
altered experimentally.

The half-life of IgG in the bFcRn transgenic misdanger than in the wild-type. It is
widely known that to combat certain bacterial t@éxand severe viral infections the patients
treated with blood plasma preparations which cordatibodies at high concentrations for the
specific pathogen (such as Hepatitis B, rabiessesuand toxins Botulinus anti-human
immunoglobulin preparations). As the foreign molesufrom other species may induce
adverse immunological reactions, recognized asigoyeand trigger neutralizing antibody
production -ideally those treatments should be gueréd with antibodies from the same
species, in case of humans with human serum samigtesever, this is not a restricting
factor in case of the intestine, since under phggioal conditions molecules are not
transported from here to the bloodstream, and fibierean not activate the immune system.
However this provide almost unlimited possibilities therapeutic interventions since the
therapeutic molecules are equally efficient in ititestinal cells. This is especially true if the
antibody-producing individuals were encounteredimmmunized with the antigen. Since
human beings could not be immunized for subseqaetibody production, this solution is
restricted to animals. Further advantage of themahderived immunoglobulin preparations is
that they cannot carry the risk of human pathogetaminations (HIV, hepatitis C, etc.). The
bovine colostrums contains huge amounts of matdgtl with which a number of positive
experiences were already published. However t@eatthe bovine or other ruminant species
immunoglobulins in human therapy, it is importamtctearly understand the species specific
characters of those immunoglobulins and their ¢ffet human beings. To that aim a special
working group (ClgwW) was founded by the Internatibrirederation of Immunological
Societies (IUIS). Since the ruminants produce hargeunt of IgG (about 500 grams of pure
IgG) in the colostrum within a short period of tiwaole lactation, this phenomenon raised
considerable interest in the scientific communitiyeoretically, the period while the valuable
IgG molecules are produced at high amount couldextended for the whole lactation,
through understanding the regulatory mechanismerefbre, if we would immunize a cow

against an intestinal pathogen, we could obtairtrakzing antibodies from its milk.

15



The immune system produces antibodies to combabgahs and this process could
be induced artificially through vaccinations. Imamber of situations, it is not possible to be
prepared for the attack of a life-threatening pg#moor toxin. In this case, the affected person
receives antibody therapy produced in animals @aied from human blood. Some people
are unable to produce sufficient amounts of antgmdand therefore receive a weekly dose of
immunoglobulin (IVIG), to protect them from the adepment of side effects of viral or
bacterial infections.

The therapeutic application of antibodies (espbciaionoclonal antibodies) has
started in the eighties and now has become a fyrion the antibody market, which is
estimated to be 23-25 billion dollars. The worldeviduman antibody market is estimated to
be around 100 tons per year and its steadily isanggthis tendency parallely followed with
the increasing demand for antibodies in therapeutiagnostic andin vitro research).
However, antibodies from human serum preparatioasasailable in limited amount, and
there is a permanent risk of the contamination atiemts with unrecognized infections.
Therefore different companies were founded receatlying the productions of humanized
antibodies in transgenic animals (such as the ¢ranmosomic cattle by Hematech, the
transgenic rabbits by THP-Roche and the currenglyetbped transgenic pigs (Revivicor).
The use of animal antibodies is not limited to #pgr, significant amount are used in research
and clinical diagnostics (e.g. detection of patmsye The MBK and the ELTE’s joint
international patent application was filed for pmothg transgenic animals with extended IgG
half-life (. Kacskovics, Z. Bsze, B. Bender, J. Cervenak, and L. Hiripi. 200@n8genic
animal with enhanced immune response and method tier preparation thereof
PCT/IB2007/054770). The ImmunoGenes Ltd. utilize transgenic mouse models, created
in the frame of this PhD thesis work for polycloraitibody production and for creating
transgenic rabbits and sheep. This innovation o®passing a large potential, because of
the use of antibodies in the life science researah clinical diagnostic is widespread in all
areas, and has particular relevance in the hunmenagi. The so-called polyclonal antibody
market has $ 2.5 billion annual turnover, while tbtal antibody market globally is around
23-25 billion dollars.
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