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ABSTRACT

A knockoun mones 1 2 labaEnory mouse o which fewes are mechvaed, o "nodoed o0, " e exedg gede by repdacieg o of disropheg 8 wach an anificiad
plere of DA The 2087 ¥otel Poze m phymclogy or mediciae 10 awardsd {0 Dhrs Mane B Caprech, Marim I Evass and Olver Sanibies for tbair
dasooveries of pnocgbes for inmeducing speadfic grue modifficanams io ouce by wang smbcyonic srean cells. Progress 1o geod taigenmg dsing emhrvsmic cell
vy developed by Evams el B coowoikest lnfeesus developmest of peng tarpends ha been simde by coproduc st secoguiton wnes Tor the sprysss Cre
recembnoane, called lon wies, umo exising pemed. When mice carmag mch “floaed ™ genes ar mated with traospenc muce eRpETaEng Cra repombimse, e
Cirges gene -:d' the offspring 1= modified through Cre action. Gepe tarpeting bas oansformesd sciemafic medicine by permising expemmencal 1n1u:|[ of
layperiese s reganding 1the fupcnon of specific geses The fira ares o which sspersnental geastsziss toaed therr amremtien afier the bk of gene rargeting in
masmily el nonopeee dacser Geoe ragering lss been exceplienally weful m cancer sesearch & lape oumber of probome ofenss, Timr SUppeessnr
gemes, angisgerefic faciors e8¢ kave been targefed 1o different fissoes o mmce to shed light on ihe mdwctim and spreadng of tumeosrs . Gene-targeted mause
maodale have als berome increasinghy imperiant in gudiess of hod defane amand potbogeos. Gane taraeded mice kave bacoma mdupeoatle 1o vidsally afl

aspects of medical reseanch.
Koeswonds: Eneck onf mouse, enbivome stemn call, Geme targesing.

INTRODUCTROMN

The 27 Nobel Prize n physiology or medicing 15 awardad
to Dws Maso B Capecchi, Martin J. Evars and Oliver
Smithies for their discoveries of principles for introducine
specific gene modifications m mice by using embryvonic stem
calls, Their research has made it possible to modify specific
zenes in the germdme of mammals and to ralse offspang thai
carries and expresses the modified gene. The expernimental
genetic methods developed by Capecchd, Evans and Smithies,
comanonly called the knecloot technology. have permdtted
scienhists to defermine the mwle of specfic genes

development, physiclogy and pathology. It has revolutionized
lfe selence and plays a key role in the development of

midical therapy,

What Ts A Knnekont Momnse?

A knockout swoase is a labosstory taouse m which genes are
inactivated, of "knocked ouat,” an existing pene by replacing it
or disrpting it with an arificial piece of DNA. The gene loss
ofien cmmses chinges in a1 mouse’s phenatype, which includes
appearance. behavior and other observable physical and
hochemical charactenistics.

DHscovery

Martin Evons Mendified embryvonic stem cell and isolated it
fromn the early embeya, the cell from whoch all sells of the
adult argmran are derved B owas established in cell coltuee,
modifisd it genetically and reintroduced it o foster mothers
in erder o generats 4 getetically modified offspring. Mane
Cnpecchi and Oliver Smithies,  indspendamly, discoversd
how homologous recombmation betwesn segments of DA
melecnles can be used to targst pedes in the masvnalizn
genoe and developad metheds to penerate  gemetically
modified mice. Such mnimals have become useful in medical
resemrsh, Futhermors, the knowlsdge conceming sem cell

hology =nd mene lechnology obiamed during the research
that led to the "knoclowt mosse”™ has  changed oar

vnderatadaig of normal development snd disease procescas
nned slentified new avennes for medicnl therapy,

General Sirategy for Gene Targeting

In blnstocyet the smbryonic stem (ES) cells was isolated and
cultured, them targsting wectar was  introdoced by
electroporation, the ES cells contaming ihe targeted gene was
selected by posttive-megative selection 15 used to ennch for
ES cells containing the nwodified penes. These ES cells are
mjected o blastoeysts. winch are dnjected info foster
mothers to generate chumeric ammal able to transmit the
mmefant gene to their progeny. To facilitate isolation of the
desired progeny, the ES cells amd recipeert blastocysts are
derived froa mice with different cont cobpar allelss,

Progress to {zene Targeting

Embrvente stem cells

A stem cell is a cell that is capsble of extensve proliferation,
creating more stem cells {self-renewal] oz well a5 more
differentiated cellnlar progeny. Stem cells of soanatic origin
are necessary for renewal of the tissues of the adull organism.
Hematopotehic stem cells in the bope marrow differentiate
min blood cell. e emvibrocytes, megkayvocytes | platelets
ard the different types of leukocytes. While each sanatic
stem cell of the adult organism is commutted to g certain ling
of differentiation. the emly embrve comtans stem cells that
are lotipotent, e they sive pse to all cell types in the
developing organism. Therefors, the embryonic stem cells
froty the Hastocyst conld be used to crente fo a living
mamenalinn organism hns fascinafed scientists for many
vears. The concept that differentiated cells and tissues are
derived from undifferentiated stem cells ("Stammzellen')
was already proposed a lundred yems ago . However, the
Feckse properties remained elusive for many decades, In the
1950, L Stevens found that mice of the | 295y strain have a
high frequency of such tumoums. He also showed thal thesr
calls eoald davelop ite einbeyvoid bodies, ie sgprepates of
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embryonic  cells. When ce2lls were  frensplented,  such
aggregates. mﬂd imdiace solid tnmonars with memy different
call typea™. A fow vears later, Kleinsmith and Pierce
demonstrated  dsat  such tmoars  were  derived  from
undifferentisted  embryonnl  carcinoma  cells’,  The
developmmemt  of  cell  culmre  tecludgues  permdived
invesfipniors to eslablish cultures of embryonal carcinoma
calla (BC calls) from murine testicular teratocsrsinainss
Saveral scientists ﬂml‘udmg Marten Evaie reported on such
culturss in the early 705", Evans obtamed 1295v mice from
Stevens, sstablished a colony of mice and characterized the
teratoma  derived cells m culre’. These embeyonal
carchiwoma (EC) cells could be mowmn oa feeder lavers of
irrdioted  fibroldosts, Wlen the later were witlwdraown,
aemive W wie diffeentistion ocewrred, It proceaded
through 3 prnmtne 1c endoderm, which chimped
intp embryoid bodies. Attachment on a solid surface pave rise
to all kinds of cell types, including slon, nerve, beating
cordise  muscle, =fc. This showed that the EC cezlls
differant iated 1:1 the same way 35 the inner c2ll mass of the
mouse embryo’. Evans saw the potential in using teese EC
cells ot only {or cell culture studies but niso for cresting
cluimmeric mice. In order to realiza this, be made mjections of
EC cells inte blastocysts and re dmplnted thedn into foster
mics, The offspring was chmoersc, with contributions from
EC cells in nearhy svery tissue', Similar findings were made
by several ofhwr groups & about the same time'. However,
chimeric mige carrying EC derived cslls developed multipls
tumours sed conld ned contribute to the werm line dua bo
knryoiypic abnormalrbizs. Evans found alternative skoategy to
offtain perm  line wransmiszion derved o eulured
embryonic sem cells By ming monockonal antibedies, he
charactznsed c2ll surface macromaleculss of EC celis and
their counterpants, thos dentifying medecular markers of
eaily differennanion’. The resuls sugpested thal pormal cells
with o similar phenctype =5 EC cells could be found and used
fin expeciments. Im 15960, Evans teamssd wp with the
embryologisn Man Fanfman to combine cell colure and
embryo manipulation. Evans described m o later review", he
had intended to we baploid embryvos for cell culbwe T
peepared smne dipload ones a3 controls. These cells wera the
embryonic stem ¢2lls (ES cells) that became crtical for the
sigoess of gene fargeting. Evans' team sef wp binstocyst
injaction technigues to tedd whether indesd ES cells coudd
coatribnte to functional germ cells and thus be used to creste
a chimerse monse. They repodted miecessfial germ lme
transrnission in 1984, in anofler landmark paper in Mamre™.
Thes next step wos 0 determine whether ES cells could be
wsed bo introcuce genetic materinl ino the germ line, Evins
and fus bellow workers infecied ES cells with a recombinant
retrovirus before mjecting them into blastocysts'”. Retroviral
DMA was identified in the founders and transmitted 1o tha F1
generation, demonstrating infroduction of the forstm DA
inte the maouse germ line ™, Gossler ef of,, 1986 reported germ
line transmission of 8 necenycin resistance pene thet they had
introduced into ES cells by retroviral infection’’.

Transgenesls in Manuals

Transgenic MVice

The mouse hos been a fvounite mimal for genetic studies far
myy decades and was an obvioos choice for the first
atterrgits 10 infrodieee per zenes info the mamamabian genoine.
Work in several other laborastories had defined conditions far
munipulating Fertiliced mouse ezes and blastocyss m culture.
Using the cubiure techniques, VA0 wirmns DMA  was

miraduced  imbo  binstocysts, which wes  subsequently
mplanted inte pseadopregnamd foster mothers. 5V40 DNA
cay be detected @ e offspeine ban it was fimpossible to
demensteatz with cerainty whether the DNA was imtegrated
imto the host genome, or remained as episomes ™. A few years
Eater, vl Grst ransgense mose was created by mifecting
embryos with Moloney leukeman virus'. A DNA copry of e
viral BOMA was praseit in the genome of the transgesie frica
atsd was transferred to the offipring in the Mandelian fashion,
therefore virus DNA had been introduced into the mouss
germ e, Subsequent development mads i possible to
witroduce and over expiess a lwge number of rarseenes i
mice and also other mammals™. However, integration of the
forsipin DMNA in the genoose occurs ot aidom amd e
tiibers of copigs vary, Althoogh it &2 an impostant tesl o
Iife science, fransgene technology Incks precision with regard
to the inwerted gene and camved be used o manspulste
endapenais genes in 4 predetérauned manner. These inherent
proflems with transgenic over sxpression technsquee limst 185
sefalness,

Homologoas Recombinntion
The pranciple of fecombination between Tomolopous genes
bz been kuenan for half a cenmry &l was recopnized by a
Nobel Prize to Joshun Lederberg m 1958 for hus studies m
bacteria. In the 1970s, # became evident that eukaryotes
erplay & sitnilar machinery to mediate exchange of genetic
iformation  between  homologoms  clhoomosemss  during
tnaacais, An ey study b yesst was fallowed by experinenta
demomstrating  recombanabicn betoeeen  retroviml TEMA
sequences i the masunalian gencdve  and  introduced
oliporveric retroviral DRA . Pioseering work by Richard Acel
showed that cultured mammalian cells defective in thymiding
kinase could be rescned by infroduction of the herpes vinus
tivirddise kinsse (kh gene™. Maro Capecchi ingwoved the
method ond IJEEd a fne glass pipette to myect DA directly
info the muclaws™. This impeoved the efficiency of pene
transfer dranutically and Capecchi's method was rapedly
pdopted by other mvestigotors to introduce new genes min
fertilized mouse embryos and produce trasgenic mice™.
However, the transferred sene was still introduced af randodm
in the host genome. Oliver Sowthiss had developsd the
conespd that hoimolegous recombination might s used to
repar mutnbed genss. As early ax the s he had already
establiched thet an allelic vma.rrr of haptoglobin had ocowred
throwgh recombitatorial events™. Later on, he cloned buman
fotal globin genes and concludad that Gy and Ay had arizen
throwgh & process involving homologous recombination™, By
1985, Capecchi had showm that bemelogous recombination
ocowrs with hagh frequency o mammalian cells and Smathies
hzd used homalogous recombination to insert a plasmd DXA
gaquence fte & chromosomal gene of a Tisman  cedl.
However, all this work was camied omt m cell aulture,
Smthies vsed homologoas mmbmm:mmcmm o matang
HPRT gene in cultured ES cella™, For this purpose, an ES
cell Hie wes wied that carried a deletion mematon; tds eell
tine haed previously been vsed for groduction of meatast mece,
The aene HPET wai repaired with & plaasd sarmnog the
mizsing promater and first 2 exons and Smithies shawed that
treatsd cells survived ond grew in HAT selection medium,
wlich tequires HPRT enzyme sctivity. Soetlies concluded
that "This modification of a chosen pene ia phsipotent ES
czlls demomstmates the feasibility of this route to ma.rqml'.a‘r-l:
manmnalian  genomes o predetermined  ways". . All e

coamponents were now 10 ploce for producing gene-targeted
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mease strams the development of ES cell colture, gene
muodtfication m such cells con be transmittad o the g=rm lme
apd reidterad in the offipeing: the observalion was that
hamologeas recoanbanation cccired with high fequetssy m
the mammalan genome™,

Development of Gene Targeting Technology

Afier the extabdishment of pene tarpeting techivelogy,
several laboratosies, they extendad itz nse = significant ways.
Ingenious development of gene tergeting hes bemn made by
infrochacing  recogmition  sites  for the enzyme Cre
recombinase, called loxP ades, biio existing genes. When
mice carrying soch "floxed" penes are osied with transeende
fhice enpresaiing Cre recombinase, the tar%ct geine of the
offipring s modified through Cre setion™ Another aite-
specific recombanase, Flp, i also frequently used to construct
conditional targeting of genes in mice™. The activity of the
Cre. or Flp, mene can be controlled by placing it uwnder a
suitable promoter to achieve tissue-specific gene targeting”",
Expression of Cre and hencs targeting of the fooeed gens can
be pestiicted to e.g. T cells (lck pronmber). cardiac muscle
(crordiac muyosin proaooder), newrons (enolsse prometer) or
epithelia (extokeratin promoter). Cre expreasion can alio be
coatrolled. by introducing an element mto the prodotee
which requires a ligend such as o dreg for mduction
Tetracyehin, bype Fnterferon and famoxifan have been ussd
1o oban dre-tnducible pronwciers. A desised pene can be
targeted by admdvistrating the dreg By oineroducing e
tamaxifon adte tito a tisue-specific promoter, gene tarpeding
cmn be obinined selactively in n cartmn fssne when the mouse
is trested with the drug Cre-lox technology can also be wsed
to replace & existing gene with amother one™. Sech "knock-
in" has been used to reploce muring imrmmoglobdin or MHC
genes with human ones m order fo "homanize® the mouse
with regad o mmime fubedon. It las alse been used Lo
replace an allele with another ane.:

Application of Knoek oulr Mouse

Gene forgefing has transformed  scientific medicine by
perruitting expertrmentsl testing of hypotheses repasdine the
fusictien of specafic penes. Prioe to tarpetmp of pene, oar
undsrsipnding of the mle of genes in higher orgnnisms was
deduced fromn obsernvations of spobtamsous  andations 0
pati=nis mnd sxperimentnl anmmnls. linkoge, administrmton of
gene products to prumals and to litfle extent, from cell colture
experiments. However, cell culture iz not helpfl for
understanding functions and diseases wvobving multcellular,
infzgrafive responsss. Insight mio organ systems such gs the
nervons system, the cardiovascular system and the immmme
systemn, were ﬁ'ﬂgn:nlm'_'.' at besi == was 1:.1|.|:|w|EJ.E-: of
maommalian development. As the cardiovascular physiclogist
Heimo Fhmke pun i, “cells don't have blood pressure™™.
Cardivassular physiclomists switched from rats to mice as
models, dovwnscaling their instruments and techmigues i
arder to study the senetic repulation of hemodynardes, A
new ern of penetie physiology was bos The menoees of
i Al mouss  contain sbous 22,400 gener. Several
thewsaind of them have already bean investigatad by 1o peting
gene. These stdies have provided o weslth of informetion
about gene function in development and disease. They have
helped fuse meclsmigtic mokcular Mology with intesrative
life  sciemess such as  embrvology,  physiology  and
immunology and have prompted new technical developments
in physiclogical sciences. For medicine, the modelling of
disenses in humon by gens fargeting in mice has been

particulerly  mformative.  Sciertists use  obssrmtions,
hypothesss amd deductions to propose explanations, theones,
for namural phenomeia. Pradictions from theores are tested
by experiment. Any theories wlich are cogent encugh to
make predichions <an be tested reproduecibly in this way.
Thenefore, scientific method 15 essemially a custious means
of butlding a supporable. evidence-based understanding of
our tatural waild, Prioe to gene targeting. petiatic moedicina
lecked the means fir experimental testing. If we nmke an
onalogy with Eobert Eoch's approach fo infectious dissases,
genstic medicne could apply the first of Koch's postulates
(22 observe an sssociation between ndcrobe, o wn this case,
gone of ablele and disease) and with the mveni of gene
cloning, the setond one (isolote the micobe'gene from the
diseaeed individual and emablish @ in eddnesg), bt applaang
Koch's third pestulnte (indoce the disease by transferming the
nicrobe’zene 10 a host organdism} required gene targeting, By
mnptating 8 pene to destroy dts fmction (Joock-out) oo
switching 1t to n disssse-associaed pllele (mock-n), disease
is indheesd if the hypothesis is comect, Altzmative approaches
based on eprdemuology are curently being developed bud
currently availoble methods do not have the precision of
hypothesised experiments  This digression sto theory may
snffice 1o make the point that only by tarpetinge cardidate
geness did it become possible to formally estabiish causaiity
between gene and disease. NWow look ol some specific
excarnples of the impact of gene targetang i medscise.

Monogenetic Diaeases

The firet aren to which expenmental geneticists hened thao
artenition afler the birth of geie tarpeline in mammals was
mnodtgentic diseases, The Lesch-Wvhan sywlrome, a defective
metabolism of nuclectids cmsed by a mudafion in the HPRET
gene, served o the model condifion dormg development of
the techmclopy. Cuse of the ressos for choostae s
particuler medical condiion wes because selection conditions
for dslating transteced cells were available for HPRT, The
matial examinsiion of HFET-'- mice was disappoditing sice
neither nevropathelomenl por behavicural festures of buman
disease could be observed™ . Thiz promgied analysis of
punse salvage patiways in foce @nd led fo the findings that
mice depend largely oo adenine phosphoribosylrans fersss
(APRT) for purine solvags el are therefors mot as sensitive
to HPRT deficiency as homans. Admimstrafion of an AFRT
mhibstor to HPRT-/+ mice mduced persistent self-mjurions
behiaviour resemubling the clinical features i buman
disease’ . Cystic fibrosis s one of the most common
monogenic diseases and was chossn for genc-targeting
studies by Smithies and his co-workers""", The defective
gene had been wdentified by hnkage studies m petrent families
followred by molecular cloning. It fumed out to be a cAMEP-
activated choride channel and was termed cystic fibiesis
transmembrans condwctmnes repulator {CFTR), By knocking
oot CFTR in mice, & condition was generated thet reproduced
many  features of the lurnen disease. Thus, CFTR--
homozyrotes  dsplayed  defective chloride transpost i
epitbelin of akrways  aid  festines, fatlure to theve,
togcomium  ilews sl pethological  alfssations  of
gastrointestimal glands. These shadies wer= among the first to
create 0 model of 3 human disezss by gene targsting m mace,
They have boen followed by s avalanche of quch knock-out
tnisdels,
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Cardiomyopathy

The pathogenesis of mherted heart diseases have besn
exploved successfully by pene targeting spproaches™". For
instance, targetmg of genes encoding components of the
comiractile  apparatus  in cardiwmyocytes  keads  to
cardiomyoparlyy. Gegeted mlatkons 0 commexin proleins of
Eap junciions cause condocion defects: disrugted genes for
tramascriplion factore nvolved B et developrent lead o
congendtal heart  malformations; e thepeting of getws
comtroiling energy metnbalism canses cardwamwopathy,

Complex Diseases

Complex diseases invelving the action of more than one
getie, and either, gene-ctivireiunent heractions, represent a
particils challengs for medicnl reesch, hhotmes and
inkzractions. are wmnally poorly wmderstood, it has besn
difficult 10 dissect the comtribution of an mdividioal gesetic
factor and the distmction bebaeen camaton and comelstion
has been problematic, To prove cansation in such a complex
system, sxperiments muast permat detection of the effects of
:hl@ngmﬂyum@:mﬂjaﬂ:mnmﬂmew
mnde such experiments poss=ble and has permutied proof of
cansation in comples diseaes.

Cardiovascular Diseases
Oliver Smithies has been the leader in this development,
Adomg wath Moboye Maeda be foossl on Do 1
complex diseases, hypertension and atherosclerosis™, T‘-‘rll‘l
siiadios aupmest that genetic factors may secownt for approy
70 %% of fumlial agaregation of essentinl hypertension
However, 10 genes have been shown to alter blood presure
and their gene products appear to inferact i commplex ways.
In spite of discovery; thot aogictensinegen (AGT) gene
polymarphism is associated with essentinl hypertension; the
genelics of disease has reqsained pooily understoed. Linle &5
knowa aboal the number of genes achizally involved m buman
hyprtension, their effect on blocd pressuse, their mode of
tramsenission, o their interaction with otber penes and
enironmental compooents. Smithies suspected that gene
doge effects would impact on bleod pressure levels awd
designed & nesw method for titrafme pene dosage by
producing mEce with ong, twe of thres fimctional copiss of
the AGT gene®, "Convemional® gene targeting was used 1o
prodisce the one= and teoecopy mice and anperepair gene
iargeting to produce mece with three copizs of the AGT gene
It resulted in peoportionally higher levels of gene products
(le. plama asriotensinogen peotein) &d proporfionally
higher biood pressurs with merensing gene copy mamiber,
When Smithies and co-workers targeted another omportomt
gene for blood pressure regulstion. which codes for the
angiciensn-converting enzyme (ACE] no lneor relationship
wis observed, in spite of the effectiveness of ACE inhikitors
in reducing Mood pressire, The data was sobmitied to a
compater simulation for complex mteracting svstems and
coild progose a model for blood pressire cotrol thasigh the
refdn-angotensin syatemy wihich was proven be nsefil far
undsistanding esential bypertensaon™. H shows that gene
diosags, fr it cEpression fid gene product
clesrmce/catabolizm must all be considered when evahsting
the genstic reguiation of blood pressure. In 1992, Mobuye
Maeds, working in Smithies' developed a mouse model of
athercsclerosis by targeting the pene for apolipoprotedn E
{.d,:n::e] Ih: sEme REame was torgetsd independently by
investigators'. The dpor’ mouse develops spontanecus
atheroscleroais which is remarkably simalar to buoman diseass.

Michasl Brooan and Feseph Goldstedn {1585 Mobel Prize for
discevenies conceming cholesteral metabolism) amd their co-
workers targeted the gene for the low density lipogeotedn
(LD} meceptor (La07) and obtzined a mouse that develops
atherosclerosis when d=d n cholesterolnch dist™ The
meroduetion of the two mouse models with defective dpoe
and Lolr penes have completely chamged atherosclerceis
research. By eroscbreading themn with other pene-targated
tnice, if has bean possible to deduse the inpertance of genes
reguloting mflammaton, lped metabolism, blood pressare
o other factors proposed 1o be mvolved in athemsclerotic
cardiovascular disease’ . They are also used abundantly in the
pharmaceuncal indusiry for developiment and testing of wew
dneas agninst coronady artery disease,

Canrer

Crefve tarpeting has been esceptionally usefil in cancer
research. A larpe mmber of proteoncopenes, D
SUppFEssOT genes, angiogenetic Bctors otc have been targeted
in differant tissis=: in mice to shed light on the mdection and
spreading of tumours®. Gene targeting of tumour suppressor
genes have helped clondfy their role in the formotion of
turrwnrrs. Wice camrying a targeted pi3 pene were predisposed
to ooy development™. Conditionsl targeting (using Cre-
fox techmiology) of the edemomastous polyposis cobl (APC)
gene induces colorectal tumours momice and APC-targeted
talce J:uma become wiefil models for research o solid
mmours . Targeting of gepss for endethelial growth fictors
aned pm#w]:ﬂuc enzymes  have been  essenfial  for
understancdmg mechamsms  of necanglogen=se  and
mermlﬂlsnf&nhdwmdmﬂsnuaiﬁudmﬁnm

thesspetic strategies to prevent spreading’’

Other [riseases

Consternporary feseanch balo most of sl all oexjor ossn
diseases wnvolves gene targetng in mece and there are
“knockout medels® for endocring, medabolic, neuralogical,
mflamaretory  amd  other disorders. Gene-targeted rouse
models have also become incrensingly importand in stedies of
host defense apaist pathogens. Gene tarpeted mmice have
became indispensable w vienally &l sspects of medweal
research,

CONCLUSIONS

Development of knock oot mouse has become wonderfial fool
T sfudy the fusction of specific gene uy the system. [ts ability
tor generate predictable designer mtation in nose gene lias
kd to penetrating new  meghts mte development,

immumatopy, neuwrebiclogy, physiclegy and metabolism. The
development of a gene knockeoul mouse has been 8 nmssive

advamce to the biomedical and plermocesshcal  field
presenting  researchers with a very powerful fool for
analyzing gene fimetion during development, a5 well as in
diszase, Development of o knockont mouss has advanced the
beomedical  ad  phermaceutical  field  presenting  the
tesearchers with a powerful tool for analysbing eene function
during development, as well as in disssse process Gene
knockout has become invalwble expermmental tools for
meetzllng genstic disorders, msigning functions o genes,
evalvsting drogs and toxms and for belping to answer
fugudarental questions b besie and applied regeaichy

Pape 15



Rajashelar B et al Int. Res. | Pharm. 2013, 4 (7

REFEREXCES

[ Askanazry . [he Tertome mch sheem Ban, them Verland ihues
Geness une 1m Yergleich sum expenmemellen Teczimd, Vethasdl Deutch
Parhol 1907 [T 38.8F

2. Sievepy L and Litlle CC. Sponianesus tesiicular ienziomas 1o an mboesd
syma of amss Proc Nail Aead Sa (USA) 1954 400 DEOT

Bl e oeg L0, TOTE Pra 4011 102NN 165 TEE4T  PRDCH:PMC E0S
Iin

3. Eievess LC. Embryome potency of ssbayoid bodies denued fom a
eraasplamatle wesnodar wrmoms of the mosse. Dey Dol 1560, 20 285-97

hitty: - dol org 10 10OTED0 L 2- 1606 G0 0-5

4. Klestenih L7 and Piepcs GB. Muks potensalsry of single esbryonal
carrinoma cells. Capcer P 1904 140 1244-52. Flid 1 4234000

3. Romstizal MDD Wekoow B Sxe GH. Jn wiro powih and
deffere i of cloasd popolanens of suln poteatial mouse celly demisd
from a iransplaciabls Sesticelar terazcarcmema. § Wail Cancer Ing 1500; 44-
LI -14

8 Kehsn BW, Eplvuss B Developmental pobaratine of cleml s vies
colimes of mome fesxcular teraioma. | Mat] Cancer et 19790, 440 101358

Phid-S5 14468

7. Ewvans MJ. The i=olaton and moperdes of 3 clonal tiese coltvre Sran
of pleripotem meoese tematoma cells. ] Embeyel Exp Morphol 1971 26 165
Ta_PMAd:AGTIETT

8 Martm GR, Evans M. The merphology 2ad gowth of a plunpotent
teraioearciat ¢o8l lefe and s dedvees g ussne culnee Call 1574 2

16372, bmy: s doi orp 10, TR DR -5 T R00E0-T

% Mlartem GR. Evans M Differeniiation of clomal Exes of teratoraromem
cells Bxrmurion of embovosd bedies fe v, Froc Mad Acsd Sci (US4}
L7372 1441-5. g idmdion oo 10, 1070 oA 724 1441 PR 1035418
PRI PAICA3T 551

Il Pagascumnm VE, McBumey M, Gurdser BL, Evaos MT. The fae of
ernocarcizoma cells ipecied imo ewly mows embrrcs. Mamre 1973 255:
T3 btp: e doi orpd 18 1 ETARNT00 Phuled: 1 ERGERT

[L Muprz 3, [Eswpoee K Normal ally mossee mice from
mahgrant teratecamnoma calls Proc Mail Scad Sce U 5 A B075; 72 3545
& hitp:dedol o 18 1060 priae 72 835 RIP0 - 1 O2E1 4T PRECS TSI
C433040

12, Stimmake MG Evans M1 'I'ﬂllm: EE, Stern Fl. Expesson of
Feoraxmomn amtipen. in the pord 1 embrys. ] Eshryal Exp
:l.l.l:l'p-ll-ll[!?ﬂ'l BEEIT-30. FAdnl: ]'D‘l'.'lﬂ

I3 . Evins Ml The cobuoral mowss Mab Med 30010 5 [0ED-3

lreg g dow org 101938 pmd D00-1081 bmp: dedoLag 10. 103E953114

14 Bradiey A Evass M, Kaufmas 5H, Robenson E Foroatics of getm-
e chimasras Fom embreo-decived Seraiccarcinoma coll Enes Naswe:
LE% p. 2958 ipds doloeg 10 EO2EI0SIA 580 PALdSTITE0]

[5 . Evans VT, Bradley A, Bochs MR, Robemson EJ The abiliey of EE e=ils
o form chimasma after selection of clonss i 21E ol soeme obesrvioes
on the infegrabon of reirevaral vecior peoaral DA pte EE cslis Cold
fipemg Hark Symp Cuam Biol 1985; 50 6859, ki éx doi o/ 041101
S8 15503001 084 Phad 338502

[t Foberwom E, Bradley .‘LI".LE]:-H Evama &l Gemm-lme transmusuon of
gemes v i 1min I | plapotereal cellc by rebreearal vectar
Mande [534; 323 458 |:|.II|:|: -d.l'.dl!l.n'l'a.'][l LR 38450 PR 3742683
L7, Gossler A, Doetschman T, Korn B, $erfling E. Eemler B Transgeneus
by meana of Elutccynt-damed sskryoms sem call loes: Pros Makl Aced
Zai (USAY ISEA; 33 90853 Hp:-.d.'th_ﬂg L0107 5 paas 3.2 5068
P04 162 PMOdEMCIE™MTE

L4 Jarmisch B, Moer B Siousn vano #0 DNA scqoesces i DNA of
beahby adud mice desived from e ioplaanon blasteeysn injected wiak
virdl DNA Proc Naldl Acad 5o USA 19M; 710 12804 hepidx
e e B0 LOTY paae 714 LT 30PRARL 4 30 510 PRICA PROC 20

19 Faemisch B Gemm line ascegratioe of sed oney Beokemma rirae etfecr of
homezygosty ai the m-muolV locus, Call 1877 12 691-6. hitgr dxdovorg
LR OGO OSI- BT T SO0

20 Paluizer BD Brasies BL. Teaspeie: aacs. Cell 198%; 41- 3135 b

W Sod &r@'L 0L 1OL & E0072-B274(35 80089 -0

1 Wigder M, Salverstein 5, Lee 15, Pellicer A, Chetg ¥, Avel B, Tiansfes
cf pemified herpes vinm ghyeudine knam peos 4o culiured mease cefle Call
LB7T, 01; 223-32, |J:I:I|:| ety did. g1, 1 01&009T. M"'-'ll':l']',ﬂlﬁi’ B

22 Capeechs ME. Eagh efficieacy wrandftemarion by doect sueringection
of DNA iobs culhored mommadian cells Cell (8N X2 479.83

h.l:l.'-':.':'-lLﬂ-l:l'.an‘-ID.JEIIE.DD'!I-IHTI-!BEI:EEI! E-X

2. Gdon JW, Scanges GA, Ploikm 0, Barbos T4, Roddle FH. Genetic
Emzaformmiion of mome cobryves by mizroizjecfion of pundicd DA, Paoc
Mad Acad  Sca{TSAS [RED, 7T TIER-L i doi.mp 1001073
pnas. 77 52 VIR Phbd:a26 1255 PMCK PMCIZ0507

24 Brathics O, Comiell E, Divon GH. Clrstiosiad] 16 sraigrmens dad
the svplurien of Beptoglobs gsass Manrs 1962, 196 132.8 hop e

dovorg 10 1038 1507 3220 PALId 1358051 3

25 Slghicen JL, Bleckd AE. Spethes 0. Hesas foral Ggoand Ag globin
geser Complere nocleshde s quences mggest that DA can e exo ke ged

betwean them duplecated penes Cell 1930; 21 6273 bpidhdon
o 10 1000 -E6T & B e0a] -1

25 Doeschman T, Gregp RG, Maeda N, Hooger ML, Melion DW,
Thiomgesen 5, Seuthies O Tagesed correction of @ suranl HPRT gets a6
mouse embryome dem cedls. Maiere 15937; 330: 57488, bEp:'dx dovorg
TR 10333205 76aC Phlsd 1583579

IT. Thopsoa 5, Clake AR, Pow AN, Hoopes ML, Melooe DU, Gergn lias
trarsmission and expresson of a comecied HFRT geor peedimed by gene
tarpenng ol embayonie sem eelds. Cell 1988, 5a: 31320 bopde dinorg
1R 10180092 -BS TR S0M5-T

2. Lakso M, Saner B Meomnger B I, Lee EJ, Mammm BW,. Yo 5H. & ai.
Tuspeied mmcegess activation by wme-specific fecombiniizn = Eamsgenic
IMCE. Pruc Harl Aicad Bzl IS4 573, as 2510
bep i doioeg 10, 1073 peas B b 6EE2P MG 1431105 PMCaud PRIC454 T4
3% Ovban PC, Chui D Mamk D Tosas l.l:d‘iﬁ!-‘l::ﬁ:i.ﬁl: DNA
Tecombinaizon o Tanagenic mice. Froc Mail Acad Sci US4 15%2; 59 0851-
5 bt e a0 10 1075 poan 8% 1 5 SR8 1PN 1 455575 PRI PR
45808

2. Brapda C5, Dvmeck S8 Talkmng aboot 2 resvlvbon The impact of
eitp-rpacifs meosmbinases on panetic saxhaee = omece. Deve Cell 2004; 8: 7.
2B hitp: e dar g 10 104851 F34- 5807 00A 0590 X

it Gu H Marth 1D, Ortam PC, Moemann H Exendky K. Deletion of 3
DA polyeesmmse bers peae wpment i@ T cells uning ol npe-peaific gess
tarpeting. Sciemce 1954 265 103-6 bepesds desorg 101126 sience 8
OLEALY PR BOTS64T

12, Bwhno B Schweok T, Agver M, Baewsky B Bducbls gess rargeiing in
mice. Sciemes 1905; 2858 1427-9. hetp: ‘dx doiceg! 10011 DS srience. THE0L DS
PAEd-TESDIDE

3L Sow TR, Muller W, Gu I, Ruensky K. Cre-loxP-medimed geos
teplacemest 3 mouse simin prodecing bomamred astthodies. Com Baal
1354, 4. 1099.103. h.l:l.p: -'d.ld.l!li.l:d'g.ll:l.lﬂl SS00G0-9E22 (D0)DOTAE-T

. Enmke H Mousa peos farpeiing in cardmvasular ploaclogy. Am
Pivmal Regul Integr Comp Phyveial 2003 164 RIE-R0 Phfid 1 1481742
35 Eueka ME, Bradley & Reberson EX, Evans MJ A potsial aremazd
maded for Lesch-Fylan syodroane threugh intraductzon of HPFRT matations
s mice  Mahowe TET IM: HS-E BEpcldx ded cog'L010IRZIEI0EAD
PaLid302ee59

5. Enller BH, Hagemam 1), Doetschmam T, 'I'h::m.lIR,Hn.u]S
Wilh=na P Cerm-ling af a pl mads m o
Irpozohise phospisonbony| tmnsferace g by homolopous regombinnon
in embryoaic sem cells. Prec Matl Acad S UBA lﬂ:ﬁ 86 EXIT-3
b dm don oo 10,1073 /paa s B4 22 EROTRRMGA 2571070 FRCIdPMEC
153403

1. Wu CL, Mehom W, Preductzan of 2 model for Lesch-Hyhan syvodremea
in iypoxamhise phosphoibosrieranefersse-deficien: mice. ¥ai Gener, 1993
P 23540 ey dndsd ong 10 I0ARD0YRI- 215 PR EAREE T

1§ Clarke LL, Grobh BE, Gabeizl SE, Ssahiss O, Koller BH, Bouchst RC
Defecive apridelial chlomde wazepoct m 1 geme-tirpeied mous mosds] of
cymic  Eleotin. Seiems 1981 357 U158 kepdxdoiors
101 I semne e VT 0731135 PALA- L IEDT RS

1% Saouvaen JM, Beipman KK, Lyeur AM, Malmd NH, Boucher RC,
Srmihsee O An mumul medel fer cyeic Gbroois mads by gese fargeting
Seienos 1993 5T 1035-4. |:I:I'I:|:I. . org 10 0 L2560 esieaes T57. 3073 1083
Phbad 1380725

42 Chrutemma G, Chen F, Fom J, Chim KX, Moom modaly of human
sardicvaecalay desease. B Chein ER, el Molecalar Bass of Cardiorescaar
Cisease. ¥ ed Pliladelphey: Saunders; 2004, p. 72-104

AL, Wang J, Willckemson H, Cualf C, L H, Ok3fes A, Bostin F, Brming
IO, Raba CR, ar o, Dfared codimayoparhy and arsoveairicula cosdoction
bleck: snduced by hears-specific mactvation of mitechondrial DivA gens
expeiaion. Niure Cesetics 1995 210 T3-T. Bnplids doweg | B E0SEECA0
trep- s doioep 1010355007 PROA: 99 EA TS

£ Bnnifues O, Maeda W. Geme farpeiing approaches o complex peoehc
dodiets Arrosclencul aod seacsrial In Peoe Mad Acad 5o
APEAS 1855 82 tHG.TE  hmpeldbedodceg/t0 DT phan B2 12,5248
PREA TTITASS PARECId PRI LETS

21 Smihies O, Kim HE Tupeted gese deplicimon ool
amlynizg quanizistive geoohic bmds o omice. Proc Madl dzad S (USA)
1554, 21 3il2-3 h!'l.p. -ﬂdm.:r!’,.‘lﬂ.lﬂ?!.;l:ﬂ.l.!l.?.lﬂl] Prdid a1 70550
PRECEPRIC 303

44, Smithies O, Kim BS Takshashi ¥, Edeell MH Impectance of
quastgante Fesenc vieiaiens in the sticlogy of yperiemion Kidney B
20y, AR 2658 hepodsdetongd10. 1046715 33-1755 00 L
Phad ERL150A]

45 Phanp AS, SailifD, Hayvek T, Asloo Setals X, Walsh A, Veenoyfl 1G.
Severs  hrpercholestemlema and gthercscleronz 1o apshipaprotem  E-
defrtizal mice ciested by komobogiuh resodciatiog in ES el Cell 1381,
TE: 34357 hopde dsi cog 10 10BS DI 20 TR RO G

48 lubashi & Beown ME, Goldsean [L, Cerad RO, Hazmmes RE, Here [
Hyperchodesmerclemea m Loy density lpoproee eecspior bnocloo mere and
iis revensl by adeaovius medioted gens delveny. F Clin loves 1583, 8I:

iofi Tor

Pape 16



Rajashelcar B et al Int. Res. | Pharm. 2013, 4 (7

g;?}tﬁ‘r'ﬂ'.dm erg L0 NTTRTCT | el 3PRgicd B3 40823 PRICeS T
o L

47 Hansson GE. Inflammanon, athereslercns md cormary anery disease

X Engl 2 Mead 7005, 352 168555 hmp: e doiorg 10, LS8 WE R rald 3430
Phid 15843671

43, Tamard VI Trasgess: Muie @i an i v moded of lynghemnagenes
il Rey Cyral I00d; D 13800 Epc dsido g 190101650078
TERE4 -3

45 Dsehevesr LA, Harvey 3, Slagle BL, Meahor BT, Mostgomery CA,
Baaed F5. Mice deficiens for psd aee developmemalby sorsal ben vesceprible
to ipmianscas fumoms. Iahee 1992; 3536 FIS-1L hitpSdadodorg
CIELTD33 R 5T 1 Fal PRERL 1553540

58 Bhihaia H, Tovama B Shena H e M, Hireda M. Hmegang § Rapod
cnlorectal 3depoma Formahon anmiated by conditional targehing of the Apc
perm.  SopEnce  19RT; XIS 120-3  bpeOdmderongd0.11 26 e
ITE SIS 1T PR 931 19L

5t Carmeliei P, Jain RE. Angropetse s 1o cancer and ofbar dissises. Namme
Oy, 4T ZEF-5T. hop e doot e 1001 03 TS0Z5220 Foulid: 1 L LOEE

Cite thiz ardiche @
Rajaskeiier B, Subesin B and Paisy Byadoes Gese cked sonss Kook

out mous: aad oy applcaten Tak Res ¥ Pharss. 2003 HTRLIZ-EP
I d e 10, TEETEIO-BR0T D40

Feomrce of swpport: Mall, Confisct of interesd: None Declared

Pape 17



