Chapter 7

Knockdown of FGFR2llIb
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Introduction

RNAmediated silencing

In addition tothe FGFR2IlIb overexpressiexperiments, walecided to test the function of
this gene by two complementarylossof-function approaches. In e first one, we
established &nockdowninduciblesystemin the hES cell line Shef3. The secapgroach
consised of a competitive assawhere a soluble form of FGFR2IIIb is supplemented in the
media during differenation. This recombinant proteishould be ake to sequester any FGF

able to activate the=GFR2ll1during differentiation.

From the initial discovery that double stranded RNA (dsRid#8)able to induce robust and
specific silencing of gene expressigiire et al., 1998 a great progress has been maite
the field. This phenomenon has been correlated with previous silencing mechanisms
observed in plants, and now RNA interference jtasecameknown, is considereda well
established mechanism of gene silencingplants and animals. In this regamhmponents

of the molecular machinery in charge girocessing dsRNA have been identified in
Caenohabditis, Arabidopsisand the fruit fly Drosophila(Hammond et al., 20Q1Sharp,
2001). Although the discovery of gerspecificsilencing through dsRN#as an exciting
breakthroughto study gene fundbn, specific gene knockdowmwas still a challenge in
mammalan cells which were known to switch on RNActivated protein kinase (PKR
pathway in response todsRNA. This pathway switches offn-specific translation ah
protects aainst viral infegbn and stress often culminatingin apoptosis(Garcia et al.,
2006. Animportant step in the study of RNA interference came from the works o€hlfus
and colleagues, who discoverdtlat small double strandedRNA entities (22nt aprox
originated from the dsRNA were able to induce strong silencinddmsophilaembryo
extracts(Elbashir et al., 2001uschl et al., 1999 This opened the possibility of sileng
gene expressiom mammals which was later demonstrated by Tuschl grdifoashir et al.,

20019 andCaplen(Capleret al., 200).
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These short sequences of small interfering RNA (siRNA) have been usddiyto target
specific mMRNA degradation. However in most cases, this approach is only transient, and
sequential transfections are needed toaintainthe protein of interestdownregulated In

an attempt to circumvent these hurdles, RNAyoérase 11l basedectors have been shown

to be effective toolseither to produce siRNA vitro or stem loop structures called short
hairpin RNA (shRNAhdt have the same structure asRNA with the exception & loop

that connects the sense andntsense strands TheseshRNA have resulted in some
instances more effectivihat the samesiRNA versiofBrummelkamp et al., 2002addison

et al., 2002Yu et al., 200R perhaps because the loop structure is more similar to the micro
RNA (miRNA), a large class of RNA endogenously produced by thi® callstrol gene

function by silencing.

In summary, shRNave allowed to target specific gene functionaimariety of cellsHere,

we sought to exploit thisechnology As brieflymentionedin the previous chapter, some of
the problems typically encountered when studying hESCs are the low transfection efficien
and the silencing of exogenous expression vectors. In addition, when knaltkinga gene
that may carry an importanfunction, cell survival may beompromised hamperingthe
study of the gene in question. For this reasam, decided to usan inducibé system based
on the Tet operon(Gossen and Bujard, 19p2hat has beenpreviously employed to
knockdown OCT4 and SMAD4 in hE8G@=y et al., 201Zafarana et al., 20Q9Briefly, for

the system to workt is necessaryo generate a stable cell line constitutively expressing the
Tetrepressorprotein (TetR) In the CSCRentre for Stem Cell Biologyis has been made
by cloning the Tetepressorprotein from pcDNAG6/Tr (life technologies) downstream the
pCAG prorater, a suitable vector for hESCEhe second component is the transfection of
TetR hESCs witheector namedpSUPERIORhis vector drives the expression of specific
hairpin RNA$rom a modifiedpolymeraselll HL RNA promotesequence. The modification
in the H1 promoter creates a binding site for the Retnaking the site inactive for
transcription.When tetracycline ndoxycyclines added, there is conformational change in
the Tet repressor protein that renders it unable to block the H1 promagpermitting the
shRNA transcription and the consequent gene silenéfiggire 7.1) The selection of the
short hairpin sequences is important to avoid-t#fget effects, as well as tmaximise the

chances of deteatga knock down.
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In our project, the selection of an inducible systénsteadof siRNA transient transfection or
constitutive expression of shRN#as very important. Firstly; because we did not want to
disturb the hESC undirentiated state; we wanted to knockdown FGHR#at specific time
points during differentiatioruniformly in all the cells (a transient transfection woutdply a

selection step)finally, the system has already been used with efficacy in the CSCB.

Theimportance of FGs during inner ear developmewnias discussed in previous chapters
as wellasthe role of FGFRand its isoform Illbn viva FGFR2 has been linked to ovarian,
prostate and bladder canceramong othergCarstens et al., 199 KwabtAddo et al., 2004
Steele efal., 2001 Yan et al., 1993 Inan attempt to investigate the role dFGFR2 in gastric
cancer cell lines characterizég gene ampliitation andoverexpressiorof FGFR2Kunni et

al used small molecule inhibitors and shRN#&sgeting FGFRZKunii et al., 2008 Since a
robust decrease in the expressn of FGFR2 was observed in two otithree celllines with

the panel of ShRNA usededecided to use the same sequengeour study.Whilewe are
primarily interested in knocking dowthe Illb isoform of this receptothe regionspecific to

this variant is relatively small limiting the possible repertoire of target sites. Moreover,
publishel shRNAssequences targeting this isoformidy QG & K2 ¢ | NP o6 dza
We have therefore decided to target the entire FGFR2 subfamiiich would include the
FGFR2IlIb.

In mESCs, shRM#ediated silencing oFGFRMas been carried out only on¢€oumoul et
al.,, 2005. However, the purpose of thastudy was to alidate a different inducible
knockdown system based on the Cre lox, rather that gainm@sight into the function of
FGFR2. In fact, most of the work with this receptor has been @doweothrough knockouts
(De Moerlooze et al., 200Xu et al., 199Band the ear haveen studied in d&il onlyin the
work of Pirvola(Pirvola et al., 2000 In this regardit is important to stress that this is the
first studyaiming to address theole of FGFR&8uring otic differentiation in hESCs. So far

our datais inagreementwith the animalmodek of inner ear development
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A competitive specific inhibitor of FGFR2IIlb

Apart frommRNA inhibition, we camake use ofoluble forms of FGFRs able to bind FGFs
that would otherwise activate endogenously produced FGFRs. The use of these soluble
forms was the method originally chosen by Ornitz and Chellaiah to propose theFBERs
binding pairsas well as the requiremeraf heparan sulphate proteoglycans upon binding
(Chellaiah et al., 199%Chellaiah et al., 19940rnitz et al., 199p In those studiesthe
extracellular fraction of FGFR1 and FGFR3 was fused tetextcplacental alkaline
phosphatase, generating soluble FGFRs waitlunaffected extracellular domain necessary
for the bindingspecificity studies The alkaline phgphatase domainwas necessaryfor
secretion, and alséor purification Their results demonstrated the extracellular domain can
be uncoupled from the rest of the FGFR without affecting the binding specificity. This
characteristic has been exploited to engineer an extracellular secreted form of FIBFR2
that was hypothesisetb work as dominant negative isoform (DNR) and tedfuitetionality

in vivo (Celli et al., 1998 The results were in agreement with the expression pattern of
FGFR2IlIb isoform in epithelial tissye&sr-Urtreger et al., 1998 and the mice expressing
the DNR presented gross abnormalitiglsthe limbs, skeleton, skin and innear, similarto

the observed phenotype in the KO mice developed I4i2e¢ Moerlooze et al., 2000A
soluble FGFR2lllb has als®baised ira model system fopancreas developmer(Miralles

et al., 1999, and the resulk were similar to theones dserved with antisense RNA to inhibit
FGFR2b. However, theeffectswith the solubé form of FGFR2IIIb were milder.

For our work, we decidedo use a commercially available recombinaotni of human
FGFR2llIisoform 663-FR0O50; R and D systemshypothesising it would compete against
FGFR2 for any FGF ligand activathis receptor, in particular FGF3 and FGF10 normally
added during differentiation experiments. For these experiments it was necessétyate
FGB and FGF10, sihat the minimal amountof each andsoluble recombinant receptor

would be used.

157



L
/N

| CAG promoter i | Tet repressor |

Tet
repressor '

I H1 promoter

ez A0

==
e 0 | { Tagwwaewe 7T —F —_— X
\ ==

Figure 7.1Tetracycline (dox) inducible knockdown systemA and AQY a4 OKSYI GA O |
knockdown system. I the 1% element required is shown; the constitutive expression of the Te
protein by the cells. Stable hESC lines have been previously made in the stem cell centre (e.g. S
I (s depicted the second element, Short hairpin oligos are cloned in the pSURERAsmMId
downstream the H1 polymerase Ill promoter region. This promoter has Tet operon responsive el
as well. When TetR cells are transfected with this vector, the TetR proteins bind to the promoter r
stopping transcription by polymerase Ih.the contrary, when doxycycline is added, the TetR binds 1
and renders the H1 promoter available for transcription, short hairpin production and gene silencir
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Results

The Dox inducible system

Schematic representation of the Darducible system is presented in figure 7.1. A

description of the process is explained in the introduction.

Short hairpin equences were obtained from Kurét al (Kunii et al., 200Bbecause they
causel a decrease in the expression of FGFR2 at the protein and mRNA levels in different
cancer cell linesAll the sequences were blast the NCBI nucleotide database, and they

showed to be specific for human FGFR2.

The sequences used to construct the vectorSl 3 RSLIAOGSR Ay FAIdzNBE 10
GKS aSyasS 2tA32 IyR Iy SEGNI - K2L 2@SNKIy3
further ligation into the pSUPERIOR vector. In addition a terminator signal for RNA
polymerase Il is added upstam of the Xhol restriction site. The oligos were then aligned as

the pSUPERIOR manual recommends. Meanwhile, the pSUPERIO.neo vector was digested
with Bglll and Xhol restriction enzymes (figure B.2nd ¢ creating compatible overhangs.

We made all thecloning optimization with 1 short hairpin first. In our first attempt, we

could not get any bacterial colony after transformation.

The problem encountered was the high molecular ratio between insert and vector (30:1),
which should be normally 1:1 or 5xsert: vector. We should not forget that in this case the
insert is 100 times smaller than the vector (note: this is common mistake when ligating small
inserts). Then we readjusted the molar ratios 6:1. At the same time, we tested
dephosphorylated vector my against gepurified vector. Phosphatase treatment of the
vector helps to reduce the number of background colonies product dijetion between

the vectors without having insert. Gel purified vector should in theory yield a higher amount
of transformed colonies due to vector to vector ligation plus the additional positive ligations
(vector and insert). Nevertheless, we obtained hundreds of colonies upon transformation
with the phosphatas treated vector but not with the gel purified one, despite thiite

same molar ratios were used the ligatiors, indicating that some kind of contaminant was
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present in the gel purified plasmids, inhibiting the ligation. All the transformed colonies

from the ligation with dephosphorylated vector contained the insert (figure 7.2 D). This was
confirmed by Bglll digestion and sequencing. In this system, althohghvéctor was

digested with Bglll, and the overhang generated was compatible with the short hairpins, the
4SljdzSy0S Ay pQ &aSyasS &AGNXyR 2F (GKS KIF ANLIR)
destroying the Bglll restriction site upon ligation. Therefore,waild not expect any Bglll
RAISaldAz2ys a Oy 6S aSSy FTNRY (GKS O2YLJI NR&?2
Moreover, and as highlighted before, the clones used in this study were confirmed by

sequencing.

160



Bglll

Short hairpin 1 Xhol

Sense strand 5'-GATCCCGCC AAC CTC TCG AAC AGTATHIGBBGAGATAC TGT TCG AGA GGT TGGCllllIC-3'

3-GGCGG TTG GAG AGC TTG TCATRBGIIGIGIATG ACA AGC TCT CCA ACCGEBBBGAGCT-5

Short hairpin 2

Sense strand 5'- GATCCCGGACTTGGTGTCATGCACCTRCARGAGBAGGTGCATGACACCAAGTCCIRIMC- 3’
3'- GGCCTGAACCACAGTACGTGGRGIIGIBECCACGTACTGTGGTTCAGG MMMGAGCT -5

Short hairpin 3

Sense strand 5'- GATCCCGGACTGTAGACAGTGAAACTTGRBGABAG T TTCACTGTCTACAGTCCHNIC -3’
3~ GGCCTGACATCTGTCACTTTG RBGIIGIBICAAAGTGACAGATGTCAGG IEBlGAGCT -5
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Figure 72 Short hairpin sequences and cloning proce$4) Short hairpin sequences were obtaine
from Kunni et al 2008. The oligos were then synthesised with Bglll andoMédiangs (yellow) for
cloning, in addition a terminator sequence (red) and middle Igmurple) were included as Cltath

recommends. B) pPSUPERIOR map highlighting the restriction points (red arrow) for Bglll and Xhc
digested migration pattern ofiouble digested plasmid is shown in the geCircompare to uncut, red
arrow show the sizes of 1500 and 5000bmtis. The digested plasmid wagdied with the annealed
short hairpin sequences, destroying the Bglll restriction site. Therefore, no difiereatween Bglll
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digested and uncut plasmid were seen (just prep of positive bacs are shown)

161



| have desribed here the cloning processbecause althouglit is a very well established
technique it can beproblematic andoften involves a Ing troubleshooting procedurgas it

was in this case.

Onceour vectors weraeady, the next step was toreate stable cell lines. For this purpose

we used the parental cell line Shef3, from which we knew that differentiation was efficient
in response to FE3 and FGF10 treatmerfthapter 3 and ¥ In addition, &Shef3 TetR stable

line had beenpreviously generated in th€SCB. This cell lisenstitutively expressd Tet
repressor protein driven by the CAG promoter. As already explained, the presence of TetR

will keep the short hairpin silenced upon transfection of pSUPERIOR

To further check the efficiency of our plasmids in knocking down FGFR2 expression, NTERA
cells (teratocarcinoma cell line) were transfected and selected just transiently
transfected with the pSUPERIGHhvectors. In theory, since no Tedpressoris expressed in

these cells, expression of the short hairpin should take place immediately after transfection.
Relative expression data showdfat although not very efficientthere was a clear
downregulation of FGFRi2 cells transfectedvith the three short hairpinplasmids (figure

7.3). The low efficiency of the knockdown (50% awegulation) could be consequence of

not all cells being transfectedVe did not control for ths variable in this experiment, but

our previous experience suggegshat transfection efficiency wh this cell line is around

30% with the pCAG vector.
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Figure 73 Sh vectors downregulate FGFR2 NTERA .c&bsfurther check the efficiency of the sho
hairpin sequences, NTERA cells were transiently transfected with the pSUPER(OR and 3), anc
the pSUPERIGRK i H @Micr@dlobulin) control. The cells were collected 72 hrs post transfection
analysedby QPCR. Data is presented as relative expression, taking as calibrator the untrans
cells.
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Establishing a dox-inducible FGFR2 knockdown

We made a kill curve with G418 antibiotim Shef3 TetR cell® determine the selection
pressurenecessary toobtain stable clones with high expression levels of short hairpins
(figure 7.4). Most of the cells died after 48hrs of exposure to G4t&ll concentrations
tested. Therefore the lowest concentratiobOug/ml, wasthe one we used to make diée
lines. Alttough the protocols recommenselectingfor 10-15 days to obtain stable lines, we
were more stringent and applied G418 selection for 21 days at theforementioned

concentration

Following selection, individual colonies were picked, expandedfiaxagn Approximately

40 clones in totaltransfected with the different short hairpin vectovgere collected.

The next stage consisted in the screening of the individual clones to ckivase oneswith

a more robst dox induceddownregulation of FGFR2. Because the large amount of work
that represents to culture many hES cell lines, groups of 4 individual clones were, grown
screened and frozeragain. The cells were maintained for 72hrs mMTESR medium

(undifferentiated conditionsyvith and withoutDoxycycling1ug/ml).

We screenedor downregulation of the FGFR2Illb isoform by QRERgure 7.5 relative
guantification of most of the clones is presentdd red squares are the ones that showed
the strongest silencing of FGFR2IIIb when cells were treatedDagycyclineThese clones
were chosen for furtheanalysis and differentiation experiments. Despite that we obtained
enough clones to work with, it wasnexpected to observe that most of the clones did not
show any downregulation and that some of them showed the opposite effedhis

phenomenorremains umeexplained
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Figure 74 Kill curve of Shef3 TetR cella kill curve was made to determine the concentration
antibiotics necessary to obtain stable lines with from pSUPERIORansfection. Cells were
seeded at 30 000 cells/cm?, antibiotic was added the following day and cells quantified at .
and 48hs. Even the lowest concentration of G418 (50ug/ml) killed most of the cells by 4:
Therefore, this was the one used to create stable lines.
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Relative quantification
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Short hairpin 2
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FGFRRIb relative quantification

Short hairpin 3

2.54

2.0

Relative quantification

Figure 75 Screening of Shef3 TetR clones shows -ffiduced downregulation of FGFR2IlIb
Undifferentiated clones for the different short hairpins were cultured in mTESR1 medium in group
clones at a time, each line was treated with 1pug/ml of Doxycycline for 72 to induce short he
expression, pair of treated vs untreated cells wemalgsed by @PCR and normalised against tt
dzy i NBI G SR O2yRAUGAZY O64MEVOD ¢KS aK2NI KIANL
generated with the three short hairpin vectors were shown to downregulate FGFR2Ilb

doxycycline adiion. Te ones in red squares are those that presented the strongest knockdown.
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In the previous experiment we used 1lpg/ml dbxycyclineto induce knockdown. This
concentration is considerably highcompared to what has been previously reported i th
CSCB publications (Zafarana et al 2009; Avery et al 2010). However, we decided to go for
this high concentration since we did not know much about the efficiency of the systedn

this concentrationwas still low enough not tchave any deleterious effecn the cells. We

made a doxesponsestudy in one of our selected clones (sh1.®) know if we could
downregulate FGFRIb even more, or if that level could be regulated by dox concentration

in future experiments.

The dose response indicateéhat the mncentration used before (1pug/mijasthe correct
one, and that more dox did not have aagiditionaleffect. Moreover,we observed that the
system was slightly inefficiesinceat lower doses that should induce silencing of FGIHR2

the downregulationwas minimalfigure 7.6 A)

As part of the initial characterization, we wanted to knbew fastthe downregulation took

place, for this purposene of the positive clones was grown with and withalatxycycline

for 24, 48, and 72htsWe observed that as sa as 24hrsdox treatment was effective
inducing the silencing of FGFR2théugh downregulation was consistently observed at
every time point, the decrease in FGFR2 expression was not large, reaching a maximum of

50% reduction at the transcripevelat 72hrs of dox treatmengfigure 7.6 B).
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Figure 76 Doxinducible system knockdowns FGFR2IIl in a -di@pendant manner,as soon as 24hrs
after dox addition Two of the clones chosen in the previous screening were used to characteriz
dox response in the system. & Sh1.9 clone was grown in mTESR1 and treated with the indic
concentrations of doxycycline for 72hrs. The little knockdown observedvatrl doses indicates the
system is not very efficient compared to Zafarana et al 2009 . The graph shoBeéhdicates that
knockdown of FGFR2IIIb can take place as early as 24hrs after dox addition, suggesting that it c
used in narrow windows ofifferentiation. Data represent relative expression calibrated wi
untreated cells with each experiment. Error bard\iare s.e.m of reaction triplicate of one experiment
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Differentiation of clones in the presence of Dox

The clones chosen from thergening were then diérentiated in FGF3 and FGF10 and
control DFNB medium (DMEM:F12 plus N2, B27 supplements). In the initial set of
experimens, we did not observed any downregulation of FGFR2 when dox was present
during differentiation(not shown). All together the results suggested that gystem was

not working very efficiently. One of the reasons could be the low expression level of Tet
repressor protein due the strong silencing mechanisms present in hESCs. If Tet repressor
expressions low, there is always a higher baseline lesMeshort hairpins silencing FGFR2.

In this situationthe lower the expression of TetRhe smaller the downregulation will be

when doxygcline is added.

Therefore, cells were maintained withe selectionantibiotics puromycin and G41f8om

here onwards to maintain the levels of TetR and short hairpins stable. We checked the
presence of TetR in two d@he clones, gown in both undifferentiated and differentiating
conditionsto confirm that the level of exgession was maintained even when cells were
differentiated. There was a small possibility that TetR expression could be affected by the
differentiation since all the experimestvhere a downregulationhad beenobserved were

carried out in undifferentiatedells.

A low level of expression of TetR was maintained in all conditions in theclwres
analysed (Figur&.7 A). In this manner we were sure that TetR expression was maintained
when cell were differentiated. Nonetheless, it must be said that the esgiom levebf TetR

is low compared to what was published by Zafarana € aflarana et al., 2009

These clones (shl.4 and sh2.9) were differentiatad DFNB and FGFs mediA
downregulation of FGFR2 in DFNB control mediues observedvhen cells were exposed
to doxycycline (figure 7.7 Band C) However in the FGRreated condition we did not
observe any difference between dox and rdox control. In factin clonesh2.9 FGFR®&as
upregulated in response to doXhere are some aspecthat deserve some attention in
these experiments: in botklonesFGFR2 expressiavas lower in FGF treated cells than in

those in control medium, contrary to vah has been previously obeeed in hESCs, where
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FGFR2 expression is induced by FGF3 and FGF10 tre&tivegoter6 figure 6.1)Shef3 TetR

is subclone oBhef3, and the short hairpin clones are subclones of Shef3 @etRyving the
heterogeneity in the hES cell niche, there is a possibility we could have selected clones that
are markedly different to parental Shef3A final aspect to consider is that itontrol
conditions(DFNB)were the absolute level oFGFR2xpressiorwas higher the addition of
doxycyline indeed downregulated FGFR&uggesting that the system is also working in
differentiated cells as it does in hESCs in mMTESR1 medienalsey observed that the
downregulation of FGFR2 was more efficient ilNBFof shl.4than in sh2.9, and this
correlated with a higheFGFR2xpression level in shl.4h other words, it seems that the
system worksbetter if FGFR2 is expressed above certthireshold, and if this is no
reached no further dowregulation can be observe@hese results have been confirmed in

short term differentiation experiments (not shown), and the same pattern is observed.
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Figure 77 Doxinducible system knockdown$GFR2 during hESCs otic differentiatioThe clones
selected in the first screening were differentiated in standard conditions w and w/o dox. Sinc
downregulationof FGFR2 was observed in these conditions, selection antibiotics were added ag
maintain level of TetR and short hairpins. After selection clones were differentiated agajrwéstern

blot showing that the levels of TetR were unaffected by théedintiating condition in clones Sh1l.:
and Sh2.9.R) Sh1.4 was differentiated 12 days in DFNB control medium or FGRGHRIZxpression

analysed with primers for FGFR2lllc and FGFR2IlIb isof@n$hZ.9 clone was differentiated in th
same way. In bih cases, dowregulation GfGFRBy dox treatment only occurred in DFNB medium a
more clearly in Sh1.4, correlating with the higher expression of FGFR2 in this clone in this col
(DFNB).
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