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ABSTRACT 

The neurosensory epithelium of the cochlear duct becomes the organ of Corti, a 

region specidized for sound detection. Neurotrophin-3 (NT-3) is essential for completing 

the development of the spiral ganglion and thus the afferent innervation of the sensory 

cells in the organ of Coni (Ernfors et al., 1 995). Colvin (et al., 1996) demonstrated t hat 

FGFR3 was pivotai for normal organ of Coni development. Using CD4 mice. we have 

previously shown that 1ocalUation of mRNA for fibroblast growth factor receptor 3 

(FGFRJ) was limiteci to a discreet region of the neonate murine organ of Corti. The aim 

of this study was to determine whether or not the presence of spiral ganglion ceils and 

their afferent innewation to the sensory cells affects the expression of FGFR3 in the 

organ of Corti. For these studies, mice deficient in NT-3 were used because they have 

reduced afferent innavation to the organ of Corti (Edots et al., 1 995). In si& 

hybriâization, was used to compare FGFR3 mRNA locaüzstion ôctween NT-3 deficient 

mice and wildtype rnice at ages E 19 and PO. Locrüzation of FGFR3 appeared consistent 

in oll genotypes. FGFR3 mRNA was localized to the prmirsors of outet hair cells and 

supponing celis in the organ of Corti. These results suggest that the neuroscnsory 

epithelium and the tunnel of Corti start to form evcn with sparse or aônonnal routes of 

innervation to the hair cells, and always in the presenct of celle t b t  synthcsize FGFR3 

mRNA. 
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1.1 Hearing Disabilities and Deafuess in Humans 

1 Statistics 

Approximately one out of every 2000 infants are bom with some kind of hearing 

defect (Steel and Brown, 1994). As a special sense, heaMg is ranked second ody to sight 

in importance to man (Barr and Kieman, 1988). In Canada, S. 5% of the population, or 

one million six hundred thousand people over the age of 15 years have a hearing disability. 

In Manitoba that percentage rises to 7.5% of the population (Statistics Canada, 1991). 

1.1.2 Causa 

H e h g  damage can occur as a genetic pre-disposition, or as a result of injury. It 

is generaily accepteâ that repeated h l t  to the organ of huring, specificaliy the organ of 

Corti with exposure to loud noises over an extended peciod of t h e  will cause graduai 

heuing loss. Nomul conversation, as measured in decibels or units of sound pressure 

levels, creates a sound betwccn 50-60dB. Long, repeatcd exponiie to sourds ofeven 

7OdB (foi example a bill dryet) cari compromise hearing (Natiod Institute on Deafhcss 

ad 0 t h  CommUIUcation Disorders, 1998). As iifé apectancy increws, and the 

popdation ages, we need to improve the quality of lik of those who wiii becorne dBicted 

with W g  anomalies. Socially, M g  anomalies cm cuise depression a d  withdrawal, 

maicine it mdt for a penon to funaion in a productive muiaer (Sobkowiez, 1997). 

The cost of treating hearing impairments is variable, and un k prohibitive. A hearing test 



c m  cost t h .  dollars, a hearing aid twenty two hundred dollars, and foliow up 

appointments, for the treatment of the disability are dficult to assess (personai 

communication, Winnipeg Hearing Centre, 1999). Cochlear implant surgery is oRen 

considered, particularly for ctiildren, but is not always successfbl. Further, cochlear 

implant surgery is costly, about 25 OOOS in the United States (American Academy of 

ûtolaryngology, 1990). Extending longevity rquires a responsibility to assure life can be 

continued in a manna that is acceptable and pleasant. 

1 . 3  Clriaification 

Haring loss can occur via a variety of mechanimu: conductive when sound is 

not transmitted properly; wnrorineutd when =und is transmitted but cannot be 

processed; m h d  a combination of transmission and proc«sing problems; or centrd 

where the ear is functioning, but there is a problem in the central nervous systern pathway 

(Shah and Wperin, 1982). Hearing loss cm occur for a variety of reuons; for example 

hearing anomalies can m u r  u a symptom of a synârome, such as Waardenburg syndrome 

(Jones, 1988). or as an anomaiy unto itself. Tbat is, d&ss can be a symptom of a 

grcater problan(s) or it can occur on its own. As such, classification of heYing loss is 

chailengiq. G«reticaUy, there are at leut sixteen couâitions w h r e  de;iâms is the only 

symptom, d more t h  150 conditions when dedims U one of severel symptom. 

Heirllig los, can dm k classified in temu of gcnctic or environmental factors. For 

a m p l e  setuorinCurd hcuing loss due to loud noises is C I l V V o ~ t r l  in ongin, and 

sensotincwal h e m q  loss due to Udia SyaQome is an wrtomnd r d v e  genetic 



condition (Shah and Halpenn, 1982). The majority of genetically liniced deafhess 

conditioas are recessive in nature; however, autosormi dominant, and X-Wed f o m  also 

occur ( S M  and Halperin, 1982; Brown and Steel, 1994). 

1.2 Development of the Mouse Inner Ear 

1.2.1 An Overvicn of Adult Mouse E8r Grom Anatomy 

An adult mouse ear consists of three regions: the outer (pinna, extemal auditory 

meatus, tympanic membrane); rniddle (ossicles: incus-malleus unit and stapes; and the 

auditory tube); and innet (vestibular and wchlear systerns) (KPuûnann and Bard, 1 999). 

The outer and middle car tiinction in the conduction and transmission of sound to the 

inncr ear. The imer ear is found in the petrous portion of the temporal bone of the skul, 

and can be identined by a bulge cded the tympanic buila. The inner eu proper is 

comprised of a ' k n y  Iabyrinth" filled with the sodium-rich penlymph fluid; and encases a 

"membrartous labyrinth" Med with potassium-rich endolymph fluid (Sait, 1996). The two 

main components of the inner ear are; the vestibular system which is involved in balance; 

and the coiled cochlca wbich contains the spiral orgun of Cwti involved in h a h g  

(KauimUin and Bard, 1999; Walker and Homberger, 1992; Barr and KeVnui, 1988; 

ûrant, 1978). nie focus of this midy is the orgcn of Corri in the c o c b  (Figure 1). 

1.2.2 Stnmcture and Fuicrko of the Oman of C o d  

The muse cochkr is coiled upon itself one d one hdf to one and thre q w e r  

wiir (in the h u m  cochlei t h  are about two and a brlf coils) ( S b  1971). The organ 



of Corti containeci in the cochlea is responsible for the transduction of sound to the spiral 

ganglion neurons. The spiral ganglion within the cochles sends signals to the brain, which 

mediates the response we heu (Barr and Keiman, 1988). The organ of Coni wnsists of 

supporting and smsory cells that work together to carry out the dctection of sound wava. 

The organ of Coni rem on the basilar membrane; when sound is transmitted to the imer 

ear, this membrane vibrates, causing a cascade of effccts. On top of the basilar membrane 

there is a layer of supporting celis, and on top of this a layer of hair celis. The hair ceils 

are spccialized sensory ceUs that, when stimulated, relcasc neurotransmitters, (for example 

glutamate) (Eybaim, 1993), which "tire" the cochlear spirai nurons that smd impulses to 

the brain. "Innef' and "outer" ceb are named bascd on th& position in relation to the 

modiolus, or mediai part of the cochlea, and the tunnei of Corti. The hair ceiis have 

stetcocilia protruchg âom the top of the ceU. The tips of the stereocilia of the outa hair 

cells are ernbedded in the teetorid membrane (Hudspeth, 1997). The organ of Corti is 

centrai around the Nnnd of Corti; one row of Uum anâ one outer row of microtubule- 

âîitd piliar cells fiinction to suppon the tunnel of Corti. The organ of Coni contains two 

types of opeciaihi sensory hair d i s ;  i ~ e r  and outer. In the mouse there is one row of 

inncr hrir d s  dong the length of the cocblea, d thra rows of outa hair ceUs. It is 

thought tht  the inner hair ceUs are prllnrrüy rcsponsible for s d m g  the auditory 

inf0d011 t0  th ~ m d  nGïVûüS SyJtHIl, and the Wtei hiir c ~ I ~ s  8Ct a3 the ~ O C h k u  

amplifia, d m c u q  mm& (Hudspcth, 1997). When the cocbleu amplifier n u t s  to 

degcnmate, implying outer hair d injury, heuhg lou commmcu (Hudspd. 1997). 



1.23 T h  Mutine Auditory Pathwiy 

The organ of Corti in the imer car is i~m'a ted  by ifferrat (carrying information 

the CNS fiom the e u )  and effennt (carrying nene impulses EBQM the CNS to the 

ear) types of neurons. Primary sensory neurons (affercnts) are found in the spiral ganglion 

of the cochlear p u t  of the vestibulocochlear nerve (cranid newe W1). These bi-polar 

neurons have a "peripherd" process going to the hiir cells of the cochlea, and a :%entrai" 

process going to the CNS. The afferent central axons of the cochlea synapse at the 

cochlear nucleus and pass through three "synaptic relay stations" via the superior olivary 

nucleus, and the nucleus of the laterai lernniscus, before reaching the Udmor colliculus. 

At the infmor colliculus, the ouditory neurons synapse, and impulses are sent to the 

medial geniculate nucleus; from here, the impulses travel to the a m  of the brin that 

processes heuins, the tmipord cortex, am one (Tel) as reviewed in Ziiîcs (1985) 

(Webster, 19%). 

Efferent or olivocochlear neurons arise fiom the olivocochlcar nucleus and 

provide a 'Yfeedback inhibition", or a dampcning function, to suppress a k e n t  auditory 

input to d o w  the orgui of hcaNIg to respond more efficicntiy and acutely to sounds 

(Wm, 1992). A recogNzed e h t  neurotransmitta substance is acetyIcholine (Eybdin, 

1993). 

1.2.4 Iincnrtioo of tbe Cachka and o r g ~  of Cod 

Two typer of i I k m t  processes arise fiom the spiral ganglion of the 

vcstiôulocochlcu m e  and innavite the hrir d s  of the or- of Cod: type I neuions 



are myeîinated and innervate the inner hair cells; type il neurons are not myelinated and 

innervate outer hrir ceus. These neurons of the spual ganglion retain a unique embryonic 

condition of bipolarity. It is currently believed that approximateIy 95% of the neurons 

innewating the organ of Corti are type 1, and 5% of the neurons are type L I  (Ryugo, 

1992). This rneans extensive branching of type 11 neurons to innewate the more numerous 

outer hait ceils. In an immature condition, multiple synapses p« hair cell are fonned, some 

of which wiil die back by the time the organ of Corti reaches maturity. in adults, both 

types of affkrent neurons synapse directly with their respective hair ceils. Adult inner hair 

cells have multiple affercnt synapses per cefl (type 1). wMe outer hoir cells have one 

affertnt synapse per ce1 (type II). Adult b e r  hair ceUs have severai pre-synaptic efferent 

conmctiow, but no direct efferent cell synapses. Conversely, mature effermt axons 

synapse directly with outer hair celis (Pujd et al., 1 998). 

The coilcâ cochlea matures in a base to apex manner which aiso reflects the 

developmmt of the orgm of Corti and innervation pattern. The apex of the cochlea 

rctains immature patterns of Uumvation, and of organ of Corti differmtiation throughout 

the üfe of the animil (Pujol et d , 1998). 

1.2.5 Edy Iam Eu Embryohgy 

The w ir a structure that semw to have appeared sevaal times ova the course of 

evolution (Friwfh et al. 1998; Manley and Kdppl, 1998). Thne ut diffkrrnt thsories 

regardin8 the varioua aspects of UT dmlopment, ad witbout Whcr studits we wiii 

never k ibk to âetclmllre Md undentud the course of evmts thrt leuîs to in intriate* 



fuUy functioning eu .  

The mouse inner ear is derived from the sufiace ectodenn surroundhg the 

developing b d  brain (Fritzsch et al., 1998). This thickening of t he surface ectoderm is 

called the otic placode and in the mouse it appears at approximately doy 8.5 post- 

conception (E8.5). It is thought that the otic placodes are induced to fonn and to 

invaginate by the hiad brain, notoc hord and surrowiding mesenchyme. Mesenc hymaUy - 
derived fibroblast growth factor 3 (FGF3 or int-2) has been implicated as a factor involved 

in the induction of the otic vesicle (Fntzsch et al., 1998). in addition, such molecules as 

retinoic acid d myosin VI& and such genes as pax2, hoxal, dlx-3 (Fritzsch et al., 

1998), and Brn3.1 (Er- et al., 1996), just to name a few, are a h  important in the 

induction, spatiai orientation, differentiation, and cell &te of the Uum eu (Feteke, 19%; 

Morsli et al., 1998). It is important to note that while we know these genes and molecules 

are important, we do not complctcly understand th& hctions, or the d e s  and 

pathways with which they an associated. The otic placodes start to invaginate fomllng 

otic pits, and eventuaüy bud off completely Grom the su- cctodemi foming otic 

vesicles. By embryonic dry 9.5 there is a vesicle of neuro-ectodermai tissue sunoundcd 

by mesenchyme tissue from which the Uum w apparatus wiU develop. 

1.2.6 Dtvdopmcat of the C O C U  and the Orgai oCCorti 

The cochkr stuts to devdop rt El 1 from tbe ventnl put of the otocyst (Sher, 

197 1; Fritzsch et al., 1998). By aabryonic &y 13, a cochku dua crn k idenaifid 

(Shcr, 1971). This duct continues to doagite rnd coü umü embiyonic &y 18 (Shet, 



L971). While this duct is fonning, the epithelia of the cochlea and specificdy the organ of 

Corti, start to arrange and dserentiate in an organized rnanner. Between El  5 and E 16 

the presumptive hair cells in the organ of Corti have stop@ dividing. Location of the 

precursors of the ce1 types is difncuh to estabiish euly in development. The region of the 

developing organ of Corti that will give rise to the der  hair ceUs and its supporting cells 

is called the greater epithetid ridge (GER), while the region of the developing organ of 

Corti that wiil give rise to the outer hak cells and its supponing ceUs 1s called the lesser 

epithehd ridge (LER). At about E 15, the location of a blood vesse1 in the organ of Corti; 

the vas spirale, and the shape, amount of cytoplasm, and location of the nuclei of the cells 

of the daerentiating organ of Corti provide valuabk clues as to which ceil wiil 

diffetentiate Uiro a hair c d ,  pilar celi, or supporting ceii (Sher, 197 1). Above the vas 

spirale is where the tunnel of Corti will fomi narting about E 19 (Sher, 1971). This t u ~ e l  

is fianked by one pillar ce1 on each side; fiom there, it is possible to extrapolate the 

locations of the precursors of inner and outa hpir celis and supponing cells. According to 

Sher (1971) the dwelophg hair ceUs have more cytoplasm than the aipporting ceUs, whiie 

the cytopiesm of the nipporting ceUs is more eosinophilic and th& nuclci ore more b a d y  

located. Based on morphologid criteria, distinct Uum hair ceiis develop dightly sooner 

than outer hw d s ,  at about E 17 in the mouse (Pujol et al., 1998). The basal tum of the 

c o c k  differentiates W; thmefore, it is the most mature part of the organ of Corti. in 

aââition, the apex of the o r w  of Corti r e t d  an immature form that persists in the adult 

condition. 

The tri- that d&c what a U  k c o ~  w h t  type are unlaowa. The lding 



theory regarding the differentiation of hair ceils is that first a ce11 becomes cornmitted to 

developing into a hsû ceil, and then sends out inhibitory factors to prevent the cells 

surrounding it from becoming hair cells (Feteke, 1996; Morsii et d, 1998). If this is in 

fact true, then two assumptions can be made; 1) all ceU types in the organ of Corti have a 

common progenitor, and 2) there must corne a point whereby the dikrentiation of the 

supportkg ce11 prevents it from ever becoming a hair c d ,  for example in the event of hair 

ce1 injury. In the mouse, the organ of Corti d a s  not becorne fimaionil until postnatd 

day 10 (P 10) or 1 1 ; that is, onset of hearing does not occur until this the.  The M y  

tuned, f'unctionai murine organ of Corii devdops by PZ I (Corey and Breakefield, 1994). 

1.2.7 Devdopmtnt of Cochku Inacnrtion 

The neurons of the cochlear spiral gangiion, like the inner ear are derived Grom the 

otic placoâe (Fritzsch et d., 1998; Pujol et al., 1998). in the most mature part of the 

cochlea (basal tuni), the neurons of the spuai ganghon case to proüf«ate W e e n  El 2 

ami EL3 in the mouse. The diffèrentiation of the spinl grngîion muons starts at about 

E 14 in the mouse. By El 5 affèrent n e m  fibre, are seen invading the mwine cochlea. 

E&rent m e  endllrgs start to invade the cochici as euly El2 (Sha, 1971; hjol et al., 

1998). IniWy rmay nem fibres can be detected invrdin8 the cochlcd; howmr ody a 

few of thac w i l  rcrmin Y the organ of Corti matures. As thme m e  fibres ruch their 

targets, the S C I W ) ~ ~  hw cellr of the organ of Corti, the pbeaomcnon of m e  fibre die 

brk occws. It seam thrt more m e  fibres than ut uhinutdy rcquired are gcnaued 

anâ mt to t h  urget (Rijoi et d ,  1998). The tuget ippern to provide trophic fllctors 



for a cenain number of fibres to persist, mature and form synapses with the target. 

Neurotrophin-3 (NT-3) is one neurotrophic factor shown to be important in the 

development ofcochlear spiral gangiion neurons (Enifors et al., 1995). Synaptogenesis of 

the &ent and efferent nenes with the sensory ceUs of the organ of Corti commences 

postnatdy (Pujol et al ,  19%). That is, the neurons do not fire or send and receive 

signais until after birth in the mouse. 

1.3 Neurotrophin - 3 

Neurotrophh 3 (NT-3) is a trophic factor of neurons; that is, it promotes growth, 

survivd, development a d  maintenance of neurons (Faîion and Lough, 1993). It is a 

member of a f d y  of trophic factors called neurotrophins. ûther manbers of this family 

are nerve growth factor (NGF), brain derived neurotrophic factor (BDM), neurotrophin 

4/5 (NT-4) and neurotrophh 6 (NT-6) (Staecker et al., 19%). NT-3 s h s  about 5 5% 

amino acid sequena homology with the other neurotrophins (Lindsay, 1994). NT-3 will 

bind with high Wty to the tyrosine kinase receptor trkC. NT-3 wül dso bhd with low 

afbity to trkA and trke which are high atnnity rcceptors for the o t k  murotrophins. In 

addition, ail of the neurotrophins will bind with low affinity to the receper p7SKR (Lewin 

and Bude, 1996; Carter and Lewin, 1997). 

RCYIous work u@ W N J s  gcneticaily engbcred to have non-fwi*ioning NT-3, 

BDNF, NT4 ad NGF gaies (Enifors et d., 1995, Fntzsch et d., 19978) suggests that 

N'ï-3 ir an important trophic fmor for the developing nema of the coc- even more ro 

thm BDNF, anâ tht NT4 rad NGF are not pivotai in cochku development. In ddition, 
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studies in rats (Wheeler et al., 1994) have shown that NT-3 tends to have a higher 

expression in immature neurosensory structures, suggesting that it is an important trophic 

factor in cochlear development in embryonic stages. NT-3 is produced by the haû ceh of 

the cochka starting at E 17 in the rat, which translates to about E 15 in the mouse 

(Yiikoski et al., 1993). NT-3 travels in a retrograde M o n  to the newons of the cochlear 

spiral ganglion (Wheeler et a l ,  1994; Heymach and Barres, 1997), where the trkC 

receptor is found (Yiikoski et al., 1993). The time of expression of NT-3 coincides with 

the start of afferent innervation fiorn the cochlear spiral ganglion to the hnir ceils in organ 

of Corti (Fritzsch et al., 1997). 

1.3.1 NT-3 Kn~ckout MOU= 

The NT-3 "knockout" mouse generated by Edors (1 993), carries a targeted 

disruption of the gme that codes for NT-3. In rnice homozygous for this mutation (4) 

the NT-3 gene is not functional. and no NT-3 is produced. A large reduction in the 

number of newons in the cochlear spiral guigiion has beai observed by Edors (et al., 

1995) and later by Fntzsch (et al-, 1997). NT-3 (4) mice have Jcvere cardiac defects that 

makc postnataî survival impossible, except in a few rue cases (Donovan et al., 19%). It 

is of interest to study the cochkar devdopment in this animai modei, ûecause it provides 

the condition of rcduced affetcnt innervation to the -Net (Enifan et al., 1995; F n w c h  

et d ,  1997). Siilce NT-3 rppeus to act aa a target dcrived ncurotrophic fictor for 

neuites of spiral neurons, it reasonabk to suspect that its absence will rhcr not only 

innervation pathways, but dso othr rnolccuilr anâ morphologicrl fbtures in the cochlea. 



1.4 Fibroblast Growth Factor Receptor - 3 

Fibroblost growth factor receptor 3 (FGFR3) is a mmber of the fibroblast growth 

factor receptor f d y  (FGFRI to 4XSeddon et al., 1995). This is a group of 

transmembrane receptors with an intracellulu tyrosine kinase region and an extracellular 

region with thrcc immunoglobulin like domains (Omitz and Leder, 1995). The ligands for 

these receptors are fibroblast growth factors (FGFs), ofwhich at Iwt  nine, and as many 

as 19 are known (Perez-Castro et al., 1995; Seddon et al., 1995). The effect of the ligand 

is dependent on the receptor with which it binds. The ligand-reccptor interaction eliclts a 

wide variety of cellular responses: for example, ceU division and proliferation, trophic 

factor production and relew, and a variety of developmentd events (Colvin et ai., 1996). 

FGFR3 binds the ügand by simple dimerization of the r-tors, or by dimerization of the 

receptors with a hepuan sulphate proteoglycen mcdiator (Ornitz and Leder, 1992; Piclcies 

et d,  1998). At this point the receptor prompts tyrosine kinase activation. It is not 

known what d e s  or pathways this activation initiates. Further, the mechanism behind 

the ceUular responscs is not undastood. 

ûther studies have shown that FGFR3 is imperative for nord development of the 

mouse Uiner eu (Colvin et al., 19%). in FGFR3 6 ' k n ~ k ~ t "  mice, no proper pillar cells 

fom, rad no aurad of Cod forms. As a reailt, rdult FGFR3 loiockout mice arc 

profounciîy d d .  

The FGFR3 gene in the muse is approrrimrttly 15kb in 1- rad contains 18 

hrom rnd 19 acons. Tbe FGFIU protein contins thrœ nmradhilir Imiiurnoglobulin - 
Ne dompin loopa, c d &  by aom one to ninc. Exom t a  iad dwea CO& the 
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transmembrane and juxtarnembrane portions of the receptor, exons eleven to eighteen 

code the intracellular kinase region; and exons eighteen and nineteen code for the C- 

terminai. FGFR3 is charactenseâ by two variants produced by aitemative spticing, 

FGFlU 11% and FGFR3 IIIc. The IlIb isoform binds only aFGF, whiîe the UIc isofon 

binds aFGF and FGF4 with high affinity, binds bFGF and FGFS with low afnnity (Omitz 

and Leder, 1992; Perez-Castro et al., 1995) and potentidy binds with FGF8 and 9 

(Pickies et al., 1998). 

1.5 Objectives 

Damage to sensory systems is characterized by injury to the semry input 

structures, aml thm by a regression of the m e s  that innervate them (Staecker et al., 

1996). The inner ear is no exception; if the hair ceils of the organ of Corti in the cochiea 

are compromisecl, then their nerves fibres die bock. This presents a two-fold problem; 1) 

repais of the sensory structures (the cochlear hair ceiis), and 2) re-Uinmation of these 

structures. As such, it is reasonable to assume that an animrl model with absent or 

abnormal innervation to its sensory structures muy also cxhibit anomalies in the 

neurosensory ceUs of theses structures. The mammalian auditory epitheüum has not b e n  

show to repair itself, in contra to hdings in a v i ~  anâ unphibian modds (Staecker and 

Van De Water, 1998). To date, linle is known regardmg the molecular mechuiisms 

involved in normal hw c d  developmmt, knowledge of which would provide vaiuable 

clum to the probicm of repair ud regmeration in the auditory qstcm. By uahg a mouse 

d e l  with rbaorwl Umr eu innervation, we will gain insight into the importance of 



innervation in regards to organ of Corti deveiopment, and will cietennine if lack of 

i~ervation results in an absence, up-reguiation, down regdation, or redistribution of 

FGFR3, known to be pivotd for inner ear development (Colvin et al., 1996). FGFIU 

mRNA was Gst locaIized to the developing mwine organ of Corti using in situ 

hybridization by Petas (et al., 1993). However ceU types expressing this receptor were 

not identifid. 

NT-3 knockout mice do not produce NT-3 (Emfors et ai., 1995). In an 

undisrupted developing rat inner e u ,  NT-3 is producd by the developing outa a d  inner 

hair celis of the organ of Corti fiom second week embryos through adult aga (Phvola et 

al., 1992, Yiikoski et ai., 1993, Wheclcr et ai., 1994). Previous work has shown that 

NT-3 deficient mice have a substantially reducd afferent innervation to the organ of Corti 

(Erafors et ai., 1995). This rcduction of neurom in the spud gangiion, would presumably 

result in a reducd production ofpFGF, the ligand for FGFR3 in the organ of Corti 

(Pirvola et al., 1995). FVst we seek to laciüze the d s  that synthesize FGFR3, and are 

thus responsive to aFGF. Then we can ask: dom the sbsmce or reduction of ligand, or 

other factors from the processes ofthe spùd nairons, d t r  the cdls that would nonnally 

produce FGFIU? 

It is important to determine which d i s  in the organ of Coni are synthcsizing 

FGFR3 mRNA ifFGFR3 is cxptessed prefetentidîy un cochlw hir d s  as opposeci to 

the cochieu supporthg d s ,  a ~~~ in cellulu devdopment and function couid bc 

identifid and tusetecl for fbthcr study. Thw, locrüution of FGFR3 mRNA is an 

essential step in dentadmg its rok in the devdoping inna cu. Since FGFR3, 



conferring responsivity to aFGF, appears to be a differentiated feature of some of the cells 

of the neurosensory epithelium, could its absence be used as a molecular indicstor of 

incomplete development in rnice with cochiear abnomulities? 

A greater understanding of the development of the auditory system wiîi provide 

clues that can be applied to nmiing a mechanisin for xnsory epithehal repair, regeneration 

and protection. The answers in the developmentaî patterns of the auditory system could 

impact other arem of neuroscience and potentially have exciting new cünical applications - 
for example the protection of damaged nerves, or the regeneration of regresscd nerves. 

Qircsclolls for thir Sa& 

1) in which cells of the organ of Corti is the FGFR3 rnRNA IOcalizcd? 

2) ûoes the absence or delay of innervation to the organ of Corti dismpt the 

distribution patterns of FGFR3 mRNA? 



2.1 Animd Housing and &ccding 

For this study 6 NT-3 heterozygous rnice (2 d e s ,  4 fernales) were obtained fiom 

Jackson Laboratories (Bar Harbour, Maine, USA) and a small breeding colony was 

maintained in the Dentistry housing facility of Central Animai Care SeMces at the 

University of Manitoba. These mice were derived fiom Enifor's (1995) original colony. 

These NT-3 Mce hed a targeted disniption of the NT-3 gene, and as such had three 

possible gmotypes: wild-type (+/+, both copies of the NT-3 gene are active), 

heterozygous (-/+, one copy of the gene is active and the other is inactive), or mutant (4, 

both copies of the gene are inactive). Breeding of heterozygous mice yielded the mutants 

we wanted to study. Mutant, or NT-3 deficient mice survive gestation, but generaily die 

within 24 hours of birth. In addition we were able to obtain wildtype mice to be used as 

controls, and heterozygous mice, which were used both for conttol tissue and to maintain 

the colony. 

Mouse preg~ncies were timed by placing two haerozygous (-/+) femaks together 

with one heterozygous (-/+) male ovemight. Should a plug be seen in the f d e  the 

foliowing moming, it w u  wunted as day 0.5 of gestation. The gestation period of these 

Mce is approxhatdy 21 &YS. Potentid mothen were moiiitored to enoure pregwicy 

w u  prograshg, as the prcsence of a plus d a s  not always gupranta a pregnancy. Thed 

matin89 are e s s d d ,  so that sick (NT-3 deficient) mice cm k identifid as won as 

'For a cornplete solutions @de sa rppendix 1 
%or a complcte rqentr  guide sec appendix II 



possible after birth and euthanised. In addition timed matings are essential for embryonic 

studies so we know the age of the embryos taken. 

Mice that were not cuthanised at birth were used to expand the NT-3 colony . At 

the tirne of weaning. mice were e u  - tagged with an identification number so that an 

inventory could be monitored, tail and blood samples taken for genotyping, and gender 

and colour noted (appendix m). 

AU protocols were done Ui accordance with, and approved by the local animai m e  

protocol cornmittee. 

2.2 Thrue CoUection 

2.2.1 Rt Euthiouir Survey 

Ablai 

Before euthanrisia adult +/+ anâ -/+ mice (except for timed pregnant femaks) were 

evduated for abnonnni h b  movements and marhgs. In addition, the ptesence or 

absence of the mouse's Reyer's reflex w u  notcd. Two kys were hit togcther to create a 

loud metallic sound. tf the mouse movd the pinna of its ear, a positive Preyer's reflex 

was rccordad, no movement of the pinna, a ne~ative Preya's rdcx. 

,bcm 
Neonatd mice w«e dso examined for abnonmi ümô movement. If the nwnate 

M spwtic limb movanent, ud hid difiiculty rn- in gcnarl, it waa a possible mutant. 

FurthCr, if th namate had no uôvious nYUt in its gut (a tbis ylc the skin is transparent 



and the presmce of miik in the gut can be obmedKFigure 2) and small stature, it was a 

possible mutant. 

2.2.2 Anaesthetic 

Neonatal and adult mice were deeply anaesthetized with the veterinary gas 

AErrane ( 1 -c hloro-2,2,2-tdluroet hy 1 ditluromethyl et ha, [isoflurane])(OHMEDA MO2 - 
224-00, DIN 0209 1267). Liquid AErrane was poured ont0 a cotton bail in a jar with a 

screw top lid. A metallic drain stopper w u  placed over the cotton po the animal would 

not corne into direct contact with the anaesthetic. The ariimil to be euthaniscd was placed 

in the jar for about 2-3 rninutes, or until completely anaesthetuecl. A toe-pinch test was 

done to d e  sure animals were properly anaesthetud, and a nose cone with AEtrane gas 

was n u r  by in case animals started to re-gain consciousness at any time during the 

procedure. 

2.2.3 Weight rad Crown-Romp Leagtb 

AN animais were weighed on a Mettls BasBd (882440) digital scde (cxcept for 

timed pregnant € d e s  and theu embryos); crown-nunp lmgth of u h e d  embryos and 

neonatm w u  meuurcd using a stainkss steel rulet and recordeci in d i e t r e s .  

2.2.4 Colkction of Tiuuci for Gtnotypc Analys& 

T d  COU& 

Tds of smbryos, oconues, and wcanhngs wae collected by usin8 cleur scisson 
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that were wiped with O.2N HCl (AnacheMa #R-283OD, UN-1 789) and rinsed with 

autoclaved reverse osmosis water. 

Embryonic and neonatal tails were coliected in Ml, and frbzen in stede eppendorf 

tubes. 

Weanling t d s  were taken at the time of ear tagging, at approximately three weeks 

of age. Approximately 1 .O cm of the weanling's tails were cut and fiozen in aerile 

eppendorf tubes. 

liU09d Cd1mWm 

At neonatai and weanling stages blood samples were coliected in the folowing 

maMer: 1) Neonutal; at the tirne of perfusion, when the chest cavity was opened, blood 

samples were taken on clean Guthrie carâ suips, placed in sterile 1 SmL centrifuges tubes 

left with the top off ovemight to d o w  the blood to dry. Clean scissors (wipeâ with 0.2N 

HCI and washed with autoclaved reverse osmosis wata to prevent DNA cross- 

contamination) were used for each animai und gloves were chuigcâ betwcm anirnals. 2) 

Weding b l d  samples were taken at the t h  of w tagging and tail collection. When 

the taii w u  sampled with a clan pair of scisson and forceps, the blood that w u  produccd 

w u  spotteci ont0 a cl= Outhne card strip and Ieft to Qy in the same manncr as above. 

The car& w a t  tbai piocesseci in the same way. B l d  samplcs w m  not taken from mice 

at fecrl stages because d y  an insuÆicient ~ w n t  of b l d  w u  prmnt to test. 



Embrymic L i w  CdIedm 

At embryonic ages, liver was also collected for genotype analysis. Blood was not 

easy to collect. and in order to have a second tissue to be used as a bachip, liver was 

collected. The abdomid cavity was opened, and using clean forceps and scissors (as 

outlined above) a portion of liver was dissected out and fiozen in sterile eppenâorf tubes. 

2.2.5 Tissue Ptiiusion and Fixation 

Neonatal mice were p«fused by an intracardiac route using gravity pressure with 

approxhately 15 rnL phosphate buffered saline (PBS, pH 7.2). followed by approxirnately 

35 mL 4% parafoddehyde (diluted in PBS) for about 10 minutes. The mice were 

decapitated, skin removed fiom the skuil, and the s h l l  op«nd to expose the brain to 

fixative, and immersed in 4% parafonnaldehyde at 4°C oveniight. 

Embryonic mice were obtained by removing the mothcr's utmis at the time 

desùed (for example embryonic day 1 5.5, or 1 8.5 os per d o n  1) and excising the 

embryos fiom the uterus and amniotic sacs. This procedure was d o n  in cold PBS. 

Embryonic mice were not perf~ised, but they wen promptly decrpitated, skuîi opened up 

the mid-üne to expose the brain, and i m m d  in cold paraformaldehyde. T h y  were kept 

at 4°C in 4% parrformaldehyde ovcrnight . 

Braina were removeci âom the shi l l ,  the t~m~an ic  bullr and base plate of the SU 

(buUphenoid bone) identifid, ad the atcess tissue fcmoved to lave ody tbe middk and 



inner ear portions. The brah was bisected and saved for para& processing. The ears 

were separateci, the lefi one wu used for paraffin processing, and the right one for âozen 

processing. A few ear samples were embedded in JB-4 solution (Polysciences Inc., 

Warrington, PA) and used for plastic sections. 

Routine parath processing was done using the Technotron. Before k i n g ,  

cryo-protection of tissue for &zen processing was done by imrnersîng the tissue in 

sequential solutions of 1 W, 2W, and 3W sucrose (Maüinckrdt #AR8360) in 4% 

paraformaldehyde until the tissue SMIC. Then the tissue was rinsed for several hours in 

30% sucrose in PBS. The tissue was embeûdeâ in OCT Compound (Tissue-Tek #4583) 

using lOrnrnXlOmmXSmrn biopsy Cryomolds (Tissue-Tek #4565) and fkozen at -50°C in 

isopentane (2-Methy lbutane, ACROS Organics # 1 2647-00 1 0) t hat was pre-cooled on dry 

ice. Frozen tissue blocks were stored at -70°C until cut. 

2.2.7 Tbiuc Sectioaiig 

Frotcn 

RNase free conditions were used at al1 tirnes. Wearing unpowdered latex gloves, 

fiozen sections w m  cut at a lOvM thickness ushg a Shmbn Motoised Cryotome with 

a Leica C-cryostat hiüé. Cryostat chamber temperature w u  set bawecn - 19°C and -25°C 

depaiding on the ambient hurnidity; the higher the humidity, the lower the temperature. 

Four to six sections wae  placed on Polylysine (Esco #P-4981) or Superfiost Phis (Fisher 

$12-550-15) microscope siidm. Approxbnately every sixth section w u  savd on a 

referttlce dide for routine bcmrtom and cosin m. This refctence slide was uscd 



to landmark which area of the ear was being used. Slides to be uscd for in situ 

hybridization were dried on a siide warmer set at 42°C (Fisher) and storeâ in slide boxes 

with DRI-MTEm at -70°C. 

P ~ R  

P a r a h  sections were cut at a thickness of SpM, and floated ont0 microscope 

slides using a water bath set at 4 1°C containhg autoclaved double distiUed deionized 

water and dried on a siide warmer. RNase fiee conditions were maintaincd. Sections 

were cut using disposable microtome blades (Fisher # 12-63 1 R, No. R3 5). Siides to be 

used for in situ hybridization were stored in siide boxes at room temperature. 

PImtic 

Plastic sections were cut at a thickness of 3pM with g l u  knives. Sections were 

floated ont0 plain glus siides using a room temperature water bath. They were then dried 

on a slide warmer and stwied with hematoxyiin and cosin. Plastic sections were not useâ 

for in situ hybridilation, so RNase fice conditioiu were not employed. 

2.3 GciotypeDctcrmiution 

In order to accuratdy determine the genotype of the NT-3 mice, several methods 

of simple DNA preparation were attempteû. AU prqaratiom wen uulysed using 

polymcrase cbain reaction (PCR) technology. 



2.3.1 Sam ple Prcprntiona 

Wood sgor Reporan'm 

Blood spot analysis was done with the help of Dr. Y v o ~ e  Myal according to her 

published procedures (Gregory et al., 1 995). The blood dried on Guthrie cards was 

prepared for PCR analysis in a consistent rnanner. 

Two eppendorf tubes (500pL) per animal were prepareci. One blood spot was 

excised fiom the Guthrie cards with a paper punch (118' inch hole size) into each tube (2 

per animal). Between Mirnais the hole puncher was sterilized by soaking it for 2 minutes 

in 0.2N HCI, rinsing with double distilled water, drying the hole puncher with a Kimwipe, 

and punching out several clean hoks of Whattman filter papet. Autoclaved toothpicks 

were used to manoeuvre the blood spots in certain cases. Gloves were changed between 

samples and a clean circle of filter paper was put unda the punching area in case the 

punch feu out. 

The samples were then Gxed by pipetting 100pL of methanol (Fisher Scientitic 

#A452-1, UN 1230) into each eppendorf tube, and the tubes were checked to ensure that 

the blood spot w u  coverd with methanol. The b l d  spots were mcthanol fixed for 15 

minutes, the methanol removed Ma pipette (using clean tips for each sample), and dried in 

a vacuum dessicator overnight . Tubes were closeâ and stored at rwm temperature untii 

PCR uuiysis waa done. 

GaOVllCC DNA nrpabion .nd A l e S u  

Gciliornic DNA prqwation w u  carrieci out using a phenoVchlorofonn extraction 
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protocol provided by Dr. Y v o ~ e  Myai. Mouse tails were placed in sterile eppendorf 

tubes, cut up, and 200pL of "mouse tail solution" (appendix I) was added; a nnsl 

concentration of 1.75me/mL protehase K enzyme was added to the tubes. Care was 

taken to ensure that clean instruments were used for each sample. Tubes were closed and 

samples were incubateci ovemight at 55°C in a shalOng wats bath. The next day phenol 

was addd to the tubes (as much as the tube could hold), and tubes were invened 

approximately 100 times. Tubes were spun in a microfige for S minutes. The aqueous 

phase and the interphase were removed and transfemed to a aew tube. To this new tube 

as much 1 : 1 phenol:chloroform as the tube could hold was aûdd. The tubes were inverted 

and spun in a rnicroftge as previously describcd. Then the aqucous phase was tramferreci 

to a new tube. This tirne oniy chloroform w u  addeâ, and the tub« were Uivmed and 

spun down as prwiously described. The chloroform step w u  repcated. An equal volume 

of isopropyl alcohol waa added to the tube, which w u  thm gatly inverted until a stringy 

white precipitatc fonned - this precipitate was the genomic DNA. The pncipitate was 

truuferreâ to an eppendorf tube containing 1 .OmL 70?4 ahuiol, and was gentiy shnlren at 

4°C for 1-2houis. The 70% ethanol was pourd off, and 1 .O& 1ûû% dhanol w u  addeû, 

the tuôc w u  shilrcn gently and spun down for 2 minites. The lW/o e t h ~ o l  wui poured 

off and the DNA pellet was dncd for about 5 minutes ushg the Spadvac. Once the 

peuet wu Qy, SOpL TE bu&r (pH 8.0) w u  addd to thc tubes, and the tube w u  

b%~keû'' umil the DNA came away bom the side, it w u  l& ovaai@t at 4°C. 

Tbe DNA concentration w u  mcaatld usbg the optid density (OD) value at 

26ûnm wrvdength on the spcctrophotomctct (Milton Roy Spectronic 1001 plus). T'hi9 



value was used to calculate the DNA concentration in ng/pL. The DNA was diluted so 

that when l pL was added to 49pL of PCR solution, the final amount of DNA was 50- 

1 ûûpg total. Genomic DNA was always stored at 4°C. 

Ho~qencite Phpdm 

The homogenate method of sample preparation was modifiai &er a protocol fiom 

Hogan et al. (1 994). Using s t d e  techniques, 40pL of lOXPCR homogenate solution 

(appendix 1) was added to each tail sample. SOOpg/mL p r o t e k  K w u  added to each 

sarnple, and they were incubated in a 5 5°C water bath overnight . 1 .O PL of this solution 

CM be used for PCR or a 1 : 10 dilution can be made. 

Each method works fine, however 1 selected to use the former procedure as I 

found there wrs less cross contamination and it was faster to use 1 .OpL of straight 

homogenate. Homogenates were fiozen at -20°C until they were analysed. 

2.3.2 Poîymeruc Cbiin Reactioa (KR) Anaiysh 

Three PCR primers provided by Dr. Shiu wcre ma& using the sequence provided 

by the Jackson Labontory web site (http: /nena.jax.or~re.. . protocoldNd3-KO. htd). 

b e r s  oCMR130 and olMRI31 were uscd to ampl@ the wiid-type allele identificd by a 

baad at the 2Sûbp position, and prùmrs oOCIRf3O and o M I 3 2  wme useâ to ampüfl the 

mutant dele identifid by a band a the Wbp position on an ethidium bromide-stained 

aeuo= gel (wpendx IV)+ 

SOpL K R  rCICtions wac set up uing PCR Ma, lOmM u c h  ofcNîP4s (4 



G, T, CCPhamiacia #27-2035-01 ] ), 50pM p M m  olMR130,SOpM primer oiMR13 1 

primer oMR132 (depending on which allele [wild-type or mutant] was amplifid), Song 

of DNA, a 1 pL of hornogenate, py one fked blood spot from the animal that was 

genotyped, and 2.5 units totai of Tuq polymerase (Pharmacia #27-0799-O 1 ). Pharmacia 

Taq polymerase reaction buffer contains MgCl,, which yielded a 1.5mM final 

concentration in a 50vL reaction. Two PCR reactions per animai were carried out, one 

reaction for each allele that could be present (appendix V). PCR amplfication was done 

using the profile: 

7 minutes at 94°C 

30-35 cycles for DNA or hmogenute, 40-45 cycles for b l d  spors 
1 minute at 94OC denaturing 
1 minute at 55°C annehg 
1 minute 30 seconds at 72°C extension 

15 minutes at 7Z°C 
Park at 4°C 

(Thermocycler: GTC-2 Genetic T h e d  Cycle, Precision ScientSc) 

2.33 Vbullbrtioa of PCR Roductr by A yrorc Gd EIutmpbomir 

A horizontal gel electrophoresis apparatus was usd (ûibco-BRL Horizon 58). A 

gel containin8 25mL of 2% agarose in l x l g E  buffer, with a p p t o ~ t d y  0.5pL of 

ethidium bromide (lOmg/mL) was set at room temperature. Two tubs of PCR product 

wae generated for each animai, one to idente the nomul ailele, the other the mutant 

Pllde. 3pL of each K R  product fkom the m e  rnimrl wcn p W  in one tube with lpL 

of g d  load'i buffbr (totai sample volume = 7pL). A lûûbp moICCULU muka ladder 



(Phannacia #27-4001-01) w u  run dong side the sarnples ( 1  pL [Ipg/pL] ladder in 5pL 

1 xPCR buffet and 1 pL generd loading bufEer) so t hat the size of the PCR product could 

be evaluated. These samples were nin on the gel at 60 volts for 1.5 - 2 hours. 

VisuPlisation of DNA bands was done on an ultraviolet Iight box, and a picture taken 

using a digital camera (CCD72 series carnera, Da~e-MT1 inc.) and the MCID program 

(Microcornputer hglliing Device, M4, hg ing  Reswch Inc. ). 

A siagie band at the 2SObp position indicates a wüd-type mouse (normal 

complement of NT3 deles), ow band at the 350bp position indicates a mutant mouse 

(no active NT-3 deles present), and two bands (one at the 25ûbp and one at the 35Obp 

position hdicates a heterozy~ous mouse (one active and one in active copy of the NT-3 

allele). Results were printed out on a Hewlen Packmd laser jet lllp printer (Resolution 

Enhancement PCLS) (Figure 3). 

2.4 LadbaOa of FGFR-3 Using U, siai Hybridizatioo 

FGFR-3 messcnger RNA @RNA) was locaiized to cdls usine an 3s~-laûelled 

riboprobe designecî to detect FGFR-3 mRNA in the mouse. The anti-smse probe was an 

"S-lobelled RNA dnnd tu was the wmplement to the FGFR-3 mRNA in the mouse 

ceNa; thus they would bind together, formin8 a staôle hybrid. A v i M t y  of controls were 

useâ. A K N ~  control match WU done with evay anti-saue e q m h d  süde. That is, 

for evay süde u s d  to detcct FGFR-3, a said siide w u  u d  to apply a probe with the 

same sequence as the FGFR-3, thus it should not bind to tht mRNA in the tissue. A 'ho 

probe" control w u  donc which invohred applying non-mâioactive hybriâization bu&r (Le. 



buffer without probe) to serial sections of anti-sense and sense siides. This served as a 

negative control, where, with no probe applied, no radioactive signal would result. For 

each probe an Mase control nin was done. This control involved using the RNase A 

enzyme to destroy RNA in certain tissue sections. Two sets of siides were analyseci, one 

set that contained intact RNA and one that had the RNA destroyed. Where the RNA was 

destroyed, no radioactive si@ was produced on either the anti-sense or sense slides, but 

in the normal experimental condition (with intact RNA) a radioactive sigd was produced 

ody on the anti-sense treateâ sections. The results obtained from the control stides 

indicated that the probc was indeed binding to RNA, and not DNA or protein (i.e. no 

RNA, no anti-sense signal). Nase free conditions were maintained throughout the 

procedure. That is, clean, DEPC (diahyl pyrocarbonate, Sigma #D5758) treated 

solutions, baked glassware, and autoclaved instruments were used wherever possible. 

2.4.1 Prepurtioa of Riôoprobc 

Tetqdàte end Clonhg 

The FGFR-3 riboprobe was constructeci ushg the PCR prUm sequences 

pubiished by Oniitz and Leder (1992). ï he  probe w u  designecl for the transmembrane- 

jwctatnembnne portion of the FGFR-3 RN& spuuiing exons 10 and 1 I which is the 

conmed uca. Thus, ail isofonns of the FGFR-3 RNA would bc detected using this 

probe. Totd RNA wu, extracteâ Born mouse brain, and reverse trawription polymcrw 

chah reaction (RT-KR) w u  used to amplify the qucace s@c to FGFR-3. Using a 

Promega Kit. this 429bp cDNA scqutnct w u  clonai in a pCR II (Invitrogcn Corporation) 



plasmid vector. 

h l k  consmct i~  

The anti-sense probe was constmcted by linearizing the cloned plasmid with Xbal 

restriction enzyme (Boehringer Manneheirn #67257), and transcribing the DNA to RNA 

using SP6 RNA polymerase (Boehringer Manneheim #8 10274), incorporsting 35S-1aûelled 

UTP (ICN Phannoceuticals Inc., 1000Cürnmol) as one of the bases. 

The sense probe was constructeci by Iinearizing the cloned plasmid with Bam HI 

restriction enzyme (Bahringet Manneheim #220612) and transcribing it using 17 RNA 

polymerase (Bahrin8er Manneheim #88 1767) and "S-lrbdled UTP as w u  donc for the 

anti-sense probe. 

The yiti-sense and sense probes were 549bp and 527bp in leneth respectively. 

The p-emissions from the radiolaelled proôe were counted using 1 CL of a 1 : 10 dilution on 

a liquid scintillation counter (Beckman LS6500 multi-purpose scintillation counter). 

These counts were used to caîculate the appropriate âiiutions of the proôe to be used in 

hybridiution bufk to generate the radioactive hybridization solution (appcndix II). 

I%vbtDüwdoul 

Probe dilution foiîows the procedure of Simmons (et d ,  1989). The mount of 

prok ntcdd to produce a dmired concentration is estimated through calculations 

(appeada 1). Desired probe concentration useci for these CrlculuioM w u  

I .QI O%PM/mL. Gcncnlly, probe concentrations of 1 . h  lû'CPWmL w m  useâ for 



parf i  sections, and S. ûx 1 o'CPM/~L for frozen sections. 

The equation used for probe desired was a theoretical estimate; a count of the 

radioactivity in the hybridization solution was done to determine the acnial probe 

concentration. Before use, a 5.0 pL sample of hybridization solution was counted using a 

scintillation counta and the probe concentration was adjusted as required to remain as 

consistent as possible. 

2.4.2 In si& Hybridiution Procedure (Angerer and Angem, 1992; Simmoar d 

d ,  1M9) 

Prc-Hybridiertioa Tniitment 

AU Pre-hybridization and Hybridization steps were done using RNase fm 

conditions, and steps were @ o d  at room temperature unless otherwir noted. 

Frozm sections wen wanneâ to room temperature More the storage box was openeû. 

Paraf!ljn sections wen deparanized using two changes of xylol (stMng) for ten minutes 

each. Sections were re-hydrated using a graded series of ethanols (lûO%, 95%, 70%, 

50%, 3Ph) for thra minutes each and a quick Nise in DEPC-treattd water. 

ïhawed fiozen and d e p a r W d  sections were pre-hybridizcd with a quick fut in 

4% p a d o ~ d e h y d c  (one minute), rinsed in PBS (two changes at one minute each) and a 

0.0001% protebue K (Signa #Pû390) treatment of 30 minutes at 3PC, rc-t'ixed for one 

minute in 4% pdonnaldehyde, rinsecî twicc for one minute ucb in PBS, and acetyhted 

with O. 25% acctic anhydride (MiUinkcrodt # un 17 15, FW 102.09) for 6vt minutes with 

O. lM TEA (tricthuiolrminc, 2,2',2"-Nitrilot~iethanol, Hydrdoridc, CJ,,NO,*HCl, MI 



185.7, Sigma # T-9534) in DEPC water to balance tissue charges. Slides were rinsed two 

times in 2xSSC, and f i d y  dehydrated in a series of cool ethands (7094 95%. and three 

changes of 100Y0). Slides were dried for approximately one hour at roorn temperature 

before the hybridization step. 

Hybrr'&zan'tm 

The probes were heated at 65°C in a water bath for 10 minutes. This unanneals 

the probe and makes it available for binding to the tissue sections. The probes were then 

quenched on wet ice, quickly spun down, and 8vL DDT(5M) (Dithiothreitol, Cleland's 

Gibco # 1 5 508-0 1 3) added. Anti-sense sense probe were applied to the appropriate 

sections as follows: 1) The sue of coverslip needed to cover the sections was determined, 

2) the amount of probe used was based on the size of the covcrslip (eg. Nx22mm 

coverslip = lQ pL probe), 3) the probe w a  pipetted onto the coversiip in a crescent shape, 

4) the slide with the tissue sections was slowly lowered ont0 the coverslip at an angle in 

o r d s  to avoid air bubbles. The slides with the cowrslips and probes were placed hto a 

humid chamber (a Tupperware container linai with papa towels soaked in s t d e  2xSSC 

and a plastic separation between the paper towel and the siides t h t  allowed the SSC to 

circulate). The humid chamber was sealecl with Purfilm. carefUUy p l a d  in a Ziplock 

âeczer bag and plrad in a 5S°C watr  bath ovemight (14-20 houn). 

Pad-Hykiiasrieioi, W ~ U  

The pwpose of the pst hybrihtion trmtnmt of the dides w u  to reduce 



background signal by ''w,uhing away" unbound probe. Slides were removed fiom the 

humid c m ,  and coverslips were floated off in a sdution of 2xSSC with 0.01M DTT. 

Südes were quickly rinsed in four consecutive solutions of 2xSSC with 0.0 1 M DTT. Then 

slides were washed t h m  times in 2xSSC + 0.01M DTT for ten minutes each, and the 

solutions were shaken gently on a motorized shaLing platform (Red Rotor). Following 

this, slides were washed in a solution of SW formamide in 2xSSC plus 0.0 1M DTT at 

5 5°C (hybribtion temperature) for 30 minutes. Slides were thm rinsed two times in 

2xSSC DTT for five minutes each, gently shaking. (It was necessvy to 

ternporady rernove the DTT in preparation for the RN= A step because RNase A is 

inactivated by DDT). Südes were exposed to RN- A (Boehringcr hmheim # 109 1 69) 

at a concentration of 0.02mg enzyme per mL RN= buffér for 30 minutes at 37°C. 

(RN= A digests single stranded RNA, thmfore it should teduce unbound probe and 

hence reduce background). Slides were washed at room temperature in thra changes of 

2xSSC + 0.01M DTT, gently shalring for ten minutes a h ,  and one bath of lxSSC + 

0.01M DîT, gently shaking for five minutes. Slides w m  thcn trcated in O. lxSSC + 

0.01M DTT at SS°C for 25 minuta, followed with a room temperame solution of 

O. lxSSC + 0.01M DTT for 5 minutes. Dehydration of tbe sections w u  donc by treating 

them in SV!! cthol  in O. lxSSC + 0.01M DTT and 7Wh ethaml in O. lxSSC + 0.01M 

DIT', foitowed by 9596, and thra c h a n p  of 1Wh ethano1 for thrœ minutes each. Slides 

were dMd a! raom temperature in preparation for the uitoradiogruphy detection step. 



2.4.3 Autondiogiphy (Paterson, 1983) 

Detection of the FGFR-3 nboprobe was carrieci out in the dark by dipphg the 

slides in undiluted, melted Kodak WB-2 (Interscience # 1 65443 3) liquid autoradiographic 

emulsion at 42°C. drying them for at least two hours in a huniid chamber and seaüng the 

slides in a light tight box, and allowing exposure for 7-2 1 days (depending on the 

radioactivity of the probe, and thickness of the tissue section) at 4°C. A set of slides with 

controls was developed using Kodak D- 19 (# 146 4593) developer at 16OC (diluted 1 : 1 

with double distiiled de-ionked water), and Kodak Fixer (#123 8146). Sections were 

either Msed and counter stained immediately, or rinsed, dned, and then re-hydrated for 

counter staining . Sections were counter stained using modified M s  hemtoxylin (no 

acetic acid, no mercury) (Fisher Scientific #SH3O-SOOD). 

2.4.4 Microscopie Obwwatioar and Photoarpbk Anrlyrio 

Siides were analyseci using a Nikon Microscope with a Nikon Carnera anachment. 

Sections were observeci in light and dark field conditions, and pictuies were taken at 

diffient ma@cations using bot h colour and black and white film. 



Rcsults 

Animal Model 

Obrcivations 

Emhymic Duy 19 

At embryonic ages, mice are more difficult to evduate with respect to their 

phenotypical characteristics compared to neonate (PO) ages. Grossly, mutant rnice tend to 

appear s d e r  than theù wildtype and heterozygous littermates. 

Histologidly, all of the cornponents that one would expect to find in a wildtype 

mouse orgui of Corti are present in the NT93 4- mouse organ of Corti (Figure 4). That 

is, the ûmter and Lesser epithelial Ridges of the developing organ of Corti are present, 

th& cek appear to be developing and do not show any gross morphological anodes.  

Ratnatail Dcig 8 

Shortly aila the tirne of bût& iitters were inspectd. Generally, neonates that 

presentd r phenotype including a s d  sire, no rniik in the stomach, cyanotic colour, and 

spastidawkward movements were mutant in gmtype. Cornparatively, wildtype and 

heterozygous mice appcasd larger, had ingcstd miik (Figure 2), were pink in colour and 

showed more cc~orâirutcd movments. 

HistoiogicrUy, ail of  the components prment in the organ of Corti of wildtype Mce 

are a b  present in the NT-3 -/- mouse orp i  of Corti at PO (Figures 5 and 6). 

Deveîoping inncr and outa hair ceb, developiq inna and outa pillu cdls, the 



developing turne1 of Corti, developing supporting ceus, and developing tectotial 

membrane, were compared in NT-3 wildtype and 4- rnice organ of Corti at PO. However, 

it appeared thst the NT-3 -/- had a reduced number of cochlear spiral ganglion neurons, as 

compareâ to a wildtype or heterozygous counterpart (Figure 7). 

3.1.2 Birth Wdgbti and Sizm 

B i ~ h  WeigAm 

Individuais that were bom to heterozygous matings were selected for study initidy 

bued on thci smrll appearance. Therefore the sampling was not random and the Mann- 

Whitney rmk sum test analysis was used. Mice with the mutant genotype had a 

sutisticaiiy signifiant Iowa birth weight as compared to their wildtype couterparts 

(Tble 1). Males with the 4- genotype had a statistidy signifiant lower birth welght 

than males with the +/+ genotype (Table 2). However no signincant diffetence was noted 

ktween the bah weights o f f d e  mice compared in the sune manner (Taôk 2). in 

addition, no sienificont dii'ence was detected between the birth weights of males and 

fernala of the same genotype (Table 2). 

anrn-mnrp lm@ 

Using oui mc<hod of mciairing by der only, no sienificmt diûèrence w u  

obscrveû ôetwcen the ctown-nimp lengths of mutant, wiidtype and hetaozy~ous mice 

(Table 3). 



3.2 NT-3 Mouse Colony Ctntrd Data 

Starting with our six founder NT-3 mouse colony members, we generated 1 10 

mice using heterozygous miitin~s. From Table 4, it was observed that fewer than one 

qwiner of the offspring were mutant. We generated an additionai 27 mice using wildtype 

- heterozygous matings (Table S), and 28 mice using wildtype matings for control tissue. 

Not al1 breedings resulted in pregnancy. In tenns of breeding success of heterozygous 

mating pairs. a pregnancy rate of at most 68% was achieved in our study. Ail mice 

particulars (for example, date of birth, genotype, parents) can be traced via a database 

crurted for the NT-3 mouse colony (appendk LII). 

This strain of mouse appears to have a longevity of one to one and a W years, 

and mice heterozygous for the NT-3 gene do not appear to have their life span 

compromised, as we have successfufly breâ heterozygous individuais beyond one year in 

age (male 395 1 at 13 months, and fernale 3978 at 14 months). 

3.3 B l o d  S p a  vs DNA Extraction vs Homogeaite Aadyrir 

Animais were genotypeû using the polymerase chah teaction (PCR) technique 

(Figure 3). Thne methods of DNA prqwation were tested; blood spot dys i s ,  phenol- 

chioroforni genomic DNA extraction, and homogm~e  technique. The homogeaate 

prepuation approach provcd to be the most efficient and accurate of the three. 

3.4 In dbr Hybridarith for FCFlU mRNA 

Füteen in situ hybridizrtions for FGFIU mRNA were pdormed on NT-3 tissue of 



various ages and genotypes. In total 176 slides were used: 32 ( 14 4-, 12 +/+, 6 -1+) at age 

E 19 and 144 (60 4-,46 +/+, 36 -/+) at age PO. To summarize, at age E 19 nine dierent 

animals were tested, 3 4-,4 +/+, and 2 -/+ (Table 6a), and at age PO fifieen different 

animais were tested, 7 -/-, 3 +/+, and 5 -/+ (Table 6b). InitiaUy, pmaflin and k e n  

sections were both useci, but p a r f i  sections yielded better resolution, and were used 

wherever avdable. A standardizecî procedure and a probe radioactivity of about 

1 .ûx 1 06CPM/rnL was used in all experiments. 

3.4.1 FGFR3 mRNA Expmsion in C M  and NT3 Mice 

FGFR3 mRNA localization in CD- 1 mice hom ages E 15.5 to P3 is s u d e d  in 

Table 7. FGFIU mRNA was locaiizeâ to the pre-bone cartilage of the otic capsule, and to 

the developing neuroepithelial ceiis of the cochlear duct. No signal for F G W  mRNA 

was found in the vestibular system (Figure 8). A cornparison betwttn the locelization and 

expression "level" ofFGFR3 rnRNA between the CD1 strain and the NT-3 (Balb/c) 

mouse stroiiu at ages El9 and PO was conducteû. No diiérence was detected in the 

ld izat ion of FGFR3 rnRNA betwem the NT-3 wiidtype a d  CD4 mouse sttains in the 

developing organ of Coni at oses El9 and PO (Figures 4 and 9). FGFR3 mRNA as 

inâicatd by radioactive signai, was locaiized to the two tiers of neuroepitheiial ce11 in the 

presumptivt orgui of Corti of the cochiw duct, and iIso to ceils in the pre-bonc cartilage 

of the otic capsuie. The FGFlU mRNA signal appeueû to be piedominattly locJizcd 

over the devdo~i~q  outer hL ceüs, dmloping outa piüar d s ,  iid to a h e f  ment 

ova the supporthg cells (Figures 4 and 9). 



3.4.2 FGFR3 mRNA Expression in NT3 Wüdtype, Htttrozypuc, and Mutant 

Mice 

Embrymic Day 19 

At embryonic day 19 (E 19) no difference was observed in the localization of 

FGFR3 mRNA betwetn NT-3 wildtype, heterozygous, and mutant mice. The signal 

presented consistently over the two tiers of neuroepitheiial ceiiq in ail three genotypes 

(+/+, -/+, and 4) similar to that found in the CD-1 mouse strain at this age (Figure 4). 

P o s r n d  D q  O 

At postnatd day O (PO), no difference was observed in the localization of FGFR3 

mRNA between NT-3 wildtype, heterozygous, and mutant mice. The signai presented 

consistently over the two tien of neuroepitheiial ceUs in di thra genotypes (+/+, -/+, and 

4) similar to that found in the CD- 1 rnoux strain at this age (Figures 9 and 1 0). 

3.4.3 FGFR3 mRNA Locilization Differcaces Bctween El9 and PO NT93 Mice- 

Mice of the same genotype were cornpared at ages El9 and PO. Overall no 

différence in the level of FGFIU mRNA expression between NT-3 mia (4, -/+, and +/+ 

gatotypcs) was detectcd at ages E 19 and PO. Possibly a lowa intensity of signai is 

demonsnrted over the suppocting cela, or fewer supporthg celis are labeiled in the organ 

of Corti at age PO, as cornparcd to the organ of Corti at age El9 (Fi- 4,9 and 10). 
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Embrymic D4y 19 

By appearance alone, embryonic rnice were difncult to evaluate bas4 on their 

phenotypic charactetistics. Size and weight measurements were not taken, because it was 

essential to immerse the embryos in fixative to preserve their inner eus. the focus of this 

study . 

PosaiotdDoy O 

Neonatal mutant NT-3 mice are easier to identify than embryonic mutant NT-3 

mice, but their identities still must be confirmeci through genotyping. Statistically, a 

signifiant âiierence was found between the birth weights of mutant and wüdtype NT-3 

mice (Tables 1 and 2). Mutant NT-3 mice had a lower binh weight than wiidtype micc. 

One recwm for this i s  that NT-3 affects other hctions and a r a  of the body in addition 

to cochlear spiral neurons, proprioceptive sensory, and sympathetic ncurons. It hrs been 

shown by Donovan (et al., 1996) that NT-3 deficimt mice have serious heart defects, 

similar to those founâ in human Tmalogy of Fdot patients. Both the hm defects and 

locomotor f w k  defects could account for the euly dcath of the mutant neonatd mice. 

However, heterozygwa NT-3 mice possess milder heut defe*s that go undeteaed and 

can dow the mouse to livc a sccmingiy nomul W. 

For genotypin8 the uil homogenate technique w u  the most efficient and reliable 

m*hod of DNA analysis. DNA extraction by the p&aol-chforofom method w u  time 



consuming and resulted in cross contamination frorn other sampks. Since it was dificult 

to collect enough blood fiom the embryonic NT-3 mice, and the blood h m  the chest 

cavity was oftm too diluted. the blood spot technique was not a reliable option. 

I ~ e r  Ear Histology: Embryonic Day 19 & Postnatal Day O 

As seen in figures 4,s and 6, al1 of the components of the developing organ of 

Corti appcu to be in place in ail genotypes of the NT-3 rnice at ages El9 and PO. These 

&ta suggest that the absence of NT-3 did not duectly affect the development of the gross 

morphological features of the organ of Corti. However, it appws that the NT-3 deficient 

mouse hm a reduction in the number of cochiear spiral gangüon neurons (figure 7). This 

observation is compatible with the results of Ernfors (et al., 1995) and Frittpch (et al., 

1997) who found an 87% deficit in number of cochlear spiral ganglion neurons compared 

to the number in a wildtype animal. Fntzsch (et al.. 1997) has also suggested that the 

height of the neuroepithelisl ridges in the developing organ of Corti diffas between 

wildtype and NT-3 deficient rnice. This height difkence could reflcct an incomplete 

differentiation of the organ of Corti in mice that are l e - 3  deficient. To measure the 

Met ofneurocpithehi ridges requircs plastic embedding and semi-thin sectioning, as 

weli u consistent pianes of section of cochlear ducts. Plastic embadrnent could not be 

u d  EOT port-section in silv hyôricüzation in our study. 

Sympuhetic and Mme other smsory and motor neurons ofNT-3 (4) micc are 

iIro cornpromisui rr t h y  are dcpendent on NT-3 during developaieat (Fuinu et rJ., 

1994; Edors et al., 1994; Kucen et al., 1995; ElShmy et d., 19%; Liebl et al., 1 997; 



Wyatt et al., 1997). 

FGFR3 mRNA Expression in CD1 and NT-3 Mice 

For this study six FGFR3 riboprobes labelled with "S were made and usecl under 

the same conditions. The "half-life" of "S is about two months, so it was important to 

keep the probes new, and the radioactive counts of the aliquots used similar, to allow for 

reliable cornparison between groups. Thus, degradation of the probe did not become a 

factor confounding comp~sons. In addition, care was taken to standardize the tissue 

being processed and to run different ages and genotypes in the same solutions and to dip 

them in the same batch of emulsion. When anaiysing the slides it was important to note 

the location of the cochlear coil, because the basai coil develops faster than the middle 

coil, which develops faster t h  the apical coü. As such, the basai cochlear coil was 

chosen for this study (Figure 1). 

Since the gross anatomy, and the inacr ear histology of the NT-3 mutant mouse 

appears largely n o d ,  it was of interest to examine one of the biochcmical properties of 

he inner ear, nameIy, expression of FGFR3 mRNA. FGFR3 is a receptor with a restncted 

distribution in the inner car (Peten et al., 1993). In the rat cochlea it has ban show that 

the mRNA for aFGF, a ligand for FGFIU, is 6rst detectable in the cochlw spiral 

gangiion neurom in late fail dcvelopmcnt. aFGF mRNA appears Iater in the stria 

vasdaris, and inner iad outer hair celis of the organ of Corti (Luo et al., 1993). Further, 

work by Pirvola (et al., 1995) hm shown thit the destination for neurody dcfived (i.e. 

from cocbleu spinl grnehoa neurons) aFGF is the or- of Corti. 



In the present work, FGFIU was localized in the CD1 and wild type NT-3 mouse 

to the developing outer hair ceiis and outer pillar cells specificaiiy, and possibly to a lesser 

extent to the inner pillar ce1ls and outer supporting cells. 

Enifors (et al., 1995) demonstrated with the NT4 hockout mouse that NT-3 

was repuired for the survival of a full cornplement of cochlcu spiral neurons. It was not 

conclusively shown if the suniving spiral neurons of the M-3 deficient rnice were of type 

1 (imervating the b e r  hair celis of the organ of Corti) or type II (innewating the outer 

hair cells of the organ of Corti). Since Piwola (et al., 1995) showed the organ of Coni to 

be an important destination for aFGF Born the spiral neurons (most of which require NT- 

3), we speculateâ that the aFGF 'pathway" w u  interdependent with the NT-3 "pathway" 

during development. With the reduction in the number of nairons in the NT-3 deficient 

mouse, the trophic effm of neuronal processes on the neurommry epitheiium in the 

organ of Corti might also be significantly Sected. This reduction could also result in a 

retarded differentîation of the organ of Corti. 

Our results supponed an independence of the aFGF and NT-3 trophic cascades. 

In our study FGFR3 mRNA was locaüzed to the sune ccU types in the orgui of Corti, 

regardless of t he prescnce of NT-3 duhg development . As 6gwc 10 shows, the 

expression of FGFW mRNA was not qualiWively diffkrent ôetwecn iimcr eara of wiid 

type anâ NT-3 ddcient mice. 

Fritwch (et al., 1997) has pioposed th t  tbae is a compenutory procas taking 

plice in the cocbki of the NT-3 deficient muse. That is, the fm spiral neurons that 

rmvin are dcient to innervate t h  eu by what we mi@ consider a b m d  or 



unconventional routes. Enûors (et al., 1995) has shown that a BDNFNT-3 double 

knockout mouse presents no cochlear spiral ganglion neurons, as opposed to the few 

spiral ganglion neurons that remain with a NT-3 knockout alone. This suggests that both 

trophic factors work in tandem to create the environment necessary for conventionai 

neuron development and innervation. This is supported by the ' M a x  Factor" work done 

by O'Co~er  and Tessier-Lavigne (1999). Their studies demonstrate that Maxillary 

growth factor, the substance that guides the madîary branch of the trigeminal nerve to its 

target, is part NT-3, part BDNF. 

In addition, it is possible that the few neurons that survive the harsh trophic- 

deficient conditions produce enough aFGF to support the cells of the organ of Corti, or 

that another ligand is acting through this FGFR3 and eliciting the same, or at least a 

similar intra-cellular response. Further, neurons have the potential to switch their affinity 

for specific neurotrophins over the course of development and maturation (Davies, 1997). 

That is, as the neuron develops, its trophic needs change. The phenornenon of 

"neurotrophin switching" makes the clues to neuron development ail that more elusive. 

One would have to trace the expression of meral neurotrophhs, and attempt to pinpoint 

whm the Cb~witch," if any, occurs, and why that switch in neurotrophin affinity benefits the 

neuron population in question. 

Validity of Techniques 

Radioautography using a specific "S-labellai riboprok provideci quite precise 

Uiformation as to the location of FGFR3 rnRNA. Howeva, due to the clectron kinctics 



or "scatter effect" of this isotope, the grains that are fonned in the emulsion overlying our 

tissue CM not rewlve an exact cellular location. Thinner sections would improve 

resolution, but cannot entirely compensate for gnin scatter. Supporting cells in the organ 

of Coni have very m o w  cellular processes thst lie adjacent to the hair cells. 

DistinguUhing which ce11 type (hair cell, supporting ceU, or both) is labelled requires 

further studies; electron microscopy with a tritium lsbelled probe would help îolve the 

resolution problem. 

The identity of the ceils, for example the piilu cells, is based on location alone and 

at times, particularly at younger ages, it is difficult to distinguish between certain cell 

types. Ii would be beneficial to employ a double lrbelling technique where one or more 

cell typa oould be positively identifid. This method would aliow the identification of the 

ceUs radiolabelled with FGFR.3 to be more accurate. 

The ideal condition for this snidy would have b e n  a mouse mode1 thst had the 

spird ganglion nairons obliterateâ. Udomnately in the NT-3 knockout mouse a s d  

munber of the neurons remaineci, and as such codd have greatly affkcted the cochlear 

development . 

It would k of internt to mây the othei ligands that could be present in the inner 

eu ud tht have the potential to act through FGFIU. Recently Pickles (et al., 1998) 

found  th^ the only splia variant ofFGFR.3 in the imia eu is mc. The identification of a 

splioc vtriuit spcfgc to the irwr car is of interest bccruce it ratricts the list of FGFs (in 



addition to @OF) that could bind to the FGFR3 in this region. For example FGF4 can act 

through FGFR3 IIIc and has a role in embryonic development (Omitz and Leder, 1992; 

Perez-Castro et al., 1995; Pickles et al., 1998). Perhaps ample non-neuronal aFGF is 

present in the NT3 knockout rnouse. As rnentioned in 'Wdity of techniques," a double 

labeüing technique that would aiîow for certain identification of one or more cell types in 

addition to the locaiization of the FGFR.3 mRNA in the organ of Corti would provide 

valuable information pertaining to the role of FGFR3 in the m u ~ e  cochlea. 

SigniTcrnce 

Whiie we by no means have all the steps in the developmentd cascades of the b e r  

eu, relationships can be deduced by studying cellular morphology and biochemistry in 

diffierent truisgenic mouse models. The present study provides infionnation about inner 

eu development, with the long terni goal of solving the rqeneration dilemma, and 

evcntdy, of designing appropriate therapies that could be applied clinically in auditory 

protection, or regmeration. 

From our results, it appeacs that the NT-3 deficient mice have fewa neurons and 

have cbnonnJ routes of innervation, as Jso shown by Frituch (et ai*, 1997). Despite 

this, t h  was no discanrbk effcct on the localbation of FGFR3 in the developing organ 

of Coni. In b a i  coiir of the cochîea, the tunnel of Coni appeued to be opening JI our 

newbom mice (Figure 10). This observation is compatible with the r d t s  of Colvin (et 
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al., 1 W6), indicating that FGFR.3 is essential for the formation of the turne1 of Corti. 

Therefore we assume that there was functiond FGFIU present in the organ of Coni of 

NT-3 deficient rnice. Our work suggests that the neurosensory epithelium and the tunnel 

of Corti start to form even with sparse or abnonnal routes of innervation to the hair cells, 

and always in the presence of cells that synthesize FGFR3 mRNA. Our results are also 

compatible with the evidence fiom organ cuitwe by D w r t  (et al., 1998) who has show 

that FGF-receptor is present in more than one cell type in the developing organ of Coni. 

Finally our results suggest that during developrnent cochîear ceUs which synthesize 

FGFR3 mRNA are not dependent on events that require NT-3. 



Figures 



Figure 1 : Morphology and location of the developing cochlea. 
Age Embryonic Day 17 CBA mouse, coronai orientation (see inset*), 
fiozen section, 1 Opm thick, H & E stain, 3 5X rnagnification. 

Note the location of the otic capsule (oc) and the cochlear coils (4 B. 
M). The rnodiolus will fonn where the cochlear nene (CNv) is seen 
invading the Cochlea. The organ of Corti develops in the cochlear duct . 

BSp Basisphenoid Bone, CNV Cochlear Nerve, OC Otic Capsule, A - 
Apical Cochlear Coil, B - Basal Cochlear Coil, M - Middle Cochlear Coil. 

(*reproduced fiom MRC (UK) and the University of Edinburgh, 
http://genex. hgu. mrc. ac.~klDatpbases/Anatomy/Diagr8mS/t s26h s 2 6  1 . gif) 
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Figure 2: Neonatal NT-3 wildtype mouse with translucent skin displaying the milk in 
the stomach. Refm to the inset* for scaie and body orientation. 

(*reproduced from MRC (UK) end the University of Edinburgh, 
http: //genex. hgu. mrc. ac, ~ a t a b a s e d A n a t o m y a t s 2 7 / t  s 1 .gü) 



lnferior 

Superior 



Figure 3 : An example of NT-3 mouse genotype adysis of PCR products using 
agarose gel elmrophoresis. 

One band at the 2SObp position indicates a wüdtype mouse (two active 
copies of the NT-3 allele), one bmd at the 350bp position indicates a 
mutant mouse (no active copies of the NT-3 rllele), and two bands (one a! 
the 250bp and one at the 350bp positions) indicate a heterozygous mouse 
(one active and one inactive copy of the NT-3 allek). 





Figure 4: Representative radioautographs of cochlear ducts from NT-3 mice at age 
E 19. 

Tissue was hybridized with anti-xnse probes for FGFR3 rnRNA. 
Radioactive signai indicateâ b y grains at arrow heads. 
A) wildtype, B) mutant, v - vas spirale 
PuPfan sections, 5pm thick, modified hematoxylin stain. 

Note that to the nght of the arrowhcads are presumptive "inner" hW ceils 
wpporting cells, and the greata epithelial ridges, and to the lefi are the 
presumptive "outer" hiair cells and supporting ceus. The tunnel of Corti 
wüî fom in the region near the tip of the arrowhead. 





Figure 5: The developing organ of C o d  in age PO NT-3 rnice. 
Plastic d o n s ,  3pm t k k ,  W E  stain, high menification. 

A) Heterozygous, 43 0X magdcation, B) Mutant, 400X magnification. 

ihc - inner hair d l ,  ohc - outer hair cell, p - piilar ceil, SC - supponing ceU, 
tc - tunnel of Corti, tm - tectorial membrane, vs - vas spirale. 





Figure 6*:  The developing organ of Coni in age PO NT-3 mutant mice. 
Plastic section, 3 pm thick, H&E stain, oil immersion. 

ihc - imer hait cell, ohc - outer hair cell, p - püia cell, sc - supporting ceU, 
tc - tunnel of Corti, tm - tectorial membrane, vs - vas spirale. 

*This plate is an enlarged view of part of Figure SB. 





Figure 7: The developing organ of Coni in age PO NT-3 mice. 
Plastic sections, 3 pm thick, H&E stain, low magnification. 

A) NT-3 heterozygous organ of Coni, note the abundance of 
neurons (780X magnification). 

B) NT-3 mutant organ of Corti; note the apparent reduction of 
newonai numbers, particularly in the regions closest to the organ of  
Corti (550X magnification). 

cc - cochlcar coil, n - murons, oc - atic capsule 





Figure 8: Represmtative radioautograph of vestibular duct fiom C D 1  mouse at age 
E15.5. 

Tissue was hybridized with anti-sense probe for FGFR3 mRNA. 
Note the absence of reaction in the vestibular system (urow), and that the 
otic capsule still has a radioactive signal. 
Frozen section, 10pm thick, H&E stain, 90X magnification. 





Figure 9: Representative radioautographs of the organ of Corti in NT-3 mutant 
mice at a ~ e  PO. 
Tissue was hybridizcd for FGFR3 mRNA. The right side is imer. 
ParafEn sections, 5pm thick, m d e d  hematoxylin stain. 

Upper panel - anti-sense probe, radioactive signai at arrowheads; inset, 
higher magnification of anti-sense reaction (3 5 SX 
magnification, inset 800X mienification). 

Lower panel - sense control(35SX magnification). 

t - tunnel of Coni, v - vas spirale 





Figure 10: Representative radioautographs of the organ of Corti fiom age PO NT-3 
rnice. 
Hybridwd with anti-sense probe for FGFR3 mRNA. 
The inner side is to the right. 
P a r f i  sections, 5 pm thick, modified hematoxylin stain. 

A) Mutant mouse, the radioactive si@ at the MOW resembles that 
found in a wiidtype mouse (3ûûx masnification). 

B) Wüdtype mouse, note grains to the lefi of the turne1 (T) over the 
outer ccUs. Oil Unmersion. 

C) Mutant mouse, note grains to the left of the t u ~ e l  (T) over the 
outer celts. Oil Unmersion. 

T - tunnel of Coni, V - vas spiraie 





Tables 



Tabk 1: Cornparison of NT-3 Birth Weights betweea Cenotypes 
using the Mann-Whitney Rank Sum Test. 

The difference between mutant and wildtypc medians is statistidy significant 
(P0.010). 

There is illsufficient evidence to conclude that thm is a difference baween mutant 
and heterozy~ous medians (W. 102), and hetetozygous and wildtype medians (P0.079). 

i 

Eetmmiorr 

1.34W0.221 

10 

Mutant 

M a n  Birth Weigta 1.20M. 191 
(e)ts.d. 

Numbet of 16 Observations (n) 
N=34 

W W m  

1.600I0.298 

7 



Table 2: Cornparison of Male and Female NT-3 Birth Weigbts 
Witbin the Same Genotype using the Mann-Whitney Rank 
Sum Test. 

w: Statistical andysis of these data show that the median birth weight of a mole 
mutant mouse is significantly lower that the mdian birth weight of a maie wild~lpe mouse 
(P=0.032). There is insufficient evidence to conclude that there is a diffeience between 
the median birth weights of d e  mutant and d e  heterozygous mice (W.074) and male 
heterozygous and maie wiidtype rnice (PSO.082). 

w: There is insufficient evidence to conclude thrt there is a dflerence between the 
rnedian birth weights of f d e  mutant and f e d e  wiidtype rnice (W.429), fmule mutant 
and fernale hetaozygous Mce ( P l  .00), and f d e  heterozygous and f d e  wildtype 
rnice (P0.533).  

MutUd 

V- of -simc There is insufllcient evidence to conclude 
that therc is a difference bmwan the mcdian birth weights of mutant d e s  and f d t s  
(p 1 .Ml), wüdtype males and f d e s  (P=û. 3 8 1), rad heterozygous males and f d e s  
( P 0 . 3  52). 

Male 

Mcan Burb 
wagbt e>I3.d. 1.197*0.210 

N u m k  of 
Obsavrtio~u 10 
(n) 

FcmJt 

1.210.174 

6 

W'dcirrpc Heterezygo~u 

Mlile 

1.664kû.321 

5 
A 

M J c  

1.408I0.189 

6 

I 

Fenrrk 

1.440I0.226 

2 

F d e  

1.264H.264 

4 



Table 3: Cornparison of NT-3 Crown-Rump Lengtbs at Birth 
between Genotypes usiog Mann-Wbitaey Rank Sum Test. 

There is i n d c i e n t  evidence to conclude that there is a dfierence between the 
crown nimp lengths at birth of mutant and wüdtype mice (W.293) ,  and mutant and 
heterozygous mice (P4.973) and heterozygous and wildtypc mice (W. 193). 

Matrnt 
b 

M m  BUih C-R L q h  
(mm)&. d . 23.624-01 1 

Number of ûômations 13 
(n) 

Wi(dtym 

25.8U2.416 

8 

Eetcranoar 

24222.386 
1 

9 



Tabk 4: Genotype Percentages Resultiag from Matiags of NT-3 
Heterozygous Mice 

Heteroygous 43.6 50.0 
L 

Mutant 20.9 25.0 



TaMe 5: Genotype Percentages Resulting from Matings of NT-3 
Heterozygous and Wildtype Mice 

Heterozygous 1 63.0 
m 

50.0 



Table 6a: In s h  Hybridhatioas at E l 9  with NT-3 tissue 

I Total number of slidts 
pmcesscd* 

Gcnotypt 
1 

numbcr different animals used 

Table 6b: I n  siac hybridiution at PO with NT3 tissue 
- - 

G t n o m  +/+ -/+ -1- 

number difFerent animals uscd 3 S 7 

+/+ 

4 

number of brai slides 1 36 1 26 ( 44 

-/+ 

2 

-1- 
1 

3 



Tabk 7: Localizrtion of  FGFlU mRNA in the Developing Inner Ear 
of CD1 Mice 

+ FGFR3 mRNA positive 
- FGFR3 mRNA negative 

Age 
L 

E15.5 
L 

E17, El9 

PO. P3 

Cochlear Duct 

+ 
+ 
+ 

Vcstibuiu Duct 

- 
- 
- 

ûtic Capsule 

+ 
l 

+ 
1 

+ 
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Appendices 





5. EDTA (O. SM, pH 8.0, 1 .OL) Anachemia #AC423 i 

Dissolve approximstely 2O.Og NaOH pellets (Fisher # S-3 15) in 800m.L 
DEPC treated water. 

Dissolve 1 86.1 g disodium ethylencdiamlneetracetote.2Hfl in t his solution. 
Note: EDTA d a s  not go into solution until pH reaches 8.0. 
Bring to a final volume of 1 .OL. 
Autoclave and store at room temperature. 

6. Formamide Dcionhati~n (5WmL) Bahnnger Manneheim #18 14320 

Add S.Og AGSOLX8 resin beads (Sigma Chemicals # M-8 157) to 50.0mL Falcon 
tubes. 

Add formamide to Falcon tubes. 
Shake or stir ovemight at 4OC. 
Let settle for about 2 hours at 4°C. 
Sterilite ushg a Nalgene 0.45 pm vacuum fütration unit. 
Store in new 5O.ûmL Falcon tubes at -20°C. 

7. l0sHomogenate Sdution (100mL, for PCR) 

Dissolve 3.72g KCl (Sigma Chetnicals # P-3911) in 8 1.0mL water and 10.0mL 
Tris-HCl ( 1M, pH 8.0, Gibco/BRL # 1 5568-01 7). 

Adjust pH to 8.3 with 2N NaOH (Fisher # SS264- 1 ). 
Add O. l Og gelatin (u.s. p., J.T. Baker Chernical Co. # 1-2 1 N), 4.50mL 100/o 

tween-20 OCN Biochdcals #) and 4.5OmL 1% NP40 (Sigma 
Chemicals # P-6507). 

Heat gcntly whüe stirring to dissolve gelatin. 
Store at room temperature for short paiods of tirne. 

Combim in the foilowing order: 2SmL deionized fortnamide 
lOmL 5% d a m a  dphue 
3mL SM NaCl 
1mL SOxT)«ihrrdts Solution (Sigma Chernicils 

#Dg2 53 2) 
0.5d 1M Tris pH 8.0 (OibcdBRL #15568-017) 
O. imL O.SM EDTA (pH 8.0) 
0.4mL DEPC teated water 

Vortox to mix. 
Aüquot in 5mL amounts in I SmL Coming d g e  hik and store at -70°C. 



9. Hy bridization Solution (5 .OrnL) 
*Note: Based on cdculations ushg radioacive probe counts (see #14), will be 

different for eac h probe. 
Add in the following order to a sterile 15rnL coming centfige tube: 

250 pL tRNA (lOmg/mL) 
i 0 pL DTT (SM) 
5.5 pL probe* 
714.5 yL T- (1000 ( 1 0 0 0 5 . 5  @ 
1 .O mL 

+ 4.0 

5.0mL final volume 

Aliquot the 5.0mL of hybridization solution into 500 pL amounts in 1 .O& 
centrifuge tubes. Freeze at -20°C. 

Dissolve 203.30 MgC12.6H20 in 8OOmL DEPC treated water. 
Adjust volume to 1 L, autoclave, and store at 4°C. 

11. Mous, Taii Solution (40.0rnL) 

Combine: 1 .OmL Tris (2M, pH8) 
8.0rnL EDTA (0 .M)  
0.Sm.L NaCl (SM) 
4.0mL 1û% SDS 

26.ZmL Water (double distilled, deionized) 
Store at room temperature. 

Whiie sirring, h m  500mL PBS to WC. 
Dissolve 60.08 parsforrnaldehye (IBS #O1 7) in the w m  PBS. 
Add a fw &op of NaOH (2N, sodium hydroxide, Fisher (tSS264-1) to help 

dissolve powder. 
Cool to room tempetanire. 
Fiter into an uitoclaved bottk using a bottle top N d g w  0.2 Lm PES Tissue 

Culture Filtration unit (1654020) 
Store at 4°C. 



13. lOx.PBS (Phosphate Buffered Saline, pH 7.4, IL) 

Dissolve 87.78 NaCl (Fisher #S640-3) 
12.48 Na&iPOJ (F. W. 14 1.96, Mallinckrodt #79 17) 
1.8g NaH,P0,.H20 (F.W. 137.99, Fisher #S468) 

in 600m.L DEPC treated water. 
Bring to a volume of t.OL, suction filter, autoclave, store at room 
t emperature. 

14, Probe Düution Calculations 

Desired Probe Concentration (CPM/mL) amount of probe (in pL) to be added 
= to ImL of bybridbiitioa bumer to 

Actual Probe Concentration (CPMImL) obt ah desired probe corrce~iharion 
of hybridiutioa solution 

5.0rnL of hybridization solution is made at one time, so the value cdculated is 
multiplieci by 5. 

Proteinase K îOmg/mL stock enqme (Sigma # P0390) 

Dissolve I Omg/mL proteinase K in 0.1 M Tris-HCI pH 8.0 (GibcolBRL 
#15568-017) and 50mM EDTA. 

Store in eppendorf tubes at -20°C. 

Proteinme K working solution (20ûmL of 0.0001%) 

Combine: l6ûrnL DEPC treated water 
2OrnL Tris-HC1(I M, p H  8 .O, Gibco/BRL # 1 5 568-0 17) 
Z o m t  EDTA (O. SM) 
20pL Proteinase K (lOmg/mL stock) 

Use at 3TC, always mrke âesh. 

Dissolve l0mg Wise A in lOmL 0.01M sodium m a t e  (pH 5.2) 
H a t  to 100°C for 15 minutes. 
PH to 7.7 using 1ûûpL volumes of 1M Tris-HCI (pH 7.4) 
ALiquot in cppendocf tubes and store at -20°C. 



Combine: lOmL Tris-HCI ( I M ,  pH 8.0) 
lOOmL NaC! (5M) 
2mL EDTA (O. SM) 
888tnL water 

Adjust to pH 8 .O using a few drops of HCl ( IN), store at 4°C. 

19. Sodium Acetate (lOOrnM, pH 5.2, IOOmL) 

Dissolve 1.36g of sodium acetate (F. W. 136.08. Fisher # S209) in lOOmL DEPC 
treated water. 

Add approxhately 10 drops of glacial acetic acid to adjust pH to 5.2. 
Syringe ôIter using a 0.22pm milipore filter (luer lock, Ndgene #1W-2520), 

autoclave, store at 4°C. 

20. Sodium Chloride (NaCl, 5M, 5OOrnL) 

Dissolve 146.1 g NaCl (Fisher #S640-3) in 500mL DEPC treated water . 
Autoclave and store at room temperature. 

2 1. ~OXSSC (Standard Saüne Citrate, IL) 

Dissolve 175.38 NaCl (Fisher #S640-3) and 8 8 . 2 ~  sodium citrate (F. W. 294.10, 
Anachernia # AC8320) in 9OûmL DEPC treated water. 

Adjust ot pH 7.0 using a few drops of HCI. 
Suction h, autoclave, and store at room temperature. 

Dissolve 2 16g Tris Base and 1 log Bonc Acid in 8ûmL EDTA (O. SM, pH 8.0) and 
3920mL Double Distilied De-ionized water. 

Store at room temperature. 

23. TE Buff'tr (Tris-EDTA IL) 

Combine: lûmL Tris-HCI (lM, pH 8.0, Gibco/BRL 111 5568-017) 
2mL EDTA (O. SM) 
888mL DEPC treatd watcr 

Store at 4°C. 



24. TrbHCl (iM, pH 8.0, lOOmL - for when Gibco1'R.L mns out) 

Dissolve 12.1 Ig of Tris Base (Trima@, Sigma T- 1503) in 95.8rnL water and 
4.2mL concentrated HCI. 



List of Reagents 
- -- -- -. - - -- - - - . .- - - 

. .  . 
R a g e a  Conipuiv PmdwtNwnber 

Acetic anhydride Mallinckrdt un1715 

biopsy cryomolds 
(lûmmXlOmmX5rnm) 

DEPC 1 Sigma 1 D5758 

Anac hemia 

SOxDenhardt's Solution 

dcxtran sulp hate 

disposible microtome blades 

dNTP's 

DTT 

- -  - - 

formamide 

Sigma 

Sigma 

Fisher 

P harrnacia 

Gibco 

D2532 

D8906 

12-631k No. R35 

27-2035-0 1 

15508-0 13 

Harris hecnatoxylin (modifieci) 
(no acctic acid, no macury) 

iropentane 

KCI 

Kodak D-19 

Kodak Fixer 

Fisher SH30-500D 

ACROS Oiganics 

Sigma 

Don's Photo 

Don's Photo 

12647-00 1 O 

P391 1 

146 4593 

123 8146 



1 NaCl 1 Fisher 1 S640-3 1 
- - 

NaOH peîîets r - 1  - -  

- -- 

Fisher S-3 1 5 

- r 2N NaOH 

Fisher 

N P 4  1 Sigma P6507 1 
OCT compound 

- - 

Tissue-Tek 

JBS 

sodium amate I Fisher S209 1 
- - - 

sodium citrate Anachemi8 AC8320 
r 

SP6 Boehringer Manneheim 8 10274 

Superfrost Plus microscope 
siides Fisher 12-550-15 

T7 Boehringer Manneheim 88 1767 

Taq polymcrase P harmacia 27-0799-0 1 

TEA Sigma Tg534 

tris-HCI (pH 8.0) GibcotBRt 15568-017 
r 

tris (Trimu b d )  Sigma T-1503 
r 

twan-20 ICN Biochemicels 19484 1 



- timed mating 

DAM: birthday 1996 
colour: white brow-grey 
idcntifktag 1 39 -/+ 
prev lin? 

1997 
Plug seen on: 

DATE of BREEDCNG: 
Date confmned pregnant : 
Date and t h e  of delivery: 
Number of young: 
ûender/phenotye/genotype/identification of young: 

SIRE: birthday 1996 
colw: white brown-g- 
idnifictag # 39 - /+ 
prev . lin? 

NOTES: 



PCR Primer Sequences for NT-3 Mouse Genotyping 

0llMRl3O 5'-CCT GGC TTC TTT ACA TCT CG-3' 

0MR231 5'-TGG AGG ATT ATG TGG GCA AC-3' 

0MR132 5'-GGG AAC TTC CTG ACT AGG GG-3' 

Primer sequences supplieci by 7k Jackson Laboratory web page 
(http: Mena. jax.org/rc.. . protocolaMtf3-KO. html), as per Dr. Pot* Emfors' (Karolinski 
Inaitute, Stockholm Swcdm) origuul protocol. 




